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This study addresses ergonomic and productivity challenges in Indonesia's ornamental 
ceramic MSMEs. Artisans often rely on traditional tools, resulting in high musculoskeletal 
risks and inefficient production. Using the Nordic Body Map (NBM) and REBA, this study 
identified a "very high risk" posture (REBA score of 13). Quality Function Deployment 
(QFD) was then employed to design an ergonomic hydraulic press based on worker 
anthropometry, featuring a table height of 104.7 cm and a machine height of 130.75 cm. 
The results demonstrate a significant reduction in production cycle time, as the dual-mold 
hydraulic system allows for the simultaneous pressing of two faces, effectively replacing 
time-consuming manual processes. Furthermore, the design minimizes non-value-added 
work elements by eliminating the need for gradual manual clay filling. This transition from 
a crouching to a neutral standing posture not only ensures artisan safety by lowering 
physical strain but also significantly increases output capacity. This study proves that 
integrating ergonomic specifications with mechanization is a vital catalyst for increasing 
operational efficiency and business sustainability in small-scale industries. 
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1. INTRODUCTION 

Indonesia’s creative industry has experienced 
remarkable growth in recent years (Ananda & 
Susilowati, 2019). According to data from the Ministry of 
Tourism and Creative Economy, the creative economy's 
added value reached IDR 749.58 trillion in the first 
quarter of 2024, marking a 4.46% increase from the 
previous period. The pottery sector is one of the high-
growth sectors in the industry. In Indonesia, pottery is 
traditionally defined as ceramics crafted from clay using 
techniques passed down through generations (Agustien 
& Arsal, 2024). Often referred to as folk ceramics, they 
are known for their simple firing techniques (Wibawa & 
Sadi, 2011). Pottery products are widely integrated into 
daily life and are used for work, cooking, artistic 
expression, and religious rituals (Agustien & Arsal, 
2024). 

One of Indonesia's prominent pottery centers is 
located in Kasongan, Bantul Regency, Yogyakarta. This 
region produces a diverse range of products, including 
household goods, decorations, and building materials. 
Bantul Regency is one of the strategic areas with 
significant creative economic potential, supported by 
the existence of craft centers and galleries. Kasongan 
Village, as one of the main tourist destinations in 
Yogyakarta, has become the center of attention for 
domestic and foreign tourists. Approximately 80% of 
Kasongan Village residents depend on pottery 
production and marketing as their main source of 
livelihood. However, the pottery manufacturing process 

in this region has not been fully integrated with the latest 
technological developments. This was supported by 
Mujibah et al. (2023), who state that craftsmen continue 
to maintain manual and traditional methods, even with 
access to modern technology. The use of these 
conventional methods presents contradictory 
significance between quality and productivity aspects. 
On the one hand, manual methods provide added value 
in the form of high aesthetics and recognition as cultural 
heritage. However, these methods pose a significant 
challenge in terms of efficiency, as they require 
extensive processing time, resulting in a very limited 
production capacity (Sniky et al., 2021). 

This is also experienced by the Mrajak Keramik 
Micro, Small, and Medium Enterprises (MSMEs). 
Mrajak Keramik MSME is a pottery business unit that 
focuses on producing home decorations, also known as 
Wuwung Hias. Wuwung hias are home decorations that 
are generally placed on the roof. Over the past five 
years, this business unit has experienced a decline in 
output volume because of limited human labor. This 
condition has caused an imbalance between daily 
supply capacity and high market demand. Complete 
dependence on human labor and the use of simple 
equipment are major concerns for business owners, 
given the risk of losing customers and sustained 
financial losses. In addition to obstacles in production 
capacity, a crucial aspect that needs to be considered 
is the neglect of ergonomic principles in work tools. The 
use of non-ergonomic equipment in the Wuwung Hias 
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manufacturing process harms worker productivity and 
welfare. In the context of occupational health, manual 
work methods without the support of ergonomic tools 
can cause physical fatigue and the risk of long-term 
health problems, which ultimately reduce overall work 
performance. Fig 1. shows the position of workers when 
printing Wuwung Hias. 

 

 
 

Fig.  1. Process Printing Wuwung Hias 
 

During pottery making, artisans often perform 
repetitive movements, such as shaping, turning, and 
smoothing clay (Wulandari & Syafii, 2013). These 
movements have the potential to cause musculoskeletal 
disorders (MSDs) and pain in artisans (Wibawa & Sadi, 
2011). The minimal application of ergonomic principles, 
such as inappropriate table heights and non-ergonomic 
sitting positions, exacerbates this condition. 
Consequently, the rate of work-related accidents among 
pottery artisans is high. Indriastuti (2012) found that 
76.7% of pottery artisans experienced musculoskeletal 
complaints that had the potential to become serious 
problems, such as chronic lower back muscle injuries, 
disc herniation, and cumulative trauma disorders 
(CTDs). Additionally, the use of simple and non-
ergonomic tools results in lower productivity compared 
to modern tools. This results in prolonged production 
times and high production costs, particularly for labor 
wages, as many processes are still conducted manually 
and inefficiently (Wardah, 2017).  

In particular, the manual process of creating 
decorative tiles is time-consuming, spanning from 
preparing the raw materials to the final firing. 
Consequently, Mrajak Keramik MSMEs have difficulty 
meeting the ever-increasing market demand, which not 
only hinders business growth but also has the potential 
to cause a loss of market share. To meet high market 
demand, Mrajak Keramik SMEs are striving to improve 
efficiency. However, these efforts often neglect worker 
health, especially in the printing process. Therefore, a 
solution in the form of efficient and effective tools is 
needed to assist the Wuwung Hias production process 
at Mrajak Keramik SMEs. 

To analyze the level of occupational posture risk 
during the production process, a combination of the 
Nordic Body Map (NBM) and Rapid Entire Body 
Assessment (REBA) methods can be used. The 
combination of Nordic Body Map (NBM) and Rapid 
Entire Body Assessment (REBA) provides a strong 
theoretical justification for mapping musculoskeletal 
complaints. The NBM serves as a subjective instrument 
for identifying parts of the body that experience fatigue 

based on workers' perceptions (Wahyudi et al., 2015). 
In contrast, REBA provides an objective assessment of 
dynamic work posture (Hasanah & Beatrix, 2022). The 
integration of both ensures that the design of new tools 
is based on accurate and comprehensive risk data.  

Anggraini and Setiawan (2022) and Ahmady et al. 
(2020) demonstrated that risk identification using NBM 
and REBA can be followed up with improvements. 
Anggraini and Setiawan (2022) analyzed workload and 
complaints in body parts that cause suboptimal 
productivity among workers who lift gallons. This 
research was conducted to design tools that facilitate 
activities and reduce workload using the Nordic Body 
Map (NBM) and Ergonomic Function Deployment (EFD) 
methods. The main focus of the study was to transform 
workers' physical complaints into technical parameters 
for lifting aids to directly reduce physical workload. 
However, this study was limited to standard repetitive 
material handling activities and did not explore variable 
product dimensions, such as those found in the craft 
industry. A similar solution was also seen in the 
research by Ria and Suparti (2017), where the quality 
function deployment (QFD) method significantly 
reduced production time. Although successful in terms 
of time efficiency, the QFD approach in the study tended 
to focus on the mechanical optimization of tools but did 
not integrate work posture risk assessment scores as 
key design parameters. Consequently, the tools 
produced may be efficient in terms of output but are not 
necessarily optimal for ergonomically improving 
extreme work postures. Based on evidence from these 
three studies, it has been shown that transforming 
ergonomic needs into assistive device designs can 
improve production time efficiency.  

However, despite the success of these studies in 
technical and ergonomic aspects, there are significant 
research gaps that have not been comprehensively 
addressed. First, the existing literature tends to focus on 
modern manufacturing industries or MSMEs with 
homogeneous product characteristics, thus failing to 
consider the complexity of manual processes in art 
products, such as pottery, which have fluctuating 
dimensions and weights. Second, previous studies 
often separate operational efficiency from long-term 
ergonomic risk mapping simultaneously. The main 
limitation of previous research is the lack of integration 
between ergonomic technical solutions and the 
preservation of traditional values and unique 
specifications of handicrafts, which have different MSD 
risks from standard factory workers. In pottery 
production, such as Wuwung Hias, workers require 
highly dynamic movements to reach various angles of 
the product details. Previous studies have not offered 
technical solutions that can accommodate these 
dynamic work posture requirements without limiting the 
artistic flexibility of the craftsmen. There is a disparity in 
the literature between interventions that only aim to 
reduce the risk of MSDs and interventions that are 
oriented towards increasing production output. This 
study aims to fill this gap by integrating the Nordic Body 
Map (NBM), Rapid Entire Body Assessment (REBA), 
and Quality Function Deployment (QFD) methods. 

The novelty of this research lies in the 
development of an assistive device design that is 
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adaptive to the specific anthropometric characteristics 
and work dynamics of pottery craftsmen. Unlike 
conventional approaches, this research explicitly 
integrates Rapid Entire Body Assessment (REBA) 
scores as technical requirements in the quality function 
deployment (QFD) matrix. This integration enables the 
creation of tool designs that have a quantitative 
correlation with injury risk mitigation while ensuring that 
the proposed technological interventions maintain 
traditional values and artistic flexibility, which have been 
neglected in mainstream literature. 

In line with this innovation, this study aims to 
design an ergonomic ceramic printing tool to overcome 
two crucial obstacles faced by Mrajak Keramik MSMEs: 
low production time efficiency and high risk of 
musculoskeletal disorders (MSDs). Through risk 
identification using the Nordic body map (NBM) and 
REBA methods, the data obtained are transformed into 
technical design parameters using the QFD method. 
The implementation of this approach is expected to 
produce tool innovations that simultaneously increase 
operational production capacity and create a safer, 
healthier, and more ergonomic working environment for 
craftsmen. 
 
2. RESEARCH METHODS  

This research utilizes a combination of primary 
and secondary data sources to develop an empirical, 
data-driven design for ergonomic aid tools oriented 
toward mitigating musculoskeletal disorders (MSDs). 
Primary data were gathered through direct observations 
and interviews with decorative tile molders to identify 
worker complaints regarding non-ergonomic tools, 
which served as the voice of the customer (VOC) for the 
design process. To ensure a systematic intervention, 
root cause analysis (RCA) with the five whys approach 
was implemented to diagnose the fundamental causes 
of the decline in productivity, ensuring that technical 
solutions addressed causal factors rather than 
superficial operational symptoms (Christian et al., 
2020). The ergonomic evaluation was conducted 
through a synergy of subjective and objective 
instruments; the Nordic body map (NBM) was employed 
to extract workers' perceived physical discomfort as the 
VOC, while rapid entire body assessment (REBA) 
provided objective biomechanical validation of dynamic 
work postures. Finally, quality function deployment 
(QFD) acted as the integrator, transforming NBM 
complaints and REBA risk scores into precise technical 
specifications within the house of quality matrix, thereby 
ensuring that the resulting tool design was quantitatively 
correlated with both injury reduction and production 
efficiency (Jaqin et al., 2020).  
 
2.1. Root Cause Analysis (RCA) Method 

The methodological approach used in this study is 
root cause analysis (RCA). RCA is a systematic method 
for identifying the root cause of a problem, not just its 
symptoms. As explained by Christian et al. (2020), this 
method aims to understand the factors that contribute to 
an undesirable phenomenon. Thus, the improvements 
made can be more precise and effective in preventing 
similar problems from occurring in the future (Utama & 
Syairudin, 2021).  

2.2. Nordic Body Map (NBM) 
The Nordic Body Map (NBM) is used to identify 

musculoskeletal disorders (MSDs) experienced by 
workers (Angelina & Wicaksono, 2020). This tool is a 
visual questionnaire that displays a map of the human 
body, allowing workers to indicate and assess the level 
of pain or discomfort in specific body parts (Fikri & 
Nugraha, 2022). The NBM results can provide an 
overview of the location and intensity of pain, fatigue, 
and muscle soreness, ranging from no pain to severe 
pain (Dewi, 2020). Santoso et al. (2014) argued that the 
NBM questionnaire has been standardized and 
validated for use. The procedure involved respondents 
assessing the body parts that felt pain during work 
according to a predetermined Likert scale. Table 1 
shows the NBM scores, risk levels, and appropriate 
corrective actions (Widodo et al., 2025). 

 

Table 1. Risk Level 
 

Scale 
Action 

Total Score 
Individual 
Improvement 

Level 
Risk 

Likert 

1 28-49 Low Not yet 
needed Repair 
Actions 

2 50-70 Moderate Maybe needed  
3 71-90 High Required 

Immediate 
Action 

4 92-122 Very 
High 

Action Required 
Comprehensive 

 
2.3. Rapid Entire Body Assessment (REBA) 

Rapid Entire Body Assessment (REBA) is a 
method developed by Dr. Sue Hignett and Dr. Lynn 
McAtamney to assess work posture and potential 
injuries in workers. This method analyzes the posture of 
the neck, back, arms, wrists, and feet and evaluates 
factors, such as strength, activity, and coupling, that can 
trigger injuries (Fikri & Nugraha, 2022). In addition, the 
REBA method can help detect and correct risky work 
postures and reduce the risk of musculoskeletal 
disorders (MSDs) (Anwardi et al., 2020). The REBA 
approach groups body parts into two groups: group A 
and group B. Group A consists of the torso (back), neck, 
and legs, whereas group B includes the upper arms, 
forearms, and wrists (Gumilang & Ananto, 2022). Work 
posture assessment using REBA is performed by 
assigning a risk score from 1 to 15. The highest score 
indicates a high risk, whereas the lowest score indicates 
work that is free from ergonomic hazards. 

 
2.4. Quality Function Deployment (QFD) 

Quality function deployment (QFD) is a structured 
method for planning and developing products or 
services (Yongki & Fitriani, 2022). The method aims to 
translate customer needs and desires into technical 
requirements and product quality characteristics 
(Widyastuti et al., 2024). According to Basuki et al. 
(2020), the QFD method is implemented using the 
house of quality (HoQ) matrix approach to identify the 
relationship between customer needs and technical 
responses. This method is highly effective because the 
resulting product design is based directly on user 
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desires, thereby increasing customer satisfaction 
(Sukarno et al., 2023). In addition, QFD provides value-
added for companies by ensuring that the products or 
services created meet market expectations (Artati et al., 
2013). The use of QFD has various positive impacts; 
one of which is improving internal team communication 
by unifying the understanding of consumer expectations 
(Aji & Yuliawati, 2016) and minimizing potential errors in 
the product development process (Yuliawati et al., 
2025). 

 
3. RESULTS AND DISCUSSION 

Wuwung Hias is a form of handicraft with high 
aesthetic and cultural value, particularly in the context 
of traditional Javanese architecture. The material used 
in making Wuwung Hias is clay, which has a high level 
of plasticity, making it easy to shape. The clay is then 
processed by flattening it. The purpose of this flattening 
process is to make the clay more homogeneous and 
easier to shape. The clay shaping process at Mrjaka 
Keramik MSME is still done manually by pressing the 
clay into the mold. After the Wuwung Hias is shaped, a 
finishing process is carried out. The purpose of the 
finishing process is to produce a smooth, even surface 
with perfect details. 

RCA at Mrjaka Keramik SME was conducted using 
the 5 Whys method. This method was chosen because 
it is a simple yet effective technique for identifying the 
main causes of problems. (Wirawan & Minto, 2021). 
The structured 5 Whys approach involves repeatedly 
asking “why” until the root cause is found (Kuswardana 
et al., 2017). At this stage, interviews were conducted 
with craftsmen and owners of Mrajak Keramik MSMEs. 
The following are the results of the analysis of issues 
based on the interviews that were conducted (Table 2). 
 

Table 2. Results of the 5 Whys Interviews 
 

No. Question Answer 

1 Why is the 
production time 
long?  

Because the process 
of making Wuwung 
Hias is inefficient 

2 Why is the shaping 
process of 
ornamental wuwung 
inefficient? 

Workers often 
experience physical 
fatigue. 

3 Why do workers 
often experience 
physical fatigue?  

Owing to the 
unergonomic working 
position when forming 
the wuwung. 

4 Why are work 
positions non-
ergonomic?   

Because the press 
table is too low, 
workers have to bend 
down excessively. 

5 Why is the pressure 
too low? 

Because the table is 
designed to work with 
shorter average 
heights 

 
Based on the 5 Whys analysis, the main root 

cause of the long production time is the non-ergonomic 
design of the press table. The table being too low forces 
workers to bend over for extended periods, causing 
physical fatigue. This condition reduces work efficiency, 

making the Wuwung Hias forming process suboptimal 
and leading to increased production time. 
 

3.1. Nordic Body Map (NBM) Questionnaire 
The Nordic Body Map (NBM) is a body map that 

can identify parts of the muscle or joint that have 
resulted in complaints from workers. The NBM divides 
body parts into numbers from 0 to 27, which cover the 
neck to the feet. The NBM questionnaire was 
administered to and completed by six factory workers 
(Hasanah & Beatrix, 2022). Musculoskeletal complaints 
among decorative tile craftsmen were identified using 
the NBM questionnaire administered to three 
permanent workers selected using total sampling 
techniques. This sample size is representative of the 
specific population at Mrajak Keramik MSME, where 
only three craftsmen met the inclusion criteria of having 
worked for more than four years to ensure the validity of 
the impact of chronic work exposure. The demographic 
characteristics of the sample show that the respondents 
are adult males with significant work experience who 
are exposed to repetitive activities every day. The 
results of the recapitulation of body part complaints are 
presented in Table 3. 

 

Table 3. NBM Questionnaire Results 
 

No. Body 
Map 

Worker 
Total 

Percentage 
(%) A B C 

0 2 1 2 5 2.66 
1 2 1 2 5 2.66 
2 2 2 1 5 2.66 
3 2 2 2 6 3.19 
4 2 3 1 6 3.19 
5 3 3 3 9 4.79 
6 2 3 2 7 3.72 
7 2 3 3 8 4.26 
8 1 3 3 7 3.72 
9 1 4 3 8 4.26 
10 2 3 1 6 3.19 
11 2 3 2 7 3.72 
12 1 3 1 5 2.66 
13 2 3 2 7 3.72 
14 1 4 2 7 3.72 
15 1 4 2 7 3.72 
16 1 3 2 6 3.19 
17 2 3 2 7 3.72 
18 1 2 2 5 2.66 
19 1 2 2 5 2.66 
20 3 2 3 8 4.26 
21 3 2 3 8 4.26 
22 1 3 3 7 3.72 
23 1 3 3 7 3.72 
24 1 4 2 7 3.72 
25 1 4 2 7 3.72 
26 2 4 2 8 4.26 
27 2 4 2 8 4.26 

Amount 47 81 60 188 100 

 
The results of the Nordic Body Map (NBM) 

questionnaire identified that the dominant physical 
complaints were concentrated in the back, waist, 
buttocks, and knee and foot joints, which represent the 
body segments with the highest risk scores. 
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Biomechanical analysis showed that this pain is not 
general fatigue but a direct result of the non-ergonomic 
design of the workstation, in which the low height of the 
printing table forces craftsmen to continuously adopt an 
extremely awkward posture. This condition is 
exacerbated by the use of chairs that do not support 
anthropometric aspects and the difficulty in handling 
heavy materials without mechanical aids, creating 
significant biomechanical stress on the spine and lower 
extremities.  

Activities that involve static and repetitive postures 
place the main burden of work on these body parts, 
which, if not immediately addressed, have the potential 
to trigger permanent musculoskeletal disorders (MSDs). 
Therefore, ergonomic work aids must be redesigned to 
reduce the functional load on the body while sustainably 
optimizing craftsmen productivity. 

The questionnaire results show differences in risk 
levels among craftsmen. Craftsman A has a low risk 
with a score of 47, craftsman C has a moderate risk with 
a score of 60, while craftsman B has a high risk with a 
score of 81. Although the risk levels vary, improvements 
must be made as a preventive measure. The 
questionnaire results indicate that these body parts are 
frequently used in the wuwung printing process. The 
NBM assessment is a crucial first step before 
conducting an REBA analysis. The NBM results provide 
data on body pain complaints, which are subsequently 
used as supporting information and validation for the 
REBA assessment stage of the ergonomics evaluation. 

The highest score for Craftsman B (81) was due to 
inefficient work techniques, such as deeper back flexion 
when reaching for materials, and being over 40 years of 
age, which indicates chronic exposure. In contrast, 
Craftsman A (47) had a lower risk level owing to the 
periodic application of posture adjustments that 
mitigated static muscle tension. This difference confirms 
that variations in subjective complaints are 
simultaneously influenced by individual postural habits 
and decreased physical capacity due to age and work 
duration. 
 
3.2. REBA Calculation 

After collecting data on workers' documentation 
while performing wuwung printing activities, angle 
calculations were performed using REBA to determine 
the value of each body posture. The REBA calculation 
stage began with an observation, scoring each body 
position according to the REBA criteria, calculating the 
total score, and comparing the total score with the 
REBA interpretation table to obtain a conclusion on the 
risk level. Risk assessment using the REBA method 
was specifically conducted on craftsmen with the 
highest NBM scores, as a representation of the most 
critical working conditions (worst-case scenario). The 
use of subjects with the most extreme musculoskeletal 
complaints aimed to identify the maximum postural 
deviations that occur at workstations so that the 
resulting design interventions can accommodate the 
protection needs of all workers. 

The determination of work posture in the REBA 
analysis is based on the most extreme posture method 
through systematic observation during a full production 
cycle. The static squatting posture during the Wuwung 

Hias printing process was designated as the object of 
assessment because it met three crucial criteria: (1) 
high repetition frequency, (2) longest (dominant) 
duration of work in a cycle, and (3) most extreme body 
angle deviation compared to other activities. The use of 
this most critical posture as the main parameter aims to 
ensure that the resulting design intervention can 
mitigate risks comprehensively (coverall mitigation), 
thereby automatically accommodating ergonomic 
requirements in other work posture transitions with 
lower risk levels (Lestari & Fauzien, 2021). 
 

a. Group A Calculation 
The evaluation of body posture in group A focused 

on the trunk, neck, and legs. To ensure high data 
precision, the angular deviations of these body 
segments were measured digitally using the Angulus 
application based on lateral-view visual documentation. 
The specific angular calculations and the resulting 
values for group A are detailed in Fig. 2. 

 

   
Fig.  2. Body Posture Measurement of Group A 

 
The wuwung printing process produced angles of 

42.9°, 33.9°, and 54.5 °for the trunk, neck, and leg 
postures, respectively. These angles were entered into 
the REBA table to obtain the risk score for Group A, as 
shown in Table 4. 
 

Table 4. Group A Score 
 

Posture Score Description 
Score 
Final 

Neck 3 because the angle 
that 4 is formed at the 
range of 20°- 60° and 
+1 because the body 
rotates  

4 

Trunk 2 because angle How 
much is category 
>20° 

2 

Legs 1 Because it uses 2-
foot supports and +1 
due to the angle 
formed, in the range 
of 20°-60° 

2 

 
As shown in Table 4, a score of 6 was obtained 

from the sum of the scores for the trunk, neck, and legs. 
Next, the score from Table A was added to the load 
score. The maximum load of the clay used was 5 kg, 
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which falls into the < 5 kg category; therefore, the score 
was increased by +0. Therefore, the total score from 
Table A was 6 + 0 = 6. 

 

b. Group B Calculation 
In group B, the posture included the hands and 

wrists. The angle calculation to determine the value in 
group B is shown in Fig. 3. 

 

  
 

Fig.  3. Body Posture Measurement of Group B 
 

The posture of the craftsmen during the wuwung 
printing process resulted in angles of 110.3°, 177.1°, 
and 25.42 °for the upper arm, lower arm, and wrist, 
respectively. These angles were entered into the REBA 
table to obtain Group B risk scores, as shown in Table 
5. 

 

Table 5. Group B Score 
 

Posture Score Description 
Score 
Final 

Upper 
Arm 

4 because the angle 
produced is >90° and 
+1, because the hand 
movement when 
printing moves away 
from the body 

5 

Lower 
Arm 

2 because the angle 
produced is in the 
range of >100°  

2 

Wrist 2 In the image, the wrist 
is in the category of 
>15° flexion/extension 
and +1 because the 
wrist is rotating. 

3 

 
As shown in Table 5, an 8-point score was 

obtained from the combination of the upper arm, lower 
arm, and wrist. Next, the score was added to the 
coupling score. The coupling of the wuwung printing tool 
was categorized as unacceptable or no grip on the 
printing tool; therefore, the score was increased by 3. 
Thus, the total score for group B was 8 + 3 = 11. 

Based on the analysis results in Table 4 and Table 
5, the initial REBA score was 10. This score is a 
combination of the posture score (Table A) and the load 
or force score (Table B). Subsequently, the activity 
score was added to the calculation. In the wuwung 
printing process, three types of activities affect this 
score: static foot posture (held for more than one 
minute), repetitive hand movements when pressing clay 

(more than four times per minute), and rapid changes in 
body posture when releasing the mold. Considering 
these three activities, the activity score obtained was 3. 
Thus, the total REBA score was 10 + 3 = 13, which 
indicates a very high-risk level and shows that changes 
or improvements must be made as soon as possible. 
 
3.3. Tool Design Using QFD 
a. Voice Of Customer (VOC) 

The initial stage of tool design using the Quality 
Function Deployment (QFD) method was carried out by 
identifying user needs (customer needs) through Voice 
of Customer (VOC) extraction. VOC data was obtained 
through in-depth interviews with the owner and three 
permanent craftsmen of Mrajak Keramik MSME as end-
users of the tool to capture specific expectations for the 
design of an ergonomic printing tool. This process 
focused on identifying operational complaints during the 
production cycle and analyzing the limitations of the 
tools currently in use. These complaints were then 
transformed into parameters of user desires and 
expectations, which served as the fundamental basis for 
designing relevant, ergonomic, and appropriate tool 
innovations. A comprehensive summary of the VOC 
identification results is presented in Table 6. 

 

Table 6. Voice of Customer (VOC) 
 

No. Complaint 

1 The printing table is too short, thereby forcing 
workers to bend over. 

2 The printout was too heavy, making it difficult 
for workers to use the mold. 

3 A short and uncomfortable stool 
4 The mold is difficult to clean. 
5 The molding process takes too long. 
6 The pressing process is not optimal because 

it relies on manual labor. 
7 The tools were made from recycled materials 

and thus broke easily. 
8 Difficulties in repairing work tools 

 
After conducting interviews to obtain complaints 

about the printing tools still used at Mrajak Keramik 
MSMEs, the next step was to identify consumer needs 
based on the complaints obtained in the VOC. The 
results of the interpretation of consumer needs are 
presented in Table 7. 
 

Table 7. VOC Interpretation Results 
 

No. Consumer Needs 

1 The size of the printing table was adjusted to 
the anthropometry of the workers. 

2 Lightweight and easy-to-use printing material 
3 Stools adjusted to the anthropometry of 

workers. 
4 Easy-to-clean molds 
5 Tools or machines that can shorten 

production time 
6 Use of automatic press machines 
7 Work tools made of strong and sturdy 

materials 
8 Work tools must be easy to maintain and 

repaired. 
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Based on the results of the consumer needs 
assessment presented in Table 7, the appropriate 
attributes were determined to categorize consumer 
needs as parameters in designing the tool. Table 8 
presents the attributes used to categorize consumer 
needs in designing the Wuwung Hias printing tool based 
on VOC. 

 

Table 8. Consumer Needs Attributes 
 

No. Consumer Needs Attribute 

1 The size of the printing table 
was adjusted to the 
anthropometry of the worker. 

Ergonomic 

2 Lightweight and easy-to-use 
printing material 

Flexible 

3 Stool adjusted to the 
anthropometry of workers 

Ergonomic 

4 Easy-to-clean molds Functional 
5 Tools or machines that can 

shorten production time 
Performance 

6 Use of automatic press 
machines 

Functional 

7 Work tools made of strong 
and sturdy materials 

Performance 

8 Work tools should be easy to 
maintain and improve  

Functional 

 
Importance of customer aims to determine the 

attributes that are prioritized by users of ornamental 
wuwung printing tools. The data obtained are the results 
of a questionnaire. The scale used in assessing the 
level of importance of each attribute on the 
questionnaire uses a Likert scale of values 1 (not 
important), 2 (quite important), 3 (important), and 4 
(very important). The following is the value of each 
importance and satisfaction of respondents of UMKM 
Mrajak Keramik in Table 9.  

 

Table 9. Importance of the Customer 
 

No 
Product 
Attribute 

Satisfaction Level 

% VS 
(4) 

S 
(3) 

LS 
(2) 

NS 
(1) 

1 Flexible 1 1 3 0 65 

2 Ergonomic 2 2 1 0 80 

3 Performance 2 3 0 0 85 

4 Functional 3 2 0 0 90 

 
Based on the results of the importance rating, the 

following are the attributes most needed by craftsmen 
in Mrajak Keramik MSMEs, grouped by the importance 
of the customer category: 
NS (Not Satisfied) = < 25% 
LS (Less Satisfied) = 26% - 50% 
S (Satisfied) = 51% - 75% 
VS (Very Satisfied) = 76% - 100% 
Based on the weights, the attributes can be categorized 
into the following ranges (Table 10). 

The importance rating results show that the most 
important attributes required by craftsmen for 
ornamental wuwung printing tools are ergonomic, 
performance, and functional. After determining the 
importance of the attributes of consumer needs, the 
technical requirements of the wuwung printing tool were 
determined. Technical requirements are needed to 

obtain target specifications for creating a technical 
characteristic matrix. The characteristics of the wuwung 
molding tool are presented in Table 11. 
 

Table 10. Importance Rating 
 

No. 
Product 
Attribute 

Satisfaction Level 

(%) Category Weight 

1 Flexible 65 S 3 

2 Ergonomic 80 VS 4 

3 Performance 85 VS 4 

4 Functional 90 VS 4 
 

Table 11. Technical Requirements 
 

No Attribute Technical Characteristics 

A1 Flexible Modular Design 

E1 
Ergonomic Molding tool dimensions are 

adjusted to the percentile size 
P1 Performance High press ability 
P2 Steel machine frame material 

P3 
Sturdy table frame 
construction 

F1 Functional System control automation 

F2 
Easy to remove and install 
molds 

 
b. Determination of Specification Targets and 

Anthropometric Data  
After determining the technical requirements that 

must be met, the target specifications and 
anthropometric data measurements for the Wuwung 
Hias printing tool to be designed were determined. In 
designing ornamental wuwung printing tools, 
anthropometric data of workers is one of the important 
points to ensure ergonomic design. Anthropometric 
measurements are based on body parts used in table 
making. The body dimensions taken in the study were 
adjusted to the ideas and needs of the design, with the 
measured body dimensions found in Table 12. 
 

Table 12. Body Dimensions on the Table 
 

No. Body Dimensions Purpose 

D4 Standing Elbow 
Height 

To determine 
The height of the 
table from the floor 

D17 Shoulder width 
when standing 

To determine 
the distance of the 
table lever 

D29 Palm width For determining 
the print range 

D32 Side Arm Reach 
Length 

To determine 
the length of the table 

D34 Grip Height upward 
hand in standing 
position  

To determine 
the hydraulic height 
from the machine's 
hydraulic 

 
The anthropometric data used in this study came 

from the Indonesian anthropometry website 
(www.anthropometri.org), which provides 
anthropometric data on the Indonesian population and 
is used as a benchmark to determine the body 
dimensions (cm) used in the table design requirements. 
The data filters used on the Indonesian anthropometry 

http://dx.doi.org/10.30656/intech.v12i1.11365
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website are based on observational data and 
anthropometric interviews from the Javanese ethnic 
group, female gender, and age range of 20–47 years. 
The selection of the age range of 20–47 years is based 
on the assumption that 20 years is considered the limit 
of human body growth, and 47 years is the maximum 
age on the Indonesian anthropometry website. The 
anthropometric measurements and percentiles used in 
this study are presented in Table 13. 
 

Table 13. Determination of Anthropometric Percentiles 
 

No. 

Anthropometric Percentile 
Indonesia (cm) 

Workers' 
Body 
Size (cm) 5% 50% 95% 

D4 97.11 104.7 112.3 103.3 
D17 32.91 43.21 53.50 42.6 
D29 7.62 12.77 17.92 8.0 
D32 107.49 163.54 219.58 162.6 
D34 130.75 199.93 269.11 199.3 

 
The percentile values for the functional 

dimensions of the tool were determined through a 
comparative analysis between the actual 
anthropometric data of workers and the percentile 
standards of the Indonesian population. Based on the 
evaluation results, the 50th percentile was selected as 
the main reference for the design because it had the 
minimal deviation or difference from the average 
physical measurements of craftsmen at Mrajak Keramik 
MSMEs. The determination of these dimensions can be 
summarized as follows: 
1. Table Height and Lever Distance: These 

dimensions are determined based on standing 
elbow height and shoulder width using a 
combination of the 50th and 5th percentiles. The 
basis for selection is to minimize the deviation 
between the actual size of the worker and the design 
of the tool to realize a neutral working posture. 
Based on these calculations, the table height is set 
at 104.7 cm, total machine height at 199.3 cm, and 
table lever distance at 97.11 cm.  

2. Table Reach and Hydraulic Machine Height: These 
dimensions were determined based on the 
sideways arm reach and upward grip height using 
the 50th and 5th percentile values, respectively. 
Values of 163.54 cm and 130.75 cm were selected 
to accommodate an efficient operational reach for 
the majority of users without causing excessive 
muscle overextension. 

3. Mold Reach and Distance Dimensions: The 95th 
percentile palm width dimension is used for the mold 
reach. The use of a high percentile (large person) 
aims to make the mold design inclusive, so that it 
remains comfortable to use even for users with the 
largest hands. The distance between prints is set at 
43.21 cm based on the 50th percentile shoulder 
width data to ensure adequate working space for the 
craftsman's body. 

The final dimensions of the wuwung printing tool 
design are presented in Table 14.  

The target specification (voice of engineering) can 
thus be determined for the design of the Wuwung Hias 
printing tool, as shown in Table 15. 

Table 14. Final Size of Wuwung Printing Tool 
 

code Body Dimensions 
Final Size 

(cm) 

D4 Standing elbow height 105.00 
D17 Standing shoulder width 43.21 
D29 Palm width 13.00 

D32 
Length of the side-hand 
reach 

163.54 

D34 
Height grip hand up in the 
standing position 

199.30 

 

Table 15. Voice of Engineering (VOE) 
 

Technical 
Characteristics 

Target Specifics 

Flexible 
A closed rail was present on the 
table. 

Ergonomic 

Table height, 105 cm; table 
width, 107.49 cm; and hydraulic 
machine height from ground 
level, 130.75 cm. 

Performance 
1. Hydraulic press with a 

pressure range of 50 - 200 
kg/cm2 

 2. Steel 110×50×84 cm 

 
3. Has 6 table legs to distribute 

the load 
Functional 1. Has a pressure control valve 

 
2. Mold made of gypsum with 

size 22×33×50 cm 

 
c. House of Quality (HOQ) Development 

After identifying the voice of the customer (VOC) 
or worker needs and the voice of the engineer (VOE) or 
technical needs, both will be used to create a house of 
quality (HOQ) using the quality function deployment 
(QFD) method. These two components are the main 
attributes in designing work facilities. The HOQ image 
for the wuwung printing tool needed by MSMEs in 
Mrajak Keramik can be seen in Fig. 4. Based on the 
house of quality (HOQ) analysis in Fig. 4, it can be 
concluded that the development of an ornamental 
wuwung molding tool should focus on three main 
customer needs: ergonomics, performance, and 
functionality. These reflect customers' expectations for 
a comfortable and effective design. Technically, 
material (18%) and construction (17%) have the highest 
weights, indicating that these two aspects are important 
to ensure customer satisfaction. In addition, the 
dimensions of the tool that can be customized to the 
user's percentile size are important. 

Correlation analysis between customer needs and 
technical characteristics shows a strong relationship. 
For example, tool dimensions that can be adjusted to 
percentile sizes have a strong positive correlation with 
customer needs for ergonomic aspects. Therefore, 
when manufacturing tools, ergonomic printing requires 
the size of the printing tool design to be adjusted to the 
body percentile size so that customers can use the tool 
comfortably. The priority of improvements that need to 
be made is in the aspects of molding tool dimensions, 
materials, and construction. This is because these three 
aspects  have  high  importance   weights  and   have  a  
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Fig.  4. HOQ for The Printing Wuwung Hias 

 
strong correlation with customer needs. The top 
technical priority, as measured by the technical 
importance score, is the sturdy construction of the table 
frame, followed by the use of steel material and high-
pressure ability. This order of priority resulted from 
calculations that correlated technical characteristics 
with customer importance. Further correlation analysis 
showed a strong relationship between customers’ 
ergonomic needs and the dimensions of the molding 
tool that can be adjusted to the percentile size. 
Therefore, to create an ergonomic tool, it is important to 
adapt its design to the user's body size so that the tool 
feels comfortable during use.  

The competitor analysis revealed an absence of 
comparable products, specifically a hydraulic press tool 
for Wuwung Hias ridges that could be used as a 
benchmark. As such, an assessment of satisfaction 
ratings for the house of quality was not feasible. This 
market gap represents a strong competitive advantage 
in the UMKM ornamental ceramic market, particularly 
for decorative roof ridge products. 

 
d. Design of the Wuwung Hias Printing Tool 

Based on QFD and anthropometric analysis, the 
design of an ornamental wuwung printing tool was 
obtained in the form of a printing table with a hydraulic 
press system. The use of this hydraulic press was 
chosen as an alternative to solve the problem of long 
production time during the printing process. The 
dimensions of the table were adjusted to the 
anthropometric data of workers and Indonesian 
anthropometric data to improve the posture of workers 
so that the physical load received by workers is more 
balanced. The following 2D image of the wuwung 
printing tool based on anthropometric measurements is 
shown in Fig. 5.  

 
Fig.  5. Design of the Wuwung Hias Printing 

 

Based on anthropometric data and worker posture 
measurements, it can be concluded that the dimensions 
of the hydraulic-based decorative wuwung printing 
machine are suitable for use. As shown in Table 16, the 
specifications of the wuwung printing tool are designed 
to have dimensions that are adjusted to the percentile 
and anthropometric data of workers. The standing 
Elbow height was used to determine the height of the 
table from the floor, the width of the sides, the standing 
shoulders were used to determine the distance of the 
table lever, and the width of the palm was used to 
determine the range of the mold. The length of the arm 
span to the side was used to determine the length of the 
table, and the height of the hand grip in a standing 
position was used to determine the height of the 
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hydraulic machine. 
 

Table 16. Dimension Wuwung Hias Printing Machine 
 

No Machine 
Component 

Anthropometric 
Data 

Dimension 
(cm) 

1 Table Surface 
Height 

D4 104.70 

2 Total Machine 
Height 

D34 199.30 

3 Machine 
Width 

D32 163.54 

4 Lever/control 
Distance 

D4 97.11 

5 Inter Mold 
Distance 

D17 43.21 

 
Adjusting the table height to 104.7 cm (based on 

the standing elbow height) eliminates extreme bending 
postures (trunk flexion), thereby reducing the static load 
on the erector spinae muscles. Additionally, by 
changing the work position from squatting to static-
dynamic standing with a movement range between 
molds of 43.21 cm, the compression pressure on the 
knee and foot joints can be minimized. Optimizing the 
range of the lever and the height of the hydraulic 
machine (97.11 cm and 130.75 cm, respectively) 
ensured that the position of the arms and neck remained 
at a neutral angle, avoiding overextension movements 
that were previously the main cause of fatigue in the 
shoulder and neck muscles (Wahyudi et al., 2015). With 
this transformation in work position, body angle 
deviations that previously reached critical levels (such 
as trunk 42.9°) can return to their natural range (0°–20°) 
(Hasanah & Beatrix, 2022). This theoretically reduces 
the REBA score to below 4, indicating that the new work 
system meets ergonomic standards that are safe for the 
long-term health of the craftsmen. In addition, by 
changing the work position from a static squatting 
position that puts pressure on the lower joints to a 
dynamic standing position, this machine reduces the 
compression load on the lumbar spine and mitigates the 
risk of musculoskeletal disorders (MSDs) in the long 
term (Lestari & Fauzien, 2021). This health impact 
directly reduces worker absenteeism due to physical 
fatigue and chronic muscle injuries, which have been a 
hidden obstacle to the productivity of pottery craftsmen 
in the past. 

The implementation of hydraulic machines in the 
decorative tile printing process at Mrajak Keramik SME 
has significantly minimized production time through a 
substantial reduction in the number of work elements. In 
the conventional method, the material filling process is 
carried out gradually and manually until the mold is 
filled, an activity that requires a long time and 
considerable physical effort. With the use of a hydraulic 
system, workers can insert clay material all at once and 
then press it automatically, eliminating repetitive, non-
value-added activities. In addition to simplifying work 
elements, the innovative design that integrates two 
press units in one frame allows both sides of the 
wuwung to be worked on simultaneously in one 
production cycle. Whereas previously, workers needed 
an average of 20 min to complete one side manually, 

this dual system is capable of producing one complete 
decorative wuwung unit (two sides) in the same amount 
of time. Overall, the use of hydraulic technology not only 
optimizes time efficiency but also increases productivity 
through the standardization of press pressure and 
accelerated production throughput, which is far more 
effective than the previous method.  

From a microeconomic perspective, an increase in 
production capacity resulting from time and energy 
efficiency provides space for Mrajak Keramik MSMEs to 
respond to market demand on a larger scale (Sniky et 
al., 2021). The standardization of hydraulic pressure 
ensures a uniform product density, thereby reducing the 
defect rate. The synergy between protecting human 
capital through occupational health and improving 
operational output is a fundamental catalyst for 
business growth. This not only increases profit margins 
for artisans but also ensures the sustainability of the 
traditional ceramics industry amid modern market 
competition that demands speed and high quality 
(Andriani et al., 2018). 
 
4. CONCLUSION 

This study demonstrates that the musculoskeletal 
risk among ornamental wuwung printing workers at 
Mrajak Keramik UMKM is critically high. The Nordic 
Body Map (NBM) results identified the back, waist, 
knees, and feet as the primary areas of pain, while the 
Rapid Entire Body Assessment (REBA) yielded a score 
of 13, categorizing the posture as a "very high risk" that 
requires immediate intervention. To mitigate these risks, 
an ergonomic molding table integrated with a hydraulic 
press system was developed. The transition from a 
manual, crouching posture to an upright, mechanized 
standing position directly addresses the identified 
biomechanical stressors. By applying anthropometric 
data at 5%, 50%, and 95% the table height (104.7 cm) 
and operational reach were optimized to maintain a 
neutral spinal alignment and eliminate extreme trunk 
flexion. This change significantly enhances user comfort 
and is projected to lower the REBA score to a safe level 
(below 4). Furthermore, the dual-mold hydraulic system 
transforms the production process by allowing 
simultaneous pressing of two sides, thereby doubling 
the output capacity and reducing the production cycle 
time by 50%. This synergy between ergonomic 
intervention and mechanization not only safeguards 
worker health but also boosts the operational efficiency 
and economic sustainability of the UMKM. 

Limitations and future research Despite the 
significant improvements, this study was limited to the 
physical and ergonomic aspects of the molding stage 
within a specific UMKM environment. The current 
design primarily focuses on static anthropometric fitting 
and does not consider the long-term mechanical 
maintenance of the hydraulic system or the 
psychological impact of automation on traditional 
craftsmanship. Future research should involve a 
longitudinal evaluation of the tool's durability and a 
broader impact analysis covering the entire ceramic 
production chain, including material preparation and 
post-firing handling, to achieve a fully integrated 
ergonomic smart factory for traditional industries. 
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