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Spinal Board is one of the first aid evacuation equipment used in emergency medical service acts with the purpose to sustaining 

life of the accident victim before finally getting further treatment from medical personnel. However, problems with 

ineffectiveness, inefficiency and discomfort of existing spinal board on the market are frequently found. This study 

demonstrates the applicability of integrated methodology in determining the design requirement for an ergonomic spinal board. 

The methodology was derived from multidisciplinary approaches consist of quality function deployment (QFD), Kano model, 

theory of inventive problem-solving (TRIZ), and failure mode effect analysis (FMEA). The Kano model was used to investigate 

the customer satisfaction needs (CSNs). Then, the CSNs was processed using QFD method in the House of Quality (HoQ) 

matrix to identify the critical ergonomic design areas and the key problems in implementing the design. The TRIZ method 

solves the problems in order to provide solutions for innovative product design. It provides the design team with a methodical 

way of finding the causes and effects of failures before the design is finalized. In performing an FMEA, the product and/or 

production system is examined for all the ways in which failure could possibly occur. This study has generated a design 

requirement for ergonomic spinal board which is able to accommodate customer’s expectations and needs. Thus the integrated 

methodology has indicated promising empirical findings in determining design requirement for ergonomic product with more 

concrete evidence. 
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1. INTRODUCTION 

The most critical factor in the initial process of 
product development is product design [1]. The success 
of product design can be achieved through improving the 
customer satisfaction and delivering inventive and 
advanced product to the customers. Most of product 
designers and companies are normally focus on 
functionality, quality and cost, which have long been the 
most important factor in product design [2].  
*Email Address: hilma@ft.unand.ac.id 

Thus, sometimes, the design cannot satisfy all user 
expectation and ergonomics in the design process. 
Overall stages of product development usually are 
handled by engineering specialist. The absence of 
ergonomist for example may result in undesirable product 
design [3]. 

However, in recent years, research in the field of 
ergonomics and design have shown that the function, 
quality and cost of the product were not the key 
determinant of customer satisfaction. Customer 
satisfaction is also determined by other design elements 
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such as safety, comfort, usability and visitor attraction, 
emotion, appeal and individuation [2]. Quality and 
ergonomics aims to meet the demands of customers. A 
high-quality product can be conceded as an ergonomic 
product because it is designed in accordance with the 
human capabilities and limitations [4]. Determination of 
the anthropometric data that will be used also affects the 
ergonomics designed products. To enhance safety and 
comfort, design of equipment and facilities should take 
into account anthropometric differences, because various 

factors have been shown to influence anthropometric data 

such as ethnicity, genders, and occupation. Failure to do so 
will imply in the less safe and comfort of a product [5]. 

Previous study has been conducted using various 
kinds of approaches to design an ergonomic product. 
Nagamachi [6] noted that Kansei engineering method as 
an ergonomics and consumer-oriented technology for 
producing a new product. Sagot et al. [7] contributed a 
number of methodological and theoretical indicators 
concerning the contribution of ergonomists to the 
execution of design projects of new products. Then, Pelt 
and Hey [8] discusses the use of theory of innovation 
problem solving (TRIZ) together with human-centered 
design (HCD), a design methodology evolved for 
consumer product development. Among those 
approaches, quality function deployment (QFD) is a 
methodology that is most widely used by researchers in a 
product design process. It has applied in determining the 
design requirement of various products [4, 9-14]. 

Subsequent study has begun to integrate QFD method 
with other methods or approaches to improve the product 
design process. A study by Hsiao [15] addressed a 
concurrent customer-oriented design method for 
developing a new product. The study integrated the 
techniques of QFD, failure mode and effect analysis 
(FMEA), design for assembly (DFA), and analytic 
hierarchy process (AHP) such that the total quality of the 
product can be managed. Raharjo et al. [16] proposed a 
generic network model by exploiting QFD potentials 
using the analytic network process (ANP) approach, 
which can be used to assist QFD practitioners in 
accurately quantify their subjective judgments and 
experience in a systematic fashion and it can take into 
account other important factors in the product design 
context, such as the new product development risk. Then, 
Hashim and Dawal [17] integrated the Kano Model and 
QFD to improve the school workshop’s workstation 
design for adolescent in terms of ergonomic and users 
need. The study was successfully able to prioritize the 
modification elements to be implemented into the new 
ergonomically designed workstation. Recent study by 
Zhang et al. [2] proposed a multidisciplinary approach to 
improve the product design process in order to give a 
better product design. They integrated the method of 
identification of customer satisfaction needs (CSNs), the 
House of Quality (HoQ) chart of QFD, TRIZ and fuzzy 
group decision-making theory for ergonomic product 
innovative design and evaluation.  

This study demonstrates the applicability of 
integrated methodology consist of QFD, Kano model, 
TRIZ, and FMEA in determining the design requirement 

for an ergonomic spinal board as the case study. The Kano 
model was used to investigate the Customer Satisfaction 
CSNs. Then, the CSNs was processed using QFD method 
in the HoQ matrix to identify the critical ergonomic 
design areas and the key problems in implementing the 
design. The TRIZ method solves the problems in order to 
provide solutions for innovative product design. It 
provides the design team with a methodical way of 
finding the causes and effects of failures before the design 
is finalized. In performing an FMEA, the product and/or 
production system is examined for all the ways in which 
failure can occur. Those methods translate the needs of 
ergonomic spinal board users into design requirements. 

 

2. KANO MODEL 

The Kano model of customer satisfaction [18] can 

identify which requirements of a product or service bring 

more than proportional satisfaction to customers. Also, it 

identifies which requirements don’t bring satisfaction 

when present, but bring dissatisfaction when they are not 

met [19]. Kano model in this study is used to classify 

customer requirements into five categories: must-be (M), 

one-dimensional (O), attractive (A), and indifferent (I), 

based on respondents ‘opinion on the questionnaire. The 

goal is to know the priority of customer requirements that 

must be met by the product. Must-be attributes are 

expected by the customers and they lead to extreme 

customer dissatisfaction if they are absent or poorly 

satisfied, one-dimensional attributes are those for which 

better fulfillment leads to linear increment of customer 

satisfaction, attractive attributes are usually unexpected 

by the customers and can result in great satisfaction if 

they are available, and indifferent attributes are those that 

the customer is not interested in the level of their 

performance [20]. 

2.1. Kano Questionnaire Development 

The Kano questionnaire was constructed by firstly 

interview the volunteers from the Indonesian Red Cross 

and the rescue team of Padang, West Sumatera. They gave 

their opinions regarding the requirements for designing 

the ergonomic spinal board. Those requirements and data 

collected from previous study [21] regarding ergonomic 

consideration about spinal board design were included in 

the questionnaire. 33 participants from medics, Red Cross, 

Ambulance Unit Medical Officer and rescue team of 

Padang, West Sumatera completely answered and 

returned the Kano questionnaires. Cronbach alpha values 

for the questionnaire were 0.734 to 0.748 which means 

the questionnaire is reliable to be used in this study. 

According to Piaw [22], the acceptable value of Cronbach 

alpha is 0.65 to 0.95.  

 

2.2. Kano Questionnaire Result 

Data analysis was treated by SPSS 22.0 software. All 
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qualities were measured and classified into four 

categories; Must–be (M), Attractive (A), One–

dimensional (O) and Indifferent (I). These four categories 

are separated into two condition; better and worse, based 

on these equations: 

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝐴 + 𝑂

𝐴 + 𝑂 + 𝑀 + 𝐼
 

 

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐷𝑖𝑠𝑠𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝑂 + 𝑀

𝐴 + 𝑂 + 𝑀 + 𝐼
 

 

Based on above equations, it was easier to identify 

whether qualities offered will fulfil user satisfaction or 

prevent the user from dissatisfaction. Calculating CS and 

CD values can reveal the average impacts of each quality 

provided to customer feeling of satisfaction [23]. Table 1 

show the recapitulation of customer requirements for 

spinal board based on Kano Model. 

 

Table 1. The recapitulation of customer requirements for 

spinal board based on Kano Model 

No.  Customer Requirement 

Kano 

Cate- 

gory 

CS CD 

1 

Spinal board is flat, not slippery 

and able to withstand the weight 

of the victim 

M 0.424 0.788 

2 

The shape and dimensions of 

the spinal board does not change 

the evacuation procedures  

M 0.333 0.576 

3 

spinal board covered with thin 

and soft material fitted with the 

curvature of the spine 

M 0.303 0.394 

4 
Spinal board does not have any 

sharp or angular side 
M 0.364 0.758 

5 

Straps, head and neck brace can 

be attached firmly to the spinal 

board to restrain the movement 

of the victim 

M 0.333 0.636 

6 

Spinal board is lightweight, has 

good buoyancy and can be 

penetrated by X-rays  

M 0.424 0.455 

7 Spinal board can be folded A 0.485 0.303 

8 
The fold of spinal board is flat, 

hollow and powerful 
M 0.364 0.424 

9 

Straps, head and neck brace of 

Spinal board lined are mounted 

on a semi-permanent basis  

M 0.303 0.364 

10 

Straps, head and neck brace of 

spinal board are coated by soft 

material  

M 0.242 0.455 

11 

A buffer on the spinal board side 

lined with a soft material and 

anti-slip 

O 0.333 0.394 

12 
The size of the straps, head and 

neck brace can be adjusted  
M 0.333 0.727 

13 

Valves on the straps have a 

double lock and is made of a 

strong and lightweight material 

O 0.394 0.485 

14 

Spinal board has a buffer to the 

vertical position and can be 

combined with another stretcher 

M 0.438 0.688 

15 

Spinal board, straps, neck and 

head brace are made of material 

that is resistant porous and 

strong 

M 0.424 0.758 

16 

Spinal board, straps, neck and 

head brace are resistant to water 

and sunlight 

M 0.455 0.606 

17 

Spinal board, straps, neck and 

head brace can be easily 

cleaned, treated and quick-

drying 

M 0.485 0.545 

18 
Spinal board has a variety of 

colors 
M 0.394 0.697 

19 

Spinal board, straps, neck and 

head brace meets the standard of 

Emergency Medical Services 

M 0.273 0.727 

20 
The booking process of spinal 

board is easily and quickly 
M 0.364 0.758 

21 
Spinal board has better quality 

than that are commonly used 
M 0.424 0.485 

22 The price is affordable O 0.303 0.545 

 

3. QUALITY FUNCTION DEPLOYMENT (QFD) –

HOUSE OF QUALITY (HoQ) PHASE 1 

Quality Function Deployment (QFD) is a significant 

methodological approach to enhance customer 

satisfaction and reduce the product costs and 

development cycle time [21]. QFD allows the 

development team to define clearly the wishes and needs 

of the users then systematically evaluate the impact of any 

design proposal on the product to meet the user needs [22]. 

Hence, this study used QFD method to investigate the 

customer and technical requirements for designing 

ergonomics spinal board. By using the Kano model and 

integrating it in the QFD the design team can enhance the 

understanding of customer needs, leading to superior 

product design [17].  

The collected data of Kano questionnaires were 

processed using QFD design through House of Quality 

(HoQ). HoQ consists of several activities supported by 

various tables and matrices. The basic idea is to translate 

customer requirements into the product design 

requirements in order to increase customer satisfaction [3, 

16, and 25]. The HoQ was developed in two phases, HoQ 

phase 1 to determine the priority of technical 

requirements and HoQ phase 2 to determine the priority 

of design requirements. 

HoQ phase 1 was developed using the following steps: 

a. Determine the customer requirements and the 

customer important ratings  

Customer requirements which are included into these 

category of Kano: attractive, one-dimensional or 

must-be, then used in the HoQ matrix. This is due to 

these categories of customer requirements can 

increase user satisfaction if fulfilled. 

b. Translating customer requirements into measurable 

technical requirements  

Determination of the technical requirements aimed to 

know the technical terms that is required by the spinal 

board. The technical requirements in HOQ matrix is 

obtained from the interview with expert by 

consultation and discussion with experts in the 

respective products related to material and 
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manufacturing. 

c. Determine the relationship between the customer 

requirements and the technical requirements 

d. Determine the interactions between the technical 

requirements 

The purpose of determining the relationship between 

the technical requirements is to look at the positive or 

negative relationship between them, so that if there is 

a contradiction, it can be identified and solved. This 

is where TRIZ will be used. 

e. Determine the priority of the technical requirements. 

 

4. THEORY OF INVENTIVE PROBLEM 

SOLVING (TRIZ) 

The use of TRIZ method aims to find alternative 

solutions of the contradiction between two technical 

requirements without having to sacrifice one of them. The 

steps of determining a solution by this method are as 

follows: 

a. Identify the technical requirements that contradict on 

the HOQ matrix then assign one of the technical 

requirement as the parameter that want to repair and 

other technical requirement as the parameters that 

have been adversely affected as a result of such 

improvements. 

Based on HoQ matrix, there are five 

contradictions on the spinal board technical 

requirements, namely: 

 Contradiction between design modification and 

the selection of manufacturing method 

 Contradiction between the selection of hinge 

system and the selection of manufacturing method 

 Contradiction between features addition and the 

manufacturing method 

 Contradiction between the selection of quality 

materials and the low price material 

 Contradiction between features addition and the 

low price material. 

b. Determine TRIZ inventive principles based on 

contradiction matrix selected. 

c. Choose the most suitable TRIZ inventive principles 

and formulate the specific solutions to the technical 

requirement based on the selected principle. 

Based on these principles, the solutions are as follows: 

 Solution for contradiction 1: The replacement of 

mechanical method for the ergonomic design of 

the spinal board and features. 

 Solution for contradiction 2: The use of hinge 

system with the local quality level on the spinal 

board. 

 Solution for contradiction 3: The unification of the 

manufacturing method for spinal board and 

features. 

 Solution for contradiction 4: The use of qualified 

composite materials for spinal board features. 

Solution for contradiction 5: The use of 

lightweight materials for spinal board additional 

features such as pads, straps, head and neck brace. 

 

5. QUALITY FUNCTION DEPLOYMENT (QFD) –

HOUSE OF QUALITY (HoQ) PHASE 2 

Design matrix in HoQ phase 2 was made to convert 

the entire technical requirements into design 

requirements. The design matrix was derived from the 

technical requirements which are not contradicted to each 

other, while the technical requirements which are 

contradicted to each other replaced with specific solutions 

obtained by TRIZ method. The steps in developing the 

design matrix are: 

a. Determine the design requirements 

Design requirements were obtained from the 

discussions with the engineering and manufacturing 

experts as well as the team from disaster management 

and Red Cross of Padang, West Sumatera, who know 

about the principles of spinal board use and the 

prevention of secondary injury to the spine. 

b. Determine the relationship between the technical 

requirements and the design requirements 

c. Determine the priority of the design requirements 

The process of determining the priority value of 

design requirements was done by previously 

calculating the percentage of absolute important 

ratings from the relationship between the technical 

requirements and the design requirements.  

 

6. FAILURE MODE EFFECT ANALYSIS (FMEA) 

FMEA can assist the designer in finding the causes 

and effects of failure before the product design has been 

finished [15]. This method is suitable for obtaining the 

priority factors that could cause failures and losses in the 

production process. Determination of the key factors 

causing the failure was conducted to minimize the 

possibility of failure during the production process or 

spinal board design has been in the hands of users.  

The first step in this method is to identify the failure 

that may occur based on spinal board design requirements. 

Then, the causes and the grade of failure modes are 

identified. Failure at the first grade (extreme serious) and 

the second grade (very strong) are set as the key factors 

causing the failure [15]. The final step is to formulate the 

strategy to fix the failures. This step is also conducted 

through discussion with engineering and disaster 

management experts. The FMEA results then deployed in 

the step of design requirement determination of the HoQ.   

 

7. ANALYSIS 

The purpose of spinal board design development is to 

determine the spinal board design requirements which are 

better than the spinal board design requirement derived 

from previous study [21] and commonly used spinal 

board product.  Comparisons are made between the spinal 
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board design requirements from previous study [21] 

which only used the QFD method and the design 

requirements obtained by using the integrated 

methodology of Kano model, QFD, TRIZ and FMEA. 

The comparisons showed that the design requirements 

obtained from the integrated methodology have 

advantages in the consideration of ergonomic factors. The 

ergonomic requirements are in terms of comfort and 

security of victims and evacuation team when using 

spinal board.  

In addition, based on the design requirement, spinal 

board are made of fiberglass material that is much more 

resistant to water and heat and is much lighter when 

compared with the commonly used spinal board. Every 

part of spinal board is covered by soft material that the 

shape and size can be adjusted so it cannot change the 

position of the victim's body during the evacuation 

process. The head and neck brace, straps and pads of the 

spine are made adjustable and can be mounted on the 

spinal board in semi-permanent basis. It can also be 

installed at the time the victim had been on the board. This 

will certainly save the time of spinal board installation 

setup during the evacuation process. It means the 

flexibility of this new ergonomic spinal board design is 

better than those from previous study [21].  

Meanwhile, if viewed from the price side, the price of 

the spinal board new design spinal board tends to be more 

expensive compared to those derived from previous study 

[21] and commonly used spinal board product. This is 

because it used the composite materials which are easily 

available in the market though, but the price is slightly 

more expensive than High-density polyethylene (HDPE). 

But this can be overcome by reducing the spinal board 

thickness so that the material used be less but still 

considers the durability spinal board 

. 

8. CONCLUSIONS 

In this study an integrated methodology consist of 

Kano model, QFD, TRIZ and FMEA, for determining the 

design requirements of a new product is applied in 

designing an ergonomic spinal board. Some conclusions 

are drawn: 

a. The spinal board design requirements derived from 

the study are more able to accommodate the user 

needs and expectation in terms of ergonomics, and 

quality of the product. 

b. The failure in product development can be 

determined through FMEA method, thus it can 

minimize the possibility of failure during the 

production process.  

c. The TRIZ method solves the problems in order to 

provide solutions for contradiction between two 

technical requirements without having to sacrifice 

one of them thus can produce the innovative product 

design.  

d. The integrated methodology in ergonomics product 

design requirements can be applied on other design 

research to obtain an ergonomic product design, 

according to the needs and expectations of users, but 

lack of failure. 
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