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Abstract: The purpose of the present study was to identify the customer requirements and engineer-
ing attribute expectations of an innovative product to which a Kano’s model and quality function
deployment (QFD) analysis was applied. In order to accomplish the research, a new water filling
machine design was used as the case study. This alternative machine was aimed at making life
more convenient and to support people interested in small businesses, since a Do-It-Yourself (DIY)
filling machine saved production costs. This research began by classifying the obtained answers
from questionnaires into groups. We then conducted a statistical analysis on potential users. The
number of elements of the customer requirements was 11 and the number of engineering attributes
expected was 5. The customer requirements of the innovated automatic filling machine was quickly
identified. The machine, therefore, was designed and evaluated according to the considerations and
relationships between customer requirements and engineering characteristics, where the cost and the
machining capacity were considered important factors in the analysis.

Keywords: innovative design; customer requirement; engineering attributes; quality function de-
ployment; Kano’s model; water filling machine

1. Introduction

Water’s role in health and wellness is becoming more and more emphasized nowadays,
as the number of people who prefer to buy bottled water keeps increasing. This has led to
a strong demand for bottled water. Sometimes, bottled water is associated with a healthy
lifestyle and is presented as a convenient, safe, and healthy hydration beverage [1]. Some
people have tried organic beverages due to their supposed health benefits compared to
other commercially produced foods. As a result, manufacturers are focusing on special
and limited-edition releases, brand redesigns, packaging innovation, and new organic
products where secret recipes with special ingredients are created. Interesting organic drink
products have been introduced and researched [2–6]. Moreover, people are interested in
organic beverage businesses and the concept of the Do-It-Yourself (DIY) filling machine
has become quite popular for saving production costs.

The coronavirus 2019 (COVID-19) pandemic likely began in late January or early
February 2020. Hundreds of millions of people around the world have lived through
lockdowns. Many have made the sudden shift to working from home (WFH), and millions
have lost jobs. Yet people have lost more than just their regular salary; losing employment
has also caused people to suffer from a sudden loss of self-confidence and a diminished
sense of identity and purpose. Moreover, those with a low self-esteem often have a more
negative view of life since their social status and routine activities can quickly disappear. In
order to solve these problems, people have tried to start earning more money by running
their own business via a “work-at-home” platform. However, since the future looks
uncertain, a small-scale business is recommended.

Micro, small, and medium enterprises (SMEs) compose one of the largest groups
of economic activity conducted by most people in Southeast Asia, especially Thailand.
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Recently, according to the Asian Development Bank (ADB) data from 2016, the contribution
of SMEs to the total gross domestic product (GDP) in Thailand is 37%, of which 20% of
those SMEs in Thailand focus on home businesses (e.g., drinking water/beverage, bakery,
foods, or organic fruits and vegetables) [7]. The significant consumption by Thai people
has offered a major opportunity for Thailand to develop its home industry with affordable
capital, limited capacity, and unique and attractive products. This condition, therefore,
has forced the homemade industry to fight to meet the increasing demand with limited
resources and capital. However, adding manpower would be an unexpected choice due to
the high labor cost nowadays. An automatic machine could be an appropriate solution with
certain specifications that fit the SME requirements—for example, capital cost, production
capacity, and efficiency.

For new manufacturers, the future depends on how well they do in the analysis
of purchasing decisions, customer behaviors, and product characteristics. Creating a
new design to challenge the existing ones is quite difficult since the methods applied for
analyzing the specific requirements and characteristics of the customers have changed
dramatically due to the influences of perceptions and experiences [8,9].

This research presents an alternative direction for SMEs to quickly launch beverage
products via the new innovation of the automatic filling machine. The proposed design
of this new innovation automatic filling machine consists of three main components:
translated data from the voice of the customer, drafted design of the machine, and creation
of a virtual model and a prototype of the machine. Each of those components requires
some technical concepts for quickly accomplishing the desired goal.

In order to induce customers to believe in the novelty and value of a product that is
similar to a known one, methods such as the quality function deployment (QFD) and house
of quality (HoQ) should be considered and applied. To satisfy customer requirements
and quickly launch the machine design in a competitive market, QFD analyzes customer
expectations to match the engineering points of view [10]. Moreover, this method is
essential, especially in terms of product design and innovation. The concept of QFD is
very effective at giving the appropriate engineering elements at each stage of engineering
design, production process, and development and prototype evaluation [11–19].

In this research, before drafting the design of the product, self-administered question-
naires related to customers’ behaviors and perceptions of drinking water/beverages were
created and distributed to the target group, i.e., people or SMEs who live in or around
metropolitan areas and are of various genders and ages, since the selling volume of bever-
age is higher than in other uptown areas. After obtaining the drafted design of the filling
machine, a virtual model and a prototype of the new product were created.

2. Literature Review

Recently, many researchers have discussed applications of the QFD method to trans-
late the voice of the customer into product design criteria by making customer expectations
a mathematical correlation. In practice, the building of a house of quality (HoQ) is consid-
ered an essential first step in creating a new design [20]. Those correlations are used as the
input parameters for the product design optimization by using mathematical programming.
For accelerating successful implementation, a combination of benchmarking and the QFD
method was suggested by Gutierrez and Tulkoff in 1994 [11], with the Austin’s Electronic
Card Assembly and Test (ECAT) manufacturing process applied as the case study. Cus-
tomer satisfaction was obtained when the time taken to make similar changes was reduced.
Benchmarking was used in the first stage to avoid hidden dangers or difficulties, save costs,
and reduce implementation time. Then, QFD was used to prioritize needs and concerns.
QFD is a mechanism for ensuring that customer requirements are achieved by all functions.
QFD focuses and coordinates skills within an organization. For example, starting with a
marketing group, the types of product that customers want and will continue to purchase
are clearly identified. Then, the results are sent to the design section to create the structure
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of a new product with proper materials. Finally, the manufacturing division starts to
produce a prototype.

In developing a competitive strategy, manufacturers cannot limit their consideration
to the quality aspect, since there are always trade-offs between quality and other con-
straints. An optimization method of the product design has become essential to gain the
maximum satisfaction level under several resource constraints. Moreover, Wang et al.
(2017) introduced a combination of the theory of inventive problem solving (TRIZ) and the
QFD approach in order to design a model for self-service restaurants [12].

For identifying the “service satisfaction level,” the process started with a “problem
definition stage” in order to formulate and briefly analyze the problem. The next step was
called “the service resolution stage,” wherein the parameters were analyzed based on TRIZ
and QFD. Then, an evaluation method was provided whereby a new self-service restaurant
with functions of interactive menus and interoperable meal ordering was proposed in
the final stage. The study revealed that the proposed method can empirically enhance
restaurant service satisfaction.

The benefits obtained from the TRIZ technique are as follows: (i) providing a sys-
tematic approach, (ii) solving any problem with innovation or invention, (iii) designing
an effective service, and (iv) allowing a company or project team to consider many com-
binations that are suitable for fulfilling the requirements of a new design. For QFD,
it is utilized in service innovation to generate the optimal service based on customers’
service requirements.

Recently, in terms of product development, the QFD method has been applied as
a main tool for extracting customers’ perceptions on existing products to show where
some functions or components could be improved. The optimal characteristics were easily
matched to customer requirements using mathematical programming models [13–19].
Moreover, to help designers determine the optimal design characteristic levels (i.e., the
target design characteristic values), a prescriptive modeling approach in the QFD platform
was presented. This approach would maximize overall customer satisfaction under the
system and budget constraints in a systematic and efficient manner when the built-in
optimization routine of a popular spreadsheet system was applied [20]. However, previous
methods mostly paid attention to engineering elements (design characteristics—DC); using
this method might require more effort to identify the expected elements. Decision-maker
bias was found in that personal perceptions were used to imagine the worst-case scenario
and choose the attributes that would improve the situation the most. Some engineering
elements might be overlooked.

Other optimization methods were proposed in terms of the QFD analysis, mostly
based on integer or linear programming. The main objective was to allocate all resources
to the several engineering elements of a product, aiming to maximize overall customer
satisfaction and minimize dissatisfaction [21,22]. Lai et al. (2005) proposed a dynamic
programming approach for the QFD optimization in which the resources were allocated
into engineering attributes [23]. This revealed that the dynamic approach required less
information in comparison to other mathematical programming approaches with more
relevant optimal results. An example of the specific requirements for creating a new
product is shown in Figure 1. Moreover, in order to capture the unexpected vagueness
related to the product design, a fuzzy approach was introduced to QFD [24–26].
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Figure 1. Tree diagram of the specific requirements for a new product [10].

The Kano model is another approach used to classify customer requirements and
help explain the nature of those particular requirements for increasing customer satis-
faction. Lai et al. introduced an approach combining the Kano model and QFD to
satisfy customer requirements through optimal product design based on the goal pro-
gramming approach [27,28]. In practice, using the goal programming model allows the
designer to optimize the customer fulfillment level, which possibly fits with any particular
company strategy.

Semantic differential techniques, systematic studies, and a statistical approach were
presented as vital tools for evaluating the designer’s and customer’s perceptions in the
conceptual design stage. We can advance research and development (R&D), innovation,
and technology management by building on past and present studies in the field and
providing future direction [29–32].

3. Research Background

Before beginning the design, extracting hidden issues and customers’ needs is neces-
sary. To effectively create a new design of product, two main issues must be addressed:
ways to identify customer requirements and methods used for determining their im-
portance weights. After studying these fundamental concepts, the drafted structure of
a new product can be extracted into lists of physical characteristics and functions in a
mechanical platform.
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3.1. Understanding Customer Requirements

Firstly, understanding customers’ behaviors, needs, and perceptions about the product
of interest is the main thing that a design engineer has to consider before arranging customer
requirements in groups. These groups are used to create guidelines for identifying the
specific characteristics of a new product; three main methods are applied: Kano’s model
analysis and questionnaire, quality function deployment, and an integrated approach to
innovative product development using the Kano model and QFD.

3.1.1. Kano Model Analysis and Questionnaire

The Kano model is a method for identifying groups of customer attributes: must-
be, one-dimensional, and attractive. A Kano questionnaire that consists of pairs of one
positive and one negative question has to be launched to target customers to obtain a set
of data that contains some drafted and rough ideas of customers’ viewpoints on existing
products where “functions and physical characteristics” are key considerations and might
be compared with a new product. The obtained results are then translated to customer
attributes. To apply the Kano method, the following constraints are required [33]:

• Each customer attribute is assumed to fall into one of the three basic Kano categories.
• Each identified customer requirement will be analyzed on the basis of the Kano

model, where the researcher can classify the requirements into groups; the appropriate
Kano categories are determined by using the Kano questionnaire or a forced-choice
classification method.

• A forced-choice scale is a rating scale that does not allow for an undecided, neutral,
don’t know, or no opinion response; the questions are designed to force respondents
to express an opinion.

However, sometimes customers cannot clearly express their opinions of a particular
characteristic or feature of a product. Therefore, the obtained data might be classified
as “indifferent” or “having no particular interest” rather than in one of the three main
categories (“must-be”, “one-dimensional”, or “attractive”).

3.1.2. Quality Function Deployment

Since difficulties have been found during the process of data analysis, customer needs
and satisfaction levels on a new of product design need to be extracted with simple words
and definitions. Quality function deployment (QFD) can help design engineers to properly
translate voice of customer (VOC) into product specifications where “a customer-oriented
approach” is the key component. The evaluation of customer needs can be accomplished by
analyzing the customers’ nature, behaviors, experiences, and perceptions from the answers.
The obtained results inform the process and quality requirements. The benefits derived
from using the QFD tool include [34,35]:

• The important information for supporting a new design can be explored and docu-
mented in a good pattern.

• The design engineer can specify the proper direction to achieve an optimal model,
where a way of solving a problem by trying a number of different methods randomly
can be eliminated.

• Reduced production costs by eliminating redundant features and overdesign.

3.1.3. An integrated Approach to Innovative Product Development Using Kano’s Model
and QFD

The Kano concept can help a design engineer classify customer requirements into
appropriate categories and subcategories whereby hidden views can be properly extracted;
for example, some product characteristics can indicate whether a target customer will
be satisfied with a new design or not, whereas some specific product criteria can induce
customers to make better decisions. Sometimes, regarding basic needs, customers’ per-
ceptions fall into the category of must-be attributes, such that merely attractive attributes
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are considered “must-have” requirements (such as luxury handbags or shoes); however,
this type of attribute is quite difficult to add into mass-production products because of the
investment costs. To achieve the customer requirements for “must-have” items, in-depth
interviews with influencers or experienced people should be taken into consideration.
However, classifying the requirements into groups is subjective, so a deep analysis of cus-
tomer voices should be added to obtain better results. QFD provides a means of translating
customer requirements into proper technical or engineering characteristics for each stage
of product development and production [34,36,37].

The Kano model and QFD method can help a design engineer to quickly manage the
interviewed results at the first stage (by applying Kano’s application), and can also enhance
customer satisfaction and loyalty, and minimize dissatisfaction when the detailed design
components of a future product can be revealed clearly in a proper format (by applying the
QFD method).

3.2. The Relationship between the Customer Requirements and Technical (Engineering) Attributes

The way to find the relationship between customer requirement and engineer at-
tribute is to apply the house of quality, as presented in Figure 2. Completing the house of
quality starts with the question: What do customers want? Their requirements are called
customer needs. These are phrases that are used by customers to describe products and
product characteristics.
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3.3. The Relationships between Engineering Attributes

In product design, it is important to find the relationships between engineering
attributes because a change in a value of one engineering attribute will affect one or
more others. The relationships between the engineering attributes are found by using
Wasserman’s [14] model, as presented in the equation below:

Tawj = ∑m
i=1 wirij/∑n

j=1 ∑m
i=1 wirij , (1)

where
Tawj

is the importance weight of engineering attribute j,
j = 1, 2,..., n

wi
is the importance weight of customer requirement i,
i = 1, 2,..., m;

rij is the normalized relationship between customer requirement i and engineering attribute j.
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3.4. Optimizing Product Design Using the Kano Model and Goal Programming

The Kano model, combined with goal programming, provides an effective way to
categorize customer requirements [10]. When this model was applied in this study, the
values of “i” (customer requirements) and “j” (engineering attributes) were set to i = 11
and j = 5, respectively.

The optimization model:

Min D = ∑11
i=1(d1i × w1i × wi + d2i × w2i × wi). (2)

Constraints:
w1i = −DSi − CSi (3)

w2i = CSi (4)

yi =
5

∑
j=1

Rij ∗ TAj (5)

yi + d1i ≥ ti (6)

yi + d2i ≥ 1 (7)

B ≥
5

∑
j=1

xj (8)

Cmin j ≤ xj ≤ Cmax j, j = 1, 2, . . . , n. (9)

0 ≤ d1i, d2i ≤ 1, (10)

where
Rij

is the correlation between the ith customer requirement and the jth engineering
attribute, where i = 1, 2,...,11; j = 1, 2,..., 5

wi is the weight of the ith customer requirement

w1i

is the deviation between the customer dissatisfaction level for each ith customer
requirement (DSi) and the coefficient of customer satisfaction level for each ith
customer requirement (CSi)

w2i is the coefficient of customer satisfaction level for each ith customer requirement (CSi)
CSi is the coefficient of customer satisfaction level for each ith customer requirement
DSi is the coefficient of customer dissatisfaction level for each ith customer requirement

d1i

is the deviation between the target satisfaction level value for each ith customer
requirement (ti) and the extended satisfaction coefficient of the ith customer
requirement (yi)

d2i
is the deviation between the maximum consideration value (1) and the extended
satisfaction coefficient of the ith customer requirement (yi)

yi is the extended satisfaction coefficient of the ith customer requirement
ti is the target satisfaction level value for each ith customer requirement

TAj is the fulfillment level of each engineering attribute j
fmin j is the minimum fulfillment level of each engineering attribute j
cmax j is the maximum cost of each engineering attribute j
cmin j is the minimum cost of each engineering attribute j

xj is the budget allocated to each engineering attribute j
B is the cost limitation of the entire production cost.

Results are presented as the cost function diagram, as shown in Figure 3.
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Proper historical data are required. The ways to consider the weight of customer
requirements, the satisfaction level for each customer, and the target or benchmark values
are subjective. Normally, designers list the performance of competitors (e.g., ratings) with
respect to each customer requirement as a reference by using their own judgment. The best
rating can be used as the limit for the ideal, and the worst rating can be used as the limit for
the unsupportable. Moreover, for using reference data to scale or rate the important factors,
designers’ experiences are applied to construct the ranges of values. This information is
considered during the calculations and analysis. The statements of customer preferences
are commonly applied to assess the importance of customer requirements [38,39].

However, it is difficult to prove the optimality of the obtained results in a practical way
since the success of a company or manufacturer when creating a new design of product
depends on many factors such as the selling price, influencers, brand designers, discount
promotions, and brand identity.

4. Analysis of Results from Multiple Research Methods

To optimize the design of the automatic filling machine proposed in this study, there
are three requirements, as illustrated in Figure 4. First, we reviewed related works using
digital sources such as websites, published articles, and previous market surveys. Secondly,
we constructed a tree diagram to classify customer requirements into several groups and
translate them into product characteristics with definitions. The relationship between
customer attributes and engineering viewpoints is discussed. Third, we applied a “Kano–
QFD integration model” to create the appropriate direction of the developed filling machine.
Finally, we created a conceptual design of a filling machine.
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4.1. Customer and Market Surveys
4.1.1. Market Survey

Currently, automatic water filling machines can be classified into two types. The first
type is “small-scale automatic water filling machines” for schools, offices, or canteens.
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The second type is “large-scale automatic water filling machines” for use in industry. The
details of each are presented in Table 1.

Table 1. Market survey on the automatic water filling machine.

Characteristic Shape

Connected to a water purification system,
start/stop button

(Small-scale machine)
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4.1.2. Customer Survey

To identify customer requirements, seven steps are necessary (Figure 5). Self-administered
questionnaires (SAQs) are created and distributed to the target customers. This type of
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questionnaire is designed specifically to be completed by a respondent without the inter-
vention of the researchers (e.g., an interviewer). However, the researchers might need to
review the market status where similar products (existing ones) are in competition. These
considerations include the characteristics (i.e., form, fit, and function) and costs of the
existing product, and customers’ perceptions of those products. Then, the data obtained
from customers are translated into an engineering design platform where the shape, color,
and size are used as key components for creating a conceptual model.
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The researchers have studied the perceptions and behaviors of people who live in
the capital city (i.e., the Bangkok metropolitan region) and the survey questions were
constructed to assess how people feel about water filling machines, and how many of them
decided to purchase bottled water.

The researchers did not have much information on the subject to begin with, so
assumed that half of the respondents purchase bottled water; this gave us maximum
variability. We used the following equation (Equation (11)) [40]:(

(Z)2 × p × q

(e)2

)
= n, (11)

where
e is the desired level of precision (the margin of error, or confidence interval)
p is the estimated proportion of the population that has the attribute in question
q is 1 − p.

Therefore, in this study, p = 0.5 indicates 95% confidence, and at least 5%—plus or
minus—precision. A 95% confidence level gave Z values of 1.96, per the normal tables,
giving (

(1.96)2 × 0.5 × 0.5

(0.05)2

)
= 385.

From this calculation, it was found that a random sample of 385 respondents in the
target population was enough to give the confidence levels needed. In practice, around
400 questionnaires were distributed to target customers. At this initial stage of the concept
development phase, 390 respondents returned their answers; these data were recorded and
translated into a conceptual model of the filling machine.
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For the detailed design phase, in order to extract some hidden issues with the filling
machine structure, where the form, fit, and function (the 3 Fs) expected were clearly
expressed and discussed in sequence, 72 potential users with technical skills in design
and/or engineering backgrounds were interviewed. Table 2 presents the data collected
from the obtained answers.

Table 2. Descriptive analysis of the respondents.

Respondent Gender Number of Respondents Percentage

Female 28 38%
Male 44 62%

Respondent Age Number of Respondents Percentage

<20 8 11%
21–30 32 44%
31–40 20 28%
41–50 4 6%
51–60 4 6%
>60 4 6%

Respondent Education Number of Respondents Percentage

Junior high school 8 11%
Senior high school 32 44%

Vocational certificate 16 22%
Bachelor’s degree 16 22%
Master’s degree 0 0%
Doctoral degree 0 0%

Number of Employee(s) in
Family Number of Respondents Percentage

1–5 64 89%
6–10 0 0%
11–15 0 0%
>16 8 11%

Business Income per Month
(THB) Number of Respondents Percentage

<10,000 24 33%
10,001–20,000 20 28%
20001–30,000 8 11%
30,001–40,000 4 6%
40,001–50,000 8 11%

>50,000 8 11%

4.1.3. Factor Correlation Analysis

A descriptive analysis was conducted to determine the characteristics of the variable
being investigated. The purpose of this analysis is to give readers a history and description
of the relevant aspects of the market segment being targeted in this study. The results of this
study on the proposed design of the automatic water filling machine were gained through
respondents using a basic questionnaire. The questionnaire, therefore, was distributed
to owners of drinking water industries, shops, and restaurants located around Rangsit,
Pathum Thani. The profile of respondents consisted of gender, age, education, number of
employees, and monthly salary.

4.2. Data Analysis
4.2.1. Classifying Customer Attributes into Groups

After obtaining the data from questionnaires, the researchers tried to classify the ob-
tained requirements and perceptions of the target customers into four groups: appearance,
performance, functionality, and usability, as shown in Figure 6.
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4.2.2. Factor Correlation Analysis

In this study, 67% of respondents were interested in having an automatic filling
machine with the proposed qualifications. Therefore, in order to study the effect of factors,
namely “business monthly income,” “the size of bottle used,” the “business production
capacity,” and “the price of the expected machine” on the customer buying decision, a
correlation analysis was employed. Table 3 indicates that only the product price had a
significant correlation (p = 0.023 < 0.05) with the buying decision of the potential users
(customers). This means that the “buying decision” and “expected price of the machine”
correlated with each other. The correlation factors were negative (−0.267), which indicated
that the lower the price the higher the demand for the proposed machine from customers.
It revealed the pricing and demand function had an increase in price, which resulted in a
decrease in customer demand. The other factors, statistically, had no significant correlation
with the customer buying decision.
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Table 3. Pearson correlation factor.

Correlations between Business Income, Bottle Size, Production Capacity, the Price of an
Expected Machine, and Buying Decision

Effect of Factors Business
Income

Bottle
Size

Production
Capacity

Expected Price of
the Machine

Bottle size 0.274
0.02

Production capacity 0.351 −0.067
0.002 0.578

Expected price of
the machine −0.363 0.153 0.072

0.002 0.198 0.548
Buying Decision 0.000 −0.000 −0.099 −0.264

1.000 1.000 0.407 0.023

Cell Contents:
Pearson correlation

p-value

4.2.3. Weight of Customer Requirement

According to the customer attributes grouped as in the diagram (Figure 6), a design
engineer can easily identify the specific attributes of the developed filling machine that
meet the customer requirements. The target customers—who were in the age range of 21–30
years old, with a monthly salary between THB 20,000 and 50,000 (USD 665.56 1663.89; the
U.S. dollar equaled 30.05 Thai Baht as of 11 December 2020)—were surveyed. In this survey,
the respondents were asked to give a 1–9 rating to each of the customer requirements,
where “1” indicated the least important variable whereas “9” indicated the most important.
The weight of customer requirements was normalized to assess their relative importance.
The data are provided in Table 4.

Table 4. The importance weight of the customer requirements.

Customer Requirements Wi

Smaller size 0.08
Supporting the household or small and medium enterprises (SMEs) 0.09

Easy to use 0.10
Mission complete within just a few seconds 0.08

Solving the problem of water spillage 0.09
Automatic system 0.10

Providing more than one level of filling volume 0.09
Supporting many empty bottles at a time, rather than inserting them one by one 0.10

A sensor system for controlling the water flow rate 0.07
Easy to access 0.10
Easy to control 0.09

4.2.4. Determine the Relationship between Customer Requirements and
Engineering Attributes

To accurately visualize the correlation between engineering attributes and customer
requirements, the sub-attributes of engineering attributes should be analyzed properly
to give a clearer understanding of the product characteristics that satisfy customer re-
quirements at the “sub-attribute level”. Interviewing 20 potential users allowed designers
to easily and effectively draw a correlation matrix between the user requirements and
engineering attributes whereby hidden issues were revealed. The full matrix is provided
in Table 5. In order to explain the degree of importance of elements, a scale of 1 to 7 was
utilized, where a higher value indicates a stronger correlation.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 26 14 of 20

Table 5. The relationship between customer requirements and engineering attributes.

Customer Requirement (i)

Engineering Attribute (j)

Rotating
Table Tank

Body of
Ma-

chine

Control
Switch

Slot for
Inserting Bottle

Smaller size 5 4 7 1 2
Supporting the household or SME 2 4 6 2 2

Easy to use 6 2 1 5 5
Mission complete within just a

few seconds 6 2 1 3 3

Solving the problem of water spillage 3 5 4 2 2
Automatic system 7 1 2 6 5

Providing more than one level of
filling volume 6 4 2 5 5

Supporting many empty bottles at a
time, rather than inserting them one

by one
6 1 2 6 5

Providing a sensor system for
controlling the water flow rate 5 1 1 6 6

Easy to access 2 1 3 5 3
Easy to control 3 1 3 5 3

4.2.5. Analyze the Relationships between Engineering Attributes

In terms of product design, a change in the expected value of a particular engineering
attribute of a new product can affect the value of the other engineering attributes, which
may also affect customer expectations. Therefore, it was essential to draw a correlation
between engineering attributes. For that, the engineering attributes were also studied at the
component level, as shown in the previous section (Table 5). The normalized importance
weight of each engineering attribute was determined by using Equation (1), presented in
Section 3.3. The results are shown in Table 6.

Table 6. The importance weight of engineering attributes.

Wi

Engineering Attribute (j)

Customer Requirement (i) Rotating
Table Tank Body of

Machine
Control
Switch

Slot for
Inserting Bottle

0.08 Smaller size 0.002 0.002 0.003 0.000 0.001

0.09 Supporting the household
or SME 0.001 0.002 0.003 0.001 0.001

0.10 Easy to use 0.003 0.001 0.000 0.002 0.002

0.08 Mission complete within just a
few seconds 0.003 0.001 0.000 0.001 0.001

0.09 Solving the problem of
water spillage 0.001 0.002 0.002 0.001 0.001

0.10 Automatic system 0.004 0.001 0.001 0.003 0.003

0.09 Providing more than one level
of filling volume 0.003 0.002 0.001 0.002 0.002

0.10
Supporting many empty

bottles at a time, rather than
inserting them one by one

0.003 0.001 0.001 0.003 0.003

0.07 Providing a sensor system for
controlling the water flow rate 0.002 0.000 0.000 0.002 0.002

0.10 Easy to access 0.001 0.000 0.001 0.002 0.001
0.09 Easy to control 0.001 0.000 0.001 0.002 0.001

Sum 0.02 0.01 0.01 0.02 0.02
Taw 0.26 0.13 0.16 0.24 0.21

4.3. Determine the Optimized Design Using the Kano–QFD Integration Method

The way to get an optimized design is to apply the Kano–QFD integration method,
wherein the final step is the formulation of the goal programming model. First, the coeffi-
cients of the customer satisfaction (CS) and dissatisfaction (DS) levels for each customer
requirement variable were determined according to a market survey of the existing prod-



J. Open Innov. Technol. Mark. Complex. 2021, 7, 26 15 of 20

ucts, which was similar to our proposed design. The notation used in the optimization
model is presented in Table 7 and Equations (2) to (10) in Section 3.4.

Table 7. Cost information and optimal results for engineering attributes.

Engineering
Attributes wj

Min.
Fulfillment

Min.
Cost

Max.
Cost

Budget
Allocation

Optimized
Fulfillment

Rotating table 0.260 0.7 3000 3500 3000 0.70
Tank 0.132 0.6 150 250 250 1.00

Body of machine 0.164 0.8 1540 1700 1540 0.80
Control switch 0.236 0.8 13,090 15,000 13,710 0.86

Providing slots to
insert bottles 0.208 0.7 410 500 500 1.00

A goal programming model with cost constraints was used to find the optimum
design of the new product considering the customer fulfillment levels. The results revealed
that the proposed method could improve the average customer fulfillment level from 0.74
to 0.87 by adding 500 THB (30.05 THB = 1 USD as of 11 December 2020). Figure 7 shows
that the average fulfillment level increases when additional money is spent to improve the
product characteristics.
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4.4. The Design of an Automatic Filling Machine

After obtaining results from the goal program, the automatic filling machine was
designed. A description of the final model is presented in Table 8 and Figure 8. The design
engineers have tried to combine the concepts of the filling single bottle and multi-head
filling machine. Price, function, and size are key components in the design of a structural
platform of an automatic filling machine that can effectively support a SME’s projects.
According to the aforementioned customer requirements, before creating a 3D virtual
model of automatic filling machine, the product characteristics should be discussed and
the engineering viewpoints expressed in terms of form, fit, or function, as shown in Table 8.
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Table 8. Product characteristics and definitions.

Product Characteristic Definition

Smaller size Filling machine can be easily moved and relocated.

Supporting the household or SME Multi-filling function for inserting more than one bottle.

Easy to use The mechanism is simple and a user-friendly interface is
provided.

Mission complete within just a few seconds The proper “Liquid Filling Equipment” and “Water flow rate”
conditions are provided to assist with fast filling.

Solving the problem of water spillage A controlling system with level sensors is applied to check the
amount of water inside the bottle during/after filling.

Automatic system The mechanism is high-tech. A “less-human labor required”
concept is applied to the entire process of filling the machine.

Providing more than one level of filling volume Different volumes of water are available (e.g., 250 mL, 500 mL,
750 mL, 1000 mL, or 1500 mL).

Supporting many empty bottles at a time, rather than inserting
them one by one A rotary table with four bottle-position slots is provided.

Providing a sensor system for controlling the water flow rate The quality of the material is ordinary.

Easy to access

The universal design concept is applied on
A “rotary table” structure to easily put the bottles in and out
A “control switch” layout to quickly find the start/stop and

level buttons.

Easy to control The controlling program and equipment immediately send the
command and retrieve the feedback, with less error.
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For the draft design in Figure 8, the proposed machine can fill the bottle at a rate of up
to 62.5 mL/s and is suitable to use for filling bottles of 750 mL up to 1500 mL in size. The
machine has an automatic rotating table that works based on the adjustable leveling sensor.
This function enables the user to precisely adjust the expected water level. The machine
can be equipped with a conveyor machine, which allows for higher productivity. Thus,
these attributes mean the proposed machine can be tailored to suit a SME’s needs.
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4.5. Summary of the Analysis Results

This study proposed an innovative product. Starting with a survey of the literature on
similar existing products in the market, we then analyzed the strengths and weaknesses
of the product. Therefore, a product was designed with unique accessories that may fit
customer needs. After that, we conducted a statistical analysis to determine the charac-
teristics of the market segment—in this case, the potential users of the proposed machine.
This was necessary in order to study the factors that contribute to their buying decisions.
Thus, we carried out a descriptive analysis of potential users. Variables such as gender, age,
gender, education level, production capacity, and business income were collected using a
basic questionnaire. The results indicated that the potential users of the machine were 38%
female and 62% male. More than 70% of them were in the age range 21–40 years, and more
than 79% have an education level between senior high school and bachelor’s degree with
an income range of 20,000–50,000 THB monthly (USD 666–1664).

From the questionnaire results, 63% of the potential users are expected to buy the
proposed machine. In order to know the factors affecting customer buying decisions, a
correlation analysis was employed. It was found that price has a significant (negative)
correlation with customer buying decisions. This fits the cost demand function, which
states that an increase in price is always followed by a decrease in market demand. Or,
in other words, the lower the price of the proposed product, the higher possibility of it
selling out. However, for the other factors—namely, business income, bottle size used, and
production capacity of the user’s business—there was no statistical correlation between the
factors and customers’ decision to buy the product.

After analyzing the market segment, the QFD method was used to analyze the cus-
tomer requirements and the engineering attributes. This method started by generating
the HoQ construction to translate customer expectations into product characteristics. The
Kano model was also applied to incorporate additional data in the HoQ construction. The
Kano model helps product designers to classify a product’s elements into three categories:
“must have,” “attractive,” and “expected.”

Incorporating the QFD method into the marketing study was an attractive approach
to not only analyze the market segmentation but also to optimize the product design based
on the market expectations. However, the disadvantage of the QFD method is the inability
to involve the company market strategy in the product design, since the QFD approach is
only focused on product design based on customer requirements. The goal programming
can reduce this pure condition by assigning a constraint to the model based on the company
strategy.

In conclusion, based on the issues raised, the recommended steps are as follows:

(1) Identify the factors related to the buying decisions of potential buyers of the proposed
automatic water filling machine.

(2) Identify the customer requirements and engineering attribute expectations that are
part of the QFD analysis of the proposed automatic water filling machine.

(3) Evaluate the current design in order to find the optimal design in relation and enhance
the customer satisfaction level given the cost constraints.

5. Discussion of the Proposed Approach to Innovation Dynamics

QFD integrated with Kano applications allows engineering designers and manufactur-
ers to clearly understand what customers want and what their expectations are of existing
or new products. House of quality (HoQ) is the main tool required in the first stage. For
supporting innovation dynamics, a controlling system with an Internet of Things (IoT)
platform can be added to assist users with sending commands across borders or from any
place around the world to fill the empty bottles via a mobile application; once the whole
process is terminated, outputs are provided to the user and the notification is sent directly
to the user’s mobile phone. Moreover, voice command is an interesting attribute to add to
the IoT platform for the convenience of the target groups.
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6. Limitations of the Case Study

The QFD-based method has some limitations. Some are inherent in the parameters
of the QFD platform itself. Other limitations are of a more practical nature, in terms of
the perceptions, ideas, knowledge, and experiences of the target customers and design
engineers. As shown by the results, it is hard to prove the optimality of the values calculated
in a practical way. This does not guarantee that the target customers will be completely
satisfied by all components created according to the proposed approach. Moreover, the
success of a product depends on a lot of factors such as the pricing strategy, promotions, or
product manufacturing. The success or failure of a product cannot be directly linked to an
optimal or unsuccessful product design.

7. Conclusions, Contributions, and Recommendations
7.1. Conclusions

In the first stage, we conducted a literature review to find works related to the prod-
uct’s quality attributes, with “water filling machine” and “bottled water” as keywords. The
concepts obtained from related works were used as the guidelines for constructing ques-
tionnaires whereby data about the perceptions and behaviors of the target customers could
be collected. All data were translated to create a conceptual model of a filling machine. To
make the final design more robust, we conducted interviews to put specific questions to
experts with a background in engineering design and product development. In this way,
the machine quality attributes and consumer requirements could be determined properly.

For the second stage, a questionnaire was distributed to determine which quality
attributes bottled water consumers perceived to be most important as part of a convenient
lifestyle. We classified their answers using the quality attributes in the Kano model in order
to effectively understand consumers’ needs.

For the third stage, consumers’ demand for quality attributes was transformed into
a technique of product quality development. In a matrix of the two constructs, quality
classification of the water filling machine in the Kano model, and assessment of consumers’
satisfaction with the functions of the filling machine, quality factors were transformed into
technical specifications of product development for QFD. In conclusion, QFD can help
design engineers to understand the needs of target consumers when customer needs are
properly translated into engineering design attributes.

7.2. Contributions

The results can serve as a reference for companies or manufacturers to effectively
distribute resources and establish strategies for product development that will enhance
product quality and consumer satisfaction, reduce product development time, and increase
the success rate of products in the market. The results mean that water/liquid filling ma-
chine enterprises not only make a profit from the product but also meet customers’ needs.

For creating a new product design, identifying the proper components of engineering
design to support customer requirements is key. In practice, the contributions can be
shown through the guidelines for starting to create a platform for a new design, where four
main parts are required (Figure 9): determine the product characteristics and requirements,
determine the relationship between customer requirements and engineering attributes,
determine the relationship between the engineering attributes, and optimize the design of
a new product.
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7.3. Recommendations for Future Products

Proper quantitative methods are required to improve the reliability of the QFD process
since the subjective decisions made in the use of QFD often rely on the decisions of
design engineers and researchers. In this case study, a quantitative approach using goal
programming and Kano’s model was used to obtain an optimal product design and
make process more robust. Applying other quantitative methods that are better suited
to identifying unspoken needs is also recommended. When applying QFD in a new
design, it is sometimes quite difficult to get results, since without an effective management-
supporting team (nontechnical) for implementing QFD, some necessary data may be missed.
Moreover, QFD requires the cooperation of people from different fields or departments.
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