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ABSTRACT 
This study is conducted to identify design attributes that can be used as a basis for designing an 
innovative travel toothbrush and subsequently increase customer satisfaction. Three design factors 
consisting of emotion towards the product, characteristic requirements, and technical attributes are 
considered in this study. A survey is distributed to 500 respondents to identify the level of customer 
preferences towards five emotional words describing the design attributes of 10 selected toothbrushes. 
Analytical Hierarchical Process (AHP) is then used to select the design attributes that are best suited to 
customer preferences. The results show that the majority of the respondents tend to prefer Design 1 
with design attribute “Simple”. Based on the favorable design attribute, an innovative design is 
developed based on the Theory of Inventive Problem (TRIZ) and the outcome, ‘Dynamics’ design, has 
been proposed by modifying Design 1 toothbrush.  

Keywords: Customer Satisfaction; Customer Preference; AHP; TRIZ.  

Introduction 
Customer satisfaction is a term frequently used in marketing. It is a measure of how products and 
services supplied by a company surpass customer expectation. It is described as number of customers, 
whose reported expectation with a company by rating the performance of its product exceeds specified 
customer’s satisfaction requirements [Poranki K.R.,2016]. Even though the relationship between 
satisfaction and quality is frequently discussed in literatures, it remains as a complex process to 
describe [Arefi M., Amini A., Fallahi K, 2010]; [Jashireh A., Slambolchi A., 2016]. It involves not 
only the interpretation of customer understanding of a function and aesthetic image, but also providing 
attractive attributes to the solutions. Therefore, in order to face varied customer perceivability, 
innovative thinking is required to provide attractive solutions and being diverse in the competitive 
market that leads to high customer satisfaction [Tschimme K., 2012]. 

Customer satisfaction (CSat) is a regularly used key performance indicator to identify how satisfied 
customers are. It is a measure of how items and services provided by an organization meet or 
outperform client desire. As mentioned by [Thusyanthy V., Tharanikaran V., 2017], satisfaction is a 
general client mentality towards an organization that specializes in providing service, or an emotional 
response to the contrast between what consumer expectations and what they get, with respect to the 
satisfaction of some need, objective or craving. [Yulia S.., Nugraha I., Wibowo S., Soeparman H., 
2012] claims that there are five factors driving customer satisfaction: (a) product quality; (b) price; (c) 
service quality; (d) emotional factor; and (e) convenience. Most literatures share a common definition 
of satisfaction. This paper defines customer satisfaction as the results of customer evaluation on the 
value they received which affects the customer behavioral for repurchasing relationship.  
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Among all of design aspects, innovative thinking is probably the most important because the sense of 
creativity often involves lateral thinking, or the ability to perceive patterns that are not obvious. 
According to [Asiya S., Kazmi Z., Naaranoja M., Kytola J., Kantola J., 2016], innovative thinking is a 
process that begins with an argument and progresses toward the product evaluation. Thus, the 
innovative thinking requires designers to look at something in a new way and to design a product that 
goes beyond imaginations. Besides, end-users are often confused with their requirements on a product; 
on one hand they want a simple product, but on another they want multiple functions to be embedded 
with it. 

Therefore, this study integrated AHP and TRIZ method to redesign a toothbrush that increases 
customer satisfaction. A toothbrush usually comprises of a plastic handle and a head of tightly 
clustered nylon bristle at the opposite end. Despite of the variety of toothbrush design in the market, it 
is difficult to identify the quality of the brush that satisfies consumer needs. The design has to satisfy 
certain criteria such as comfort, quality, and durability. Moreover, current toothbrushes are categorized 
according to user’s age, bristle types and different head shapes, which not only caused inconveniences 
to the customers but could also lead to oral injuries and accelerated rate of bristle wear. 

Methodology 
It is tremendously important to make decision making on engineering advancement early in the design 
stages where changes can be done rapidly. Therefore, the methodology adopted for this project is the 
integration of Analytical Hierarchy Process (AHP) and Theory of Inventive Problem Solving (TRIZ) 
to produce an innovative toothbrush design based on design attributes from customer preferences. 

TRIZ emphasizes on the trade-off parameters as a key for standard development of the item’s design. 
Previously, it was a common practice for a design engineer to face a circumstance where changing 
certain parameters of the framework might influence other factors, regardless of how little or how big 
the impacts are. Subsequently, this contradictory situation restricted the inventiveness in performing 
creative design work. 

AHP is a supportive method that can be utilized at an earlier outline stage of product design. This 
method adapts weighted scoring decision-making which could be used to help with determination of 
options and to individually fix the needs of businesses [Kiker G.A., Bridges T.S., 2014]. As indicated 
by [Gaikwad L., Kazi S.N., Teli S.N., 2014], TRIZ is a contrasting and a routine critical thinking 
technique, that has a capability to makeshift and to improve the present critical thinking strategy. In 
other words, TRIZ delivers a range of blueprints and tools for finding innovative solutions for a 
challenging problem. 

A survey was conducted to avoid misconception among the respondents upon submitting their 
feedback on the developed questionnaire. The survey was approved by five experts prior to data 
collection. The foundation of this survey is to identify the respondents’ preferences on the innovative 
design of a toothbrush. 500 respondents were randomly chosen for the first preliminary study with 
respect to the client characteristics. The questionnaire was developed based on three significant 
research questions: 1) what are the customer’s preferences in purchasing, 2) what are the customer’s 
attributes on toothbrush design and 3) what are the customer’s impression on attribute of toothbrush 
design. Thus, the questionnaire was divided into several segments; demography, customer 
characteristics, design characteristics and affective design. 

The objective of the first research question is to identify the customer’s behavior in purchasing. For 
the latter research question, 10 existing toothbrush designs were randomly selected with no detailed 
information given (i.e., brand, price, etc.) to avoid bias during the survey (Figure 1). 
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Figure 1: The variance design of toothbrush: (1) Diamond head; (2) Square head; (3) Rounded head; 

(4) No grip; (5) Normal grip; (6) Bicycle grip; (7) Curved design; (8) Mixed material; (9) Flexible 
material and (10) Replaceable head. 

In describing the toothbrushs’ design attributes (research question 2), five words in relation to 
toothbrush design from 3 significant International English dictionaries were selected: Cambridge 
Dictionary, Oxford Dictionary, and Longman Dictionary. These five attributes (mainly adjectives) 
were collected from different sources such as internet, academic journals and newspapers. 
Furthermore, the respondents were required to evaluate each toothbrush design attribute and these 
attributes were later used as design preferences for the toothbrush (Table 1). 

Table 1: The design attributes for describing the toothbrush 

Results and Discussion 
1. Characteristic of Respondents 

The respondents for the preliminary survey consist of 209 males and 210 females, and their 
demography is summarized in Table 2. A large percentage of the respondents are between 22 to 35 
years old, where the number mainly refers to the large group of students in which the questionnaires 
were distributed. The study was conducted in the area surrounding Ayer Keroh, Melaka. 

Cronbach’s alpha was used to check the reliability of the outcomes and to measure the relation of an 
asset of the item as a group. The analysis from SPSS showed that Cronbach’s alpha values of the 
overall questionnaire is 0.87. The significant reduction in recidivism of juveniles shows the 
effectiveness of juvenile technologies.  

The most interesting observation on the demography characteristics comes from the “individual 
motivation and preference of respondents on purchasing decision” section. In this column, the 
considerations were made based on six of the most common thoughts of consumers when buying a 
product: (1) quality; (2) aesthetic; (3) brand; (4) color; (5) size and (6) price. This particular 
demographic category also has the largest mean (3.65) and standard deviation (1.423). 

Less  ①  ②  ③  ④  ⑤ ! DURABLE

Less  ①  ②  ③  ④  ⑤ ! SIMPLE

Less  ①  ②  ③  ④  ⑤ !STYLISH

Less  ①  ②  ③  ④  ⑤ !UNIQUE

Less  ①  ②  ③  ④  ⑤ !MODERN
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Table 2: The demography of the respondents 

2. The Toothbrush Design 
All 10 toothbrush designs were analyzed using AHP according to their design attributes which include 
durable (DU), simple (SI), stylish (ST), unique (UQ) and modern (MO). According to the normalized 
average matrix of toothbrush design depicted in Table 3, SI is the most significant for almost every 
design. Design 1 and Design 6 with a normal average of 4.345 and 4.01, respectively, are the most 
chosen by the respondents for innovative toothbrush design. Another design attribute with a high 
weightage is DU which is represented by Design 1 with a normalized average of 4.114 and Design 5 
with a normalized average of 4. As a result, the attributes SI and DU were taken as bases to design an 
innovative toothbrush using TRIZ.  

Current toothbrushes are plagued with a number of weaknesses in term of weight, length, shape, 
strength, and ease of repair. The weight and the length of the current toothbrushes are making them 
less comfortable to use and tend to taking up space when traveling. Moreover, the shapes of the current 
toothbrushes are rather complicated. Majority of the respondents prefer Design 1 and Design 6, 
highlighting the SI attribute. The motivation to pick DU as an important parameter is a direct result of 
the toothbrushes being made from various material such as plastic, metal, and composite. Even though 
toothbrushes made of metal is more solid and tougher compared to other materials, they are relatively 
heavier than others. Hence, being the most reliable doesn’t mean being the best in design. The 
potential performance of a toothbrush can only be revealed after an extended period of usage. At this 
point, the improving and the worsening parameters were to be recognized to discover the relationship 
between them. 

Demography Category Frequency Mean Standard 
Deviation

Gender Male 
Female

290 
210 1.58 0.494

Age  Under  
22-35  
36 and 
above 

151 
327 
22 1.39 0.571

Occupation Student  
Governme

nt  
Private 

450  
25 
25 1.15 0.477

Individual 
motivation and 
preference of 
purchase 
decision

Price  
Colour  
Brand  

Quality  
Aesthetic  

Size 

44 
69 
104 
132 
103 
48

3.65 1.423
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Table 3: The normalized average matrix of toothbrush design 

In the next phase, the predominant variables are examined and decided in order to develop the design 
of toothbrush. Based on the contradiction matrix in Figure 3, the correlation creates the numbers that 
speak volumes to inventive principles. The correlation between worsening parameter and improving 
parameter are: W2 and I4 (35, 28, 40, and 29), W2 and I12 (15, 10, 26, 3), W2 and I14 (40, 26, 27, 1), 
W2 and I34 (2, 27, 35, 11), W4 and I12 (13, 14, 10, 7), W4 and I14 (15, 14, 28, 26), W4 and I34 (3, 
18, 31), W12 and I14 (10, 30, 35, 40), W12 and I34 (1, 13, 2, 4) and finally W14 and I34 (11, 1, 2, 9). 
The parameters were selected based on the toothbrush attributes. 

!  
Figure 3: Contradiction matrix between improving and worsening parameters 

Every correlation was sorted accordingly to determine the best principle with a specific end goal to 
enhance the attributes of a toothbrush. From contradiction matrix, six contradictions are acquired in 
light of the correlation amongst worsening and improving parameters. The number that represents the 
innovative principle are tabulated in Table 4.  

If an inventive principle has the correlation with a contradiction number, a "1" is noted in that 
particular cell.   

Durable 
(DU)

Simple 
(SI)

Stylish 
(ST)

Unique 
(UQ)

Modern 
 (MO)

Design 1 4.114 4.345 3.712 3.572 3.578

Design 2 3.760 3.840 3.520 3.450 3.410

Design 3 3.70 3.492 3.606 3.736 3.692

Design 4 3.764 3.628 3.652 3.674 3.766

Design 5 4 3.858 3.946 3.966 3.96

Design 6 3.932 4.01 3.678 3.558 3.558

Design 7 3.656 3.664 3.46 3.364 3.42

Design 8 3.75 3.514 3.386 3.63 3.588

Design 9 3.398 3.422 3.373 3.388 3.37

Design 10 3.728 3.688 3.596 3.58 3.65
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For instance, the ranking-wise positioning of contradiction is "Segmentation" (1), 'Taking out' (2), 
'Preliminary action' (10), 'Copy' (26), 'Parameter change' (35) and 'Composite material' (40). In this 
study, only the two highest position will be considered as the outcomes. As a whole, the most 
noteworthy aggregate is 'Segmentation' (1), "Preliminary action" (10), "The other way around" (13), 
"Curvature" (14), and 'Dynamics' (15). Even though their values ended the same, "Dynamics" was 
picked in light of the fact that the total values depend on the need of the positioning (priority ranking). 
There are two definitions of "Dynamics" that are adapted to enhance the current toothbrushes using 
design 1 attributes.  “Dynamics” are defined as a physical object that has free movements, as well as a 
physical object that can be divided into parts, assembled to form a moving mechanism. The design 
should have a dynamic component with the capacity to overlap in rotational and linear movement. 
Moreover, with a folded toothbrush, the design properties were improved, for example, total length 
and weight are reduced, the shape is unique in relation to current toothbrushes and the nature of the 
material that is fully utilized for the toothbrush. 

Based on the results of integrated AHP and TRIZ, the selected design and the inventive principle were 
Design 1 and Dynamics, respectively. As a result, Figure 4 shows the proposed toothbrush that would 
satisfy the need of the customers. The proposed toothbrush has a unique folding attribute. 

Limitation 
In summary, there are some limitations that need to be overcome in the future work. The most crucial 
one is the age distribution of the respondent. More respondents outside the range of 22 to 35 years old 
should participate to eliminate the age bias towards the design attributes. Next is to involve more 
respondents outside the student group demographic. These two main factors could possibly affect the 
overall results as different demographic and employment status could contribute to differences in the 
outcomes of the survey. Therefore, another survey with a better distribution in sample demographic 
will be carried out in the future. 

Conclusion 
This paper presents the innovative design of toothbrush using AHP and TRIZ integration. The AHP 
method was used to identify the attributes preferable by customers for a toothbrush. The “Simple” 
attribute is the most dominant, with design 1 as the most preferable design. Therefore, Design 1 
became the basis for the innovative design. 

TRIZ is used to propose and to develop the product design based on the alternatives provided. From 
the analysis, ‘Dynamics’ is ranked the highest among all the inventive principles. By adding a degree 
of motion to consumer products that are normally fixed, comfortability could be increased in most 
cases such as office chairs. An office chair with some angles of reclining movement could reduce back 
pain. Thus, ‘Dynamics’ has sparked an idea of developing a new toothbrush design that are more 

Table 4: Innovative principles for a toothbrush 

No Inventive principles 1 2 3 4 5 6 7 8 9 10 Total Rank 1 Rank 2 Mixed

1 Segmentation 1 1 1 3 1 1 2

2 Taking out 1 1 1 3 1 1

3 Local quality 1 1 2 1 1

4 Asymmetry 1 1

7 Nested doll 1 1

10 Preliminary action 1 1 1 3 1 1 2

13 The other way around 1 1 2 1 1 2

14 Curvature 1 1 2 2 2

15 Dynamics 1 1 2 2 2
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flexible and easier to be carried around. Design 1 was used as a reference to design a new toothbrush 
which met all the requirements desired by the consumers. The outcome of the concept consists of 
‘Dynamics’ features. In conclusion, a suitable conceptual design is created by both AHP method and 
TRIZ analysis which fulfilled the customer requirements based on the survey. The future work will 
focus on the design effectiveness of the toothbrush. 
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