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Abstract: This study aims at developing prospective electric vehicles, proposing a complete 

development procedure. We begin with SET trend analysis to explore future opportunity points, 

centering on Quality Function Deployment (QFD), integrating with Kano’s Model and Scenario to 

increase accuracy for transforming customer requirements into design requirements. After 

executing the procedure, we not only obtain innovation concept of “Motherboard Smart Light 

Electric Vehicle”, but also propose a systematic procedure for innovation product development. 
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INTRODUCTION 
 
Electric vehicle is a booming area of design, research 
and development. For fulfilling requirements for 
mobility in future living, patterns of new generation 
electric vehicles are changing everyday. From the data 
proposed by Robert, in 1996, the ratio of people living in 
urban area will occupy 46% of world population. It is 
predicted that until 2030, the number will reach 61% [1]. 
This demonstrates that in the future, human economic 
activities will center in urban area. Thus, light electric 
vehicles which are suitable for short distance traffic will 
have the development priority. For prospective product 
design, exploring future trend for development is an 
important first step. Though the environment has impact 
on industries, it also brings new opportunities. Jonathan 
and Craig reported, for predicting the trend, SET is the 
most commonly applied analysis method. SET is 
abbreviated from Society, Economy and Technology. It 
correlates trend and applicable technologies with the 
understanding for purchase motivation. Reflecting on 
these factors is helpful for identifying new product 
opportunities [2]. ButCooper and Brown also proposed 
prospective products usually focus on pursuing high-
quality technology and manufacture, neglecting actual 
customer requirements. In this way, even investing a 
great amount of capital on product development, 
manufacturers are still unable to have great sales on 
market [3]. Thus, for product development, satisfying 
existing or potential requirements and expectation of 
consumers is a key to success. Quality function 
deployment（QFD）  is a widely applied systematic 
method to transform customer requirements into 
products, suitable for both improving existing products 
and new product development. Its main purpose is to 
design, manufacture and provide high-quality products 
for consumers. But Huiskonen and Sireli also proposed  

 
 
QFD is the beginning of product development. For 
quantifying actual customer requirements and their 
potential expectation, traditional quality function 
deployment is insufficient. For consumers, these 
innovation requirements may be factors they have never 
seen or considered, thus, they do not exactly know the 
importance and their satisfaction towards their 
requirements [4, 5]. Therefore, in QFD process, when 
consumers are asked to rate the importance, it is possible 
for them to give low ratings for these innovation 
requirements. This might lead designers to neglect or 
underestimate the requirements when developing 
products, possibly hindering product development 
innovation. Owing to the awakening of consumer’s 
consciousness in recent years, consumers care about the 
value products bring for individual and tge added service 
of the product. In 2002, GM’s modularity concept 
electric vehicle “Autonomy” allows installation of 
various car shells to the chassis of “Skateboard” 
according to customer requirements. Similarly, popular 
smart “fortwo” features “Replace Car Body Panels Fast”, 
becoming representative models of urban small cars. The 
rapid advances in mobile computing technologies and 
mobile devices[6], Another case is BMW electrical car 
“LayerON” which wins Gold Award in International 
Concept Car Design Contest, emphasizing the car body 
structure and appearance can be changed and the 
preferred onboard system and interface can be 
downloaded according to customer requirements. From 
these examples we can see that electric vehicle is 
steering toward the goal of 
“Customization”and“Integrated with Service.” Thus, this 
research is customer-oriented. Through the proposed 
procedure, we analyze functional requirements of 
electric vehicle in future urban living and its applicable 
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scenarios. We wish to conclude reasonable design 
requirements (DRs) and objectives, proposing design 
plans for prospective smart electric vehicle. 

 
 
RESEARCH METHODOLOGIES AND 
PROCEDURES 
 
This research aims at developing prospective electric 

vehicle, centering on Quality Function Deployment 

(QFD), integrating with Kano’s Model requirements 

related to customer satisfaction and visual questionnaire. 

After quantifying, we obtain importance ratings of 

customer requirements and conduct QFD. Then, we use 

Scenario to adjust importance rating for each design 

requirements to match scenario objectives, enabling 

product development team to rank the priorities of 

prospective technologies and develop execution 

procedure. The advantage is it can accurately transform 

customer requirements (CRs) into design requirements 

(DRs) and understand consumer expectation to quantify 

the importance, enabling effective communication 

between consumers and design team. The research 

procedure is shown in Fig. 1. 

 

 

 
Fig.1. Research Procedure 

 
The research procedure is as following: 

Step1 Conduct SET trend analysis: we review 
literature and related data to analyze the trend in Society, 
Economy and Technology (abbr. as SET), seeking new 
product opportunities. We figure out key points from 
these product opportunities and list these items. 

Step2 Consumer investigation: in addition to 
reviewing literature, we also conduct investigation on 
potential consumers, using open-ended questionnaire and 
interview to investigate their opinions and preference. 
From the results, we list important elements of customer 
requirements and categorize them via KJ method. Then 
we proceed to Step 3 and Step 4 simultaneously. 

Step3 List customer requirements: we clearly and 
briefly list the customer requirements and fill them in left 
side of the HOQ. 

Step4 Combine Scenario to construct Kano 
questionnaire: for giving more concrete material to 

interviewers for understanding the questions related to 
satisfaction degree on product requirements in the 
questionnaire, we use Scenario to help them to visualize 
the questions, enabling them to have deeper thinking on 
these future requirements. 

Step5 Categorize Kano requirements: after gathering 
the Kano questionnaires, we contrast interviewer’s 
response with Kano’s evaluation table and figure out 
Kano requirement type of each requirement through 
frequentist statistics.  

Step 6 Calculate importance ratings of customer 
requirements: we calculate required Customer 
Satisfaction Index S&D, selecting the maximum value of 
S&D to be absolute importance rating of customer 
requirements (w) and calculate the relative importance 
rating (W). The equation is as following: 
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Step 7 List design requirements (DRs): we list the 
design requirements （ DRs ） for achieving each 
customer requirement (CRs) on the roof of HOQ. During 
actual execution, correlation matrix of DRs can be 
conducted when necessary. 

Step 8 Create correlation matrix: we use 0-1-3-9 
scale to evaluate the correlation matrix of CRs on DRs. 0 
indicates no correlation, while 9 indicates correlation 
strength. The advantage of using 0-1-3-9 scale is that it 

increases the significance of rating variation, making 
requirements with high correlation strength more 
important. 

Step 9 Calculate the absolute importance of design 

requirements (DRs): we use the values of correlation 

matrix and relative importance rating of CRs (W) to 

calculate absolute importance of DRs (AI). The equation 

is as following: 
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Amongst, absolute importance rating of AIj: DRs is Wi: 

relative importance rating of CRs is Rij: correlation 

strength between CRi and DRi in correlation matrix i=1, 

2, 3, m (m is the total number of customer requirements), 

j=1, 2, 3,……,n (n is the total number of design 

requirements) 
Step 10 Adjust importance rating of DRs: we re-check 
the importance rating of design requirements (DRs). 
Based on previous Scenario illustration, the design team 
uses a 0-1-3-5 scale to rate the matching degree of design 

requirements with scenarios and statistical average will 
be taken as adjustment coefficient. 
Step 11 Calculate the adjusted relative importance rating 
of design requirements (RIadj): finally, multiplying AI 
with adjustment coefficient, adjusted absolute 
importance rating of DRs AI adj is obtained to calculate 
relative importance rating of DRs RI adj. This rating will 
be the reference for ranking priorities of prospective 
technologies. The equation is as following: 
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DESIGN ANALYSIS OF PROSPECTIVE 
SMART ELECTRIC VEHICLE SET TREND 
ANALYSIS 
 
After reflecting on the SET trend, we generate product 
opportunities gaps (POGs) through the variation of SET 
factors. We use cross-over interaction, brainstorming to 
generate dozens of POGs. In second round, after broad 
divergent thinking and convergent screening the 
considering trends, this research proposes four POGs 
electric vehicles which can be taken as an entry point. 
They are respectively: POG1: Folding Electric Vehicle, 
POG2: Rental Electric Vehicle, POG3: Motherboard 
Electric Vehicle and POG4: Combination Electric 
Vehicle. We adopt weight matrix to evaluate the four 
POGs. The results show that “POG3: Motherboard 
Electric Vehicle” has the highest POGs scores. Therefore, 
this research takes this opportunity point as an entry 
point and direction for later concept development. Here, 
we define future development trend for electric vehicle 
including: emphasize energy technology which can 
protect the environment and ensure sustainable 
development, application of modularity technology, 

emphasize personal style, light smart model, using 
innovation technology to integrate driving control system, 
increase car operation, entertainment, convenience and 
driving security. 
Customer requirements investigation and customer 
requirements analysis: we conduct open-ended 
questionnaire investigation on 30 potential consumer 
groups who will possibly purchase or use electric 
vehicles in recent five to ten years and categorize 
investigation results via KJ method, analyzing 35 
customer requirements (CRs) including “Convenient and 
Fast Power Supply”,  “Good Driving Assistance” , 
“Customization” ,  “Apply Solar Power” , etc.  
Combine Scenario to construct Kano questionnaire: we 

combine the SET trend analysis results to design and 

draw the scenario. Each scenario is arranged to present 

several functions and features consumers require. We 

utilize comics with detailed verbal description to present 

the scenarios (as shown in Fig. 2). Then we construct a 

questionnaire and conduct investigation according to 

Kano questionnaire. 
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Fig.2. Scenario Illustration 

 
Categorize Kano requirements and calculate importance 
rating of customer requirements: as a whole, in addition 
to “Apply Solar Power”, “Customization” and “Personal 
Style” which are categorized as Attractiveness 
Requirement, Satisfaction Coefficient (S) of the two 
requirements “Flexible Utilization of Interior Space” and 
“Easy to Park the Cars”are also high ( ＞ 0.5). 
Dissatisfaction Coefficient (D) of the five requirements 
“High Security”,  “Low Breakdown Rate and Easy to 
Maintain”, “Comfortable”, “Good 
Endurance”and“Convenient and Fast Power Supply” are 
high (＞ 0.5). When designed without these features, 
consumers would have negative evaluation towards the 
electric vehicle. Amongst, “High Security” has the 
highest Dissatisfaction Coefficient (D).  
Construct HOQ: Design features of electric vehicles can 
be categorized into six criteria including “Power System”, 
“Battery System” , “Functional Equipment” , “Car Body 
Structure” , “Car Appearance”and“Car Interior Soft/Hard 
Ware.” We then propose design requirements for each 
criterion. For maintaining professionalism and 
objectivity for design requirements, we consult experts, 
discussing every key module, advanced technology and 
car body composition of electric vehicle to adjust the 
concluded design requirements. Then we use 0-1-3-9 
scale to evaluate correlation of CRs on DRs and calculate 
the absolute importance of DRs. 
The results of Scenario Illustration are taken as 
adjustment coefficient: we base on eight scenario 
illustration in previous steps to help product development 
team understand the whole scenario illustration. Then, 
we ask them to use 0-1-3-5 scale to evaluate the 
matching degree of design requirements with scenarios 
and the results are taken as adjustment coefficient after 
conducting statistics. We then multiply original absolute 
importance (AI) of DRs with adjustment coefficient, 
obtaining the adjusted absolute importance ratings AIadj 
of DRs and calculating relative importance ratings RIadj. 
Finally, priorities of importance ratings for the design 
requirements are taken as indicators for developing 
prospective technology and product design phase. 
 
EXPLORATION ON RSULTS FOR HOQ OF 
PROSPECTIVE SMART ELECTRIC VEHICLE 
 
The higher the importance rating of design requirements 
is, the more the R&D team should invest the resources 
for these features. In this way, the developed products 
can further achieve customer satisfaction and expectation. 
After ranking the importance of CRs transformed into 
DRs in HOQ, top ten criteria are respectively: “Visual 
Display Interface”, “Central Control Computer (Driving 
Controller ECU)”,“Car Frame Material Weight”, “Car 
Frame Material Strength”, “Chassis Material Strength ”, 
“Chassis Material Weight”, “Composition of  Modularity 
Component”, “Vehicular Ad Hoc Networks 
Communication Interface CAN-BUS”, “Converged 
Mobile Network” and “Head-up Display.” The results 
are in accordance with the product opportunity point 

“Motherboard Electric Vehicle” obtained from SET trend 
analysis. Owing to modularity components are connected 
by combination or insertion method, therefore, 
“Combination Method of Modularity Component” and 
“Chassis and Car Frame Strength” would affect car 
security. While developing car body structure features 
“Parts are Easy to combine and Have Good Combination 
Strength”, it is necessary to bring attention to mechanical 
structure expert.  
 
CONCEPT DESIGN OF MOTHERBOARD 
SMART LIGHT ELECTRIC VEHICLE 

 
The After conducting investigation on product 
development procedure, this research proposes complete 
and concrete design concept according to priorities of 
importance ratings for the design requirements which are 
taken as indicators and results obtained in previous trend 
analysis and customer requirement phase: electric vehicle 
in the research is defined as two-seat car which can be 
applied in urban areas in recent five to ten years. The 
design does not adopt the concept of motherboard 
defined in personal computer field. Instead, it extends the 
concept of modularity we previously mentioned, taking 
motherboard combining car chassis as base to form 
modular electric vehicle chassis which allows customers 
to install car frame and shell. Consumers can also add 
modularity component including car body, car 
interior/exterior components, car information system, etc, 
unifying normalized installation interface of each 
components, making it easy to assembly, maintain and 
upgrade. The main features are as following: 

1. Product customization: consumers can choose the 
level and specification of related parts and module for 
important components according to their using 
requirements, living style and budget  

2. Convenient to assembly, replace, upgrade and 
maintain: we develop standard components to make the 
installation and removal of products on production line 
more convenient. When there is a problem to be solved, 
the car factory only needs to replace modularity 
components, efficiently shortening the repairing time.  

3. Reduce for the burden for environment: 
motherboard electric vehicle is comprised of several 
modularity components including car body structure, car 
interior soft/hard ware and various parts. It makes the 
installation/removal and recycle of products more 
convenient and easier, following the principles “Reuse 
“and “Recycle “of green design.  

4. Normalized interface with plug-and-play function 

which allows rapid upgrade: it adopts normalized 

interface with plug-and-play function like USB. Users 

can add and upgrade related personal devices quickly. 

Finally, car body design is presented through 3D 

modeling and scale model. Also, through 3D animation, 

various scenarios and product features “Motherboard 

Smart Light Electric Vehicle” (As shown in Fig. 3) are 

presented with simulation.  
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Fig.3. Concept Design of “Motherboard Smart Light Electric Vehicle” 
 
 
CONCLUSION 
 
This research aims at the development of prospective 
electric vehicle product, emphasizing customer-
orientation. We center on Quality Function Deployment 
(QFD), integrating with Kano’s Model requirements 
related to customer satisfaction and visual questionnaire, 
accurately transforming CRs into DRs. Also, we combine 
Scenario, using visual approach to help consumers who 
have never seen or considered the function of innovation 
product have more concrete understanding, making up 
the insufficient part of verbal text in traditional 
questionnaire. After correctly understanding consumer 
expectation, we quantify the importance and conclude 
reasonable design requirements (DRs) and objectives. 
After executing the proposed procedure, we not only 
obtain innovation concept of “Motherboard Smart Light 
Electric Vehicle”, but also provide a systematic 
procedure for innovation product development.er 
correctly understanding consumer expectation, we 
quantify the importance and conclude reasonable design 
requirements (DRs) and objectives. After executing the 
proposed procedure, we not only obtain innovation 
concept of “Motherboard Smart Light Electric Vehicle”, 

but also provide a systematic procedure for innovation 
product development. 
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