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ABSTRACT 

Managers at NPD departments of Taiwan consumer electronic industry were interviewed to explore the effects innova- 
tion strategy (IS) has on design strategy (DS) and finally on product design characteristics (DC). The fitness of theo- 
retical models and the observed data was examined. A questionnaire survey was conducted. 1300 enterprises in Taiwan 
consumer electronic industry were randomly selected as the survey pool. At last, 370 effective questionnaires were col-
lected. Their responses on the questionnaires were analyzed to test the fitness of the model with structural equation 
modeling analysis (SEM). A proper fitness was found for the correlation theoretical model of IS, DS, DC, and the ob- 
served data. In enterprises, IS will influence product DC, and at the same time, IS will influence product DC through 
DS. Among these three variables, DS serves as an independent variable and intervene variable to DC. 
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1. Introduction 

Innovation is the only one and most effective survival 
ability for enterprises to face the future [1]. And constant 
innovation will help trigger the business growth and keep 
the leading priority in enterprises [2,3]. More importantly, 
rapid launch new products into the market place will help 
enterprises to break bottlenecks, even to turn the defeat 
into victory, particularly in a time of business recession 
[4-7]. 

Thanks to the modern appearance of diversity in func- 
tion, Taiwan electronics products have created many fa- 
mous global brands, including Acer, Asus, Benq, HTC, 
and so on (Figure 1).  

However, the global financial tsunami in 2008 had cast 
widespread impacts on enterprises in Taiwan and all over 
the world. For R&D personnel and product designers in 
these enterprises, not only do they have to pay close at- 
tention to the challenges from the change in the market 
place and take immediate responses to the actions from 
competitors, but they also need to complete the new pro- 
duct development by subtle product design according to 
the innovation strategy (IS) in the enterprises [8-12]. 

In April 24, 2006, Business Week announced the most 
innovative 100 enterprises in the world. These enter- 
prises are highly creative and innovative in the products, 
user interface, and total service they offer [13]. A trend  

can be found from these innovative enterprises: an effi- 
cient product innovation or development of service is not 
only the lifeblood for survival but also the motive power 
for enterprises to keep the priority in competition [14-19]. 
Therefore, studies regarding how to efficiently integrate 
the innovation procedure in enterprises to uplift the per- 
formance of new product development are still growing 
[20-31].  

In much related literature, design is considered as an 
integral resource in enterprises, a mechanism for the in-
tegration of product development, and a serial loop in the 
total value chain of enterprises [32-38]. However, in the 
practical execution of product development, it is a chal-
lenge for designers to manipulate product design so as to 
reach the innovation goal in an enterprise. In studies of 
[31,39], it has been found that enterprises have certain 
practical ways in product design. However, rare literature 
can be found in the relation model between enterprise’s 
innovation strategy and design strategy (DS). 

In this study, managers in innovation and R&D divi- 
 

 

 

Figure 1. Famous global brands of Taiwan. 
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sions in Taiwanese consumer electronic industry were in- 
terviewed to explore the adaptive situation of the survey 
data in terms of the theoretical models. The effects inno- 
vation strategy has on design characteristics (DC) were 
then investigated. At last, whether innovation strategy would 
influence design strategy and the final design character- 
istics of products was examined.  

2. Literature Review and  
Framework Development 

2.1. Effects of IS on DS 

Innovation strategy refers to the idea that an enterprise is 
able to provide an environment for creativity and innova- 
tion condition in which it can offer unique products or 
services different from other competitors [40]. With their 
resources and techniques, enterprises can process various 
combinations to generate different innovation strategies 
from which they can execute their enterprise policy and 
promote their performance [41-43].  

Literature related to innovation strategy can be roughly 
divided into three categories: 1) Technical innovation stra- 
tegy including a higher ratio of R&D expense in the re- 
venue [44], being aggressive in the application of logo, 
royalty, and patents [43], frequent introduction of new 
techniques to improve production or manufacturing pro- 
cedure [14,45], constant improvement of the production 
procedure [46], and the like to achieve enterprises’ goal; 
2) Commercial innovation strategy including to bring up 
innovative products or services [47,48], to improve, re- 
new, or extend current products or add new product lines 
[4,48], to change or relocate the target customer group 
[49], and so on; 3) Management innovation strategy in- 
cludes the timely adoption of proper response strategy, 
build up and control the distribution channel so as to 
cope with the change in outer environment [47,50], to 
solve the customer’s complaints in time [47], to adopt 
new management methods to promote the performance in 
the organization and to encourage customers to innovate 
by raising wage or welfare system [51,52], to stimulate 
R&D personnel to innovate by a proper performance mea- 
surement system [42], etc. 

In processing product innovation, each strategic hier- 
archy in the enterprise should operate in coordination to 
implement the total policy of the company [18,53-55]. 
According to the goal set in innovation strategy, in addi-
tion, an enterprise needs to collocate the practical product 
design task and integrate the innovation resource in the 
enterprise so as to work out new products through cross- 
organization communication and coordination [56-59]. 
Based upon the above concepts of innovation strategy, a 
hypothesis is offered for the relationship between inno- 
vation strategy and design strategy. It is listed below: 

H1. Innovation strategy has a positive effect on design 

strategy. 

2.2. Effects of IS on DC 

To reach the goal of product-variety marketing and pro- 
vide varying products for customers, enterprises will em- 
phasize the design characteristics of their products for 
market segmentation in their product innovation. Ac- 
cording to Baxter, product design characteristics contain 
styling context, product symbolism, product function, 
and the like points of view [32]. From the viewpoint of 
product design specification (PDS), Pugh looks into the 
perspectives of product performance, product life in ser- 
vice, maintenance, product size, product weight, aesthet- 
ics, appearance and finish, materials, product life span, 
standards and specifications, ergonomics, quality and re- 
liability, product shelf life, testing, safety, product legal 
liability, installation and operation, and product disposal 
[6].  

Moreover, Chang categorized the key points of prod- 
uct design into the following five facets: 1) change in 
product function, for example, change of product capa- 
bility, function, and structure; 2) change in product use 
such as change in operation, carry along, maintenance, and 
storage; 3) change in product style including the change 
in product form, color, and graphics; 4) change in prod- 
uct cost including change of the manufacturing cost and 
marketing cost; and 5) change in product package such as 
change of product packaging design as a part of the pro- 
duct design strategy [60]. Hsu claim that product design 
characteristics can make possible the marketization of 
innovation strategy and can serve as the concrete criteria 
for the innovation analysis [31,39]. Another hypothesis, 
therefore, is offered in this study: 

H2. Innovation strategy has a positive effect on design 
characteristics. 

2.3. Effects of DS on DC 

The design strategy is referred to as the way how an en- 
terprise processes new product design under the guide- 
line of total enterprise strategy [61]. In the similar view- 
point, Olson et al. consider design strategy an effective 
way of allocation and coordination of the design resource 
in order to fulfill the company goal [62]. Consequently, 
Oakley pinpoints that design strategy and enterprise stra- 
tegy are mutually dependent [63]. Mozota quoted three 
basic strategies from the competition strategies of Porter 
to describe the purposes of design strategy, including de- 
sign for cost, design for image, and design for focus [16, 
64].  

In addition, Kelley analyzed successful product design 
cases and proposed a strategic color palette in which the 
design strategy is composed of 12 strategic factors [65]. 
Moreover, Sung and You considers that design strategy 
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belongs to the tangible response to the design innovation 
activity in an organization [66].  

Furthermore, Sung and You integrated Kelley’s design 
strategic factors [65] and specified ten product design 
innovation factors. According to Sung and You, design 
strategy is composed of a series of strategically related 
design property and can be used to achieve the goal of 
product design innovation, making it possible for an en- 
terprise to possess the unique advantageous edge in de- 
sign competition [66]. 

Therefore, design strategy refers to the way for the 
execution of product innovation, analysis of the customer 
demand and the influences from competitors, and the ap- 
proach to fulfilling the enterprise’s performance goal by 
the design team through the coordination of the core 
R&D ability in the company [31]. Studies from Hsu at- 
tempted to analyze the product design in enterprises from 
the aspects of innovation type, design feature, target mar- 
ket, and design appeal and he considers design charac- 
teristics the concrete practice of design strategy [39,67]. 
As a result, a third hypothesis is offered in the study: 

H3. Design strategy has a positive effect on design 
characteristics. 

According to the above literature review, a conceptual 
research framework covering H1 ~ H3 is illustrated in 
Figure 2. 

3. Method 

3.1. Variable Definition and Measurement 

The variables for innovation strategy, design strategy, 
and design characteristics are listed in Table 1. Variables 
related to innovation strategy cover three major strategic 
dimensions. The variables regarding technical innovation 
strategy are primarily selected from [4,43,45-46]. The 
variables about commercial innovation strategy are prin- 
cipally from [4,45,47-49]. The variables about manage- 
ment innovation strategy are mainly chosen from [42,47, 
50-52]. As far as design strategy is concerned, variables 
include four major strategic dimensions: reinforcing R&D 
ability, reinforcing R&D ability, reducing production cost, 
ensuring product quality, and uplifting enterprise image, 
which are majorly selected from [31,66]. At last, vari- 
ables regarding design characteristics contain product fun- 
ction, operation, appearance, and cost dimensions, which 
are chosen from [31,39]. 

3.2. Research Setting, Sample and Data Collection 

In this study, the members in Taiwan Electrical and Elec- 
tronic Manufacturers’ Association (TEEMA) were used 
as the survey pool. The survey is divided into the pilot 
test and the formal questionnaire survey. 

At the pilot test stage, focus group interview (FGI) 
was used to specify the target user group, the research 

limit, and the relations among variable dimensions. Seven 
experts (four experienced managers and three expert scho- 
lars) were invited to verify whether the variables ex- 
tracted from literature were suitable. In the pilot test, the 
experts were asked to respond their degrees of agreement 
in each question on a 5-point Likert scale. On the scale, 1 
means “never or do not agree at all” and 5 means “al-
ways or totally agree.” (The definitions of variables are 
listed in Appendix). 

In this stage, 30 enterprises were obtained. From factor 
analysis and reliability analysis, the construct validity 
and reliability were examined. The result demonstrated 
that the extracted factor could fully explain the variance, 
indicating a high construct validity. Moreover, the Cron- 
bach’s α for each variable was higher than 0.8, meaning 
that the survey questions had proper reliability. 

In the formal questionnaire survey, 1300 enterprises 
were randomly selected from TEEMA, from which ma- 
nagers at the NPD divisions were interviewed. After re- 
peated contacts, 370 enterprises were obtained, reach- 
ing 28.46% of effective survey samples. 

4. Data Analysis and Results 

4.1. Data Accuracy Analysis 

Table 2 lists the mean, standard deviation, and correla- 
tion matrix of each variable dimension. Table 3 lists the 
composite reliability (CR) for each dimension: 0.89, 0.87 
and 0.91, respectively and the total CR of 0.89, above the 
standard 0.70 [68], indicating a good consistency in the 
model. In addition, the average variance extracted (AVE) 
for each dimension was 0.73, 0.75 and 0.79, respectively. 
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Figure 2. The conceptual model of innovation strategy, design 
strategy, and design characteristics. 
 

Table 1. The variables of strategy. 

Strategy Innovation Design Characteristics 

Variables

• Technical 
innovation 
• Commercial 
innovation 
• Management
innovation 

• Reinforcing 
R&D ability 
• Reducing 
production cost 
• Ensuring product 
quality 
• Uplifting 
enterprise image 

• Product function
• Product 
operation 
• Product 
appearance 
• Product cost 

Copyright © 2013 SciRes.                                                                               AJIBM 



The Research for Exploring Product Design Characteristics by SEM via Correlated Innovation and Design Strategy 11

Table 2. Basic statistics. 

 Mean Sd IS DS DC 

IS 3.321 0.774 1.000   

DS 3.627 0.685 0.598 1.000  

DC 3.859 0.773 0.612 0.781 1.000

IS: Innovation strategy; DS: Design strategy; DC: Design characteristics. 
 

Table 3. Accuracy analysis statistics. 

 Item SL SE T-value CR AVE 

IS IS1 0.84 0.35 10.03 0.89 0.73 

 IS2 0.86 0.25 12.44   

 IS3 0.75 0.17 19.59   

DS DS1 0.86 0.11 35.27 0.87 0.75 

 DS2 0.91 0.32 11.00   

 DS3 0.82 0.39 10.33   

 DS4 0.91 0.28 11.46   

DC DC1 0.84 0.19 18.89 0.91 0.79 

 DC2 0.85 0.32 11.63   

 DC3 0.89 0.22 14.86   

 DC4 0.68 0.17 19.82   

SL: Standardized loading; SE: Standardized error; CR: Composite reliability; 
AVE: Average variance extracted. 

 
More importantly, the total AVE was 0.76, higher than 
the standard value of 0.5 [69]. 

4.2. Research Model Fit Assessment 

In this study, Lisrel 8.8 was used in the Structural Equa- 
tion Modeling (SEM) for the research model fit assess- 
ment by the Maximum likelihood method.  

SEM is a statistical technique for testing and estimat- 
ing causal relations using a combination of statistical da- 
ta and qualitative causal assumptions. SEM allows both 
confirmatory and exploratory modeling, meaning they 
are suited to both theory testing and theory development. 
Confirmatory modeling usually starts out with a hypo- 
thesis that gets represented in a causal model. The con- 
cepts used in the model must then be operationalized to 
allow testing of the relationships between the concepts in 
the model. The model is tested against the obtained mea- 
surement data to determine how well the model fits the 
data. The causal assumptions embedded in the model often 
have falsifiable implications which can be tested against 
the data. 

The results indicated that: x2/df (the ratio of chi square 
over the degrees of freedom) = 1.375; goodness-of-fit 
(GFI) = 0.989; adjusted goodness of fit index (AGFI) = 
0.945; comparative fit index (CFI) = 0.974; incremental 

fit index (IFI) = 0.981; and the root mean square error of 
approximation (RMSEA) = 0.047. Because the evalua- 
tion criteria x2/df was smaller than 2.0 and because GFI, 
AGFI, CFI, and IFI were bigger than 0.90, RMSEA was 
smaller than 0.05 [2,69-74]. This indicates a proper total 
goodness-of-fit. 

4.3. Hypotheses Tests 

The theoretical model investigated in this study contains 
potential dependent variables and potential independent 
variables. The influences among potential variables cover 
direct effects, indirect effect, and total effect.  

In Table 4, it is clear that innovation strategy has a di- 
rect effect on design strategy and design characteristics. 
The direct effect value innovation strategy has on design 
strategy is 0.28 (β = 0.28, t = 3.61, p < 0.01), reaching 
the significant level. And the direct effect value innova- 
tion strategy has on design characteristics is 0.21 (β = 
0.22, t = 2.87, p < 0.05), also reaching the significant 
level. 

Besides, design strategy also has a direct effect on de- 
sign characteristics, with the direct effect value of 0.65 (β = 
0.65, t = 7.15, p < 0.001), reaching the significant level. 
Among all direct effects, design strategy has the biggest 
direct effect on design characteristics, with the direct ef- 
fect value of 0.65; innovation strategy has an direct effect 
value of 0.28 on design strategy; innovation strategy has 
a direct effect 0.22 on design characteristics, the lowest 
direct one.  

Table 5 also demonstrates that innovation strategy 
also has an indirect effect on design characteristics on an 
effect path of innovation strategy → design strategy → 
design characteristics. On the path analysis of indirect 
effects, the effect vale is 0.18 (β = 0.18, t = 3.65, p < 
0.01), reaching the significant level. 
 

Table 4. Direct, indirect, and total effect rules. 

 DS DC 

 β-value T-value β-value T-value

 
IS 

Direct effect 
Indirect effect
Total effect 

0.28 
-- 

0.28 

3.61** 
-- 

3.61** 

0.22 
0.18 
0.40 

2.87* 
3.65* 
4.85** 

 
DS 

Direct effect 
Indirect effect
Total effect 

 
 
 

 
0.65 

-- 
0.65 

7.15*** 
-- 

7.15*** 
*p < 0.05; **p < 0.01; ***p < 0.001. 

 
Table 5. Hypotheses rules. 

Hypotheses Paths Expected signs Effect Results 

H1 IS → DS + 0.27 Supported

H2 IS → DC + 0.22 Supported

H3 DS → DC + 0.65 Supported
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From the above analysis, innovation strategy will di- 
rectly influence design characteristics, with a direct ef- 
fect value of 0.22. In addition, innovation strategy can 
influence design characteristics through the intervene va- 
riable of design strategy (indirect effect value = 0.18). Over- 
all, innovation strategy will have a total effect of 0.40 on 
design characteristics, indicating the important role in- 
novation strategy plays on design characteristics. 

From the analysis of Tables 4 and 5, H1, H2, and H3 
are confirmed and supported. 

5. Discussions and Management Implication 

Though design or design strategy can be looked upon as 
an integral resource in enterprises, a mechanism for pro- 
duct integration, and an important loop in the total inno- 
vation chain in enterprises [32-36,75], only cases or con- 
ceptual proposals can be seen. Theoretical combination 
and empirical evidences among variables related to de- 
sign are rare. 

As far as the execution of practical product design is 
concerned, most studies chose to investigate enterprises 
or product cases. For the product innovation design issue, 
it is difficult to clarify the relationships among product 
innovation, design strategy and the output design charac- 
teristics due to some limitations such as the enterprise 
R&D capacity and marketing factors for the product in- 
novation case [39,67]. Moreover, in the past, the meas- 
urement for product innovation strategy and design cha- 
racteristics was not found. Therefore, the practical exe- 
cutors of product innovation were studied regarding how 
enterprises conduct product innovation, product design, 
design characteristics, and the like details in the serial 
value chain. Such a theoretical and empirical study is 
hoped to make contribution to the theoretical and prac- 
tical domains of product innovation design. 

The result of confirmatory factor analysis indicated a 
proper construct validity, the convergent validity and dis- 
criminant validity for each variable reaching the statisti- 
cal requirement. Moreover, results of structural equation 
modeling also demonstrated a good fitness in the theo- 
retical model and the observed data. The three hypothesis 
proposed in the study were supported. In other words, the 
product design characteristics will be influenced by the 
enterprise innovation strategy and design strategy. Dif- 
ferently put, innovation strategy in an enterprise will 
have effects on design strategy and product design charac- 
teristics. Therefore, the practical product design can co- 
ordinate the goal set up in the innovation strategy to ful- 
fill the product innovation through a more efficient inte- 
gration of R&D resources and cross-organization coor- 
dination in an enterprise. The results obtained in this study 
can reinforce those in related studies [57-59,76].  

More importantly, product design characteristics can 
make possible the marketization of innovation strategy 

and serve as concrete criteria for innovation design. This 
confirmed the study result of [39]. The theoretical model 
proposed in this study, therefore, can be a reference for 
survey of enterprise product innovation design in the fu- 
ture. 

6. Limitations and Suggestions 

The major limitation to the present study is that only a 
single industry (consumer electronic industry) and a sin- 
gle country (Taiwan) is covered. In 2009, Taiwan con- 
sumer electronic industry was typically representative in 
the global market, Top 2 in the world in terms of compe- 
tition ability. Furthermore, most Taiwanese enterprises 
have manufacturing plants in Mainland China. Overall, 
the consumer electronic enterprises in Taiwan and the 
Taiwan consumer electronic enterprises in Mainland China 
had the biggest market share in the global market of con- 
sumer electronics products. Hence, the obtained results 
from the study are representative in the global consumer 
electronic industry. 

According to Takeuchi and Nonaka [77], the new 
product profit would roughly be 30% - 40% of the total 
revenue. Take manufacturing industry in USA for an ins- 
tance, new products make a contribution of 40% in the 
annual revenue and 32% of profits in a company [78]. 
Moreover, according to a survey made by Product De-
velopment and Management Association (PDMA), 32.4% 
of the business turnover of a company came from new 
product launched in past five years. For hi-tech industry, 
the percentage is even higher, reaching 42.3% [21]. The 
issue of how innovation design makes profit in enter- 
prises will be further investigated in the future. 

Moreover, the relationships between design perform- 
ance and affectivity of strategy can be explored through 
the perspective of design and innovation performance in 
different strategic positions and actions. An in-depth ex- 
ploration of the inter-relation between the strategic exe- 
cution procedure and organizations is another issue from 
the approach of design chain. Cases and theoretical mod-
els can be further examined to clarify their correlations. 

It is a challenge for enterprises to quickly launch a 
new product that can meet the customers’ needs and 
make profit in the market. This is a first attempt of em- 
pirical study on variables regarding the practice of inno- 
vation strategy, product design, and design characteris- 
tics. Perspective studies regarding innovation variables 
can be further conducted in the theoretical and practical 
fields. 
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Appendix 

1. Variables for innovation strategy 
1) Technical innovation 

 Invest a higher ratio of R&D expense from the reve- 
nue than the counterpart. 

 Have a good intelligent royalty management system. 
 Being aggressive in the application of patents.  
 Have enough key techniques and patents. 
 Improve R&D procedure to reach the company goal. 
 Quick launch new products in the market. 
 Introduce new techniques to improve manufacturing 

procedure.  
2) Commercial innovation 

 Work as a leader in the new product market. 
 Fast in adjusting the current product line. 
 Offer new products or services that can better meet 

the customer’s demands. 
 Commercialize a product faster than the competitors. 
 Change or relocate the target customer group for mar- 

ket segmentation. 
 New products or techniques are often copied by the 

competitors. 
3) Management innovation 

 Take advantage of information technology to accelerate 
product development and supply chain management. 

 Encourage customers to innovate by raising wage or 
welfare system.  

 Stimulate R&D personnel to innovate by a proper 
performance measurement system.  

 Being flexible and efficient in production and shipment. 
 Be able to handle customers’ complaints and solve their 

problems. 
 Adopt proper response strategy in time to cope with 

the change in outer environment.  
2. Variables for design strategy 

1) Reinforcing R&D ability 
 Work out new products through the acquisition or 

cooperation with advanced manufacturer. 
 Increase the ratio of R&D and design expense in the 

revenue to uplift product design and R&D abilities. 
 Reinforce professional NPD know how to improve 

the efficiency in product design and development. 
 Apply new or current techniques and parts to work 

out products of unique functions. 
2) Reducing production cost 

 Reduce the total product production cost through sub-
tle selection of parts and materials in the way of work- 
ing together with other divisions. 

 Add functions and values to products under the cost 
limit through professional design skills. 

 Subtly respond to the change in outer environment 
through the application of product design ability. 

 Integrate parts so that it is easy to assembly and main- 

tain through modulization and standardization in de- 
sign. 

 Uplift the product competition ability through mutual 
supports in design and production from manufacturers. 

3) Ensuring product quality 
 Uplift the product reliability, durability, and mainte- 

nance to enhance the total product quality standard. 
 Ensure products meet the safety regulations and stan- 

dards. 
 Reduce the consumption of energy, materials, and che- 

micals, minimizing the pollution to the environment. 
 Create social and cultural utilities of products through 

emotional, affective, and life style consideration. 
 Apply human factors technique to meet the user’s 

operational needs in hardware or software design of 
products. 

4) Uplifting enterprise image 
 Reinforce company and brand images to build up a 

good reputation in counterparts and customers. 
 Enrich competition ability in the market by product 

differentiation. 
 Create and uplift the image or value of enterprise, 

product, and brand through unique aesthetics, seman- 
tic representation, and product form. 

 Work out modern and unique products through par- 
ticular product form feature, colors, and texture. 

 Offer better design services and reinforce the promo- 
tion in sales by commodity exhibition, advertising, 
and display. 

 Develop new products for different user groups to 
meet their requirements. 

3. Variables for design characteristics 
1) Product function 

 Offer totally new functions. 
 Emphasize the improvement of current functions. 
 Offer other additive functions. 
 Offer functions similar to the precedent products in 

current products. 
2) Product operation 

 Offer totally new way of product operation. 
 Adjust the current product operation. 
 Offer operations similar to the precedent products in 

current products. 
3) Product appearance 

 Emphasize a totally new appearance in products. 
 Offer a modification in product appearance. 
 Apply serial design technique so that current products 

look like the precedent products. 
4) Product cost 

 Adopt a production method of higher cost. 
 Emphasize the cost down production method. 
 Maintain the cost similar to the precedent products. 
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