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Abstract: Automobile designers strive to create novel and distinctive designs without sacrificing 
the car’s inner brand style. Both novelty and brand styles are known to be paramount to realizing 
market success, but this balancing depends on the intuition of designers and managers, which 
poses uncertainty for companies. Such uncertainty inhibits the ability or willingness of designers 
and managers to make creative designs as a barrier to potential creative designs. Therefore, we 
aim to support designers and managers to achieve optimal creativity without violating brand 
identity by providing the quantitative reasoning on brand styles. In this study, we decomposed 
car designs into design features and identified the visual significance of design features on 
maintaining brand styles. Results show that the particular design features with higher visual 
significance must be kept for brand recognition while others have greater design freedom for 
innovative designs. 

Keywords: Car designs; design features; creative designs; brand styles; visual significance 

1. Introduction
Design creativity, often referred to as design novelty or design newness, is an important driver 
of innovation and market competitiveness (Bloch, 1995; Person et al., 2007; Talke et al., 2009). In 
the automobile industry, designers strive to create novel and distinctive characters for a car model, 
sometimes shelling out lots of money for creativity consultants (Chen et al. 2007). Previous studies have 
shown that the design creativity has a positive influence on market sales by stirring up interest among 
consumers (Talke et al., 2009). However, is more creativity always better? Is there such a thing as being 
too creative? From a company’s standpoint, it is important to make correct and well-informed judgments 
while taking various design criteria into considerations (Ind, N., & Watt, C., 2006). One of the 
important design criteria is maintaining the brand styles. Especially for the automotive industry, any 
stylistic change of cars with the previous year may weaken the connection with the brand, thus 
influencing brand loyalty and customer preferences (Aaker & Keller, 1990).  

A number of studies have revealed that there is a certain level of novelty that designers and managers 
should accept (Hekkert et al., 2003; Person et al., 2008). Too little or too much creativity has an adverse 
influence on the consumer perception and evaluation of product properties (Berlyne, 1971). In other 
words, the new design needs to have enough creativity to keep them interested—but not so much that it 
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violates the brand’s identity. Therefore, companies that maximize both novelty and brand styles by 
making a proper balance have been shown to achieve market success (Hekkert et al., 2003; Da Silva et al., 
2014; Blijlevens et al., 2014). However, making the proper balance is not so easy when confronted with 
the unknown customer response and commercial pressure. This uncertainty not only inhibits designers to 
create innovative designs (Davis, 1999) but also makes them be conservative in the design proposals, 
which have a considerable negative influence on vehicle market success (Ranscombe et al., 2011). 
Therefore, there is a need to eliminate such uncertainty and to help designers and managers to achieve 
optimal creativity without violating brand identity. 

When we perceive an object, our minds break it up into components we can recognize (Biederman, 
1987). A car design consists of a combination of design features such as headlights, grill, and bumper. 
Designers use such design features to achieve a certain brand and model image by creating similar or 
different shapes from previous designs (Karjalainen, 2007; Hyun et al., 2015). Each design feature has 
different visual significance for brand style recognition, and the visual significance of design features is 
determined by the visual impact of the feature’s shape (Chan, 2000). The design features that have higher 
visual significance are more easily visualized and recognized by customers (Chan, 2000). Therefore, we 
have to take such visual significance into consideration when deciding the level of design creativity—
design features with a high association with the brand style have less design freedom and those with less 
association have more design freedom. 

This paper provides the quantitative visual significance of each design feature on recognizing the 
brand style. With the quantitative visual significance, designers and managers can understand brand styles 
better and as a consequence can maximize creative potentials when creating a new car design knowing 
that the level of brand style recognition will still be maintained. To achieve the goal, we follow these 
procedures: (1) decompose car designs to design features; (2) apply contour deletion strategy to car 
design images using digital image processing techniques; (3) conduct a consumer survey to identify the 
design features’ influence; (4) and quantitatively analyze the results. 

2. Related work

2.1. Typicality and novelty in car designs 

A number of studies have emphasized the impact of design creativity on company’s innovation and 
market competitiveness. Customers expect novel and unique designs in new products (Martindale, 1990), 
but the degree of novelty should not exceed customer needs and desires (Berlyne, 1971). Companies that 
achieve great market success, such as Apple and Nike, are known to focus on their product designs 
towards balancing novelty and brand styles to differentiate themselves from other competitors (Verganti, 
2006, Karjalainen, 2007; Person et al., 2008). Many researchers systematically investigated the influence 
of typicality and novelty on aesthetic judgment and consumer preference. Veryzer et al. (1998) found that 
typicality and unity have a positive effect on aesthetic preferences by manipulating the level of such 
factors embedded in design features. Hekkert et al. (2003) argued that customers prefer the optimal 
combination of both typicality and novelty in product designs. More recently, Hyun et al. (2015) 
examined typicality and novelty in exterior car designs among different brands by measuring shape 
similarities.  

The studies on novelty and typicality mentioned above involve taking the influence of design features 
into consideration. These studies are based on the notion that a car design can be expressed through a set 
of design features perceived. The novelty and typicality of a car design can be found by evaluating shape 
similarities of each design feature (Ludden et al., 2008; Crilly et al., 2004; Karjalainen, 2007). Therefore, 
similar shapes that have repeatedly been used by designers inform typicality, whereas different shapes 
from the brand’s history inform novelty. According to Karjalainen (2007), companies can select design 
feature attributes, such as shapes, forms, colors, materials, textures, and logos and use them repeatedly to 
create brand recognition. To balance novelty and typicality for brand recognition, car manufacturers make 
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strategic design decisions whether to make their product look similar or different from past designs 
(Person et al., 2008). To make strategic design decisions, there is a need for a method with which to 
evaluate the visual significance of each design feature. The related methods to address this issue are next 
addressed. 

2.2. Quantitative measure of design features 

Several studies have investigated the effects of shapes of design features on visual impression of a 
product’s appearance by changing geometric design variables, parametric ranges and shape morphing 
(Chan, 1994; Chen et al., 2007; Orsborn & Cagan, 2009). Chan (1994) explored the perceptibility of 
individual features in a style by removing combinations of features in an image and geometrically 
distorting certain features. Chen et al. (2007) investigated the effect of certain design features on various 
adjectives of car styling perceptions by shape morphing and conjoint analysis method from a marketing 
field. Osborn et al. (2009) presented a method for quantifying preference for an aesthetic form of sports 
utility vehicles (SUV) and then used the utility models for an aesthetic preference optimization 
framework. The designs in this research were a composition of several Bezier curves whose control points 
were varied to create variations in the designs.  

Although many types of research are ongoing, including testing the effects of design features shapes 
on visual impression, most of the research has only focused on shape morphing and distortion. This is 
problematic in that changing the feature’s shape has a different effect on human perception due to 
different shape characteristics. For example, when horizontally elongating the shape of two distinct 
features equally, the feature with a bigger horizontal parametric value is less likely to affect the 
perception of change. What is needed is measuring the importance of each feature quantitatively, so that 
the effect of existing design features can be reduced. Some methods established in the field of cognitive 
psychology especially in visual object recognition (Biederman, 1987) point to a relatively promising 
direction for investigating the visual significance of design features. Biederman (1987) discussed how 
humans perceive shapes using contour-deletion method. Biederman degraded the visual effect of product 
images by removing the contour from mid-segments or vertices and asked people to identify the products. 
The experiment showed that removing contour from vertices significantly inhibits human recognition and 
understanding of images while removing contour from mid-segments has a consistent effect on object 
recognition.  

Ranscombe et al. (2011) took this methodology further to investigate the influence of design features 
on brand perceptions of the consumer by assessing combinations of features called the visual 
decomposition strategy. The categories used for the decomposition strategy was based on the ideation and 
realization stages of product development. Ranscombe et al. classified the car into four features—Outline, 
DLO (Daylight Opening), muscles, and graphics—for decomposition strategy. The graphics feature 
category, such as headlights and grill, was found to have the greatest potency in representing the brand. 
Hyun and Lee (2015) defined 19 design elements including overall silhouette and graphic features to 
represent a car design (see Figure 1). Through eye tracking experiment, the visual hierarchy was 
measured among 19 car design elements. This study revealed that headlight, grille, taillights, fender, trunk, 
taillights, bumper, and window have relatively higher looking probabilities. 

Figure 1. Stylistic design features of a car design taken from Hyun and Lee (2015) 
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3. Methodology
We propose a method for investigating the visual significance of design features on car brand style

recognition. First, a car design is decomposed into a set of design features. A contour-deletion method is 
applied for the quantitative manipulation of each design feature that varies in shapes. A consumer survey 
that assesses the effect of design features was conducted to quantify the visual significance from the 
consumer side of view. 

3.1. Decomposition of a car 

The car design decompositions in this study are based on the design features – front bumper, front 
headlights, front grill, rear bumper, and rear taillights – that are found to be most closely associated with 
brand recognition from previous studies (Liem et al., 2009; Ranscombe et al., 2011; Hyun and Lee, 2015). 
In the style decomposition of Hyun and Lee (Figure 1), it can be noticed that these 19 design elements 
include some repetitive design elements such as front_headlights, side_headlights, side_taillights, and 
rear_taillights. These design elements are separated due to the need to separate views for three-
dimensional quality and to reduce the following distortions as much as possible for quantifying shape 
similarities. For example, headlights are decomposed into front headlights and side headlights because 
these two angles include different shapes of headlights. In three-quarter view, the shape of headlights can 
be seen in one view without any discontinuity (see Figure 2). Consequently, we consider the three-quarter 
views of car designs for the experiments in this study. 

Figure 2. Three quarter front and rear views 

3.2. Car image representations 

Next, a contour-deletion method is applied to the three-quarter view decompositions. The 
representation of car design images in the survey is computationally processed for deleting contours from 
the mid-segments using digital image processing techniques. To do so, digital photographs of the car 
designs were collected from the three-quarter front and rear views. The edge detection technique was used 
to find the contours of different design features within car images. Logos and interior details were 
removed using image-editing software. After getting the contours, every shape of the features was 
converted into a signature to find the vertices on the contours that are furthest from the centroid. To 
manipulate the ease of design feature identification, we presented each design feature either as ordinary 
lines or in a version in which 25%, 50%, and 75% of their pixels were deleted from the mid-segments 
(see Figure 3). The processed design features were then combined to create a car representation. The car 
images used in the survey are 450 X 284 pixels and were represented in white contours with a black 
background for clarity. 

3.3. Web-based survey 

A crowdsourcing Internet marketplace, Amazon Mechanical Turk (MTurk), was utilized to gain large 
numbers of responses. The primary advantage of MTurk is that it offers access to large numbers of 
populations from diverse countries and backgrounds who are willing to perform tasks for relatively low 
wages (Horton & Chilton, 2010). In the survey questionnaire, we examined the visual significance of each 
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design feature by comparing the perception of changes when the contours of feature A and B are equally 
degraded. Six vehicles (Ford Fusion, Volkswagen Passat, Toyota Camry, Cadillac CTS, Mercedes-Benz 
E-Class, and Lexus ES models) from the same year were used in the survey. These car models were
chosen to represent the high-end and low-end of European, American, and Asian brands, respectively.
Besides, these car models were in the top 100 sales chart of 2015 to identify representative car models of
each brand.

Proportion contour deleted 0% (Ordinary lines) 25% 50% 75% 

Cadillac grill 

Lexus headlights 

Figure 3. An example of 25, 50, and 75% contour removal at mid-segment 

4. Implementation and results

4.1. Experiments 

A software application, Qualtrics, was used to interact with Amazon Mechanical Turk for submitting 
tasks and retrieving results. The survey displayed the car images of 75%, 50%, and then 25% of contour 
deletion of particular design features. Using five design features of six vehicles produced 150 possible 
questions (five design features per car, using six brands in three different contour-deletion levels). To 
avoid fatigue or boredom, participants were randomly presented with the two features (one from a three-
quarter front view and one from a three-quarter rear view) from six different brands, resulting in 36 
questions. Participants received  $.65 and were told that the study would take about 10 minutes ($3.9 per 
hour). Figure 4 shows one of the questions used in the survey.  

Q. Which brand manufacturers this car?

Not sure 
Chevrolet 
Ford 
Cadillac 
Volkswagen 

Toyota 
BMW 
Mercedes-
Benz 
Nissan 
Lexus 

Figure 4. Example of survey image where 75% of the original contour of headlights is removed along 
with possible answers 

4.2. Results 

A total of 238 respondents participated in the survey from February 16th to February 21st, 2016. It took 
an average of 6.2 minutes to complete the survey. Respondents were between 23 to 71 years old. 65% of 
responses were from male participants and 35% were from female participants. More than 98% of 
respondents held a driver’s license. The profiling questions revealed that 35.8% of participants believe a 
car’s style is “very important” when considering the purchasing of a car while 46.8% responded “mildly 
important” and 10.1% responded “not important”. Six plots showing trend lines of each design feature 
from six brands are given in Figure 5. The levels of contour-deletion range from 25% to 75%. A trend 
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line of each design feature was calculated using Thiel-Sen linear regression to capture how quickly style 
recognition decreases as contour-deletion increases. The design features in the front view are indicated as 
“F_”, whereas those in the rear view are indicated as “R_”. The wide range in slopes implies that design 
features provoke different levels of recognition.  
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Figure 5. Contour deletion versus style recognition graph. Note that F_B: front bumper; F_H: front 
headlights; F_G: front grill; R_B: rear bumper; R_T: rear taillights.  

As shown in Figure 5, the brand recognition versus contour deletion slope is negative. It means that 
increasing level of contour deletion results in decreased identification of brand. Moreover, the amount of 
removed contour has consistent effects from 25 to 75 percent deletion, which can be described by the 
regression line. Conducting an R-squared (coefficient of determination) test shows that the average value 
for R-squared is close to one (0.9571) confirming that 95.71% of variation is described by the regression 
line where 100% indicates that the model explains all the variability of the responses data around its mean. 
The slope of each design feature shows how steep a straight line is, meaning that how much difference it 
could make in recognizing the vehicle style. The relatively higher absolute value of the slope implies that 
some features are more visually significant to the consumers than others are.  

Results show that similar trends are seen among brands although differ in degree. From these slopes, 
we can see headlights in the front views are found to have the highest visual significance for most brands 
(Toyota-headlights: -0.53; Ford-headlights: -0.26; Cadillac-headlights: -0.28; Volkswagen-headlights: -
0.32). The exceptions are Lexus and Mercedes-Benz. For Lexus, grill has the highest visual significance 
in the front view (Lexus-grill: -0.32), front bumper for Mercedes-Benz (Mercedes-bumper: -0.3). Front 
bumper is shown to have the lowest visual significance for Toyota (- 0.16), Ford (-0.18), Cadillac (-0.06) 
and Lexus (-0.08). For these brands, front bumper is least determinant for judging the brand styles. 
Especially in the case of Toyota, the visual effect of headlights is more significant comparing to other 
brands (Toyota-headlights: -0.53). This means that the headlights of Toyota are exceptionally important 
for communicating brand styles. Thus, any deviation of headlights from past designs may undermine 
Toyota style perceptions of the consumer. In the rear views, taillights have the highest visual significance 
except for Lexus (Toyota-taillights: -0.48; Ford-taillights: -0.38; Cadillac-taillights: -0.94; Volkswagen-
taillights: -0.36; Mercedes-taillights: -0.3). For Lexus, rear bumper had higher visual significance than 
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taillights (Lexus-rear bumper: -0.32; Lexus-taillights: -0.14). Cadillac showed exceptionally high visual 
significance in taillights (-0.94) for consumers.  

One thing to note from the results is that the degree of visual significance is not proportional to the 
size or dimension of design features. For example, front headlights are smaller than front bumper, but for 
most brands headlights had the quickest loss of style recognition with increased level of contour deletion. 
This implies the changing properties of front headlights are more noticed by subjects than those of front 
bumper. From the results, we can argue that the design features that have a relatively steep slope are more 
potent in communicating vehicle brand while a relatively flat slope gives the greater flexibility to the 
designers, in that a design may fall anywhere without affecting customer’s recognition of the brand. For 
example, the slope of the front bumper in Lexus and (-0.08) Cadillac (-0.06) is close to zero indicating 
that consumers hardly recognize the change in the bumper and these design features have a potential for 
creative design freedom.  

5. Conclusion
Balancing design creativity against brand styles is one of the influential factors that lead to market

success. However, making the proper balance remains challenging when confronted with the customer 
response and commercial pressure. In this paper, we measured the visual significance of typical design 
features for maintaining particular brand styles to facilitate balancing the scope of creative design 
freedom. To do so, we manipulated the design feature identification using contour-deletion method and 
traced changes in the level of brand style recognition for each design feature. Five design features (front 
grill, front headlights, front bumper, rear taillights, and rear bumper) from six brands were selected for 
investigation. We conducted the consumer survey through Amazon Mechanical Turk. Results show that 
different brands have the different visual significance of each design feature by the different degree. 
Surprisingly, the degree of visual significance did not relate to the sizes or dimensions of the design 
features, but by their visual impact. The results provide a better understanding of how consumers perceive 
and recognize brand styles and which design feature has a higher visual association with the brand styles 
from the consumer perspective. With this finding, we concluded that the design features with relatively 
low visual significance (close to flat slope) could give the greatest flexibility to the designers without 
affecting the brand styles, which could enable them to expand the scope of their creativity. We argue that 
changes in shapes of design features with low visual significance will less likely affect the perceptual 
design changes; changes in shapes of design features with high visual significance should be bounded 
within certain ranges.  

Some implications can be derived from this study both for designers and strategic design managers. 
The quantitative measurement of visual significance of each design feature offers a potential for creative 
designs through reducing the uncertainty of designers. Designers and managers who are concerned with 
this aspect have to rely on knowledge from previous experience and the intuition. Therefore, an increased 
understanding provided in this study can eliminate uncertainty that blocks the willingness of designers to 
perform creativity and support their design proposals for novel and creative designs with the quantitative 
data. In a similar manner, the quantified visual significance of design features can facilitate the 
evaluations of new proposed product’s association with the brand style and the review of distinctiveness 
from previous product designs for strategic marketing and styling.  

The research shows a limitation in that the experiment included the possibility of interactions among 
design features. To remove the effect of interaction and to clearly explain for all possible effects and 
interactions are to conduct full factorial experiments. This can be achieved by estimating utility weights 
of each design feature through conjoint analysis, which requires further investigation.  

Acknowledgement 

This paper was supported by the BK21 Plus Postgraduate Organization for Content Science (or BK21 
Plus Program) in Korea. 



4th ICDC 8 

References 
Aaker, D. A., & Keller, K. L. (1990). Consumer evaluations of brand extensions. The Journal of Marketing, 27-41. 
Berlyne, D. E. (1971). Aesthetics and psychobiology (Vol. 336). New York: Appleton-Century-Crofts. 
Biederman, I. (1987). Recognition-by-components: a theory of human image understanding. Psychological 
review, 94(2), 115. 
Blijlevens, J., Hekkert, P. P. M., & Thurgood, C. (2014, December). The joint effect of typicality and novelty on 
aesthetic pleasure for product designs: Influences of safety and risk. In Proceedings of the 23rd biennial congress of 
the international association of empirical aesthetics, New York (USA), 22-24 Aug. 2014. IAEA. 
Bloch, P. H. (1995). Seeking the ideal form: Product design and consumer response. The Journal of Marketing, 16-
29. 
Chan, C. S. (1994). Operational definitions of style. Environment and Planning B: Planning and Design, 21(2), 223-
246. 
Chan, C. S. (2000). Can style be measured?. Design studies, 21(3), 277-291. 
Chen, L. L., Kang, H. C., & Hung, W. K. (2007). Effects of design features on automobiles styling 
perceptions. Hong Kong: IASDR07 (International Association of Societies of Design Research, 2007). 
Crilly, N., Moultrie, J., & Clarkson, P. J. (2004). Seeing things: consumer response to the visual domain in product 
design. Design studies, 25(6), 547-577. 
Da Silva, O., Crilly, N., & Hekkert, P. (2014). Can a light switch be beautiful? Aesthetic appreciation of products as 
means. In Proceedings of the conference of the design research society (pp. 1691-1692). 
Davis, G. A. (1999). Barriers to creativity and creative attitudes. Encyclopedia of creativity, 1, 165-174. 
Hekkert, P., Snelders, D., & Wieringen, P. C. (2003). ‘Most advanced, yet acceptable’: Typicality and novelty as 
joint predictors of aesthetic preference in industrial design. British journal of psychology, 94(1), 111-124. 
Horton, J. J., & Chilton, L. B. (2010, June). The labor economics of paid crowdsourcing. In Proceedings of the 11th 
ACM conference on Electronic commerce (pp. 209-218). ACM. 
Hyun, K. H., Lee, J. H., & Kim, M. (2015). The gap between design intent and user response: identifying typical and 
novel car design elements among car brands for evaluating visual significance. Journal of Intelligent Manufacturing, 
1-13.
Ind, N., & Watt, C. (2006). Brands and breakthroughs: How brands help focus creative decision making. The
Journal of Brand Management, 13(4-5), 330-338.
Karjalainen, T. M. (2007). It looks like a Toyota: Educational approaches to designing for visual brand
recognition. International Journal of design, 1(1).
Liem, A., Abidin, S. Z., & Warell, A. (2009). Designers’ perceptions of typical characteristics of form treatment in
automobile styling. Design and semantics of form and movement, 144-155.
Ludden, G. D., Schifferstein, H. N., & Hekkert, P. (2008). Surprise as a design strategy. Design Issues, 24(2), 28-38.
Martindale, C. (1990). The clockwork muse: The predictability of artistic change. Basic Books.
Orsborn, S., Cagan, J., & Boatwright, P. (2009). Quantifying aesthetic form preference in a utility function. Journal
of Mechanical Design, 131(6), 061001.
Person, O., Snelders, D., Karjalainen, T. M., & Schoormans, J. (2007). Complementing intuition: Insights on styling
as a strategic tool. Journal of Marketing Management, 23(9-10), 901-916.
Person, O., Schoormans, J., Snelders, D., & Karjalainen, T. M. (2008). Should new products look similar or
different? The influence of the market environment on strategic product styling. Design Studies, 29(1), 30-48.
Ranscombe, C., Hicks, B., Mullineux, G., & Singh, B. (2012). Visually decomposing vehicle images: Exploring the
influence of different aesthetic features on consumer perception of brand. Design studies, 33(4), 319-341.
Talke, K., Salomo, S., Wieringa, J. E., & Lutz, A. (2009). What about design newness? Investigating the relevance
of a neglected dimension of product innovativeness. Journal of Product Innovation Management, 26(6), 601-615.
Veryzer, Jr, R. W., & Hutchinson, J. W. (1998). The influence of unity and prototypicality on aesthetic responses to
new product designs. Journal of consumer Research, 24(4), 374-385.


