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This article explains how embodied cognition and perceptual symbol systems enable
product designers to influence consumers by communicating key perceptual features
through subtle changes in product design elements. In this way, managers can
change perceptual design elements to support line extension strategies. More spe-
cifically, design changes can be used as a tool to help evolve consumer perceptions of
a product’s uses and brand category membership. The role of perceptual symbols in
product design is illustrated by a well-known off-road motorbike brand that planned
to extend into the street motorbike segment. In order to facilitate consumer ac-
ceptance of a street motorbike from this off-road brand, the firm gradually intro-
duced models containing an increasing number of elements of street motorbikes over
a period of several years. The authors use this example to show how typical design
elements of the target product category can be effectively integrated with design
elements of the current product category by simply modifying key characteristics
of product-shape attributes. This process is further tested in an experiment, where
motorbike models differing slightly in key product features (e.g., product shape)
were rated on their resemblance to street or off-road motorbikes. The results show a
strong effect of these design changes on brand-category membership. Managerial

implications of this approach and future research directions are discussed.

Introduction

oth marketing scientists and managers claim
that product form or design is a major tool
that can be used to gain competitive advantage
(e.g., Bloch, 1995; Kotler and Rath, 1984; Oakley,
1990). Audi for instance says that product design
determines up to 60% of a consumer’s decision to
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buy a particular automobile.! Further examples of
how design can help companies increase sales include
the introduction of the newly designed iMac computer
in 1997 (increase in market share from 3.5% to 5.3%
within one year) or the Volkswagen Beetle automobile
(54% increase in U.S. sales in 1998-1999) (Mitchell,
1999; Strategy, 1999). According to marketing scien-
tists, product aesthetics is the main reason that design
produces such positive effects on firm performance.
Several studies have confirmed that aesthetic products
capture consumer attention (Berkowitz, 1987; Bloch,
1995; Dumaine, 1991), effect positive emotional
reactions (Bloch, 1995; Holbrook and Zirlin, 1985;
Veryzer, 1993), and have a positive effect on quality

"Interview with marketing CEO Audi Ingolstadt presented in a
television documentary “Marken—Die Kunst der Verfithrung,” ORF,
Vienna 2001.
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appearance and perception (Page and Herr, 2002;
Schmitt and Simonson, 1997).

There are at least two central relationships between
design and brands. First, product designs that are
aesthetically appealing lead to positive brand evalua-
tions. Second, design is a major instrument to facili-
tate product and brand categorization and also can
shape consumer beliefs about the product and brand
(Berkowitz, 1987; Bitner, 1992; Bloch, 1995). Exam-
ples include the shiny chrome metal of a Jaguar car
that suggests luxury or the minimalist shape of B&O
high-fidelity equipment that stands for ““modern clas-
sic.” This article proposes a third key relationship be-
tween design and brands suggested by embodied
cognition (e.g., Glenberg, 1997; Glenberg et al.,
2003), a theory that postulates that knowledge and
thought arise from physical interactions with the en-
vironment. The embodied view argues that all per-
ception, cognition, emotion, and action share the
same underlying cognitive principles and that all
facilitate interaction with the environment (see
Barsalou, 1999; Glenberg, 1997; Johnson, 1987;
Lakoff, 1987; Lakoff and Johnson, 1980). Based on
the embodied view, this article proposes that design
elements communicate information about the specific
instrumentality of products and how people can
physically interact with and use them. In this view,
consumers perceive the type of action offered, or
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afforded, by physical features of the environment
(Gibson, 1979) and the potential benefits afforded
by products and brands (Ratneshwar and Shocker,
1991). Such “affordances” (Gibson, 1979) play an
important role in consumer perception of products
and brand categorization, i.e., how a product is per-
ceived as a new member of a particular brand family
(category). Therefore, it should be possible to strate-
gically alter product design elements to influence
brand categorization.

Several studies of brand and line-extension strate-
gies have found that a parent brand and brand ex-
tension ““fit” if both are perceived as members of the
same category (Aaker and Keller, 1990; Boush, 1993;
Boush, 1997; Boush and Loken, 1991; Chakravarti,
Maclnnis, and Nakamoto, 1990; Dubé, Schmitt, and
Bridges, 1992). Yet cognitive scientists have shown
that categories are not fixed entities. Instead, catego-
ries are flexible and context dependent, serving differ-
ent individual goals (see Barsalou, 1985; Barsalou,
1992a, 1992b; Barsalou, 1999; Cohen and Basu, 1987;
Ratneshwar and Shocker, 1991). Moreover, when
new members of a category (e.g., new products or
product lines) become accepted as part of a certain
brand family (category), the brand-knowledge struc-
ture is broadened, and the brand family becomes
more likely to accept additional members (Boush
and Loken, 1991; Dacin and Smith, 1994; Sheinin
and Schmitt, 1994). For instance, several years ago
the Nivea brand family contained only body-care cos-
metic products. The successful introduction of lip-
sticks and makeup expanded the Nivea brand family
to include beauty cosmetic products. After that, ad-
ditional Nivea line extensions of beauty products were
more likely to be accepted by consumers.

According to cognitive psychologists, a very im-
portant finding of categorization research is that

2 For an individual consumer, the affordance of a product is a com-
bination of the properties of its substance and surfaces, with respect to
that consumer and how he or she can interact with it (adapted from
Gibson, 1977; Gibson, 1979; Jones, 2003). Thus, the product’s affor-
dance is what these properties offer the consumer in a particular sit-
uation and is codetermined by the properties of the product and the
consumer. For example, the affordance of sitting on a solid object with
the characteristic structure and features of a chair depends on the
physical (embodied) properties of the person—e.g., the same chair-
shaped object may not afford sitting for both a 7-foot-tall person that
weighs 400 pounds and a small child that is 3 feet tall and weighs 35
pounds. In atypical situations, the properties of the same chair-shaped
object may afford standing in order to change a light bulb hanging
from the ceiling or even a novel action such as self-defense in order to
protect oneself from an aggressive animal (Glenberg et al., 2003).
However, these affordances would only be available to (and perceived
by) a person of sufficient height or strength, respectively, and motiva-
tion to use the object for these purposes.
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category membership of physical entities is chiefly de-
termined by shape (Barsalou, 1992a). For example, it
is not intuitive to classify whales in the mammal cat-
egory, because they typically look like fish. Since
product shape is one characteristic of design, design
is likely to have a major impact on brand categoriza-
tion; that is, a new product may be accepted more
easily as a member of a certain brand family (catego-
ry) when both share similar design elements (see
Bloch, 1995). The role of product design has been
overlooked in prior brand-extension research. A re-
cent example supporting this view is the redesigned
Volkswagen Beetle automobile. Although the old Bee-
tle had completely different meanings to consumers
than the new Beetle—i.e., the old was considered
“egalitarian,” “first car,” and ‘‘cheap” while the
new Beetle stands for ““unegalitarian,” “‘second car,”
and “‘expensive”’—the old and new Beetle are linked
by repeated design attributes rather than by abstract-
ed brand meanings.

This article explains how the emerging theory of
embodied cognition and, in particular, a perceptual
theory of mental representation of knowledge in the
mind—perceptual symbol systems (PSS) (Barsalou,
1999)—enables product designers to influence con-
sumers by communicating key perceptual features and
brand-category membership through strategic chang-
es in product design elements. In this view of embod-
ied cognition as a system of perceptual symbols,
knowledge stored in the human brain is organized
around sets of mental structures (or “frames” as ex-
plained in next section) that are composed of percep-
tual symbols. According to Barsalou (1999), a
perceptual symbol of an entity is a record of the
neural activation that occurs when the entity is
perceived (i.e., when a person directs attention to it
and views, hears, tastes it). Relating this theory
to design, it can be shown how specific product
design elements, represented in the mind by percep-
tual symbols, can be used to support line-extension
strategies. More specifically, the introduction of new
design elements to a given brand family in a succes-
sion of new products can expand consumer knowl-
edge structures of a particular brand. This effect is
seen in the case of an established brand of off-road
motorbikes that sought to extend its product line
into the street motorbike segment. In order to facil-
itate consumer acceptance of street motorbikes from
this off-road brand, the firm gradually introduced
models containing an increasing number of elements
of street motorbikes over a period of several years.
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This example shows that typical design elements
of a target product category can be integrated with
elements of the brand’s current product category
by simply modifying key characteristics of product-
shape attributes. The present study tests this process
in an experiment, where motorbike models with
slightly differing attribute-values of key product
features are rated on their resemblance to street or
off-road motorbikes. This approach enables designers
to strategically alter product features to help evolve
consumer perceptions of the brand to a new target
category.

Widening Consumer Perceptions of Category
Membership: Theoretical Perspectives

Figure 1 shows four products of the KTM brand—a
leading European off-road motorbike brand. A few
years ago, in order to broaden its market beyond off-
road bikes, KTM decided to extend its brand into the
street motorbike category. As can be observed from
the images in Figure 1, the strategy was to gradually
introduce products that looked increasingly like
street motorbikes (the numbers describe the order
of appearance of a sequence of new model announce-
ments and product launches) and thus to extend
the KTM brand into the street motorbike category.
In order to achieve this shift, KTM incrementally
added design elements typical of street motorbikes
to a series of new models introduced over a six-year
period.

Changing or introducing novel design elements to
expand consumers’ perception of the breadth of a
brand family (category) requires a deeper understand-
ing of how visual and other sensory knowledge is
represented within brand knowledge structures in the
minds of product designers and consumers. Though
Keller’s (1993) framework of brand knowledge
identifies dimensions such as brand recognition and
types of brand associations, which also may be deter-
mined by aspects of design, this model and other
traditional theories of brand-knowledge structure
(e.g., Meyers-Levy and Tybout, 1989; Mitchell and
Dacin, 1996; Olson, 1978; Sujan and Dekleva, 1987)
are not able to explain why certain visual design
attributes enable brand recognition and categoriza-
tion. These traditional views of brand-knowledge
structure presuppose that knowledge is organized
as an associative semantic network (e.g., Collins and
Loftus, 1975; see also Bettman, 1979) in which the
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No. 1. Launch: 1998

No. 3. Announced: 2000
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No. 2. Launch: 1999

Figure 1. Four Motorbikes of the Current KTM Line, Including Market Launch or Announcement Dates

design information component of brand knowledge is
verbally described as a list of features. These features
are thought to represent the “semantic’ content (i.e.,
meaning) of knowledge. In such an associative se-
mantic network, knowledge is mentally represented
by “amodal” symbols (i.e., without sensory modality)
that can be manipulated in mental computations
just like a computer program. According to this
view, when a person perceives information in the
world it is translated into an abstract, mental lan-
guage (sometimes called “mentalese’) and is assigned
to amodal symbols that serve as nodes in a
network knowledge structure. Thus, information
processing involves combining these symbols with
other symbols already stored in memory to interpret
incoming information or to form new thoughts. These
symbols are amodal in that they are assumed to be
purely semantic units of meaning in the form of verbal
labels that contain no perceptual information such as
sensory modality, spatial structure, or other relation
to the entity in the world they are intended to repre-
sent. For instance, the amodal symbol for chair bears

no resemblance to actual chairs or to the experience of
perceiving a chair (see Barsalou, 1999). In this view,
sensory information, emotions, and kinaesthetic
knowledge are considered to be ‘“‘noncognitive” and
are handled by separate mental systems. Though these
are core assumptions underlying the traditional infor-
mation processing view, they may seem unfamiliar to
many readers because they are so widely taken for
granted that they are rarely articulated, discussed, or
questioned.

Emerging theories of embodied cognition (Bars-
alou, 1999; Edelman, 1992; Glenberg, 1997; see also
Zaltman, 1997) argue that it is highly unlikely and
biologically untenable that brand knowledge is men-
tally represented in the form of semantic networks.
For example, it is difficult for a verbal list of features
to adequately convey all the ways in which a consum-
er can physically interact with and use a product
and thus to account for consumers’ ability to perceive
the affordances embodied in its design, shape, and
other perceptual features. In contrast, the embodied
view asserts that human thought and knowledge are
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inherently and fundamentally perceptual and that
the meaning of objects and situations is based on
how a person’s body can interact with them (Dam-
asio, 1994). For example, understanding experiential
products such as automobiles is not merely a matter
of evaluating a list of technical specifications (e.g.,
wheelbase, engine size, fuel economy, sticker price).
A more complete understanding requires the further
integration of sensory input—the feel and interaction
of the gear shift and clutch, the pressure of the seat
beneath the driver and the sound of the engine
as the vehicle accelerates, the smell of the up-
holstery, the headroom in the rear seat, the reachabil-
ity of the dashboard controls, the presence of cup-
holders, and so on. The perception and evaluation
of these features will differ for every driver, depend-
ing on their unique physical characteristics, personal
experience, and expectations. In the embodied
view, the complete customer experience with the
vehicle is central to understanding the affordances of
a particular brand. This view of cognition requires
an alternative theory of how the mind works and
how knowledge is acquired and organized.

Barsalou’s (1999) theory of PSS, a perceptual the-
ory of knowledge representation and mental process-
es, offers a promising explanation of how embodied
aspects of design can influence brand knowledge
and categorization of new products. In contrast
to the traditional information processing view of
cognition based on amodal symbols that are inher-
ently nonperceptual (e.g., Bettman, 1975; Collins
and Loftus, 1975; McGuire, 1976; Pylyshyn, 1984;
for a further summary of the modal view, see Malter,
1996), perceptual symbols retain the same modality
of the entity they represent because of the way
they are encoded—as a recording in memory of the
neural state at the time the entity is perceived. Thus,
encoding a perceptual symbol does not require the
transformation of perceived information to an inter-
nal mental language (cf. associative semantic net-
works).

Perceptual symbols are organized within so-called
mental frames, a form of knowledge structure similar
to schemata or mental models. Yet frames offer a
more precise, flexible, and dynamic structure of
knowledge organization. An essential characteristic
of perceptual symbols organized within frames is that
they are componential, not holistic (Barsalou, 1999).
Thus, an automobile design is not stored in memory
as a complete whole but is composed of several
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perceptual symbols (e.g., overall shape, doors, grill,
wheels) that are organized as an automobile-design
frame (Barsalou, 1992a, 1992b; Barsalou, 1999). Fur-
thermore, frames are organized by an attribute-value
structure in which an attribute describes an aspect
of at least some members of a category. For example,
the concept chair has attributes such as “feet,”
“armrests,” and “‘material” (Barsalou, 1992a, 1992b).
Since these attributes describe abstract elements, they
take on particular values—e.g., the attribute “mate-
rial” may take on values such as “leather,” “fabric,”
or “plastic.” Another example would be the frame for
women’s dress shoes. While in an associative network
such an entity would directly contain an association
such as ‘“‘uncomfortable,” according to the frame
structure women’s dress shoes would contain a more
general attribute such as “comfort level” that could
adopt a range of possible values, such as “comforta-
ble,” “‘uncomfortable,” or ““painful” (adapted from
Lawson, 1998). In addition, the shape of a
product (e.g., the height of the heel of a women’s
dress shoe) affords a certain range of possible
values that can be easily perceived by the consumer.
Frames also exhibit structural invariance (e.g., chairs
must have backs that are above seats; backs and
seats without this structure do not constitute chairs
for sitting), and values of certain attributes tend
to be correlated (e.g., highly durable shoes are likely
to cost more) (Barsalou, 1992a, 1992b; Lawson
and Bhagat, 2002). In this way, frames can provide
a more principled theoretical basis to explain the
underlying stability and organizational structure of
knowledge, including product and brand categories.

In addition, frames in a perceptual symbol system
serve as simulators that allow the cognitive system to
construct specific simulations of an entity or event.
That is, with a person’s car frame he or she can
mentally simulate several cars based on exemplars
that were experienced previously or can generate
novel designs composed of parts stored in memory.
If a simulation fits a particular object (e.g., ‘“‘station
wagon’ car), identification takes place—that is, the
perceived or imagined object is accepted as a
category member. Thus, the car frame expands
as more cars are perceived or are generated in inter-
nal mental simulations. For instance, once a pick-up
truck is perceived and is identified as a member of the
automotive category, typical attributes (e.g., big tires,
open rear bed) of a pick-up are added to the auto-
mobile frame (Barsalou, 1999).
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Extending Brand Knowledge Structures by
Changing Design Attribute-Values—
The Case of KTM

Figure 2 shows part of a general motorbike design
frame with attribute-value sets that distinguish be-
tween off-road and street motorbikes. The attribute-
value sets of this particular frame represent the com-
posite views solicited from three sets of motorbike
experts: one consumer researcher, three motorbike
designers, and three heavy users of motorbikes. To
determine the essential design elements of each prod-
uct category, this study used an adapted repertory-
grid technique (Kelly, 1963; Marsden and Littler,
2000; see also Zaltman, 1997)—a qualitative method
to determine salient and essential object attributes. In
this technique, an interviewer randomly selects three
of a participant’s objects or pictures of objects (e.g.,
motorbikes) and asks how two of them are similar to
each other yet different from a third object, with re-
spect to the research topic (e.g., object parts that dis-
tinguish off-road from street motorbikes). For this
study’s purpose, designs of 10 typical motorbikes (five
off-road and five street bikes from leading European
and Japanese brands—Agusta, Aprilia, Ducati, Honda,
and Suzuki) were compared against each other by
these experts. Each expert identified all possible shape
differences among the models. Within each grouping
of three motorbikes, the experts determined the shape
difference between two of the objects compared to the
third, and so on. In this way, the essential shape dif-
ferences between street and off-road motorbikes were
identified, and the most typical design elements dis-
tinguishing street from off-road motorbikes were
scored. The six attributes unanimously identified by
these experts as key distinguishing features were in-
cluded in the motorbike design frame shown in Figure
2. Based on these key attributes, designers were asked
to create abstract black-and-white sketches of each
feature to depict possible combinations of attribute-
value sets.

The attribute-value sets in the motorbike design
frame shown in Figure 2 are sufficient to represent
either off-road or street motorbikes.® Although there
may be thousands of different parts and features on a
motorbike and although there are hundreds of differ-
ent motorbike models on the market, these key design

3To represent more specific exemplars (e.g., racing machine, tour-
ing bike, chopper), additional attribute-value sets are required (e.g.,
material, handlebars).
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features (and attribute-value sets) determine whether
a particular motorbike is perceived as an off-road or
street bike. In Figure 2, the left-hand values of each
attribute-value pair refer to the design of off-road
motorbikes, while the right-hand values refer to de-
signs of street motorbikes. A direct comparison of the
attribute-value sets characteristic of each type of bike
(off-road or street) is presented in Table 1.

Figure 2 further shows how an increasing number
of attribute-values associated with street motorbikes
were added to subsequent KTM designs in order to
distinguish them from the original off-road model.
Thus, the first motorbike (bottom row of Figure 2,
left-hand side) contains all attribute-values typical of
off-road motorbikes, while each successive KTM
model (moving from left to right) is connected to
the attribute-value(s) that further distinguish it from
the original off-road design. Hence, the second motor-
bike contains two attribute-values from street motor-
bikes; the third motorbike includes three attribute-
values from street motorbikes; and the fourth has five
such features. It must be noted also that the key design
features highlighted in Figure 2 have important impli-
cations for the body position of riders and hence the
sensory experience of riding each motorbike on differ-
ent road surfaces (e.g., urban streets or off-road trails).

Based on Barsalou’s (1999) PSS theory and per-
ceptual theories of object recognition by components
(Biedermann, 1987), it is expected that even small and
subtle changes in design attribute-values that convey
perceptual information about new product affordanc-
es will alter consumers’ mental simulations of person-
al interaction with the product. This in turn can lead
to a shift in classification of this product toward an-
other category. Thus, it is hypothesized that

H1: The more a product contains design attribute-val-
ues referring to a target category, the more it will be
perceived as a member of the target category.

However, this effect should be limited to changes in
attribute-values that affect physical interaction with
the product (e.g., shape and position of the motorbike
seat). Thus, changes in attribute-values that do not
alter product affordances (e.g., product color) are not
expected to change the product’s classification toward
a target category. Hence,

H2: Adding an irrelevant attribute-value (i.e., not con-
taining information about the product’s affordances)
will not change classification of the product toward
membership in the target category.



EMBODIED COGNITION AND PRODUCT DESIGN

Shape
Prégnanz

Figure 2. Motorbike Design Frame

Support for H1 and H2 would suggest that perceptual
design elements can be used strategically to support
line-extension strategies, which is a logical step due to
the importance of product design during brand per-
ception. In the case of KTM, in order to extend their
brand image into the street-motorbike segment,
street-bike design elements were added gradually to
a series of subsequent models as an alternative to im-
mediately introducing a full KTM street bike. To
show the effects on brand perception and categoriza-
tion of manipulating such perceptual design elements,
the following study was conducted.

Table 1. Attribute-Value Sets for Different Motorbike
Categories (Off-Road versus Street)

Off-Road Bike
Attribute-Values

Street Bike
Attribute-Values

Jumping Shape

Studs on Tire Tread

Greater Wheel-Fender

Distance

Slim Tank Form

Smaller Exhaust Pipe
—Saddle Distance

Sliding Saddle Form

Reclining Shape

Smooth Tire Tread

Smaller Wheel-Fender
Distance

Belly Tank Form

Greater Exhaust Pipe
—Saddle Distance

Stepped Saddle Form

Motorbike Design
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Legend: The left-hand values of
each attribute-value pair refer to
the design of off-road motorbikes,
while the right-hand values refer
to designs of street motorbikes.

Experiment: The Influence of Design
Attribute-Value Sets on Brand Categorization

To evaluate the effect of perceptual design changes,
strongly reduced black-and-white drawings of motor-
bikes were created in which only one or two design
attribute-values were modified. This approach avoids
possible biases from the more detailed features shown
in the motorbike images in Figure 1 compared to
Figure 2, which differ slightly in terms of such things
as motor design, background light, color, small design
details on fenders, and spokes. In this way, the effects
of changes could be isolated in the second and third
attribute-value sets in Figure 2.

Method

Participants. Forty-three part-time students in
courses in computer science and business manage-
ment at a large university in central Europe who rated
themselves as being highly knowledgeable about mo-
torbikes volunteered to participate (one female aged
24 years and 42 males with a mean age of 29.7 years).
Since the results of the one female participant did not
affect the overall results, the analysis below examines
all participants without regard to gender.
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Figure 3. Experimental Design—Four Motorbikes with Different Attribute-Values

Design and procedure. The experiment employed a
within-subjects design. Each participant received a
printed sheet with four simplified black-and-white im-
ages of motorbikes (see Figure 3). The models pre-
sented differed through the second (tire tread) and
third (wheel-fender distance) attributes in the motor-
bike design frame in Figure 2. A control variable, col-
or, also was manipulated. Since color is not an
attribute in the given frame that changes the affor-
dances of riding a motorbike, it should not influence
categorization of motorbikes. Model C contained all
attribute-values that characterize off-road motor-
bikes; model A contained one attribute-value (smooth
tire tread) typical of street motorbikes; and model D
had two attribute-values (smooth tire tread; small dis-
tance between wheel and fender) typical of street mo-
torbikes. Model B had the same attribute-values as
model C, except that it had parts that were colored
light gray instead of black, which was a control var-
iable not expected to have any effect on perceiving
motorbikes as more “off-road” or “‘street” (see frame
in Figure 2).

The participants were instructed to evaluate wheth-
er each of the four motorbikes should be classified as

an off-road or street bike, using a seven-point ordinal
scale (left pole, 1 = “off-road motorbike’; right pole,
7 = “‘street motorbike’’). Participants were specifically
instructed to rate the motorbikes according to their
impression when seeing them for the first time rather
than to consciously assess attribute-value differences
among models.

Results and Discussion

As shown in Figure 4, motorbike models B (mean =
1.77,s.d. = 1.07) and C (mean = 1.79, s.d. = 0.71) were
strongly perceived as off-road motorbikes. Model A
was perceived to be more of a street bike (mean = 4.16,
s.d. = 1.21). Model D was perceived as the most typ-
ical street bike among the four models (mean = 5.72,
s.d. = 1.05). The range of means from 1.77 to 5.72 on a
seven-point scale shows that consumer perception of
key attribute-value sets from abstract sketches of the
motorbike models matched the judgments of product
designers and other experts, indicating high content
validity of the experimental design. Friedman two-way
analysis of variance (ANOVA) shows highly signifi-
cant (chi-squares43) = 110.893, p<.001) differences
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Figure4. Mean Ratings of Motorbike Models (1 = off-road,
7 = street bike)

among the four motorbikes. Furthermore, a pair-wise
comparison of each motorbike using the Wilcoxon
signed-rank test confirms the expected effects: com-
pared to models B and C, model A was rated signif-
icantly more like a street motorbike: A-B (Z = 5.107;
p<.001); A—C (Z=5.438; p<.001) but significantly
less like a street bike than model D: D-B (Z = 5.699;
p<.001); D-C (Z=5.751; p<.001) on the same scale.
The difference between models A and D was also
perceived as highly significant (Z = 5.402; p<.001).
These results support H1. In addition, both models B
and C were perceived as typical off-road motorbikes.
Since there was no significant difference measured
between the ratings of B and C (Z = 0.825; p = .410),
it can be concluded from this data that color did not
have an effect on perception of product category
membership (off-road or street motorbike). These re-
sults support H2.

The results show a strong effect of perceptual de-
sign attribute-value sets on product category mem-
bership. The more design attribute-values a product
contains that refer to a specific category, the more it is
perceived as a member of that category. This research
also shows that irrelevant attribute-values (gray color)
did not distort perception or categorization. Thus, it
can be concluded that a gradual introduction of a line
extension can be supported by the incremental addi-
tion of perceptual design attribute-values of the target
category. In addition, this research indicates that a
combination of design attribute-values indicating two
different subcategories (off-road and street motor-
bikes) produced a mixed impression of both catego-
ries. This study’s experimental results suggest that an
appropriate hybrid product—i.e., combining key per-
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ceptual attribute-values from the target product cat-
egory with attribute-values from the original brand
category—can bridge the gap between the two cate-
gories rather quickly. The effectiveness and speed of
this leap can be tested also in future experiments.
Though a hybrid product might be difficult to posi-
tion in the market until it can further evolve into a
member of the target category, announcing it to the
market may constitute an important intermediate
stage in the process of changing or extending the mar-
ket’s perception of the existing brand to include the
new target category.

Limitations

The present study has a number of limitations. First,
though the measure of category membership showed
strong effects, only two key product attribute-values
were manipulated (tire tread and wheel-fender dis-
tance) among many possible others, and extreme val-
ues of these attributes were used. Future experiments
are needed to test whether similar effects would be
found for additional but possibly less salient attribute-
values. Also, the present study tested the effects of
only generic product features on the categorization of
new motorbike models but not the effects of brand-
specific design features (e.g., the presence of KTM’s
well-known sharp-edged “Z” fender, which is typical
of its off-road models) on a new KTM-brand street-
bike model. Additional research is also needed to
determine which attribute-value modifications, num-
ber of modifications, and frequency of modifications
must be made to achieve specific brand-strategy
results.

Second, though the study’s participants were
knowledgeable motorbike enthusiasts, they were all
students and thus were not representative of the gen-
eral population. Future studies should test other rel-
evant demographic categories. Third, this study
examined only one type of product: motorbikes. Fu-
ture research is needed to test whether these findings
generalize to other product categories. Fourth, a with-
in-subjects experimental design was employed in
which all four motorbikes were evaluated by the
same group of participants. Future studies can test a
between-subjects design in which different groups
of participants would evaluate one motorbike model
exclusively. Fifth, using gray as a control variable
(for motorbike model B) instead of another color
was a relatively weak manipulation of this attribute.
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However, the strong association of certain colors with
specific motorbike brands (e.g., red with Ducati or
orange with KTM) suggests that a neutral color not
associated with an established brand may have been
the most appropriate choice for this experiment.

Another limitation is that our experiment did not
involve a direct manipulation of physical movement
or product affordances. Instead, the “embodied” as-
pect was only perceptually suggested by two-dimen-
sional sketches of wvarious motorbike models.
Nevertheless, PSS theory suggests that even this type
of disembodied stimulus may be sufficient to induce
mental simulation of product usage by experienced
consumers and thus may produce the observed cate-
gorization effects. Certainly, future experiments could
try to test embodiment more directly, for example by
examining the effect of manipulating participants’
body position on the perception and judgment of af-
fordances offered by different motorbikes (pictures or
actual bikes).

Theoretical and Managerial Implications

The purpose of this research was to show how em-
bodied perceptual symbols enable effective new prod-
uct design and how strategically planned design
changes can support line-extension strategies. This
approach offers a number of theoretical and manage-
rial implications.

First, this research shows that embodied cognition
and perceptual symbol systems are a productive
theoretical framework for studying new product
development and, more generally, managerial and
consumer decision-making. PSS theory offers a prin-
cipled theoretical basis for understanding the role of
perception in categorization and the organization of
knowledge in the mind. The embodied view focuses
on how consumers can physically interact with prod-
ucts and how perceptual design information plays a
crucial role in communicating product affordances.
Ideally, future research from an embodied perspective
would involve some type of physical manipulation
that would activate a perceptual mental simulation of
actual product use. The embodied perspective also
suggests possible research on the effects of blocking
consumers from the opportunity to try new products,
such as occurs when shopping for apparel or other
experiential products online (see Rosa and Malter,
2003).

This research also draws attention to the impor-
tance of product design in branding, guided by a focus
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on how a consumer could use the product, subject to
the constraint of how her or his body can interact with
it (i.e., an “embodied” constraint). The concept of
mental frames composed of perceptual symbols and
the process of mental simulation enable brand man-
agers to more easily analyze the likely effects of dif-
ferent design elements within brand perception.
Although definitive tests of different combinations
of attribute-values requires experimentation, this
may be too time consuming and expensive for most
practical problems in companies. Product designers
are often very skilled in determining relevant design
attribute-values and transferring them to other ob-
jects. In this context, the frame concept can be a useful
aid for discussing combinations of various design ele-
ments, especially between brand or product managers
and designers.

The frame concept is particularly useful if designers
can utilize the embodied constraints of the target con-
sumer and how they can physically interact with a
product. For example, Dahl, Chattopadhyay, and
Gorn (1999) found that incorporation of an image
of the customer in ‘“‘imagination visual imagery”
(which in the present authors’ view is equivalent to
embodied mental simulation using frames composed
of perceptual symbols) during the new product design
process improved the perceived usefulness and cus-
tomer appeal of product designs for objects that are
physically handled by consumers (i.e., an umbrella or
a car jack for changing automobile tires). Incorporat-
ing an image of the target customer (here, elderly
consumers) in designers’ mental simulations provides
essential embodied constraints on designers’ imagina-
tion during the design process. From this perspective,
it is not surprising that Dahl, Chattopadhyay, and
Gorn (1999) found that when designers were not ex-
plicitly instructed to incorporate the target consumer
in their mental simulations, the resulting designs were
judged to be more original but less useful and less
appealing to the target customer group.

Another important aspect that needs to be taken
into account when planning line-extension strategies
is the transfer of design elements that characterize a
particular brand (e.g., the grill or lights of a BMW
automobile) to another product or brand. The trans-
fer of such complex composites of perceptual features
may be especially difficult, since brand attribute-val-
ues are not reduced to single elements but also may
be determined by line geometry, relationships between
bodies and lines, or other geometric principles. Al-
though perceptual psychology has developed several
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important principles of shape perception (Palmer,
1999), research still remains at a very abstract level.
Thus, future research should focus on the process
of how certain geometric design principles may be
mentally transferred from one product to another
(see Kreuzbauer, 2002; Palmer, 1999). Technology
(e.g., computer-aided design software) may further
aid product designers in imagining changes in at-
tribute-value combinations and may help them test
the effects of possible line extensions on brand per-
ception.

Finally, this research examines the effects on con-
sumer learning processes of gradually adding new
design attribute-values to a current brand. Further
research is needed to better understand which at-
tributes should be introduced first, how fast various
design elements should be added, and the differential
impact these changes may have on categorization as
the brand shifts from its original category. Future re-
search also could investigate how additional design
elements can extend brand-knowledge structures so
that line extensions become more easily accepted by
target consumers.
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