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ABSTRACT

In contemporary markets, brand identity constitutes a central dimension of competitive advantage, with
product design elements functioning as concrete vehicles for conveying corporate culture, values, and
philosophy. From the user perspective, recognition of brands is mediated by the perception of such
elements, which can be framed as Kansei images. This article incorporates brand recognition into the
framework of Kansei Engineering and develops two lines of discussion around this core. Empirically,
an eye-tracking and electroencephalography (EEG) experiment using bicycles as a case study
investigated how color and pattern influence cognitive responses and recognition accuracy. Results
demonstrate that these variables significantly shape attentional allocation and affective states, and
improve recognition accuracy by offering salient perceptual cues. These findings underscore the value
of physiological measures as rigorous tools for Kansei Engineering-based research on branding.
Conceptually, the article proposes a framework of Systemic Kansei Engineering (SKE) to consider the
increasing complexity of corporate environments, particularly in diversified groups that encompass
multiple divisions, subsidiaries, brands, and deliverables. The framework introduces six central
concepts—business strategy entity, business strategy system, Kansei target, Kansei target system,
Kansei image, and Kansei image system—forming a structured correspondence between enterprise
intentions and user perceptions. SKE aims to explore the alignment of Kansei target systems and Kansei
image systems as well as the co-evolution between business strategy systems and Kansei target systems.
Branding is identified as an effective starting point for advancing SKE, which can equip enterprises with
methodological means to reinforce the long-term competitive differentiation.
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1 INTRODUCTION

In the twenty-first century, brand has become a core source of competitive advantage for enterprises [1].
Organizations seek to communicate their culture, values, and philosophy through the construction of a
distinctive brand identity, with product features serving as the tangible carriers to shape brand value and
convey the embedded meanings [2]. The history and cultural heritage of a company are perpetuated
through the continuous cultivation of brand recognition, which establishes a solid foundation for
enduring development [3]. From the user’s perspective, brand recognition is largely achieved through
the perception and experience of product features. Well-designed products can enhance brand-related
perceptions across multiple dimensions, thereby increasing user satisfaction and loyalty, and fostering
long-term relationships with the brand [4]. In this regard, a user’s overall perception of a brand can be
understood as a comprehensive Kansei image that is fundamentally grounded in product features.

The key proposition of this article is to conceptualize brand image as an important Kansei image, thereby
integrating issues of consumer brand identification into the framework of Kansei Engineering.
Originating in Japan [5], Kansei Engineering is a well-established design methodology that emphasizes
the systematic linkage between abstract emotional imagery and concrete design elements [6]. Through
statistical modeling, experimental analysis, and design mapping, Kansei Engineering transforms
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consumers’ implicit and often ambiguous emotions into actionable design information, enabling
designers to more accurately address users’ affective expectations during product development. Over
the past several decades, Kansei Engineering has been successfully applied across diverse fields, such
as automotive [7], household appliances [8], human—computer interfaces [9], and apparel [10],
demonstrating its efficacy in bridging the gap between sensory impressions and design features.
Building on this theoretical foundation, it is possible to bring new, more rigorous and evidence-based
approaches to brand experience design and business strategy development.

In recent years, physiological measurement techniques such as eye-tracking and electroencephalography
(EEG) have been increasingly adopted in Kansei Engineering research [11]. While such measures cannot
directly capture users’ attitudes or opinions, they provide objective insights into emotional fluctuations
and attentional allocation during the interaction process, thereby offering new methodological
opportunities for advancing research in this field. Existing studies on brand identity have primarily
focused on visual elements in logo design and advertising [12], [13], [14], with comparatively limited
discussion on the relationship between product design elements and brand identity following a Kansei
Engineering tradition. However, as noted earlier, product design elements constitute critical factors in
shaping brand-related affective impressions. Against this backdrop, the present study seeks to explore
this path by employing experimental methods based on eye-tracking and EEG, with detailed analyses
presented in Section 2.

On this basis, this study further considers the future role of Kansei Engineering in business strategy from
a forward-looking perspective. The contemporary business environment is characterized by high levels
of complexity and rapid change, with increasingly diverse corporate structures and product portfolios
[15], [16]. It is not uncommon for two seemingly unrelated products to originate from the same corporate
group. At present, only companies with relatively concentrated business scopes or strong market
visibility appear to possess the capacity to construct a systematic brand identity [17], [18]. This
phenomenon highlights the lack of effective methods to guide enterprises in implementing brand-
oriented Kansei design—methods that not only articulate unique target emotions at the level of
individual products, but also ensure coherence of images across the entire business system. Section 3
discusses this potential direction, with the aim of providing inspirations for future research and practice.

2 DESIGN ELEMENTS AND BRAND RECOGNITION: AN EYE-TRACKING

AND EEG CASE STUDY ON BICYCLES

This section employs eye-tracking and EEG to examine the influence of design elements on consumer
brand recognition, using bicycles as a case study. Bicycles represent a product category in which brand
is a critical driver of market differentiation. In Asia, particularly in China, growing environmental
awareness [19] and the promotion of healthy lifestyles [20] have repositioned bicycles at the core of
urban mobility, contributing to steady market growth. At the same time, the high homogeneity of
bicycles makes brand recognition particularly salient, thereby underscoring the relevance of this study.
The primary objective of this experiment is set to investigate the effects of bicycle color and pattern on
cognitive behaviors and recognition accuracy during the process of brand recognition by users.

2.1 Experiment design

2.1.1 Materials and equipment

To ensure effectiveness and authenticity in brand recognition, this experiment employed real bicycle
images sourced from the market as experimental materials. Four different brands were selected, and for
each brand, one mountain bike and one road bike were included. Each bicycle was presented in two
views—a side view and a perspective view—resulting in a total of 8 bicycle models and 16 images. The
experimental design involved two independent variables, each with two levels: Color: Color / No color;
Pattern: Pattern / No pattern. Therefore, each image was processed into four stimulus conditions:
Condition A: no color, no pattern; Condition B: no color, pattern; Condition C: color, no pattern;
Condition D: color, pattern (see Figure 1). ErgoLAB 3.0 software was employed for experimental
program design, stimulus presentation, and the acquisition of eye-tracking and EEG data. Eye movement
data was recorded with a Tobii Pro Nano eye tracker, and EEG data was collected using a Bitbrain
water-based electrode EEG system.
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2.1.2 Procedure

Each participant completed tasks under four stimulus conditions (A, B, C, and D). Given the physical

burden of wearing an EEG cap, the experiment was conducted on two days, with two conditions tested

in one day. Within each condition, the task was divided into two parts: feature recognition and brand
recognition. The order of the four conditions was randomized across participants. The experimental
flow for each condition is illustrated in Figure 2, with the specific steps described below.

Pre-experimental preparation

1. Provide participants with a description of the experimental rules and tasks.

2.  Fit and adjust the EEG device.

Part 1: Feature Recognition

1.  Calibrate the device and conduct practice trials before the formal experiment.

2. Recalibrate the device; Present a fixation cross at the screen center for 3000 ms; Present the bicycle
model name and corresponding brand name for 5000 ms; Present a fixation cross at the screen
center for 3000 ms; Present two views (side view and perspective view) of the bicycle, each for
8000 ms; Repeat the above sequence until all materials for the given condition are presented.

3. Provide participants with a rest period.

Part 2: Brand Recognition

1. Calibrate the device and conduct practice trials before the formal experiment.

2. Recalibrate the device; Present a fixation cross at the screen center for 3000 ms; Randomly present
a bicycle image for 10,000 ms; Participants identify the brand and model name of the presented
bicycle; Repeat the above sequence until all materials for the given condition are identified.

3. Provide participants with a rest period before proceeding to the next condition.

2.1.3 Participants

A total of 40 college students aged 21-26 years were recruited to participate in the experiment. All
participants were right-handed, had normal or corrected-to-normal vision, and reported no health issues
such as color blindness, color weakness, or attention deficit. They were instructed to refrain from alcohol
and caffeine intake for at least two hours prior to the experiment. The study was approved by the Ethics
Committee of Tianjin University (approval number: TJUE-2023-327), and written informed consent
was obtained from each participant prior to participation. Six cases were excluded from the analysis
because of high levels of noise, resulting in 34 valid cases: 16 males (M = 23.94, SD = 1.20) and 18
females (M =22.61, SD = 1.34).

no color / no pattern no color / pattern color / no pattern color / pattern

Figure 1. Example of four stimulus conditions manipulated by color and pattern variables

Repeat until all stimuli are presented

E_xper/m'ent Practice + Brand name Rest
instruction Model name

3000ms 5000ms 3000ms 8000ms 8000ms
3000ms 10000ms

. Identify brand & Rest and prepare
Practice i
model name for next condition

Repeat until all stimuli are |dent|f|ed

Figure 2. Experimental procedure (excluding device setup and calibration steps)
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2.2 Experiment results

The dependent variables for eye tracking data analysis include: average pupil diameter, saccade duration,
saccade distance, and fixation duration. The dependent variables for EEG data analysis include: Delta
wave, Theta wave, Alpha wave, Beta wave, and Gamma wave. The repeated measures analysis of
variance (ANOVA) is used to analyze the eye movement and EEG data, and the chi-square test is used
to analyze the identification results of bicycle brands. Due to the length limitation, only results with
significant differences are reported, and analyses of interaction effects are omitted. The eye movement
data analysis results are shown in Table 1. The results of EEG data analysis are shown in Table 2. The

chi-square test results of bicycle brand recognition are shown in Table 3.

Table 1. Results of repeated measures ANOVA of eye movement data

Level of
Dependent | Independent . Standard
variable variable F-value | p-value lndep.e ndent | Mean (M) deviation (SD)
variable
Average pupil N No color 3.349 0.419
diameter Color 14.714 1 0.000 Color 3.281 0.401
No color 0.759 0.478
1 A .023%*
Saccade Color 5157 0.023 Color 0.711 0.509
duration No pattern 0.770 0.505
*
Pattern 11.329 0.001 Pattern 0.699 0.481
Saccade « No pattern 160.277 60.498
distance Pattern 11917 0.001 Pattern 151530 64.011
No color 3.683 2.040
*
Fixation Color 19.205 1 0.000 Color 3.291 2.160
duration No pattern 3.569 2.112
*
Pattern 4.043 0.044 Pattern 3 404 2109
*p <.05.
Table 2. Results of repeated measures ANOVA of EEG data
Dependent| Independent F-val al Level of independent Mean Standard
variable | variable “value | p-value variable (M) |deviation (SD)
No color 0.225 2.363
*
Alpha wave|  CO'°" 6.939 | 0.009 Color 0.808 2.428
(o) N No pattern 0.277 2.399
Pattern 4.692 0.031 Pattern 0.756 2403
No color -1.848 2.438
*
Beta wave Color 5052 0.018 Color -2.343 2.252
B) N No pattern -1.869 2.464
Pattern 4.741 0.030 Pattern 530 2208
Gamma « No pattern -8.433 3.167
wave (y) | rattem 4192 1 0041 Pattern 29.038 2785
*p <.05.
Table 3. Results of chi-square test of brand recognition
Independent Level of Error rate Accuracy rate 5 _value
variable independent variable (%) (%) L P
No color 43.20 56.80
%
Color Color 34.93 65.07 15.638| 0.000
No pattern 43.93 56.07 "
Pattern Pattern 3419 6531 21.692| 0.000
*p <.05.
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2.3 Discussion

Color exerted a significant effect on average pupil diameter, fixation duration, and EEG alpha and beta
waves. During brand recognition, non-colored images elicited higher levels of concentration, whereas
colored images provided more salient visual cues that reduced task difficulty. Participants exhibited a
more relaxed state facing colored images, and accuracy analysis further confirmed that color enables
faster and more accurate identification of bicycle brands. Pattern also showed significant effects on
saccade time, saccade distance, fixation duration, and EEG alpha, beta, and gamma waves. Patterned
bicycles elicited more targeted visual search behavior, while non-patterned bicycles induced greater
concentration and tension. Accuracy analysis revealed that pattern also significantly enhanced brand
recognition accuracy, indicating that visual patterns reduce task difficulty and facilitate brand
identification.

3 TOWARD SYSTEMIC KANSEI ENGINEERING: A CONCEPTUAL

FRAMEWORK FOR BRAND AND BUSINESS STRATEGY

Over the past several decades, Kansei Engineering has steadily expanded its scope and demonstrated
remarkable adaptability. Despite this breadth, traditional Kansei Engineering exhibits inherent
limitations. Its methodological procedures are often cumbersome and typically suited to the analysis of
a single object. Even when it is applied to entities such as services or product—service systems, these are
usually treated as holistic units or decomposed into interconnected sub-components, rather than
analyzed as intricate and complex systems. In many cases, the analytical focus is further narrowed to a
single dimension of an object—for instance, color, haptics, or form—thereby constraining the potential
of the approach. The empirical findings presented in Section 2 demonstrate the promising relevance of
Kansei Engineering to brand recognition, but also reflect these inherent limitations, encouraging further
exploration of its development for current and future business context.
As we can see, contemporary market environments require a more comprehensive framework.
Enterprise strategy and brand composition have become increasingly complex, particularly in
diversified corporate groups that operate multiple business divisions, subsidiaries, brands, and
deliverables. These business elements are organized in a multilevel architecture—e.g., business
divisions, subsidiaries, brands, and deliverables occupy different levels—but they are not isolated units.
Rather, elements within the same level are interdependent and complementary, and cross-level linkages
enable coordination of capabilities and resources, jointly contributing to value creation at the enterprise
level. Moreover, the system is dynamic: business units may be added, reconfigured, merged, or phased
out in response to shifts in technology, consumer demand, or competitive pressures. Although the
composition of such units varies greatly across firms, the underlying foundation of any business system
remains the concrete deliverables—products, services, and integrated solutions—that reach users.
These deliverables were also the primary focus of analysis in traditional Kansei Engineering. The new
challenge, therefore, lies in developing methods that can construct coherent and interconnected Kansei
structures within vast and dynamic business systems, not only for the bottom deliverables. Existing
attempts in this direction have generally relied on applying a fixed set of design elements—identified
through Kansei Engineering at the product level—across an entire product family in order to achieve
unity. While this approach has some practical value, it remains grounded in a reductionist perspective,
which decomposes design elements rigidly and mechanically. What is expected instead is a Systemic
Kansei Engineering (SKE) framework and methodology, one that acknowledges the dynamic
evolution of enterprise strategy. Such systemicity entails both integration and temporality. Reductionist
methods, by contrast, inevitably render Kansei Engineering static, limiting its ability to respond to the
fluid realities of brand and business system development.
The SKE framework proposed in Figure 3 illustrates this new perspective. Within this context, six key
concepts are defined, which constitute the foundation of the SKE framework:
e  Business strategy entity

Refers to any distinct unit within a corporation’s strategic architecture—such as a business division,

subsidiary, brand or deliverable—that possesses relative autonomy but remains interconnected

with other entities.
e  Business strategy system

Denotes the overarching configuration of business strategy entities and their interrelations, which

collectively shape the strategic logic and value creation of the enterprise.
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e Kansei target
Refers to a specific affective intention determined by an enterprise, which aims at guiding the
emotional or sensory impression to be conveyed by a business strategy entity. It represents the
designed goal of affective communication rather than the user’s actual perception.

e  Kansei target system
Represents the structured set of Kansei targets across different business strategy entities and the
interconnections among them. It reflects the enterprise-level architecture of affective intentions,
which may evolve dynamically with changes in the business strategy system.

e Kansei image
Refers to the actual affective impression perceived by users when interacting with a business
strategy entity. It arises from users’ cognitive, sensory, and emotional processing, and may or may
not align with the enterprise’s intended Kansei target.

e  Kansei image system
Denotes the integrated network of Kansei images formed in the minds of users across multiple
layers of business strategy entities. It reflects the systemic perception of the enterprise’s affective
identity from the user side, shaped through repeated interactions and accumulated experiences.

-
Business Strategy System )

Business Strategy
Entity

Business | Business
Strategy Entity Strategy Entity

Business | Business | Business
Strategy Entity Strategy Entity Strategy Entity

Co-evolution Interaction
e LX< ~N e 2 I ~N
{ Kansei Target } [ Kansei Image }

Kansei Kansei U Alignment N Kansei Kansei
Target Target <ﬁ> Image Image
Kansei Kansei Kansei Kansei Kansei Kansei
Target Target Target Image Image Image

Kansei Target System ) Kansei Image System
N J

Figure 3. Framework of Systemic Kansei Engineering (SKE)

To further elaborate, the SKE framework establishes a correspondence between the enterprise and the
users. The business strategy system is composed of multiple business strategy entities, each with distinct
yet interconnected roles in value creation. Parallel to this, the enterprise articulates Kansei targets for
each entity, which collectively form the Kansei target system as the affective dimension of the overall
strategy. Interactions with these entities generate Kansei images, which in turn accumulate into a Kansei
image system. In Figure 3, the relationships emphasized by the red lines and yellow arrows capture the
core concerns of SKE. Among these, the alignment between the Kansei target system and the Kansei
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image system have long been a central focus for enterprises, as it determines the effectiveness of
affective communication and reveals opportunities for design innovation and strategic adjustment.
Within the SKE framework, however, this concern is expanded to the system level.

Beyond the original aim of connecting design elements with Kansei images at the micro-level, SKE
seeks to establish links between the complex business strategy system and the corresponding Kansei
target system. For each individual business strategy entity, relationships with specific Kansei target
module can still be established using conventional approaches. In SKE, however, we aim to explore the
structural composition of the Kansei target system itself, as well as the reciprocal influences manifested
in the dynamic co-evolution with the business strategy system. Among all types of business strategy
systems, the brand system is arguably one of the most visible instances. Accordingly, the author
contends that research into SKE should begin with the Kansei study of brand systems. This is also why
the present study emphasizes the brand as its primary object of analysis.

In theoretical terms, SKE resonates with contemporary perspectives in strategic design and systems
thinking, both of which emphasize the integration of design-driven meaning within dynamic
organizational structures. Similar to strategic design, SKE treats affective intention as a strategic
resource embedded across multiple entities, ensuring coherence of emotional identity even in complex
multi-brand or multi-division settings. It also enables enterprises to detect and bridge gaps between
intended Kansei targets and perceived Kansei images at the system level, allowing timely adjustments
of design strategies and brand communication. Moreover, by integrating affective considerations into
strategic architecture, enterprises can foster long-term user loyalty through a unified affective identity
across different business strategy entities. From a systems thinking perspective, SKE conceptualizes the
interaction between Kansei targets and Kansei images as an evolving feedback system, supporting
adaptive alignment between enterprise strategy and consumer expectations.

4 CONCLUSIONS

This article addresses two interrelated themes: one situated in the present, and the other forward-looking,
with the relationship between brand and Kansei Engineering as the central focus.

First, using eye-tracking and EEG with bicycles as a case study, the study examined the influence of
design elements—such as color and pattern—on brand recognition. The purpose of this investigation is
not to generate detailed design guidelines but rather to demonstrate the methodological value of
incorporating brand recognition into the framework of Kansei Engineering. By conceptualizing brand
recognition as a form of Kansei image, this research explicitly introduces this highly commercial yet
inherently emotional construct into the field of Kansei Engineering. Building on this foundation, and
informed by current trends in the business environment, the article proposes a preliminary conceptual
framework for Systemic Kansei Engineering (SKE). Although still lacking direct empirical
implementation, this perspective outlines a promising future research direction. Traditional Kansei
Engineering has been inherently micro-oriented, even when applied to relatively macro-level objects. In
contrast, SKE seeks to transcend this limitation by addressing the inherent complexity of Kansei target
systems corresponding to complex business strategy systems, and by exploring their dynamic
interrelations. Within this broader vision, the brand system emerges as the most explicit and accessible
business strategy system, making it an appropriate starting point for advancing the research of SKE.

It is hoped that this discussion will stimulate further research attention toward the intersection of Kansei
Engineering and branding, while also laying the groundwork for breakthroughs in the development of
SKE in future studies.
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