
Academic Editors: Joonheui Bae and

Min Jung Cho

Received: 2 August 2026

Revised: 8 September 2026

Accepted: 14 September 2026

Published: 16 September 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Understanding Consumer Engagement in Digital Sport
Commerce: A Kano-SERVQUAL Evaluation of Interactive
Features and Platform Quality
Jaeyoon Kwon , Sangback Nam *,† and Kyunghan Yoon *,†

Department of Sports Science, Hanyang University, ERICA, Ansan 15588, Republic of Korea;
heykwon@hanyang.ac.kr
* Correspondence: nsb@hanyang.ac.kr (S.N.); kyunghanyoon@hanyang.ac.kr (K.Y.)
† These authors contributed equally to this work.

Abstract

Digital sport platforms increasingly mediate consumer experience through AI-driven in-
terfaces, yet it remains unclear which interactive elements consumers treat as baseline
expectations versus genuine engagement drivers. An integrated Kano-SERVQUAL model
was applied to evaluate the service quality of virtual cycling platforms in this context.
An online survey was conducted with 458 adults who regularly used a virtual cycling
platform. Service quality attributes demonstrated a five-dimensional structure: tangi-
bles, reliability, responsiveness, assurance, and empathy. Twenty service attributes were
classified following Kano’s model, and Better–Worse coefficients and a combined impact
score were calculated to identify strategic priorities. Twenty attributes clustered into four
distinct regions based on Timko’s Better–Worse matrix. One-Dimensional Quality (High
Better, High Worse) included technical infrastructure attributes such as content updates,
platform composition, data consistency, connection stability, and server stability under
large-scale connections. Attractive Quality (High Better, Low Worse) was characterized by
differentiating features, including event diversity, reflection of user suggestions, tutorial
guide clarity, verified workout programs, and post-ride reports. Must-Be Quality (Low
Better, High Worse) comprised graphics quality, UI convenience, and avatar design base-
line attributes whose absence triggers high dissatisfaction, along with pedal resistance
response (Reverse quality). Indifferent Quality (Low Better, Low Worse) encompassed
attributes including technical support, testing tools, competitive systems, reward systems,
and personalized recommendations, representing lower priority features. Thus, consumer
engagement with AI-mediated digital sport platforms is structurally non-linear, requir-
ing attribute-differentiated management strategies that distinguish trust-critical interface
reliability from engagement-driving personalization. These findings offer theoretical im-
plications for consumer decision-making in interactive digital commerce, though trust,
engagement, and decision-making were not directly measured as outcome variables in
this study.

Keywords: algorithmic personalization; consumer decision-making; engagement and trust;
digital commerce; virtual cycling; Kano model; SERVQUAL; human–AI interaction

1. Introduction
With the recent acceleration of digital transformation, how people participate in sports

has been rapidly reconfigured to transcend the constraints of physical space [1]. Virtual
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cycling platforms combine immersive digital content, real-time competitive elements, and
global community features within the training environment, transforming conventional
indoor cycling into an interactive sports experience [2]. Virtual cycling platforms have
experienced rapid user growth since the COVID-19 pandemic and now serve a broad
user base, ranging from elite athletes to general recreational participants, with industry
reports indicating that the global virtual cycling and connected fitness market has expanded
substantially in user adoption and revenue over this period. Furthermore, virtual cycling
provides aerobic exercise benefits without requiring physical travel, thereby creating points
of convergence with environmental values, such as reduced carbon emissions and sustain-
able leisure participation. As these platforms increasingly mediate the sport experience
through algorithmic feedback and personalized digital content rather than physical facili-
ties alone, the quality of this AI-mediated interaction becomes a direct driver of whether
users continue engaging with the platform. In this context, systematically measuring the
interactive service quality of virtual cycling platforms and understanding how consumers
evaluate these AI-mediated interactions have emerged as important tasks for platform
operators, users, and researchers.

Virtual cycling has evolved beyond being a simple substitute for indoor cycling
into a platform-based form of exercise that integrates digital technology with the sports
experience, a trajectory that parallels the broader diffusion of immersive digital technologies
across service contexts, from digital games [3] to interactive virtual reality experiences
more generally [4] and virtual reality tourism [5]. Although these domains differ in
user motivation and interaction mechanism, they collectively illustrate how immersive
digital technologies reshape service experience across sectors—a pattern directly relevant to
connected fitness platforms, where algorithmic feedback similarly substitutes for physically
embodied service delivery. This trajectory mirrors developments in virtual reality-based
education, where simulation technologies have similarly transitioned from novelty tools to
platform-based learning experiences [6]. Within the cycling domain specifically, dedicated
virtual reality cycling simulators have been developed to replicate real-world terrain
physics and resistance dynamics [7], embedding real-time algorithmic feedback—such as
resistance calibration and personalized workout recommendations—within a recurring
subscription-commerce model. This positions the platform’s responsiveness to user input,
rather than physical infrastructure alone, as a core determinant of continued engagement,
and reframes virtual cycling as a form of algorithmically mediated digital commerce rather
than a purely fitness-oriented activity.

SERVQUAL, the dominant paradigm in service quality research, quantifies the gap
between customer expectations and perceptions across five dimensions: reliability, re-
sponsiveness, assurance, empathy, and tangibles [8]. These five dimensions structure the
questionnaire used to measure virtual cycling service attributes (Section 2.2) and thereby
determine which attributes are subsequently classified under the Kano model in Section 3.
This model has been widely applied across diverse service industries [9] and has been
used in the sports and recreation service sector to examine its relationship with facility
quality, program satisfaction, and member retention [10,11]. However, SERVQUAL has
been criticized for implicitly assuming that service attributes symmetrically affect satisfac-
tion and dissatisfaction, which presupposes a simplified relationship in which fulfilling a
given attribute linearly increases satisfaction—that is, an assumption that the presence and
absence of an attribute produce a proportionally equal, linear change in satisfaction, rather
than the asymmetric effects observed in practice [12]. In digital sports service environments,
attributes such as system stability, the absence of which triggers immediate dissatisfaction,
coexist with those such as immersive racing content or AI-based personalized feedback,
which generate additional appeal only when provided. These two types of attributes play
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fundamentally different roles in the structure of customer responses and, more broadly,
in how consumers form trust in and engagement with algorithmically mediated digital
platforms. Therefore, a strategic research approach that moves beyond a simple linear
satisfaction structure is required.

Service quality is a multidimensional concept formed by comparing the service con-
sumers expect and that which they actually experience, and is among the most widely
applied core theories in service research [13,14]. However, as digital transformation accel-
erates, service quality has expanded beyond the scope of traditional face-to-face services
to encompass system quality, information quality, interface convenience, real-time respon-
siveness, and AI-driven personalized experience [15,16]. In digital environments, platform
operational stability, information accuracy, access convenience, and user customization are
more critical criteria for quality judgment than physical facilities. Thus, each dimension
of SERVQUAL must be reinterpreted to fit the platform context [17]. This reinterpretation
is part of a broader pattern in which digitalization reshapes the sources of competitive
advantage across service industries [18]. Although traditional information system suc-
cess models [19] offer frameworks for evaluating technical quality, they often overlook
the complex interplay between physical exertion, immersive content, and socioemotional
interaction unique to digital sports platforms.

An integrated Kano–SERVQUAL approach can address this limitation by enhancing
analytical precision, simultaneously capturing the current fulfillment level of a service
attribute and its position within the customer response structure [20]. Whereas SERVQUAL
measures service quality through the gap between expectations and perceptions, Kano
classifies the type of influence each attribute exerts on satisfaction and dissatisfaction [21].
Specifically, SERVQUAL by itself only measures the size of the expectation–perception gap
for each dimension, implicitly treating every attribute as contributing to satisfaction in the
same linear way; Kano instead classifies each attribute into a distinct quality type—for
example, a “must-be” attribute whose absence causes dissatisfaction but whose presence
is merely expected, versus an “attractive” attribute that delights customers when present
but causes no dissatisfaction when absent. Combining the two approaches enables a
simultaneous analysis of the current level of a service attribute and the structure of cus-
tomer responses, allowing a more precise derivation of service improvement strategies.
The usefulness of this integrated approach has already been demonstrated in studies of
automotive service quality [22] and digital library service quality evaluation [23], and
Materla et al. [24] emphasized the strong theoretical validity for strategic service design
that the combined Kano-SERVQUAL model possesses. Given this established applicability
across service contexts, the integrated framework is expected to extend similarly to virtual
cycling platforms. In virtual cycling platforms, elements such as system stability, record
accuracy, and connectivity are likely to function as must-be or one-dimensional quality,
whereas immersive content, personalized coaching feedback, and competitive rewards may
function as attractive quality; these examples are illustrative and are examined empirically
in Section 3.

However, empirical studies applying this integrated framework to digital sports
platforms, including virtual cycling, remain scarce, and how consumers distinguish trust-
critical interface reliability from engagement-driving personalization within the user satis-
faction structure remains largely unexplored. To fill this academic gap, this study applies
the integrated Kano-SERVQUAL model to virtual cycling services as a representative case
of digital sports platforms. Accordingly, it systematically classifies the quality attributes
of virtual cycling services and empirically analyzes the influence of each attribute on user
satisfaction. Specifically, this study addresses the following research questions: (RQ1) Into
which Kano quality types do the service attributes of a virtual cycling platform fall? (RQ2)
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Which attributes represent the highest strategic priority for platform operators, based on
their Better–Worse coefficients?

This study aims to multidimensionally evaluate the service quality of virtual cycling
platforms using the combined Kano-SERVQUAL model. First, this study categorizes the
service attributes of virtual cycling platforms into five dimensions based on the SERVQUAL
model: tangibles, reliability, responsiveness, assurance, and empathy. Second, it applies an
augmented SERVQUAL-based perception-expectation gap analysis to diagnose the current
fulfillment level and relative strengths and weaknesses of each attribute. Third, it classifies
each attribute as attractive, one-dimensional, must-be, indifferent, or reverse quality using
the Kano model, and, fourth, integrates this classification with Better–Worse coefficients
into a combined impact index (see Section 3.1), aiming to strategically distinguish attributes
that platform operators should prioritize maintaining from attributes capable of generat-
ing differentiated competitive advantage. Furthermore, by distinguishing attributes that
function as baseline trust conditions of the platform’s AI-driven interface from those that
function as engagement-driving personalization features, this study offers a new theoretical
contribution to consumer decision-making research in interactive digital commerce.

2. Materials and Methods
2.1. Participants and Procedure

The participants were adults aged 18 years or older who had used Zwift, a virtual
cycling platform that is the world leader in terms of market share and has the largest user
base, at least once per week in the previous six months. Zwift was selected not only for its
market position but also for its comprehensive AI-enabled service ecosystem, including
algorithmic resistance calibration, personalized workout recommendations, and a broad
range of interactive social and competitive features, making it a representative context for
evaluating interactive service quality in digital sport platforms. Recruitment and the data
collection process proceeded as follows: a survey link was distributed through an online
survey using Google Forms, and 480 questionnaires were distributed through online com-
munities related to virtual cycling (Zwift, Facebook, and cycling club websites); interested
members accessed the link voluntarily and completed the questionnaire without researcher
intervention. The collection period spanned approximately 56 days, from 15 March to
15 May 2026, and respondents completed the questionnaire through self-administration,
meaning that participants read and answered all items independently online without
an interviewer present, which reduces interviewer bias but relies on respondents’ own
comprehension of the items. After excluding 22 questionnaires with insincere responses
(e.g., consistent patterned answers, omissions, or non-responses), the final sample included
458 valid questionnaires. All participants were informed in advance of the purpose of the
study, and their anonymity was guaranteed. The study was conducted with the approval
of the Institutional Review Board (IRB) of the authors’ affiliated institution (Approval No.
HYU-2026-182). Table 1 presents the participant characteristics.

Table 1. Demographic characteristics.

Division Frequency Ratio (%)

Gender
Male 344 75.1

Female 114 24.9

Age

20–29 95 20.7
30–39 162 35.4
40–49 125 27.3

50 or older 76 16.6
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Table 1. Cont.

Division Frequency Ratio (%)

Weekly usage frequency
1–2 times 82 17.9
3–4 times 328 71.6

5 times or more 48 10.5

Platform usage tenure

Less than 6 months 22 4.8
6 months to less than 1 year 208 45.4
1 year to less than 2 years 158 34.5

2 years or more 70 15.3

Primary purpose of use

Supplementary training for outdoor riding 82 17.9
Virtual racing participation and competition 152 33.2
Community activity and social engagement 37 8.1

Health management and weight control 181 39.5
Other 6 1.3

Total 458 100

2.2. Measurement

A questionnaire was used as the survey instrument, with all items and variables con-
structed based on prior research, consistent with this study’s purpose. The questionnaire
comprised two main parts: (1) positively and negatively worded Kano-type questions
assessing the 20 service quality attributes, each presented in both a functional (positive)
and dysfunctional (negative) format, and (2) demographic characteristics. After closely
comparing and analyzing prior research on satisfaction and immersive experience related to
virtual cycling service quality [25,26] and the potential customer satisfaction index [27,28],
the five-dimensional structure of SERVQUAL proposed by Parasuraman et al. [29] was
modified and applied to fit the context of virtual cycling platforms. These five SERVQUAL
dimensions define the service quality attributes evaluated in this study; the Kano-type
questions described above were then applied to each of these attributes to enable the
Kano-based classifications reported in Section 3. An initial pool of items was then extracted
by adding items deemed necessary to achieve this study’s purpose. Following a review of
prior literature and consultation with platform experts, each dimension was operational-
ized as described below. Specifically, an initial item pool was generated from the reviewed
literature, after which three researchers with expertise in sport service management inde-
pendently reviewed the items for content relevance and clarity; items retained by consensus
were then finalized into the 20-item instrument described below.

The Tangibles dimension comprised attributes related to the visual environment and
user interface (UI) and included four items: graphics quality, UI convenience, avatar imple-
mentation, and platform design. Two of these items (graphics quality and visual realism;
UI convenience and readability) combine closely related sub-facets into a single item; this
approach was adopted because pilot feedback indicated that respondents evaluated these
paired facets jointly rather than as separable judgments, and the high factor loadings for
both items on a single factor (Table 2) support their treatment as a unified construct. The
Reliability dimension reflected system stability and accuracy and was measured using
four items: connection stability, physics engine, data consistency, and server stability. The
Responsiveness dimension was related to content and operational response and comprised
four items: content updates, event diversity, technical support, and community commu-
nication. The Assurance dimension measured expertise and personalized training using
four items: training expertise, fitness assessment, data analysis, and guide clarity. The
Empathy dimension, which was related to social activity and algorithmically personal-
ized motivation, included four items: social interaction, competitive system, achievement
rewards, and personalization.

https://doi.org/10.3390/jtaer21090325

https://doi.org/10.3390/jtaer21090325


J. Theor. Appl. Electron. Commer. Res. 2026, 21, 325 6 of 13

Table 2. Questionnaire items and factor loadings from EFA: Kano-SERVQUAL.

Factor Items F1 F2 F3 F4 F5

Tangibles

Graphics quality and visual realism 0.824 0.121 0.054 0.113 0.088

UI convenience and readability 0.795 0.154 0.098 0.042 0.132

Sophistication of design, including avatar implementation 0.761 0.087 0.112 0.154 0.051

Sophistication of platform composition (theme and menu) 0.718 0.133 0.141 0.095 0.104

Reliability

Connection stability (e.g., smart rollers and heart rate monitors) 0.115 0.851 0.074 0.062 0.091

Accurate pedal resistance response to gradient changes 0.094 0.816 0.123 0.104 0.054

Consistency of data (e.g., power/speed) 0.142 0.788 0.051 0.119 0.102

Server stability under large-scale simultaneous connections 0.081 0.742 0.158 0.071 0.135

Responsiveness

Content updates (e.g., new riding courses/maps) 0.062 0.114 0.833 0.089 0.074

Diversity of events (e.g., group riding and challenges) 0.121 0.058 0.791 0.124 0.102

Technical support in case of system errors or bugs 0.094 0.142 0.756 0.051 0.119

Actual reflection of user suggestions for the service 0.147 0.082 0.712 0.141 0.085

Assurance

Training expertise (e.g., verified workout programs) 0.102 0.064 0.115 0.846 0.092

Tools for measuring individual performance (e.g., tests) 0.054 0.119 0.078 0.812 0.134

Provision of professional reports (e.g., post-ride segment records) 0.131 0.095 0.142 0.785 0.061

Clarity of guides (e.g., tutorials for beginners) 0.118 0.101 0.052 0.733 0.154

Empathy

Social interaction (e.g., real-time chat and cheering during rides) 0.074 0.091 0.084 0.112 0.865

Competitive system with others via segment leaderboards 0.135 0.052 0.121 0.094 0.812

Reward system supporting leveling up and exercise continuation 0.091 0.124 0.105 0.141 0.794

Personalized goal-setting and customized riding recommendations 0.072 0.093 0.084 0.112 0.777

Eigenvalues 3.842 3.421 3.115 2.954 2.718

% of Variance 19.21 17.11 15.58 14.77 13.59

Cumulative % 19.21 36.32 51.90 66.67 80.26

Cronbach’s α 0.845 0.882 0.814 0.856 0.839

The survey instrument comprised 45 items: 20 service quality attributes, each eval-
uated through a paired functional (positive) and dysfunctional (negative) Kano-type
question—yielding 40 items—from which the Kano quality type and Better–Worse co-
efficients for each attribute were subsequently calculated (see Section 3.1), and 5 items
concerning personal demographic characteristics. Each service attribute item was presented
in positive and negative question formats and rated on the five-point scale provided by the
Kano model: “I like it that way,” “It must be that way,” “I am neutral,” “I can live with it
that way,” and “I dislike it that way.” Table 2 presents the Kano-SERVQUAL factor analysis
results for the virtual cycling platforms; the factors were extracted using principal axis
factoring with varimax (orthogonal) rotation, retaining factors with eigenvalues greater
than 1, and sampling adequacy was confirmed via the Kaiser-Meyer-Olkin (KMO) measure
and Bartlett’s test of sphericity prior to extraction. Cronbach’s α values ranged from 0.814
to 0.882, verifying the internal consistency reliability for each derived factor.

2.3. Data Analysis

SPSS version 25.0 was used to analyze the data obtained from 458 questionnaires. First,
a frequency analysis was conducted on the demographic characteristics and general tenden-
cies of the participants. Second, to examine the validity and reliability of the questionnaire
as a survey instrument, exploratory factor analysis and reliability analysis using Cronbach’s
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α coefficient were conducted. Third, each item was classified and evaluated according to
Kano’s method into the following quality elements: attractive, must-be, one-dimensional,
indifferent, and reverse quality.

3. Results
3.1. Service Quality Attributes Classification Using the Kano Model and Combined Impact
Score Analysis

Each item was classified according to the Kano method into attractive, must-be, one-
dimensional, indifferent, and reverse quality using the Kano model to examine how users
perceive the quality attributes of virtual cycling platform service quality. Table 3 presents the
analysis results. Each virtual cycling platform service quality attribute was classified based
on these results. The Better and Worse coefficients used in the analysis were calculated
following Timko and Walden [30]. Because item-level current-satisfaction ratings (P) were
not collected in this study, a combined impact score was calculated as the sum of the
absolute Better and Worse coefficients (Better + |Worse|) for each attribute; this score
reflects the overall magnitude of an attribute’s combined influence on satisfaction and
dissatisfaction, rather than room for improvement relative to current satisfaction levels as
in the original PCSI formulation.

Table 3. Customer satisfaction coefficients and combined impact score for virtual cycling platform
service quality attributes.

Items Kano
Better

Coefficient
(Rank)

Worse
Coefficient

(Rank)

Combined
Impact Score

(Range)

Graphics quality and visual realism M 0.21 (18) −0.88 (1) 1.09
UI convenience and readability M 0.18 (19) −0.85 (2) 1.03

Sophistication of design, including avatar implementation M 0.22 (17) −0.82 (3) 1.04
Sophistication of platform composition (theme and menu) O 0.68 (8) −0.71 (5) 1.39

Connection stability (e.g., smart rollers and heart rate monitors) O 0.65 (9) −0.74 (4) 1.39
Accurate pedal resistance response to gradient changes R 0.25 (16) −0.70 (6) 0.95

Consistency of data (e.g., power/speed) O 0.72 (7) −0.62 (7) 1.34
Server stability under large-scale simultaneous connections O 0.64 (10) −0.58 (8) 1.22

Content updates (e.g., new riding courses/maps) O 0.75 (6) −0.52 (9) 1.27
Diversity of events (e.g., group riding and challenges) A 0.88 (1) −0.21 (15) 1.09

Technical support in case of system errors or bugs I 0.58 (12) −0.48 (10) 1.06
Actual reflection of user suggestions for the service A 0.84 (3) −0.18 (17) 1.02

Training expertise (e.g., verified workout programs) A 0.81 (4) −0.22 (14) 1.03
Tools for measuring individual performance (e.g., tests) I 0.61 (11) −0.42 (11) 1.03

Provision of professional reports (e.g., post-ride segment records) A 0.78 (5) −0.25 (12) 1.03
Clarity of guides (e.g., tutorials for beginners) A 0.85 (2) −0.15 (19) 1.00

Social interaction (e.g., real-time chat and cheering during rides) A 0.55 (14) −0.24 (13) 0.79
Competitive system with others via segment leaderboards I 0.52 (15) −0.19 (16) 0.71

Reward system supporting leveling up and exercise continuation I 0.58 (13) −0.16 (18) 0.74
Personalized goal-setting and customized riding recommendations I 0.15 (20) −0.11 (20) 0.26

Note: M = Must-Be Quality; O = One-Dimensional Quality; A = Attractive Quality; I = Indifferent
Quality; R = Reverse Quality.

3.2. Better–Worse Matrix Results

Based on the mean values of the Better and Worse indices (x-axis: Better = 0.57; y-axis:
Worse = 0.45), the 20 service attributes were categorized into a standard Timko’s [30] (1993)
quadrant matrix, revealing a clear clustering pattern across four regions (Figure 1).
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Figure 1. Quadrant matrix visualization of the Better–Worse coefficients.

It should be noted that the quality-type labels reported in the Kano column of Table 3
(M, O, A, I, R) were determined using the standard Kano evaluation table based on the
modal response category for each item [30,31], whereas the quadrant regions described
below are based on each item’s Better and Worse coefficient values relative to the sample
means. Because these two classification approaches rely on different decision rules, a small
number of items whose Better or Worse coefficients lie close to the sample means—technical
support, tools for measuring individual performance, social interaction, and the reward
system—show some divergence between their Kano-based quality type and their quadrant
position relative to the mean thresholds. For these borderline items, the Kano-based quality
type reported in Table 3 is retained as the primary classification in the discussion below,
and this divergence is noted here for transparency.

First, the One-Dimensional Quality Zone (Top-Right: High Better, High Worse) in-
cluded content updates (9), sophistication of platform composition (4), data consistency (7),
connection stability (5), and server stability under large-scale simultaneous connections
(8). These attributes exhibited strong effects on increasing satisfaction when fulfilled and
triggering dissatisfaction when absent. This suggests that technical infrastructure elements
function not only as basic requirements but also as core drivers of satisfaction that require
continuous performance enhancement and strategic resource investment.

Second, the Attractive Quality Zone (Top-Left: High Better, Low Worse) included
differentiating factors, such as event diversity (10), reflection of user suggestions (12),
clarity of tutorial guides (16), verified workout programs (13), and provision of post-ride
reports (15). Their Worse indices were low, meaning that although their absence did not
lead to major dissatisfaction, when provided, they substantially increased user satisfaction.
Notably, the highest Better index (0.88) among all items was event diversity (10), indicating
that content and event planning served as a primary lever for establishing the platform’s
competitive advantage. Social interaction (17) was also classified as an Attractive quality;
its Better coefficient (0.55) lies close to the sample mean, so it is discussed here as a latent
attractive factor rather than a strongly differentiating one.

Third, the Must-Be Quality Zone (Bottom-Right: Low Better, High Worse) included
graphics quality and visual realism (1), UI convenience and readability (2), and sophistica-
tion of avatar design (3). These attributes exhibited very high Worse indices (−0.88, −0.85,
and −0.82, respectively), meaning that their absence triggers severe dissatisfaction, whereas
their fulfillment yields only a limited increase in satisfaction. This indicates that users have
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internalized graphics and UI completeness as implicit baseline expectations. Additionally,
pedal resistance response to gradient changes (6, Reverse) was in this region with a high
Worse index (−0.70), highlighting that inappropriate technical resistance feedback can
cause significant dissatisfaction, thereby requiring precise calibration.

Fourth, the Indifferent Quality Zone (Bottom-Left: Low Better, Low Worse) comprised
attributes in which both Better and Worse indices were relatively low, including technical
support for system errors (11), testing tools (14), competitive systems (18), reward systems
(19), and personalized recommendations (20). As noted above, technical support (11),
testing tools (14), and the reward system (19) have Better coefficients slightly above the
sample mean; nonetheless, their Kano-based classification as Indifferent quality is retained
here. Currently, these elements function as lower-priority supplementary features in
shaping user responses.

4. Discussion
4.1. Technical Infrastructure: Moving Beyond Minimum Requirements

The Better–Worse matrix analysis results are theoretically grounded in the two-way
classification theory of quality attributes proposed by Kano et al. [31] and in the cus-
tomer satisfaction coefficient methodology developed by Timko and Walden [30], which
quantified this theory. Based on the premise that the relationship between performance
and satisfaction is non-linear, the Kano model classifies attributes into must-be (M), one-
dimensional (O), attractive (A), indifferent (I), and reverse (R) quality. By combining this
with the Better and Worse index coefficients proposed by Shahin et al. [32], this study
addressed the information-loss problem inherent in simple frequency-based classifica-
tion, that is, its failure to reflect the response distribution beyond the modal value [12],
and continuously visualized the magnitude of each attribute’s influence on satisfaction
and dissatisfaction.

First, regarding the direction of the mixed one-dimensional/must-be region (technical
infrastructure), power/speed data consistency (7), server stability (8), connection stability
(5), and content updates (9) exhibited a mixed pattern of M and O attributes. This mixed
classification pattern suggests that virtual cycling platforms should reframe technical in-
frastructure as an object of continuous performance enhancement rather than only meeting
the minimum requirements. Thus, platform operators should approach server stability
and data consistency not from a one-off bug-fix perspective but as targets for incremental,
continuous technical investment, such as minimizing latency under large-scale simultane-
ous connection environments and improving the precision of the real-time physics engine.
This continuous-investment strategy is consistent with Chin et al. [15], who noted that in
digital service quality, system quality functions as a precondition preceding information
quality, suggesting that a platform’s technical reliability serves as the structural foundation
for attractive quality elements (content, community features) to function properly. There-
fore, in terms of strategic direction, rather than foregrounding technical infrastructure as a
marketing element, the likely optimal strategy is to maintain a level of completeness that
remains imperceptible to users.

4.2. Content and Community: Strategy for Differentiating Platform Experience

Regarding the direction of the differentiating factor region (content and community),
the attractive quality characteristics exhibited by event diversity (10), reflection of user
suggestions (12), tutorial guides (16), and workout programs (13) clearly indicate the
direction that the platform should take to secure a future competitive advantage. Event
diversity (10), which recorded the highest Better index among all items, suggests that virtual
cycling platforms should transition from simple exercise tools to content platforms. This
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content-centric shift is consistent with the trend toward expanding immersive experience
noted by Hudson et al. [4] and calls for a content-cycle operation strategy involving the
regular release of new courses, seasonal challenges, and the establishment of a system for
incorporating user-generated content. Furthermore, the actual reflection of user suggestions
(12) showed a high Better index, indicating that platforms should adopt a participatory
governance structure rather than functioning as one-directional service providers. This
could be concretized by integrating online community-based user feedback loops into the
formal development process.

4.3. Graphics and UI: Baseline Management and Optimization

Regarding the direction of the must-be quality region (graphics and UI), the typical
must-be quality characteristics exhibited by graphics quality (1), UI convenience (2), and
avatar design (3) suggest that platforms should focus on maintaining the industry baseline
in this area rather than investing excessive differentiation resources. This does not imply
that investment in graphics is meaningless, but that the marginal utility of graphic complete-
ness has already reached perceived saturation. Therefore, in terms of strategic direction,
it is reasonable to prioritize the allocation of graphics resources toward maintenance and
cross-platform compatibility (interoperability with various devices and smart trainers)
rather than new feature development, which is consistent with the discussion of Talwar
et al. [5] regarding the expansion of accessibility in technology-mediated sports services.

4.4. Personalization and Adaptive Systems (Addressing Reverse and Indifferent Qualities)

Regarding the direction of the reverse-quality attribute, “accurate pedal resistance re-
sponse to gradient changes” (6) was intriguingly categorized as a Reverse Quality attribute.
This finding challenges the technological assumption that higher physical fidelity directly
yields greater satisfaction. In practical virtual cycling environments (e.g., Zwift), platforms
provide users with a “Trainer Difficulty” setting, allowing them to scale the mechanical
resistance induced by simulated gradients. For recreational users or beginners, replicating
a 1:1 real-world incline resistance can induce excessive physical exertion, compromise
cadence fluidity, and diminish overall exercise enjoyment. Conversely, experienced cy-
clists may seek high accuracy for training realism. Therefore, platform developers should
not treat resistance precision as a uniform requirement but rather implement adaptive
resistance calibration options tailored to individual proficiency levels and fitness goals.

Regarding the direction of personalized features, “personalized goal-setting and
customized riding recommendations” (20) registered the lowest combined impact score
(0.26) and was within the Indifferent Quality Zone. Although artificial intelligence and
personalized analytics are widely regarded as crucial drivers in modern digital services, the
virtual cycling users in this study did not perceive current algorithmic recommendations as
a primary source of satisfaction or dissatisfaction. This low responsiveness can be attributed
to two key factors. First, current platform recommendations may remain superficial (e.g.,
basic route suggestions), failing to meet users’ latent expectations for truly dynamic, bio-
data-driven coaching. Second, highly engaged cyclists frequently rely on specialized
third-party platforms (e.g., Strava or TrainingPeaks) for advanced performance tracking
and goal setting. Consequently, in-platform recommendation features currently serve
as secondary auxiliary functions, requiring operators to prioritize structural algorithm
upgrades or seamless integration with external training ecosystems before these attributes
can act as core differentiators. These interpretations should be read as directions suggested
by the Kano classification and Better–Worse coefficients rather than as evidence of trust,
engagement, or usage intention directly, as this study did not measure these constructs as
separate outcome variables.
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5. Conclusions
This study integrated the Kano model with the Better–Worse coefficient of Timko

and Walden [30] to multidimensionally analyze the service quality attributes of virtual
cycling platforms and empirically derive the strategic priority of each attribute. This study
is significant in that it complements the limitations of categorical classification inherent
in conventional Kano analysis and attempts a theoretical and methodological extension
by continuously capturing the magnitude of each attribute’s influence on satisfaction
and dissatisfaction.

The findings demonstrate that the core competitiveness of virtual cycling platforms
lies not in single-dimensional functional improvement, but in differentiated management
strategies tailored to each attribute type. Technical infrastructure emerged as a foundational
element that is both essential and in need of performance improvement, suggesting that it
should be considered a target for continuous investment to secure platform stability and
reliability. By contrast, content and community are core attractive factors that expand the
user experience and generate a competitive advantage, indicating that platforms should
evolve beyond “exercise tools” toward “experience-centered digital sports platforms.”

Furthermore, must-be quality elements, such as graphics and UI, show limited
marginal utility beyond a certain level of investment, indicating the need for an efficient
resource allocation strategy. In particular, the resistance-response attribute, identified as re-
verse quality, underscores the importance of user-customized experience design rather than
an approach centered solely on technical precision, suggesting that personalization strate-
gies can serve as a key mechanism for enhancing platform satisfaction. Social interaction
was identified as a latent attractive element whose effect remains limited at the current level
of implementation, while the competitive and reward systems were classified as indifferent
quality, indicating comparatively low current influence on satisfaction; both sets of features
warrant a phased, longer-term enhancement strategy rather than immediate investment.

These findings suggest that, in research on virtual sports platforms, service qual-
ity is more usefully approached from a non-linear, structural perspective than a single-
dimensional one. The observed pattern—in which technical-infrastructure attributes cluster
as one-dimensional or must-be qualities while content, community, and personalization
attributes cluster as attractive or indifferent qualities—offers a descriptive account of how
these attribute categories relate to one another in this dataset, rather than a tested hi-
erarchical or causal relationship among system quality, experiential content, and social
interaction. Practically, they provide strategic decision-making criteria for platform op-
erators to allocate limited resources efficiently while simultaneously securing short-term
performance and long-term competitive advantage. Collectively, these empirical nuances
demonstrate that platform optimization requires a segmented resource-allocation strat-
egy. Instead of attempting to uniformly maximize all technical and algorithmic features,
operators should prioritize maintaining core infrastructural reliability while strategically
refining resistance customization and third-party compatibility to satisfy heterogeneous
user segments effectively.

This study has several limitations. First, the cross-sectional design captures user
perceptions at a single point in time and cannot account for how service quality perceptions
evolve with continued platform use. Second, all data were self-reported, which may be
subject to common method bias or social desirability effects. Third, because item-level
current-satisfaction ratings were not collected, the combined impact score reported in
Section 3.1 reflects the overall magnitude of each attribute’s influence on satisfaction and
dissatisfaction rather than the room for improvement relative to current satisfaction levels
captured by the original PCSI formulation; future studies collecting current-satisfaction
ratings could apply the original PCSI formula directly. Fourth, this study did not directly
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measure consumer trust, engagement, decision-making, or continued usage intention
as separate outcome variables; the associations between Kano quality types and these
constructs proposed in the Discussion are conceptual and warrant empirical testing in
future research. Fifth, the sample was limited to adult users of a single virtual cycling
platform (Zwift), which may limit the generalizability of the findings to other digital sport
platforms or to other virtual cycling platforms with different feature sets.

The findings of this study suggest directions for future research. First, studies should
refine personalization strategies by comparatively analyzing differences in the perception
of Kano attributes across diverse user groups (e.g., beginners versus experienced users).
Second, studies should clarify the dynamic process of change in service quality attributes
through longitudinal research combined with actual usage behavior data. Third, future
research could extend this framework beyond virtual cycling to other digital sport platforms
(e.g., connected running or rowing applications), or alternatively examine additional virtual
cycling platforms beyond Zwift to assess the consistency of the present findings.
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