Advance Journal of Business Management and Social Science
ISSN: 2998-7946

Volume 2, Issue 2, 2026, pp. 1-13, Article ID: CM2622101025
DOI: 10.65080/ajbmss.v2i2.CM2622101025

CONTENT MAJESTIC

PUBLISHER

Research Article

The Effect of Web 4.0 Technologies Integration on Customer Satisfaction in

the E-Commerce Industry: The Moderating Role of Data Privacy Concern
Beenish Nawaz Awan"* B4, Imran Igbal?

'Department of Business Management, SIRM College, University of Salford, Salford, UK

’Department of Business Administration, Commecs Institute of Business and Emerging Sciences-CIBES, Karachi, Pakistan

Article History

Received: 25 April, 2026 Revised: 04 June, 2026 Accepted: 01 July, 2026 Published: 22 July, 2026

Abstract:

Introduction: This study aimed to analyse the integration of Web 4.0 technology in customer satisfaction in the e-commerce sector, considering
three technology aspects: artificial intelligence (Al) personalisation, immersive shopping experience, and intelligent service automation.

Method: A quantitative cross-sectional survey was used to gather data from 300 participants, which was analysed using PLS SEM in SmartPLS.
Factor loadings, Cronbach's alpha, composite reliability, and average variance extracted (AVE) were used to determine the quality of the
reflective measurement, and structural modelling was performed using bootstrapping and two-stage moderation analysis of the interaction effects.
This approach is suitable for prediction-oriented models that contain latent constructs and moderation.

Results: Immersive shopping experience had the greatest predictive value for satisfaction, followed by intelligent service automation and Al-
driven personalisation. Data privacy concerns had a direct positive relationship with satisfaction. In contrast, the moderation evidence was
limited, with only personalisation by privacy interaction reaching significance; the remaining interaction terms were not significant.

Conclusion: Managers should prioritise immersive shopping features and intelligent service automation to improve customer satisfaction while
maintaining transparent privacy governance, particularly in data-driven personalisation. Privacy must be handled as a designed and trusted
problem, and not as an obstacle to all Web 4.0 investments.

Keywords: Web 4.0, e-commerce customer satisfaction, ai-driven personalization, immersive shopping experience, data privacy

concern
1. INTRODUCTION privacy concerns as a predictor and a limitation (Guo & Zhang,
2024). The United Kingdom was chosen as a study area because
it depicts a developed e-commerce situation with a high level of
online shopping and an established data protection framework
within the UK GDPR and the Data Protection Act 2018, making
it a suitable location to assess more advanced digital commerce

Web 4.0 is a more connected, intelligent, and immersive
digital world where artificial intelligence, predictive analytics,
automation, and extended reality are integrated into online
systems to form more adaptive user experiences. Web 4.0 is

operationally defined in this study as the combination of three
capabilities of data-driven and interactive platforms in e-
commerce environments: Al-driven personalisation, immersive
shopping experience, and intelligent service automation. Thus,
this study investigates how Al-based personalisation,
immersive shopping experience, and automation of smart
intelligent services influence customer satisfaction, and data

capabilities and privacy-based customer reviews.

Web 4.0 in this study is operationally defined as the
integration of smart, adaptive, interactive, and automated digital
features in e-commerce platforms. It is not considered an
established and well-developed independent theory but rather a
practical umbrella concept of three measurable customer-facing
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capabilities: Al-driven personalisation, immersive shopping
experience, and intelligent service automation. Al-based
personalisation can be understood as personalised product
suggestions, custom content, and shopping assistance.
Immersive shopping experiences are interactive and visually
rich shopping capabilities, such as augmented reality, virtual
exploration of products, and 3D presentation of products.
Intelligent service automation involves the use of Al chatbots,
virtual assistants, and automated customer service systems.

Customer satisfaction is a key outcome because it can be
considered the overall rating of the customer, whether shopping
experiences online are to the standard or above expectations.
The aspects of satisfaction in digital retail include product and
price, as well as service quality, interface quality, trust, and the
emotional quality of the interaction. (Kim & Yum, 2024) assert
that the quality of the e-services has a tremendous positive
effect on customer satisfaction and the confidence that
customers have in the e-commerce marketplace platforms.
(Pires et al, 2024) recognised customer experience,
satisfaction, trust, privacy, and service quality as interconnected
constructs in e-commerce systems. Meanwhile, greater
technological integration provokes issues of data extraction,
algorithmic profiling, and surveillance. Individualised
suggestions, chatbot dialogues, and virtual interfaces
necessitate the constant gathering of data, which can create
privacy risks and lower the level of security for users. (Saeed,
2023) discovered that credit cards, information security, and
trustworthiness are issues that influence users' perceptions of
the security and trustworthiness of e-commerce applications.
(Mori¢ et al., 2024) suggested that strong data protection and
open privacy policies are the keys to maintaining confidence in
Internet marketplaces.

Data privacy issues in this study were formulated as a
moderator; that is, it was assumed that it would not translate the
effect but would change the magnitude of the correlation
between the capabilities of the technology and customer
satisfaction. Thus, the model examined the direct impacts of Al-
powered personalisation, immersive shopping, and intelligent
service automation on satisfaction, and the interaction impacts
between privacy concerns and each technology capacity. These
established capability constructs in e-commerce were
operationalised with reflective survey items, as Web 4.0 was not
a new entity but a shorthand term to describe these bundles of
established capabilities. Therefore, this study analyzes how Al-
driven personalisation, immersive shopping experiences,
intelligent service automation, and privacy issues directly
impact customer satisfaction. It also establishes the correlations
between data privacy issues and the intensity of the correlations
of each technology capability with customer satisfaction.

2. LITERATURE REVIEW
2.1. Theoretical Framework

2.1.1.

This study is based on SOR theory as an interpretive theory
but not as a full-fledged mediation theory. Technological
stimuli are seen as personalisation, according to Al, high
immersion in the shopping experience, and the intelligent

Stimulus Organism Response (SOR) Theory

automation of the services offered, and customer satisfaction is
seen as the evaluative response. Nevertheless, organism-level
variables, including trust, enjoyment, perceived usefulness,
perceived control, and perceived risk, were not measured
directly. Thus, the empirical model can be viewed as a direct
stimulus-response model rather than a complete test of the entire
SOR process. In e-commerce studies, the features of
technological platforms might act as stimuli, and trust,
enjoyment, perceived usefulness, perceived control, or
perceived risk might act as organism states, and satisfaction
might act as the response (Ltifi, 2023; Hipolito ez al., 2025). The
entire SOR process was not tested in this study. Rather, it
implements a partial SOR logic by considering Al-based
personalisation, immersive shopping experience, and
automated customer service as technological stimuli, and
customer satisfaction as an evaluative response. Thus, the
empirical model is a direct stimulus-response system, as
opposed to a full SOR model. The lack of measured variables
of the organisms is acknowledged as a conceptual limitation of
this study.

(Guo & Zhang, 2024) also demonstrated that immersive AR
shopping features impact users via perceived usefulness and
ease of use, which is consistent with the organism stage of the
model. SOR in this study was applied as a background
interpretive lens, as opposed to a completely tested causal
process model. This study considers Al-based personalisation,
interactive shopping experiences, and the automation of smart
services as external stimuli, and customer satisfaction as the
evaluative response. Because perceived control, enjoyment, or
perceived usefulness of the organism states were not directly
measured, the model specified direct effects of the stimuli on
satisfaction and not an intermediate psychological process.

The technological stimuli considered in the current research
model are Al-driven personalisation, immersive shopping
experiences, and intelligent service automation. These stimuli
are projected to enhance customer assessments as they have the
capacity to enhance relevance, convenience, responsiveness,
and richness of experience. (Pires et al., 2024) recognised
customer experience as a decisive concept in e-commerce
systems and closely associated it with the concepts of
satisfaction, trust, and privacy. (Kim & Yum, 2024) also
discovered that the quality of service reinforces customer
satisfaction and confidence with marketplace platforms.

2.1.2.  Privacy Calculus Theory

The second theory is the Privacy Calculus theory. In this
theory, the author believes that people would balance the
perceived benefits and risks to privacy when they decide
whether to share information or remain involved in digital
systems. Web 4.0 functions employed in e-commerce are
largely based on personal information, such as browsing
history, location, preferences, interaction patterns, and payment
behaviour. Although such data enhance the quality of
recommendations and the efficiency of services, they can also
raise concerns about surveillance, manipulation, and misuse.
According to (Zhao et al., 2025), customers are becoming more
concerned about how personalised recommendation systems are
likely to control their behaviour, despite their liking for
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convenience. (Saeed, 2023) discovered that trust in e-commerce
applications is influenced by security and privacy. (Mori¢ et al.,
2024) demonstrated that more robust privacy protection
frameworks should be established to regain safety and trust in
online shopping. Privacy Calculus makes up most of the
theoretical framework of the current model, as it explains why
a single digital attribute leads to positive or negative appraisals
in case the consumer considers the advantages of convenience,
relevance, and benefits of the services to the dangers of
surveillance, abuse, and loss of control. This trade-off rationale
is particularly applicable to e-commerce, as personalisation,
immersive interfaces, and automated services are based on
constant data gathering and processing (Asawawibul et al.,
2025; Sardjono et al., 2023). The issue of data privacy is
considered here as a direct predictor of customer satisfaction as
well as a moderator of the three technology relationships of
satisfaction.

2.2. Hypotheses Development

2.2.1. AI-Driven
Satisfaction

Personalization and Customer

One of the most apparent aspects of Web 4.0 in e-commerce
is Al-driven personalisation. It is a process that uses algorithms
to process customer data and provide customised
recommendations, search results, content, and promotional
messages. The idea behind this is that relevance increases with
higher relevance, lowering the search effort and increasing the
quality of the decision, thus leading to higher satisfaction. (Yin
et al, 2025) discovered that Al-based personalised
recommendation systems enhance wuser experience by
enhancing the perceived relevance and appeal of digital content.
(Hassan et al, 2025) also revealed that personalized
recommendations are important aspects in the context of Al-
based e-commerce and are capable of enhancing the chain of
trust, satisfaction, and loyalty. (Zhao et al, 2025) also
established that personalised recommendations affect consumer
responses in terms of the psychological perceptions of
autonomy, competence, and relatedness.

It is unlikely that the positive impact of personalisation
applies to all users. Customised systems are based on the use of
personal information, such as browsing history, previous
purchases, preferences, and behavioural footprints
(Venkatakrishnan et al., 2023; Qing et al., 2023). This creates
the risk that highly personalised recommendations will be
perceived as obtrusive rather than useful by users. (Saeed, 2023)
demonstrated that information security and trustworthiness
concerns influence the way users analyse e-commerce
applications. According to (Mori€ et al., 2024), to maintain trust
in a digital marketplace, it is necessary to protect data openly.
(Li et al., 2025) also directly supported a moderation logic by
demonstrating that privacy concerns diminish the positive
impact of interactive-commerce features on trust. Regarding the
SOR theory, Al personalisation is a motivator that can enhance
internal reviews and bring positive reactions, such as
satisfaction (Jabeen et al., 2024). In terms of Privacy Calculus,
convenience gain is balanced with the danger of data exposure.
Based on this, the following hypothesis is formulated:

H1: Al-based personalisation positively affects customer
satisfaction in e-commerce.

2.2.2. Immersive Shopping Experience and Customer

Satisfaction

An immersive shopping experience is the application of AR,
VR, and other interactive technologies that enable customers to
see, explore, and simulate products in more vivid forms. In Web
4.0, immersion enhances the information and experience of
online purchasing by decreasing ambiguity and making online
communication more active. (Guo & Zhang, 2024) established
that AR shopping experiences positively influence the level of
perceived usefulness and ease of use, which facilitates user
reactions in digital commerce environments. (Ilieva ef al., 2022)
also indicated that perceptual attractiveness and communicative
suitability in high-technology e-commerce settings enhance
interaction and value generation.

The immersion satisfaction effect is consistent with broader
research on customer experience. (Pires et al., 2024) revealed
that customer experience is the key construct that is related to
service quality, trust, privacy, and satisfaction in e-commerce.
(Valdez-Juarez et al., 2021) also discovered that the level of
satisfaction is greatly influenced by the security of the website
and the experience of the buyer. These studies suggest that
digital experiences lead to satisfaction when they alleviate
uncertainty and provide a feeling of competence and control.
This can be achieved through immersive features that allow
customers to examine the product size, fit, appearance, or usage
situation before they buy (Mutambik et al., 2023; Farhat et al.,
2025). AR-based previewing systems, virtual try-on
applications, and interactive product displays can improve
satisfaction by reducing uncertainty in making choices.
However, immersive systems are also data-intensive. They can
demand access to cameras, biometrics, positioning, device
tracking, or behavioural tracking. (Li et al., 2025) discovered
that privacy issues dilute the impact of interactive and
immersive-commerce scenes to trust on the positive side.
(Moric¢ et al., 2024; and Saeed, 2023) indicate that privacy and
security issues are primary in customers’ assessment of digital
shopping settings. Based on this, the following hypothesis is
formulated:

H2: Customer satisfaction in e-commerce is positively
affected by shopping immersion.

2.2.3. Intelligent Service Automation and Customer

Satisfaction

Intelligent service automation can be characterised as the
application of Al-powered chatbots, virtual assistants, and
automated support systems, which provide real-time support
and customised services within the customer experience. These
tools enhance the continuity, speed, and availability of services
in Web 4.0 e-commerce, which are key predictors of
satisfaction. As revealed by (Ltifi, 2023), the cues that can be
found in chatbots determine the trust and responses of a user in
digital commerce through the SOR process. (Hassan et al.,
2025) note that chatbots and Al recommendation systems can
be applied to help customers during their shopping process and
attain a high level of satisfaction. (Kim & Yum, 2024) also
confirmed that service quality is a strong positive predictor of
customer satisfaction and trust in e-commerce marketplace
platforms.
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The issue of automation is also important, as customers of
e-commerce are becoming more demanding in receiving prompt
service. Slow speed, poor service, and weak support decrease
trust in online transactions. Smart chatbots are capable of
completing common questions, order tracking, product search
descriptions, and scale product searches (Bangun et al., 2025;
Zaker et al., 2026). According to (Pires et al., 2024), service
quality, trust, and satisfaction are components of the same
system in the e-commerce experience, which is why the idea
that the automation process could influence the level of
satisfaction related to the perception of service improvement
was justified. (Pefia-Garcia et al., 2024) also showed that the
interrelations between trust and mechanisms directly impact
customer experience in online marketplaces. However,
conversational, transactional, and behavioural data are often
collected by automated service systems. Users may also be
concerned that chatbot communications are being tracked,
archived, or repurposed in a manner that they do not fully
comprehend (Pereira ef al., 2025; Saeed, 2023) discovered that
privacy and security issues influence trust in the use of e-
commerce applications. In contrast, (Mori¢ et al, 2024)
highlight the importance of the open regulation of personal data.
Based on this, the following hypothesis is formulated:

H3: Customer satisfaction in e-commerce is positively
affected by intelligent service automation.

2.2.4.

The existing literature generally indicates that concerns
about privacy might decrease trust, comfort, and satisfaction in
an online context due to increased awareness among customers
regarding the collection of data, profiling, monitoring, and
potential abuse of personal information. However, privacy
calculus theory presupposes that customers do not consider
privacy risks as independent variables (Mori¢ ef al., 2024). As
an alternative, they reflect perceived risks with perceived
benefits, such as convenience, personalisation, quality of
service, and usefulness of the platform. This risk-benefit
argument is particularly applicable to e-commerce, where
customers might still be content with highly digital services
despite knowing about privacy risks.

Data Privacy and Its Moderation

This prospect is also in line with the privacy paradox, in
which consumers are worried about data privacy. However,
they still use and positively rate digital platforms when they
have a positive attitude, trust signals, transparency, or
institutional safeguards (Hipolito ez al., 2025; Li et al., 2025).
Regulatory trust and privacy-conscious customers would be
more assured in the UK context that formal data governance
requirements bind platforms, as the UK GDPR and Data
Protection Act 2018 could enhance regulatory trust. Thus, the
correlation between data privacy and satisfaction cannot be
assumed to be either negative or positive. As this is a mixed
theoretical rationale, this study has a non-directional direct
hypothesis.

The boundary condition is also considered a data privacy
concern. Rather than thinking that privacy concerns have a
uniform and negative effect on the entire range of technology-
satisfaction relationships, this study proposes that privacy
concerns may influence the strength or direction of customer
ratings in a technology-specific way. Based on this, the
following hypotheses were formulated:

H4: Data privacy concerns significantly affect customer
satisfaction.

H4a: Data privacy concern moderates the association
between Al and satisfaction.

H4b: Data privacy concern moderates the association
between immersion and satisfaction.

H4c: Data privacy concerns moderate the association
between automation and satisfaction.

2.3. Conceptual Framework

The endogenous construct of customer satisfaction is
specified in the conceptual framework. Customer satisfaction is
modelled as a direct result of Al-driven personalisation,
immersive  shopping  experiences, intelligent service
automation, and concerns about data privacy. In addition, the
terms of interaction between data privacy issues and each
capability were defined to test the moderation hypotheses.
Fig. (1) illustrates the conceptual framework.

Fig. (1). Conceptual framework.

Data Privacy
: Concern
Al-Driven
Personalization \L
Immersive Shopping Customer
Experience \ Satisfaction
Intelligent Service
Automation
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3. METHODOLOGY

This study adopted a quantitative, cross-sectional research
design to determine the effects of the integration of Web 4.0
technologies on customer satisfaction in the e-commerce
industry and data privacy concerns that have been proposed as
a moderating variable. The use of a survey method was
appropriate because the proposed model has latent constructs,
which are customer perceptions and attitudes, and which are
best quantified in structured questions in a questionnaire. The
population of interest was online customers who had recently
used e-commerce websites that incorporated smart and
interactive digital capabilities such as personalised shopping
suggestions, 3D product presentation, and customer-service
robots, and the research used a target sample of 300 customers.
Since convenience sampling and not probability sampling were
used, the results of the study were only applicable within the
sampled consumers, as opposed to the whole population of
consumers in the UK e-commerce sector. The eligibility criteria
were that the respondents must be adults, must have made at
least one online purchase in the past three months, and must
have used an e-commerce site that offered at least one of the
features under study (personalised recommendations,
immersive product interaction, or automated customer support).
The sample of the research was UK online shoppers, as the
United Kingdom is an established e-commerce environment
with a high level of online retail penetration and a robust data
protection system in the UK GDPR and the Data Protection Act
2018. This backdrop is appropriate for exploring the hypothesis
that innovative e-commerce functionalities and privacy issues
have a combined effect on customer satisfaction. A self-
administered questionnaire was used to collect data through
Google Forms on a five-point Likert scale, where 1 = strongly
disagree and 5 = strongly agree. The additions to the
questionnaire included Al-based personalisation, immersive
experience of shopping, automation of the services, the issue of
data privacy, and customer satisfaction, along with three
demographic questions about gender, age group, and the
number of times the respondent shops online per month. All
measurement items were listed in Appendix A.

Partial least squares structural equation modelling was
employed on SmartPLS because this technique is appropriate
for research oriented towards prediction, intricate path models,
and models that incorporate moderating effects. Recent
methodological literature mentions that PLS-SEM is commonly
used to estimate the intricate relationship between constructs
and indicator variables and can be applied in cases when
researchers adhere to the guidelines and recent methodological
progress (Hair et al., 2024; Richter et al., 2022) also elaborated
that the superior functions of PLS SEM can be useful to
researchers both on their own or used together with other
complementary methods. (Kabongo & Mbonigaba, 2024)
demonstrated that a two-stage approach to the application of
PLS-SEM is effective in moderation models. Data analysis was
performed in two phases: evaluation of the measurement model

and evaluation of the structural model. Internal consistency
reliability was evaluated in the first stage using Cronbach's
alpha and composite reliability, but convergent validity was
evaluated using the average variance extracted. The loadings of
the indicators were examined to ensure that each item
adequately explained its intended construct. The Heterotrait-
Monotrait ratio was used to determine discriminant validity.
The second phase was the analysis of the structural model, in
which collinearity, path coefficients, coefficient of
determination, effect sizes, and predictive relevance were
evaluated.

The hypothesised relationships were tested with a large
number of resamples using bootstrapping to test significance.
This procedure is consistent with recent PLS-SEM
recommendations, which advise against confusing the quality
of measurement with structural path evaluation during model
evaluation (Hair ef al., 2024; Richter et al., 2022). To verify the
moderating position of data privacy concerns, this study
estimated the interaction impact between data privacy concerns
and each of the three Web 4.0 constructs. Moderation analysis
followed the application of recent PLS-SEM to study the
hypothesis using SmartPLS with a two-stage approach, which
is suitable when the interactions between the latent variables are
central to the research model (Kabongo & Mbonigaba, 2024).
Because all variables were measured on the same respondents
at a given time, common method bias was measured before the
structural model analysis. The Harman single-factor test
showed that the first factor could explain 44.73% of the
variance, which is less than the typical 50% mark, and indicates
that the common method bias is not severe in this preliminary
check. Moreover, construct-level VIF values were between
2.067 and 2.673, under the conservative 3.3, and suggest that
collinearity does not create bias in the estimates of the structure
or indicate problematic common method variance. These two
diagnostics are mentioned here because they relate to the
determination of the quality of data before structural testing.

4. RESULTS
4.1. Demographics Profile Analysis

Table 1 comprises of 300 people (including 176 females and
124 males), which implies that females are more represented in
the sample. The age of the respondents was skewed toward
middle adulthood, with the majority in the 45 to 54 (36.7%) and
35 to 44 (22.7%) age groups. The younger respondents were
fewer in number, with only 18 to 24 (19.0%) and 25 to 34
(18.7%) years of age, while those 55 and above were marginal
(3.0 percent). Shopping frequency is rather active: the highest
percentage of 9 to 11 times per month (36.0%) comes first,
followed by 6 to 8 times per month (24.7%). The lower
frequency groups were less numerous. Owing to the
convenience sampling method, the results can provide a
valuable contextual understanding of the surveyed respondents.
However, they cannot be considered statistically representative
of the entire population of e-commerce users in the UK.
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Table 1. Demographics analysis.

Demographic Category Group Frequency (n) Percentage (%)
Male 124 413
Gender
Female 176 58.7
18 to 24 57 19.0
25-34 56 18.7
Age 35-44 68 22.7
45-54 110 36.7
55 and above 9 3.0
1 to 2 times 54 18.0
3 to 5 times 52 17.3
Frequency of online shopping per month 6 to 8 times 74 24.7
9 to 11 times 108 36.0
12 times or more 12 4.0
Total - 300 100

4.2. Measurement Model Analysis

Table 2 indicates the high quality of measurement of all
constructs. The loading values of the indicators were between
0.786 and 0.918, which were higher than the normative values
of reflective models, implying that the items did measure what
they were intended to measure. The scale has a high internal
consistency, with Cronbach's alpha ranging between 0.860 and
0.917, and composite reliability ranging between 0.905 and
0.942, which demonstrates that the scale is stable and reliable.
In addition, it has convergent validity, as the values of AVE are
between 0.706 and 0.801, which is greater than the standard
value of 0.50, and all constructs include more variance from
their indicators than error. The AVE of Customer Satisfaction,
Data Privacy Concern, and Immersive Shopping Experience
was high (0.801, 0.775, 0.801), which is also indicative of a high
level of coherent measurement. In general, the measurement
model can facilitate valid inferences in further structural testing.

4.3. Heterotrait-Monotrait Ratio (HTMT) Analysis

Table 3 presents the HTMT ratios as a discriminant validity
criterion. HTMT values less than the typical value (0.90)
indicate that the constructs are empirically different, even
though the concepts are related. Immersive Shopping
Experience and Customer Satisfaction have the highest HTMT
value (0.821), which is less than 0.90. The HTMT results
support the discriminant validity of the measurement model.

4.4. Path Coefficient Analysis

As shown in Table 4, immersive shopping experience is the
most significant predictor of customer satisfaction (f = 0.450,
p = 0.001), which supports the argument that experiential
richness and interactive product evaluation are the drivers of e-
commerce customer satisfaction. The positive effect on
Intelligent Service Automation is also significant (f = 0.144,
p = 0.005), which is in line with the evidence of the effect of
responsive digital service on the satisfaction of perceived
service quality. Al-driven personalisation also had a statistically
significant but very small positive effect on customer
satisfaction (B = 0.076, p = 0.022). Nevertheless, this result
should be interpreted cautiously because the effect size is
practically negligible (f2 = 0.008) in terms of incremental value
once immersive shopping experience and intelligent service
automation are considered. Data privacy concerns are
statistically significant and positively associated with customer
satisfaction (f = 0.198, p = 0.001), but this does not necessarily
imply a “causal enhancement” effect. Rather, it is likely to be a
function of trust mechanisms in the context of the UK digital
environment and regulatory assurance as offered in the UK legal
regime, which are robust and reduce perceived risks. Overall,
the moderating effects were weak. Only the interaction with
personalisation was statistically significant (p = 0.049, p =
0.046), whereas the remaining interaction effects were not
statistically significant.
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Table 2. Measurement model.

Latent Variables Indicators | Factor Loadings | Cronbach's Alpha | Composite Reliability Average Variance Extracted (AVE)
AIP1 0.865
AIP2 0.872
Al-Driven Personalization 0.870 0.911 0.719
0.825
AIP3
0.828
CS1 0.873
CS2 0.912
Customer Satisfaction 0.917 0.942 0.801
CS3 0.918
CS4 0.878
DPC1 0.907
DPC2 0.894
Data Privacy Concern 0.902 0.932 0.775
DPC3 0911
DPC4 0.806
ISE1 0.897
i i ISE2 0.884
Immerswe.Shoppmg 0917 0.941 0.801
Experience ISE3 0913
ISE4 0.886
ISA1 0.819
Intellicent i ISA2 0.884
TeTIgen seTviee 0.860 0.905 0.706
automation ISA3 0.867
ISA4 0.786

Table 3. Heterotrait-monotrait ratio (HTMT).

- Al-Driven Personalization | Customer Satisfaction | Data Privacy Concern | Immersive Shopping Experience
Customer Satisfaction 0.656 - - -
Data Privacy Concern 0.657 0.733 - -
Immersive Shopping Experience 0.720 0.821 0.769 -
Intelligent Service Automation 0.736 0.706 0.676 0.748

Table 4. Path analysis.

- Path Coefficients () | T-statistics P values
Al-Driven personalization -> Customer Satisfaction 0.076%* 2.301 0.022
Data Privacy Concern -> Customer Satisfaction 0.198*** 3.712 0.001
Data Privacy Concern x Al-Driven Personalization -> Customer Satisfaction 0.049%* 2.130 0.046
Data Privacy Concern x Immersive Shopping Experience -> Customer Satisfaction 0.044 0.604 0.546
Data Privacy Concern X Intelligent Service Automation -> Customer Satisfaction -0.088 1.409 0.159
Immersive Shopping Experience -> Customer Satisfaction 0.450%** 6.962 0.001
Intelligent Service Automation -> Customer Satisfaction 0.144%** 2.789 0.005

Note: *: Significance at 10%, **: Significance at 5%, ***: Significance at 1%
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4.5. Model Explanatory Power Analysis

Table 5 shows that Customer Satisfaction has good
explanatory power, as indicated by the R-squared of 0.631 and
the adjusted R-squared of 0.622. This implies that the model
accounts for a large proportion of 63% of the variation in
satisfaction, which is significant in behavioural studies with
survey-based latent constructs. The insignificant change
between R-squared and adjusted R-squared indicates less
overfitting and predictive stability. This finding confirms the
applicability of PLS-SEM to prediction-oriented models
involving more than two constructs and terms of interaction.
The model provides a solid explanation of the formation of
satisfaction in Web 4.0 facilitated e-commerce situations.

4.6. Effect-sizes f-squared Analysis

Table 6 presents the f-squared effect sizes to estimate
practical importance, as opposed to statistical significance. The
only exhibited medium effect (f-squared = 0.206) proves the

(0.046). Al-driven personalisation had a practically negligible
effect (2 =0.008); therefore, its managerial effect should not be
exaggerated.

4.7. Predictive Relevance Analysis

The Q?predict value for Customer Satisfaction is provided
in Table 7. The Q? value of 0.610 indicates that it has an
adequate predictive significance in the current data, and
acceptable prediction errors are indicated by RMSE = 0.632 and
MAE = 0.480. However, due to the comparatively high level of
this value in behavioural survey research, it must be interpreted
with caution. This suggests predictive utility with the sampled
respondents. However, it cannot be extrapolated as an indicator
that the model will have the same predictive utility when
applied to all e-commerce groups or contexts of all platform
users.

Table S. Explanatory power.

meaning of incremental explanatory power of satisfaction in - R-Square | R-Square Adjusted
¥mmefrsive Shqpping Expgrience. There were sl@ght effects on Customer Satisfaction 0.631 0.622
intelligent service automation (0.026) and data privacy concerns
Table 6. Fsquared effect sizes.
Structural Path F-square
Al-Driven personalization -> Customer Satisfaction 0.008
Data Privacy Concern -> Customer Satisfaction 0.046
Data Privacy Concern x Al-Driven Personalization -> Customer Satisfaction 0.000
Data Privacy Concern x Immersive Shopping Experience -> Customer Satisfaction 0.002
Data Privacy Concern x Intelligent service automation -> Customer Satisfaction 0.011
Immersive Shopping Experience -> Customer Satisfaction 0.206
Intelligent service automation -> Customer Satisfaction 0.026

Table 7. Predictive relevance (Q? predict).

- Q?predict RMSE MAE

Customer Satisfaction 0.610 0.632 0.480

5. DISCUSSION

The structural model is a logical depiction of the influence
of Web 4.0 capabilities on customer satisfaction and describes
a significant variance in customer satisfaction. Hypotheses are
used to organise the discussion to align theory, estimates, and
interpretation. The model has good explanatory power (R? =
0.631; Adjusted R? = 0.622), which shows that the model’s
proposed predictors explain 63% of the variance in student
satisfaction. Furthermore, the good out-of-sample predictive
ability is indicated by Q’predict = 0.610. Prediction error

indicators (RMSE = 0.632; MAE = 0.480) convey that there is
a moderate difference between the observed and predicted
values, meaning that the model is good at the statistical level,
but deviations in predictive precision could occur at different
levels of the user context. Thus, the results must be understood
in the context of the specific results and cannot be assumed to
be generally applicable. The effect-size findings further
indicated that Immersive Shopping Experience had the greatest
incremental explanatory contribution (> = 0.206), while Al-
driven personalisation had a practically negligible contribution
(f* = 0.008). These tests minimise the chances of over-
interpreting tiny coefficients and explain the factors that were
important in practice. This degree of accountability is aligned
with the prediction-oriented PLS SEM used in multifaceted
behavioural models, especially in cases where several
correlated technology constructs are being modelled
simultaneously (Hair ef al., 2024; Richter et al., 2022).
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Immersive Shopping Experience is the strongest predictor
of customer satisfaction (B = 0.450, p = 0.001). This is
consistent with studies that indicate that immersive AR-based
experiences enhance the level of perceived usefulness and ease
of use, hence enhancing the level of evaluation in online
shopping (Guo & Zhang, 2024). Customer experience logic,
whereby interactive design and enhanced product knowledge
lessen uncertainty and increase confidence to attain more
satisfaction, also suits the strength of this path (Pires et al.,
2024; Mutambik et al, 2023). The immersive shopping
experience in SOR terms is understood as a direct influence on
satisfaction without the use of modelling psychological states as
constructs, such as perceived control and competence, which
were not quantified in the model (Mofokeng, 2021). Immersive
features provide the most immediate satisfaction benefits
because they can decrease the level of ambiguity in decision-
making and enhance the quality of perceived shopping.

The relationship between Intelligent Service Automation
and satisfaction was also positive and significant (f = 0.144,
p = 0.005), which proves that responsive support mechanisms
affect the perceived quality of service and enhance satisfaction
in marketplace environments (Kim & Yum, 2024). This agrees
with the fact that chatbot hints and automated interactions
influence user confidence and judgments via the SOR sequence,
especially in cases where the system is regarded as useful and
efficient (Ltifi, 2023; Jantapoon, 2025). This is also consistent
with broader marketplace research, implying that trust-
associated mechanisms and the quality of the interaction are
important to customer experience outcomes (Pefia-Garcia et al.,
2024). Practically, automation can be realised by shortening
waiting times, continuous presence, and accelerated problem-
solving, which can increase satisfaction despite equal products
and prices. Satisfaction increases as a result of the benefits of
service performance through automation, but at a smaller scale
compared to immersion.

Although Al-driven personalisation significantly influenced
customer satisfaction (B = 0.076, p = 0.022), its practical
contribution was negligible (2 = 0.008), suggesting that
personalisation has become an expected platform feature, rather
than a major differentiator. (Yin et al, 2025) show that Al
recommendations can improve perceived relevance in e-
commerce. However, (Zhao et al, 2025) indicated that
customer responses also depend on perceived autonomy and
comfort with recommendation systems.  Therefore,
personalisation remains useful, but its role is secondary to
immersive shopping and service automation in explaining
customer satisfaction.

The relationship between data privacy concerns and
customer satisfaction was positive (B = 0.198, p = 0.001),
although data privacy concerns had a small effect size (f> =
0.046). This result is best interpreted through privacy calculus
and the privacy paradox because concerned users may still
evaluate platforms positively when perceived benefits,
transparency, trust signals, and regulatory safeguards reduce
perceived risk. (Saeed, 2023) showed that privacy and security
shape trust in E-commerce applications. (Mori¢ et al., 2024)
also emphasised the role of strong data protection in online

marketplaces. In the UK context, the GDPR and the Data
Protection Act 2018 may strengthen institutional confidence;
therefore, the positive association should not be read as
evidence that privacy concerns directly improve satisfaction.
The results indicate that privacy concerns can coexist with
satisfaction when customers perceive adequate platform and
regulatory protection.

The analysis of the moderation results shows a selective
boundary effect of data privacy concerns. Only Al-driven
personalisation moderates the relationship between privacy
concerns and customer satisfaction, with no significant
moderating effects found for immersive shopping experiences
or intelligent service automation. This indicates that privacy
sensitivity is activated mostly when it comes to personal data
usage and algorithm-based recommendations. Conversely,
immersive technologies and service automation are seen as
functional and experiential improvements, where perceived
utility outweighs concerns with privacy, thus dampening
moderation effects in these pathways. The interaction was large
and positive, as opposed to negative. Thus, the results are not in
line with the presumption that privacy issues consistently
undermine the value of Web 4.0-oriented technologies. Privacy
issues influenced the assessments of customers in a selective
and not uniformly undermining fashion to all the Web 4.0
technology impacts (Zhao et al., 2025). This finding suggests
that privacy is particularly crucial when customers consider
personalisation, as personalised recommendations can highlight
how data collection, profiling, and behaviour inferences are
more apparent. To shop and automate services, customers might
emphasise usefulness, convenience, product evaluation, or
service responsiveness, which might be the reason privacy
concerns did not significantly moderate those relationships.

THEORETICAL IMPLICATIONS

This study contributes to the body of knowledge on Web
4.0-based e-commerce capabilities in the UK by elucidating the
relationship between the traits of customer satisfaction and the
chosen Web 4.0-based e-commerce capabilities. Instead of
realising Web 4.0 as a well-developed theoretical framework,
the research operationalises it using three customer-facing
capabilities that can be measured: Al-powered personalisation,
immersive shopping experience, and intelligent service
automation. This study also narrows the application of SOR
theory because it demonstrates that the current model uses
partial SOR logic. Technological capabilities have been
considered stimuli and customer satisfaction as the response,
but there was no measurement of such organism variables as
trust, perceived control, enjoyment, and perceived usefulness.
Thus, the present study can be perceived as a direct stimulus-
response test, as opposed to a complete test of the SOR process.

MANAGERIAL IMPLICATIONS

For e-commerce managers, the results imply that an
immersive shopping experience must be prioritised because it
creates the greatest customer satisfaction effect and the greatest
effect size in practice. Interactive product visualisation,
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augmented reality previews, virtual try-ons, and more detailed
product exploration can offer more visible benefits of
satisfaction than personalisation. Another area where intelligent
service automation is helpful is in the case of chatbots, virtual
assistants, and automated support, which enhance the speed,
convenience, and availability of services. In comparison,
personalisation by Al should not receive too much emphasis as
a significant independent factor in satisfaction because of the
insignificance of its effect size. Instead of merely increasing
algorithmic targeting, managers must emphasise enhancing the
transparency, quality, and control of personalisation by users.

LIMITATIONS AND FUTURE RESEARCH

This study has several limitations. First, convenience
sampling was employed, which limits the generalisability of the
results to all consumers of e-commerce in the UK. Second, the
cross-sectional survey design restricts the ability to causally
interpret the results. Third, the measures of all constructs were
self-reported survey ratings, which can have common method
bias despite the diagnostic checks performed. Fourth, the
research partially applied the SOR theory because no
measurement of the organism variables was performed. Further
studies should incorporate constructs such as trust, perceived
control, enjoyment, perceived usefulness, perceived risk, and
perceived transparency to experiment with a comprehensive
SOR process. The high Q?predict value in independent samples
should also be proven in future studies, and the UK context
should be compared with other regulatory environments in
future studies.

CONCLUSION

This study explored the connection between Al-driven
personalisation, immersive shopping experiences, service
automation, data privacy issues, and customer satisfaction in
UK e-commerce. The results indicate that the most predictive
difference in customer satisfaction was the immersive shopping
experience, followed by intelligent service automation. Al-
based personalisation was statistically significant, but its effect
was practically negligible, suggesting that personalisation may
function more as an expected feature than as a driver of high
satisfaction. Data privacy concerns were positively and directly
related to satisfaction. This counterintuitive finding must be
viewed with care in terms of privacy calculus, privacy paradox,
and the regulatory environment of the UK, instead of being an
indicator that privacy concerns usually enhance satisfaction.
The selectivity of the moderation results was also biased. The
only significant interaction was between data privacy concerns
and Al-driven personalisation, and the positive direction of the
interaction signified that privacy concerns did not have a
consistent and significant impact on technology effects. In
general, this research is a small and contextually enlightened
work as it compares three proven e-commerce capabilities
based on a Web 4.0-style approach. Nevertheless, the results
must be interpreted in the context of the convenience sample,
cross-sectional research, self-reporting, lack of measurement of
the organism variables, and additional validation in various
markets and e-commerce settings.
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APPENDIX A
Questionnaire

Part I: Demographics

1. Gender
e Male
e Female

2. Age group

e 18to 24 years

e 25to0 34 years

e 35to044 years

e 45to0 54 years

e 55 years and above
3. Frequency of online shopping per month

e 1to2 times

e 3 to 5 times

e 6 to 8 times

e 9to 1l times

e 12 times or more
Part II: Likert scale

e Strongly disagree

e Disagree

e Neutral

o Agree

e Strongly agree
AlI-Driven personalization

1. The platform suggests the products that are relevant to
my interests.

2. The platform knows well what I want to buy.

3. Recommendations are personalized, and hence, one
will easily get the relevant products.

4. The personalized content of the platform can be helpful
in my shopping process.

Immersive Shopping Experience

5. The platform has interactive features that make the
shopping more interactive.

6. The platform has visual technologies that assist me in
learning more about products.

7. The shopping experience is more realistic due to the
sense of immersion.

8. The features of immersions enhance my confidence in
online shopping.

Intelligent Service Automation

9. The service on the site works well through the use of
robots that can quickly address my concerns.

10. Chatbots or virtual assistants give useful information.

11. Smart support systems facilitate the process of
shopping.

12. Automated service features can help me solve my
normal shopping problems.

Data Privacy Concerns

13. Tam worried about the way the site gathers my personal
information.

14. My shopping data can also be utilized without my
complete approval.

15. 1T am unsure of the level of security with which the
platform stores my personal data.

16. I fear that digitally advanced features will interfere with
my privacy.
Customer Satisfaction

17. T am content with my experience in shopping on this
platform.

18. As an online shopping service, the platform is as
expected.

19. T am satisfied with the level of my interactions here.

20. My general attitude towards this platform is positive.
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