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Abstract 

This study investigates how phygital experience influences Gen Z customer loyalty 

in Sri Lanka’s consumer electronics retail sector, addressing the limited evidence 

from emerging markets on hybrid retail approaches. The research emphasizes the 

growing relevance of integrating physical and digital touchpoints to create immersive 

consumer journeys and explores how such experiences foster loyalty among younger 

consumers. A quantitative research design was adopted using a structured 5-point 

Likert scale survey questionnaire was completed by 480 Gen Z customers of con-

sumer electronics retailers in Sri Lanka. Data were analyzed through Partial Least 

Squares Structural Equation Modeling (PLS-SEM) to examine direct and indirect rela-

tionships between phygital experiences and loyalty. The study also evaluated a serial 

mediation mechanism to explain how immersive, technology-enabled environments 

and seamless physical–digital integration contributes to loyalty formation. Results 

demonstrate that phygital experiences significantly and positively influence customer 

loyalty. Gen Z consumers place high value on interactive, technology-driven retail 

environments that enhance satisfaction and strengthen their commitment to brands. 

The findings highlight the importance of co-creation, engagement, and perceived 

value in shaping loyalty, while underscoring the role of digital literacy in navigating 

hybrid retail contexts. The study provides actionable insights for retailers seeking 

to design effective phygital strategies that resonate with Gen Z consumers. It offers 

guidance for innovation and market expansion in emerging economies. However, the 

reliance on self-reported, cross-sectional data from a single sector and demographic 

limits generalizability. Future research should extend across industries, age cohorts, 

and cultural contexts, incorporating variables such as trust, emotions, and digital 

fatigue. This research contributes to the growing body of knowledge on phygital 

experiences by contextualizing the phenomenon in an emerging market setting. It 

advances theoretical understanding by empirically validating a mechanism linking 
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phygital experience to loyalty and provides practical recommendations for retailers 

aiming to enhance customer journeys through hybrid strategies.

Introduction

In the era where digital transformations rapidly shape human experiences, the 
boundaries between the physical and digital worlds are significantly dissolving. This 
convergence has given rise to the concept called “Phygital,” which was first founded 
by an Australian marketing agency called Momentum in 2013 [1]. The term phygital 
is widely defined as a hybrid concept that combines physical with digital elements 
and strategies to create interactive and personalized customer experiences [2,3]. 
For example, phygital tools that are involved in our day-to-day activities are basically 
contactless payment systems, interactive touch screens, and augmented reality, 
which make things more convenient [4–6]. This concept seamlessly facilitates day-
to-day life, by making major changes in consumers’ behaviors and offering more 
dynamic connections between the physical and digital environments [7,8]. Moreover, 
while omnichannel and multichannel strategies are primarily focused on integration 
and management of distribution channels, the phygital customer experience (PH-
CX) framework moves beyond this channel logic [4,9]. With this context, physical 
and digital elements are intentionally combined to create a seamless continuum of 
value across online and offline settings. This definition follows Batat’s conceptual 
framework, which positions phygital as a consumer-centered ecosystem rather than a 
simple channel strategy. Phygital is more than the mere connection of points of sale; 
it represents a holistic ecosystem that makes the customer journey seamless across 
physical and digital domains. Contrastingly, omnichannel emphasizes transactional 
continuity, phygital prioritizes a sustained continuous stream of values such as finan-
cial, symbolic, social, and affective which are delivered via hybrid experiences that 
fuse sensory design, technology, and experiential features [10,11]. Aligning with this, 
phygital should be operationalized as an experience construct, and not as a  
channel-management label. Even though this concept has rapidly evolved globally, 
as a whole, there is very little practicality among retailers and consumers. Research-
ers [12–14] have highlighted that the phygital concept is gaining traction, while wide-
spread consumer understanding and adoption are still in early stages. By aligning 
with this fact, a developing country will face a situation on how to effectively accept 
and transform its businesses into a phygital experience-based store. However, the 
concern is that this concept has already been integrated with the consumer electron-
ics retail sector [15], but such integrations by the retailer have happened without a 
proper understanding of the phygital concept and also without the intentional involve-
ment of customers. The absence of practicability creates a problem in investigating 
the phygital concept in the Sri Lankan context.

Notably, phygital is an evolving ecosystem that can also be applicable for various 
sectors, such as the retail sector, education, fashion, banking, and insurance sectors 
[16]. Even though past literature has focused on sporting goods, banking, and other 
related sectors [17–19], they haven’t given much attention to the consumer electronics 
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retail sector. Therefore, the main target audience of the study is customers using consumer electronics products such as 
smartphones, televisions, etc., which typically involve a combination of online information search and in-store evaluation prior 
to purchase. This blend of experience perfectly aligns with the concept of phygital, which integrates physical and digital touch-
points to enhance customer experience [20,21]. According to [22], the country (Sri Lanka) demonstrates a high level of digital 
readiness, amounting to over 12 million internet users, 29 million cellular mobile subscriptions and 21 million mobile broad-
band subscriptions. Hence, the widespread mobile connectivity suggests that consumers are routinely exposed to both online 
and offline touchpoints, enabling them to seamlessly interact with the mixed realms. Furthermore, [23] has stated that, con-
sumer electronics have become an essential component that has a huge ability to shape our contemporary living and the way 
people interact with the world. Lastly, [24] has stated that the global consumer electronics market has a significant and sus-
tainable growth and demand for the present, as well as in the future. Hence, this represents a problem in examining Phygital 
Experience (PE) behaviors in the consumer electronics retail sector. In addition to that, Gen Z are those who are purchasing 
and using consumer electronics products, also having the ability and the familiarity of using digital tools and technologies [25]. 
Existing literature [26,27] shows about targeting a consumer segment that engages heavily with technology and the internet 
can result in more precise insights and improved marketing approaches. Additionally, studies by [28,29] highlight that AR 
enhances the shopping experience of Gen Z by allowing them to visualize products in real-time and interact with virtual com-
ponents. Retailers, who integrate AR technology into their business operations, such as virtual try-ons or interactive product 
demos can offer seamless experiences that fascinate Gen Z consumers to sustain their loyalty to the retailers. Aligning with 
this, the consumer electronics category is especially suitable because it includes products such as mobile devices, comput-
ers, and televisions, which commonly require online search, comparison, and in-store inspection before making the purchase. 
Therefore, it naturally reflects the phygital consumption patterns. Furthermore, due to the high Digital Literacy (DL) of Gen Z, 
they have a deep bond with the digital world, making them the majority of the age group using digital platforms for their buying 
decisions. Moreover, this represents a problem in examining the behaviors of Gen Z on PE.

Another important aspect is that when it comes to the empirical level, most of the prior studies have investigated the 
phygital concept by each variable relationship, for ex:- PE effects on Customer Engagement (CE), innovation, and con-
sumer behaviors [30]. Even though past studies have done phygital-related studies, there is lack of studies that have 
investigated the impact of PE on major variables like DL, Customer Innovation (CI), Customer Co-Creation (COC), 
Perceived Value (PV), Customer Satisfaction (CS), and Customer Loyalty (CL) in one framework. Furthermore, the study 
focuses on combining eight major variables in a single study.

Additionally, there are fewer studies which have investigated the mediating impact of digital literacy on PE and CE. 
Although the existing study [30] indicated about the impact of PE on CE. There is a lack of studies that have given atten-
tion to the mediating role of DL on PE and CE. Lastly, the study focuses on addressing this mediation relationship, which 
prior research has identified as rare and in need of further investigation.

Afterwards, with the slant of these problems, the study carries the objective to investigate the impact of PE on CL 
through variables like DL, CE, CI, COC, PV, CS, and CL. The addressed gaps contribute to the growing field of PE litera-
tures by providing existing PE models with new novel variables like DL, COC, PV, CS, and CL; focusing on the consumer 
electronics retail sector and evaluating Gen Z’s behaviors and engagement towards PE; assessing the mediation of DL on 
PE and CE to understand the consumer’s ability to navigate digital technologies.

The next section presents the literature review, followed by the methodology section, data analysis section, discus-
sion, implications, and conclusion sections. The article ends with policy implications, limitations, and directions for future 
research, followed by the conclusion.

Literature review

For this investigation, studies related to PE published between 2018 and 2025 were referred to. The search strategy led 
to the identification of a full-text publication available online. The process of selection involved searching both titles and 
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abstracts to choose articles suitable for the study. While excluding irrelevant articles, 64 articles were screened for the cur-
rent study. The Prisma flow diagram for the literature review is shown in Fig 1- Prisma Search Flow Diagram.

Theoretical conceptualization

The Technology Acceptance model (TAM) proposes that adoption of technology is driven by Perceived Usefulness (PU) 
and Perceived Ease of Use (PEOU) [31,32]. It reflects variants such as TAM2 by [33] introducing additional predictors 
which include subjective norms and job relevance, where TAM3 [34] further highlights additional elements such as com-
puter self-efficacy, anxiety, enjoyment, and usability. This widens TAM3 to use beyond technological environments and to 
diverse user communities such as hybrid learning [35]. Complementing TAM3, Service Dominant Logic (SDL) introduced 

Fig 1.  Prisma search flow diagram.

https://doi.org/10.1371/journal.pone.0353490.g001
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by [36] describes values as COC, which does not exist in a purely physical form. With this, SDL also aligns with PE, where 
customers actively co-create across digital and physical touchpoints [37], shaping personalized experiences which drive 
satisfaction and loyalty [38]. Moreover, TAM3 demonstrates a close view to understand individual opinions such as PU, 
PEOU and DL which drive towards CE along with PE. In contrast, SDL enhances this perspective through embedding the 
adoption drivers within a holistic service ecosystem where customers serve as operant resources, value co production via 
CI and engagement. TAM3 constructs are viewed not solely as drivers of technology acceptance but also a mechanism of 
co production of value, reflecting SDL’s emphasis on resource integration. Together, TAM3 and SDL provide a great deal 
in regard to customer adoption and experience in phygital contexts.

Phygital experience and customer engagement

Today’s modern consumers are looking for more immersive and meaningful interactions that go beyond simply buying 
products. With the growing demand for engaging experiences [18,39], companies are increasingly adopting hybrid prod-
uct marketing strategies that combine digital and physical elements to attract and captivate consumers more effectively. 
Recent studies [37,40–43] have defined PE as hybridizing physical and digital aspects to create a unique customer expe-
rience at the same time and in the same atmosphere. PE obliges businesses in blending in-person and virtual encounters 
to secure client interactions while seeking distinctive involvement [17].

Notably, [41] emphasizes that companies are improving customer journeys by delivering personalized and dynamic 
experiences powered by technologies like Augmented Reality (AR), Virtual Reality (VR), and the Internet of Things (IOT), 
bringing innovation, and speediness to every interaction while generating a more holistic experience. Studies by [44,45] 
show that PE and CE have a positive relationship. PE would emphasize CE by creating a flawless, emotional experience 
that nourishes intense brand interaction [7]. As mentioned, PE fosters CE by blending digital and physical touchpoints, 
where TAM3 supports this link through perceived enjoyment and usability drive engagement.

Furthermore, TAM3 highlights that PU and PEOU are core to determine CE through technology. For instance, when 
users experience an innovative service setting, their level of involvement is identified by the extent to which they under-
stand interaction as relevant, seamless, and compatible with their expectations [46]. TAM3 delivers justification at the 
operational level, where CE arises as a response behavior towards positive intellectual reviews of the system. By imple-
menting TAM3, the relationship is reinforced through the reasoning that positive user perceptions of technology can 
directly translate to greater extent of CE. Based on the above discussion, the following hypothesis is proposed.

H
1
: Phygital experience has a significant impact on customer engagement.

Digital literacy

While basic reading and writing remain valuable, DL has become essential for all. According to [47], DL is being defined 
by a wider range that goes just beyond technological competence, and is being substituted by media literacy. It also 
emphasizes that DL is the everyday skills that are needed to benefit from digital technology, to navigate information, and 
to be social. Furthermore, DL is a strategic ability that enables customers to respond and utilize digital tools effectively. 
The mediating role guarantees that PE transforms into deeper level of engagement, where customers who are tech–savvy 
can better recognize opportunities in dynamic environments. Furthermore, it also confirms that DL functions as a highly 
influential mediating construct in between digital capabilities and business outcomes, which highlights its importance in 
contributing to engagement [48]. Another study by [49] has said that DL is the ability to effectively use online content, 
tools, and resources. A study by [47] has proved that consumers’ DL clearly determines their buying patterns and their 
engagement, and the relationship confirms that DL plays a crucial role in enhancing CE.

Moreover, [50], have identified that customers with high digital technology knowledge will increase the possibil-
ity of them buying from the brand repeatedly, and it is because customers with a high DL tend to form a stronger 
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self-efficacy and consider digital interactions as less complex. In TAM3, self-efficacy reduces perceived difficulty and 
increases the PEOU, thereby elevates the overall effectiveness of PE, where customers tend to purchase repeatedly 
from the same brand [51]. Hence, this improved self‑efficacy paves the way for more favorable cognitive evaluations 
of usefulness and ease of use, which directly promotes engagement behaviors [52]. This way, TAM3 provides theoret-
ical justification for H

2
 by exhibiting that DL acts as a cognitive enabler, mediating the effect of system experience on 

CE. Existing studies have largely ignored the Phygital involvement of customers who are at different DL levels though 
very limited research has been done on how digital competency affects behavior. Accordingly, from the given litera-
tures, the hypothesis is derived.

H
2
: Digital literacy mediates the relationship between phygital experience and customer engagement.

Customer engagement and customer innovation

CE refers to the psychological involvement and thoughtful dedication a customer shows toward a business or brand [53]. 
Active CE exceeds beyond transaction-based involvement to sharing ideas, feedback, self-initiated actions in a manner 
that benefit both the customers and organizations. In SDL, such integration of resources can enable the organization to 
co-create value and drive towards CI, where active participation does not only benefit organizations, but enriches the 
overall output within the community [54] CE is best described as an ongoing exchange and interaction between busi-
nesses and their customers, which fosters deep psychological, emotional, and behavioral connections among brands, 
organizations, and their consumers [55]. Moreover, [56] have mentioned that CE is a factor that emphasizes customers’ 
preference towards products and in return it enables customers to accept the changes the organization has made and 
facilitates innovation by involving the feedback process.

In another study by [43], the scholars have put forward that CE is being used as a boost approach towards competitive 
advantage, which is an antecedent to innovation and COC.

Furthermore, [57] has explored that CI is the present setting, in an anticipatory behavior by customers, which impacts 
both product and service. Research also suggests that most customers are becoming active co-producers and are no 
longer a passive audience. Not only that, but sometimes online CE can also be stressful, as proven by [58] that it can 
create information overload, resource depletion, and customer stress rather than enhancing it. SDL frames that CE as a 
precursor to innovation and also it emphasizes that active participation in activities enables new value and improvement to 
service.

CE also represents a customer’s ability and willingness to invest time, effort and knowledge in interactions and SDL 
emphasizes that such resource combination is the foundation of innovation in service ecosystems [59]. Thus, SDL shows 
that CE is a vital antecedent of CI, as it enables the active participation and knowledge sharing necessary for COC [60]. 
With that, this study focuses on both physical and digital experiences. Past studies [61] have stated that phygital strate-
gies make customers more engaged by capturing their attention and involvement through leveraging interactive technolo-
gies. The foregoing discussion culminates in the following hypothesis,

H
3
: Customer engagement has a significant impact on customer innovation.

Customer innovation and co-creation

CI has emerged as a transformative concept in marketing and innovation literature, reflecting a shift from firm-centric 
innovation models to more participatory, customer-driven approaches [62]. According to [63] CI can be interpreted as an 
active involvement of customers in the idea creation, development, and refinement of products and services. The cus-
tomer COC, is a collaborative and interactive process where multiple actors, like customers, firms, and users, integrate 
resources or knowledge to jointly create value, come up with new products, outcomes, or meanings by not just consuming 
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them [57,64]. According to [65,66], customers’ innovativeness is an inherent trait or a perception that significantly boosts 
their participation in value COC in the phygital context. CE and CI are key drivers for patronage intention on phygital 
shopping platforms. CI indicates engaged participation where customers share insights, form ideas, and collaborate with 
organizations. This user driven behavior not just encourages new solutions, but it also enhances purchase intentions, 
where customers develop stronger connection to the end results which they helped shape [30]. Within SDL, knowledge 
and creativity turn into a service ecosystem, in which their participation translates CI to COC, by enhancing organizational 
values and customer loyalty [67]. Moreover, when customers innovate, they extend the scope of resource integration by 
introducing novel approaches that reshape interactions and enhance collective outcomes [68]. Where, SDL identifies that 
CI is not an isolated activity but a critical antecedent of COC within service ecosystems. Notably, [69] have stated that 
modern consumers actively shape their own experiences through digital interactions by giving importance to collaborative 
value creation between businesses and customers. From the above reasoning, the hypothesis is stated as follows,

H
4
: Customer innovation has a significant impact on co-creation.

Co-creation and perceived value

Co-creation presents an active agency of customers who shape products, adding greater depth to insights. [70] show that 
when customers are involved in co-creating programs, those programs become more authentic, as a result, people value 
the brand more, which can raise the brand equity. [71,72] exploit the DART framework (Dialogue, Access, Risk evaluation, 
Transparency) because each component supports the brand experience, which enhances the satisfaction level in COC. In 
return, it raises the PV, where customers see the outcomes which they helped shape. In the meantime, SDL directly tries 
COC to value perception, and then SDL declares that value is not deep-seated in products or services, but is co-created 
through interactions among active participants in an integrated service network [36]. Moreover, SDL highlights that PV is 
a relational construct emerging from the COC process rather than being delivered one-sided by firms [73]. Further, [74,75] 
in this digital world, people don’t just shop passively, but they also collaborate, share ideas, and give feedback to shape 
the product at the end. This shift shows us that the customer plays a central role in value co-creation. Based on the above 
explanation, the hypothesis is built below,

H
5
: Co-creation has a significant impact on perceived value.

Customer engagement and perceived value

According to [76], PV refers to a customer’s favorable assessment where the advantages of a service, both practical and 
experiential, exceed the associated cost or effort. Phygital elements such as AR, VR, seamless payments, and interactive 
displays offer relevance, reliability, and personalization, as a result, it heightens customer PV by merging both enveloping 
experience with convenience [77,78]. A study by [30,78] highlights that integrating innovation and personalization into 
phygital elements drives CE, which in turn significantly increases customer retention and patronizes the retailer. This has 
also been proved in digital services, where research in mobile app environments has been published by [79] showing us 
that PV includes quality, hedonic enjoyment, social value, and fair price, has a positive influence on engagement. [80] 
identifies that engagement in most cases is mediated by the impact that is made by the PV dimensions, and this illustrates 
the behavioral and psychological bridge.

Lastly, [81] have proved that the presence of interactive tech features attracts customers and enhances their perceived 
in-store values, with this the retailers can leverage these tools to captivate customers and build up engagement. Lastly, 
TAM3 emphasizes that PU and PEOU are crucial to shape user evaluations of technology; it also explains that CE reflects 
the behavioral manifestation of these positive cognitive evaluations, as individuals who perceive the respective system as 
useful and intuitive, are more likely to invest effort and attention in their engagement [82]. Such engagement enhances 
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the value perception because customers experience outcomes perfectly align with their expectations and deliver efficiency 
and effectiveness. This way, TAM3 explains that PV emerges as a direct consequence of engagement behaviors rooted in 
favorable cognitive assessments of usefulness and ease of use. Based on the above literatures, the hypothesis is pro-
posed below,

H
6
: Customer engagement has a significant impact on perceived value.

Perceived value and customer satisfaction

[83] have identified in a systematic literature review that consumers’ PV exceeds their initial expectations when the prod-
uct or services are more satisfying. [84,85] investigates entertainment platforms and finds that utilitarian, hedonic value, 
and social value factors significantly enhance satisfaction and show the strongest mediation effect. PV is also enhanced 
by service quality constructs such as responsiveness, confidentiality, and reliability, and not solely by co-creation. The 
evidence is supported from an e-banking study showcasing efficiency, reliability, responsiveness and confidentiality; 
it all indicates positive and significant effect on e-banking services, which in turn inferred a strong positive impact on 
CS [86]. Furthermore, in online shopping [87], the study shows that when customers experience a wide product range, 
accurate information, and convenient delivery, they perceive greater value in their interactions, therefore increases their 
satisfaction.

When most customers feel satisfied about what they have purchased and how well they have been treated, they are 
more likely to be retained and repurchase the same product [88]. Good customer service, real-time quick support, and 
especially a user-friendly system reduces the barriers to shopping, thus it builds brand trust while SDL emphasizes value 
experiential as a driver of satisfaction and conceptualizes that value is co-created through interactions among active 
participants rather than delivered unilaterally by firms. CS thus emerges as the affective consequence of PV, reinforcing 
SDL’s proposition that value creation is inherently tied to customer participation and COC processes [89]. Reflected on the 
above given information, the following hypothesis is proposed,

H
7
: Perceived value has a significant impact on customer satisfaction.

Customer satisfaction and customer loyalty

As mentioned above, if customers feel more satisfied with the product or service that exceeds their expectations, then 
it would lead those customers to patronage intentions and to an emotional attachment too [90]. Satisfaction fully medi-
ates the relationship between perceived efficiency and loyalty, which is identified in an Artificial Intelligence (AI) powered 
customer service context, thus, this shows satisfaction’s gains are transforming to loyalty [91,92]. SDL also explains that 
satisfaction is an antecedent of loyalty for exchange in service. It also serves as an empirical foundation for long-term 
relationships, where satisfied customers identify that their anticipated outcomes have been met through operant resource 
integration, which consolidates their intention to continue the relationship. Therefore, SDL shows that CL is a logical pro-
gression of CS.

Furthermore, a study by [93] illustrates that satisfaction is one of the 4 core drivers in influencing loyalty and consistent 
impact across geographies and industries. Finally [94] also showcase that in the omnichannel retail sector, the seamless 
flow across both physical and digital channels is because of satisfaction and the experience with trust and consistency 
by the customer, Moreover, in phygital settings, the direct path is crucial; as explained previously, if customers perceive 
that omnichannel experiences sustain performance aligned with expectations, they tend to maintain a lasting relationship. 
Through empirical findings in digital banking proves that CS, along with generative AI chatbots, explicitly boosts loyalty 
outcomes by consolidating confidence and sustained adoption [95], which strongly drives towards loyalty. From the above 
synthesis, the following hypothesis emerges,
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H
8
: Customer satisfaction has a significant impact on customer loyalty.

The serial mediation role of DL, CE, CI, COC, PV, and CS in the impact PE on CL is examined. DL allows customers 
to engage with phygital channels effectively, which in return drives towards CE. CE fuels innovation and customer COC 
activities, where both are key in molding customer – PV and CS. The given multiple serial mediation approach incorpo-
rates cognitive readiness, emotional engagement, and customer participatory activities, offering a strong explanation 
of how phygital experiences translate into loyalty. By representing these mediators jointly, the framework ensures there 
is no critical dimension is overlooked [57,96]. Ultimately, the proposed mechanism identifies the multi – faceted under-
standing on how CL process, and how the contribution come along together to build the lasting loyalty. TAM3 identifies 
that DL strengthens PU and PEOU, by facilitating customers to engage assertively with phygital systems. This cognitive 
structure triggers engagement that transitions to SDL, where engaged customers facilitate CI and COC. When custom-
ers gain greater value, it strengthens CS as a positive result [73]. Thus, TAM3 supports the initial integration point of DL 
and CE, while SDL explains the connection chain leading to CL. Based on the prior literature, the following hypothesis 
formulated,

H
9
: Digital literacy, customer engagement, customer innovation, co-creation, perceived value, and customer satisfaction 
significantly serially mediate the impact of phygital experience on customer loyalty.

The serial mediation role of DL, CE, PV, and CS in the impact of PE on CL is examined. DL helps customers to feel 
confident and capable enough to engage with phygital channels, which enables them to grab digital technologies entirely. 
Therefore, it has a positive effect on CE where customers who are digitally literate are presumably engaged in both offline 
and online channels. Furthermore, engagement has a significant impact on CL, which is a result of PV, where this plays 
a critical role in determining CL. Therefore by locating DL in the mediation chain, it emphasizes that loyalty is not only 
an emotional connection product but also of technological fluency and readiness cognitive [79,96,97]. These joint mech-
anisms identify how loyalty in phygital context is being strengthened by customers both digitally and emotionally. The 
relationship justifies TAM3 at the entry point of DL, where DL fortifies self-efficacy and weakens perceived complexity by 
enabling customers to confidently interact with PE. Additionally, SDL labels proactive involvement as resource incorpora-
tion which enhances PV driving it to CS in response to co-created outcomes and sustaining CL [2]. Based on the above 
scenarios the hypothesis is given below,

H
10

: Digital literacy, customer engagement, perceived value, and customer satisfaction significantly serially mediate the 
impact of phygital experience on customer loyalty.

The serial mediation role of CE, CI, COC, PV, and CS in the impact of PE on CL is examined. PE motive CE by per-
sonalized and interactive touchpoint experiences. Engaged customers are more likely to move on to more behaviors 
which are innovative, idea generation and experimental, which extends their participation beyond consumption. Innovation 
always translates into COC, and customers directly participate in service and product development. COC also increases 
the perception of value by ownership and relevance, which results in satisfaction and loyalty. Through serial mediation, all 
the behaviors describe the complete process of customers as active participants [97–99]. This process reiterates on how 
engagement transforms into active participation and then back to loyalty through COC and satisfaction. SDL supports this 
serial mediation, [100] explains that CE functions as a catalyst for integration of resources where it encourages CI within 
service delivery. CI gradually transforms into COC, in which customers work together with firms to tailor experiences to 
meet user needs [57]. These co-produced outcomes tend to increase PV, and higher the PV it increases CS where satis-
fied customers are more likely to be loyal [97]. Therefore, the hypothesis below is developed,

H
11

: Customer engagement, customer innovation, co-creation, perceived value, and customer satisfaction significantly 
serially mediate the impact of phygital experience on customer loyalty.
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The serial mediation role of CE, PV, and CS in the impact of PE on CL is examined. PE integrates technology with 
experiences which are tangible to provide an engaging environment which boosts customer interactions. Although 
engagement not only fosters immediate interaction, it also affects value perception, on how the consumers perceive this 
combined experience to be more personal, streamlined, and rewarding. PV is the most essential driver of satisfaction, and 
it significantly influences loyalty which has been endorsed by vast bodies of research. The above-mentioned variables 
suggest a sequential psychological journey where CE acts as the driver for satisfaction which ultimately arrives to achiev-
ing long term loyalty [101–103]. This pathway shows us how loyalty is not formed alone but it emerges through an ordered 
series of evaluative stages and experiential. SDL assists this serial mediation because CE elevates PV, since customers 
examine the end results more optimistically. Hence, they identify their role is shaping the outcomes, thus increases CS 
leading towards a long-term CL [104]. From the above discussed information, the hypothesis below is derived.

H
12

: Customer engagement, Perceived value, and Customer satisfaction significantly serially mediate the impact of phygi-
tal experience on customer loyalty.

Conceptualization is developed based on many literatures of conceptual foundations and formalized theories shown in 
Fig 2 – Conceptual Framework.

Data and methodology

Methods

The study primarily focused on investigating the factors influencing PE on consumer electronics retail stores using a quan-
titative empirical research design, grounded in a positivist philosophy and deductive reasoning method [105]. A structured 
survey was conducted online, measuring variables using a 5-point Likert scale ranging from “Strongly Disagree – 1” to 

Fig 2.  Conceptual framework.

https://doi.org/10.1371/journal.pone.0353490.g002



PLOS One | https://doi.org/10.1371/journal.pone.0353490  August 6, 2026 11 / 29

“Strongly Agree – 5” based on previous research [13,106] to understand customer engagement behaviors (CEB) towards 
the phygital concept, focusing on observable phenomena and statistical analysis for generalizable conclusions.

Population and sample

The target population of the study was Gen Z customers who purchased electronics products from consumer electronics 
retailer shops, highlighting the influence of digital technologies on shopping behavior and sales. Sri Lankan Gen Z pur-
chasing behaviors are more blended with digital technologies [107]. Not only exposed to digital interactions but also to 
both digital and physical or Phygital interactions. The purposive sampling method, which was used by [18] helped to cap-
ture the respondents who experienced phygital aspects in their buying process, and the sample consisted of 480 respon-
dents. This study specially targeted respondents who engaged with phygital experience related activities during their 
shopping journey. Through the study, authors aim to examine customer engagement and innovation behaviors within the 
specific content. The selected sampling approach enables the selection of respondents with relevant experience, thereby 
improving the validity of responses.

Data collection

Data collection was aimed at collecting and analyzing numerical data to test hypotheses and determine relationships 
among the variables [108]. The survey questionnaire fulfilled requirements and qualifications to do an investigation, the 
online method was chosen for cost-effectiveness, ease of distribution, and suitability for urban areas [109]. For this, QR 
code scanning facilities was used to distribute the survey link, allowing respondents to easily access and complete the 
questionnaire using their mobile devices. Despite this, the use of QR code-based online data collection may have influ-
enced the sample composition by identifying the respondents who are more digitally literate and more comfortable with 
mobile-based interactions. Simultaneously, the sample may have overrepresented digitally connected Gen Z consumers, 
while underrepresenting individuals with low levels of digital access or familiarity (i.e., digital divide).

Measures

The primary goal of the study was to investigate the impact of PE and CL through CE, CI, COC, PV, and CS with a DL 
considering as a main mediative variable. Instead of CI and COC that played mediative roles between CE and PV to 
investigate the above-mentioned casual relationships from the correct target population, the questionnaire relied on the 
three (3) main layers. The first layer included the demographic information of the participants of the survey, the second 
layer had four (04) main questions for filtering known as purposive questions. “1. Have you used services/products that 
combine physical and digital experiences?”, “2. Have you ever given feedback or suggestions about a product or ser-
vice you purchased?” “3. Have you purchased products or services from the brand/shop/retailer in the last 6 months?”, 
“4. Have you recommended a product or store to someone else based on your experience?”. The final layer consists of 
dimension validation questions with a 5-point Likert scale. These second and final layers were modified according to the 
contextual situation and improved practicality from the customer’s perspective. Before finalizing the survey questions, a 
pilot test with 70 responses was conducted to confirm the questions and their practical usability in customer perception. 
Then, inconsistencies were identified, and questions were re-modified to obtain a valid and reliable output. Table 1 used 
for building the questionnaire represents the indicators of the variables.

Ethical consideration

To ensure ethical content, this investigation aimed to protect participants’ rights and maintain record integrity. The team 
explained the study objectives, roles, questionnaire, and data management methods. Data were anonymized, protected 
from unauthorized access, and restricted to approved team members. Voluntary participation was encouraged, and data 
security and truthfulness were prioritized. Discipline and secure uploading of data were crucial for research success. 
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Ethical approval was granted for the data collection by the Sri Lanka Institute of Information Technology (SLIIT) Business 
School Ethics Review Committee.

Data analysis

The data was analyzed using quantitative methods to understand the relationship between variables, and data cleaning 
was ensured by removing all missing values, outliers, and inconsistencies. The Structural Equation Modeling (SEM) with 
Partial Least Squares (PLS) was used to analyses via SmartPLS 4.1.1.4 software, a suitable technique for explanatory 
models involving multiple constructs, and dimensions [126]. Apart from other analytical techniques, PLS-SEM model 
aligns with research objectives, fits data characteristics and suits model complexity. The analysis included a measure-
ment model for reliability and validity, and a structural model for the strength and significance of relationships. The results 
validated conceptualization and provided empirical evidence on how PE influences CE, PV, CS, and CL. Following 
[127], serial mediation allows the examination of causal chains involving more than two mediators, where the effect of an 

Table 1.  Operationalization table.

Variable Definition of the variables Dimensions Item Source

PE The blending of physical and digital elements enhances a cus-
tomer’s shopping experience and their preference for such an 
integrated electronic retailer’s environment.

• Sensory Experience PE1 [13,106,110,111]

• Social Experience PE2

• Emotional Experience PE3

• Cognitive Experience PE4

• Technological Experience PE5

DL Confidence and ability to effectively utilize digital tools and plat-
forms for shopping-related activities and information access.

• �Information and communication 
technology

DL1 [112,113]

• Media Literacy DL2

• Information literacy DL3

CE The extent to which customers interact with and feel connected 
to the shop, both online and offline, influences their behaviors.

• Cognitive Engagement CE1,CE2 [106,110,114]

• Affective Engagement CE3,CE4

• Behavioral Engagement CE5,CE6

CI Customer openness to adopting new shopping methods intro-
duced by the electronic retailers, and the opportunities provided 
by the retailer for customer participation in idea generation or 
feedback.

• Innovation in services CI1 [115,116]

• Managerial innovation CI2

• Innovation in process CI3

COC Customers’ belief that their feedback and ideas are valued by 
the retailer and that they are involved in shaping the products or 
services they use.

• �Who actually participated in the 
co-creation process?

COC1,COC2,
COC3

[117–119]

PV Customers’ assessment of the benefits received from products 
or services in relation to their cost, including their satisfaction 
with product quality, uniqueness, and after-sales services.

• Social Value PV1 [114,120–122]

• Emotional value PV2

• Functional value PV3,PV4

• Conditional value PV5

• Epistemic value PV6

CS Customer’s overall contentment with the product/service quality, 
the value received, and whether their expectations were met or 
exceeded, leading to a positive feeling about their choice.

• Satisfaction toward quality CS1 [88,117,120,123]

• Satisfaction toward value CS2

• Conformity of expectation CS3

CL A customer’s commitment to repurchase, recommend and 
stay with a brand, this is also driven when customer’s meeting 
exceeds their expectations.

• Word of Mouth CL1 [123–125]

• Repurchase Intention CL2

• Customer Retention CL3

Source: Authors’ compilation.

https://doi.org/10.1371/journal.pone.0353490.t001
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independent variable is transmitted sequentially through multiple mechanisms and the empirical evidence remains limited 
on how phygital experience influences CL through multiple, ordered mechanisms involving DL, CE, CI, COC, PV, and CS.

Results

Demographics

The study reveals a diverse demographic, with a majority of respondents were male 56.67% while females accounted 
for 43.33%, indicating fairly balanced gender representation. Young adults dominate with 66.67% aged 22–25. Most 
respondents have a bachelor’s degree or undergraduate, with 86.88% having advanced degrees. The highest occupa-
tion is students, with 26.88% employed and 6.88% self-employed. Furthermore, 67.29% of respondents are having less 
than LKR 50,000 income. Exploring that monthly (29.79%) and rare (35%) purchases were most common, with 87.29% 
of respondents engaging in phygital experience during their buying process. Along with this, 419 out of 480 respondents 
were taken into the analysis due to the minimum requirement subject. This is because the study only considers valid data 
from respondents who have gained phygital experience during their shopping journey. Table 2 details the full demographic 
analysis of the respondents.

Table 2.  Demographic information.

Measure Item Count Column 
N %

Gender Male 272 56.67%

Female 208 43.33%

Age 18–21 130 27.08%

22–25 320 66.67%

26–28 30 6.25%

Education Level Advanced level (A/L) 33 6.88%

Bachelor’s Degree/ Undergraduate 417 86.88%

Diploma/ NVQ 15 3.13%

Postgraduate Degree (Master’s/ PhD) 7 1.46%

Up to Ordinary level (O/L) 8 1.67%

Occupation Employed 129 26.88%

Self employed 33 6.88%

Student 311 64.79%

Unemployed 5 1.04%

Other 2 0.42%

Income Status LKR less than 50000 323 67.29%

LKR 50000–99000 83 17.29%

LKR 100000–149000 43 8.96%

LKR 150000–199000 14 2.92%

LKR 200000 and above 17 3.54%

Frequency purchasing products at the relevant consumer electronic 
shop

Once a week 40 8.33%

Monthly 143 29.79%

Annually 129 26.88%

Rarely 168 35.00%

Have you tried Phygital experiences that combine physical and digital 
experiences while shopping?

Yes 419 87.29%

No 61 12.71%

Source: Authors’ compilation.

https://doi.org/10.1371/journal.pone.0353490.t002
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Measurement model assessment

Through measurement model assessment the validity, and reliability of the latent variable and their outer loadings were 
evaluated. Table 3 represents 419 responses derived from the model assessment. In Fig 3 – Measurement Model Analy-
sis, representing the measurement model analysis of conceptualization using SmartPLS4.

According to the outer loadings of individual items, as recommended loadings greater than 0.70 are considered ideal, 
though values in the range between 0.635 and 0.70 can be acceptable because the construct demonstrated adequate 
average variance extracted (AVE) [128]. Most of the loadings were above 0.70, supporting indicator loadings. Except for a 
few items, such as CE1 (0.635), CE5 (0.667), and CI1 (0.659) exhibited relatively lower loadings. Aligning with the argu-
ment of [128,129], those items were retained due to their acceptable acceptance level and satisfactory convergent validity 
(AVE > 0.50). Furthermore, these items were theoretically important in capturing the entire domain of the constructs, espe-
cially for multidimensional variables like CE and CI. Removing these items would compromise the content validity of the 
measurement model and using Cronbach’s alpha (α), composite reliability rho_a, and rho_c, internal consistency reliability 
was assessed. All constructs achieved reliability values above the recommended 0.70 threshold, with most exceeding 
0.80, indicating good to excellent reliability performance [130,131]. At least having AVE at 0.50 is confirmed convergent 
validity, implying that more than 50% of the variance in the indicators is explained by the latent variable. The results indi-
cated that all constructs satisfied this criterion, with AVE values ranging from 0.547 (CE) to 0.788 [132].

Fornell-Larcker-criterion

In Table 4, the discriminant validity evaluation consists of the Fornell-Larcker criterion, which compares the square root of 
AVE values with the inter-construct correlations.

[133], each construct’s √AVE should exceed its correlations with other latent constructs, and results confirmed that 
the above condition was satisfied across all the constructs. This approach has been widely recommended in PLS-SEM 
literature [126] provided a reliable assessment of discriminant validity when HTMT ratios show potential issues. The √AVE 
for CE (0.740) and CS (0.870) showed higher correlations with CI and CL, indicating more variance with their dimensions. 
The measurement model results confirmed constructs’ reliability and validity, providing a robust foundation for structural 
model assessment.

Structural model assessment

In structural model assessment, the focus is mainly on evaluating the statistical values to test the hypothesized relation-
ships among the constructs. Path coefficients (β), standard deviation (σ), t-values, p-values, and effect size (f2) values 
analyzed, and derived decisions using the bootstrapping method in SmartPLS to determine the significance and strength 
of relationships. The results are represented in Table 5, indicate that all hypothesized relationships H

1
, H

3
, H

4
, H

5
, H

6
, H

7
, 

and H
8
 are statistically significant and confirm all the hypotheses. These findings indicate that the proposed model effec-

tively explains the relationships between PE, CE, CI, COC, PV, CS, and CL, by demonstrating strong predictive capability 
for understanding CEB in phygital retail environments.

Mediation model assessment

The mediation analysis is represented in Table 6, mainly focused on the effect of DL on the relationship between PE and 
CE was examined using the bootstrapping approach in SmartPLS. The results show that H

2
 relationship supporting the 

mediation role played by DL which has significant impact on the relationship between PE and CE ((β = 0.376, t = 7.369, 
p < 0.001). Digital skills significantly enhance engagement in phygital retail environment in phygital retail environments, 
with PE positively influencing CE through DL, emphasizing the importance of DL in strengthening PE’s impact. Further-
more, four significant serial mediation pathways were revealed, confirming that PE on CL has a positive and statistically 
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Table 3.  Measurement model assessment.

Latent Variable Item Factor loading Cronbach’s alpha Composite reliability (rho_a) Composite reliability (rho_c) AVE

CE 0.833 0.843 0.878 0.547

CE1 0.635

CE2 0.765

CE3 0.813

CE4 0.776

CE5 0.667

CE6 0.766

CI 0.714 0.740 0.841 0.642

CI1 0.659

CI2 0.868

CI3 0.859

CL 0.782 0.826 0.872 0.696

CL1 0.893

CL2 0.886

CL3 0.711

COC 0.799 0.808 0.882 0.713

COC1 0.837

COC2 0.877

COC3 0.817

CS 0.839 0.843 0.903 0.756

CS1 0.883

CS2 0.890

CS2 0.835

DL 0.865 0.865 0.917 0.788

DL1 0.892

DL2 0.875

DL3 0.896

PE 0.838 0.842 0.886 0.608

PE1 0.800

PE2 0.836

PE3 0.773

PE4 0.784

PE5 0.702

PV 0.852 0.858 0.890 0.576

PV1 0.709

PV2 0.702

PV3 0.794

PV4 0.833

PV5 0.721

PV6 0.784

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t003
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significant in the first indirect mediation path through DL, CE, PV, and CS (H
9
: β = 0.022, t = 3.249, p = 0.001), through 

the second mediation path CE, CI, COC, PV, and CS in between PE and CE has positive significant (H
10

: β = 0.161, 
t = 5.591, p < 0.001), the third mediation path through CE,CI, COC, PV, and CS positively influences indirectly PE on CL 
(H

11
: β = 0.025, t = 3.570, p < 0.001) final and the fourth serial mediation through CE, PV, and CL (H

12
: β = 0.180, t = 5.641, 

p < 0.001) has a positive significant link. These findings confirm that PE enhances CL by sequentially strengthening CE, 
PV, and CS, while CI and COC further reinforce the CL formation process.

Collinearity values

The study tested collinearity through the variance inflation factor (VIF) of all dimensions, ensuring no multicollinearity bias. 
As shown in Table 7, the VIF values range from 1.177 to 2.364, below the conservation threshold of 3.3 [134] and the 
general threshold of 5.0 [126] indicate that multicollinearity is not an issue in this study. All dimensions were retained for 
subsequent structural model analysis.

Coefficient of determination (R²)

The co-efficient of determination (R²) evaluates the explanatory power of the structural model, in Table 8 representable of 
R² values. Results reveal that PE and DL account for 71.6% of CE variance, with CI and COC showing strong predictive 

Fig 3.  Measurement model analysis.

https://doi.org/10.1371/journal.pone.0353490.g003

Table 4.  Fornell-Larcker-criterion - discriminant validity.

CE CI CL COC CS DL PE PV

CE 0.740

CI 0.741 0.801

CL 0.704 0.654 0.834

COC 0.537 0.745 0.512 0.844

CS 0.716 0.648 0.741 0.499 0.870

DL 0.808 0.679 0.606 0.448 0.640 0.887

PE 0.798 0.655 0.598 0.441 0.643 0.801 0.780

PV 0.798 0.724 0.738 0.553 0.819 0.715 0.687 0.759

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t004
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power. PV is 61.5% and CS and CL show strong explanatory power. DL as a mediator has an R² of 0.642, exploring its sub-
stantial role in linking PE to CE. The adjusted R² values are very similar to the R² values, indicating minimal overfitting and 
confirming the robustness of the model. The PLSpredict procedure use to assess predictive validity, which measures the 
out of sample predictive performance of the model. The findings emphasize that all endogenous constructs show a positive 
Q2 prediction value by confirming the existence of predictive relevance. CE (0.634) and DL (0.638) both indicate strong pre-
dictive power with Q2 predict values exceeding 0.60, while CI, CL, CS, and PV show moderate predictive values. However, 
COC with a small predictive value (0.191), even though is negligible, demonstrates predictive capability. The overall results 
conclude that the model has strong explanatory capabilities in predicting key outcomes in phygital retail contexts.

Model fit assessment

The SRMR value of the saturated model (0.071) is below the recommended 0.08 threshold [135], explored an acceptable 
fit, while the estimated model’s SRMR result (0.091) is slightly higher but still tolerable in PLS-SEM [136]. The d_ULS and 
d_G values (2.653) & (0.907), respectively, were low, suggesting a good alignment between the empirical and  
model-implied correlations. NFI values (0.767 and 0.757) show moderate fit, however, below the ideal 0.90 benchmark. 
Concluding the model fit, the saturated model provided a better fit, and the indices confirm that the model establishes an 
acceptable fit for PLS-SEM research. Table 9 represents values for the model fit assessment.

Discussion

The study focused on finding the impact of PE on CL while exploring the mediating effects of DL on PE and CE. Thus, the 
study was also conducted based on established theoretical frameworks, which are the Technology Acceptance Model3 
(TAM3) by [34], and the Service Domain Logic (SDL) by [36].

Table 5.  Structural model assessment.

Hypothesis Path coefficient Standard deviation t-value p-value f2-values Decision

H1: PE → CE 0.422 0.058 7.253 0.000 0.225 Supported

H3: CE → CI 0.741 0.036 20.309 0.000 1.216 Supported

H4: CI → COC 0.745 0.029 25.380 0.000 1.246 Supported

H5: COC → PV 0.174 0.035 5.024 0.000 0.063 Supported

H6: CE → PV 0.705 0.034 20.929 0.000 1.034 Supported

H7: PV → CS 0.819 0.025 32.886 0.000 2.044 Supported

H8: CS → CL 0.741 0.046 15..992 0.000 1.221 Supported

Source: Authors’ compilation using SmarPL4.

https://doi.org/10.1371/journal.pone.0353490.t005

Table 6.  Mediation model assessment.

Hypothesis Path coefficient Standard deviation t-value p-value Decision

Single Mediation

H2: PE → DL → CE 0.376 0.051 7.369 0.000 Supported

Serial Mediation

H9: PE → DL → CE → CI → COC → PV → CS → CL 0.022 0.007 3.249 0.001 Supported

H10: PE → DL → CE → PV → CS → CL 0.161 0.029 5.591 0.000 Supported

H11: PE → CE → CI → COC → PV → CS → CL 0.025 0.007 3.570 0.000 Supported

H12: PE → CE → PV → CS → CL 0.180 0.032 5.641 0.000 Supported

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t006
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Table 7.  Collinearity Values (VIF).

Dimension VIF Dimension VIF

CE1 1.363 CS2 2.171

CE2 1.704 CS3 1.753

CE3 1.982 DL1 2.331

CE4 1.785 DL2 2.069

CE5 1.440 DL3 2.364

CE6 1.737 PE1 1.960

CI1 1.177 PE2 2.172

CI2 1.845 PE3 1.732

CI3 1.800 PE4 1.660

CL1 1.996 PE5 1.443

CL2 1.974 PV1 1.615

CL3 1.365 PV2 1.598

COC1 1.693 PV3 2.016

COC2 1.837 PV4 2.220

COC3 1.634 PV5 1.559

CS1 2.144 PV6 1.856

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t007

Table 8.  R², adjusted R², and Q2 predictive values.

R-square R-square adjusted Q2 Predictive

CE 0.716 0.715 0.634

CI 0.549 0.548 0.421

CL 0.550 0.549 0.307

COC 0.555 0.554 0.191

CS 0.671 0.671 0.396

DL 0.642 0.641 0.638

PV 0.615 0.657 0.465

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t008

Table 9.  Model fit assessment.

Saturated model Estimated model

SRMR 0.071 0.091

d_ULS 2.653 4.338

d_G 0.907 0.978

Chi-square 2119.978 2218.987

NFI 0.767 0.757

Source: Authors’ compilation using SmartPLS4.

https://doi.org/10.1371/journal.pone.0353490.t009
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The analysis results showed that PE had a significant impact on CE. This result mirrors the findings presented by 
[18,21]. Furthermore, [7] argue that customers’ journey in the phygital context, which can also be defined as hybrid arte-
facts, blended contexts, circular actions, and intertwined emotions, creates an immersive engagement loop that deepens 
customers’ involvement. When physical and digital touchpoints are seamlessly integrated into the journey, it leads to a 
stronger relationship between customers and brands. In addition, [137] also found that integrating AR, VR, IoT, and AI into 
physical retail spaces can notably enhance engagement, which offers a personalized and real-time experience. Similarly, 
[30] emphasize that phygital transforms the way businesses engage with their customers by combining the capabilities 
of digital technology and physical environments. Integration enables interactive customer journeys and immersive expe-
riences. On the other hand, an earlier study by [138] identified that the ambiance of a physical store and staff behavior 
alone can influence engagement. But those models were developed before the wide adoption of digital technologies. 
Moreover, the possible causes of PE significantly impacting CE are emphasized by [7], that CE in a phygital context is 
circular and not linear, and it is driven by dynamic interactions across touchpoints. [137], further identified that immersive 
technologies retain attention and an emotional connection, which most of the traditional models fail to capture.

Next, the analysis proved that DL had a significant impact on mediating between PE and CE. Similar findings were 
identified in studies [30]. These studies empirically illustrate that their SEM results confirm that customers who have 
higher DL are more capable of navigating through the phygital retail environments. These consumers are also better at 
understanding the technologies that are being integrated into the journey. The significant mediating role of DL can be iden-
tified when customers effectively utilize the complex omnichannel experiences. In contrast, a customer with higher DL can 
easily adapt to the emerging technologies and manage seamless transitions between digital and physical [13]. In addition 
to that, [139] identify that phygital experience is being enhanced when digital solutions are added to physical environ-
ments. Moreover, DL enables consumers to effectively navigate, and understand how phygital retail technologies work 
[102]. This aligns with the conceptualization of PE as the integration of physical and digital elements, requiring technolog-
ical skills for optimal interaction [140]. The factors identified in these prior studies-such as technological proficiency and 
customer cognitive experience, are fully aligned with the DL construct in this study, substantiating its role as a mediator.

Next, the analysis revealed that CE has a significant impact on CI. This finding confirms the past studies, which also 
presented similar findings in different aspects [30,56,115]. Conversely, a study by [141] show that a higher level of CE in 
innovation reduced customer complaints. When customers are engaged in innovation (such as participating in product 
development or giving feedback), they feel more connected to the product or service. This engagement leads to greater 
satisfaction because customers’ opinions and needs are considered, making them less likely to be disappointed or 
dissatisfied with the final product. Further, it has also been argued by [142] that CE in business activities builds a strong 
sense of relationship between individual customers and the entity. Through these strong social relationships, it enables 
the customers to willingly share their knowledge with the company. Therefore, the higher the customer engages with the 
business, the higher the chance for the customer to participate in the innovation process. Lastly, a study by [143] conclude 
that active CE positively and significantly affects service innovation and retail innovation. Engaged customers not only pro-
vide ideas and feedback for new products and services but can even reshape retail business models.

Furthermore, the study proved that CI has a significant impact on COC. [144] also found a similar result, and COC 
significantly influences the adoption of digital services, validating CI as a CE mechanism. Similarly, [145] suggest that 
users who are engaging are most likely to be involved in co-creating, and especially this happens in online communities, 
which helps them to be motivated through internal and external factors. Furthermore, [146] believe that the participation of 
customers in value co-creation can positively affect the well-being of customers. Their SEM results reveal that customers’ 
input is not marginal, but it is essential to CI and COC. [117] highlight that access to information, transparency, and feed-
back from customers play a vital role in strengthening COC. The results vary by identifying phygital ecosystems, where 
innovation is distributed, and customer input is essential. Moreover, [144] explain that CI is incorporated into ongoing COC 
loops, which explains the significant impact.
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Next, this study revealed that COC has a significant impact on PV. This finding is strongly aligned with the prior stud-
ies. As witnessed by [147] have argued that co-creation has a positive impact on customers’ PV. Moreover, when there 
is a higher level of consumer involvement in value creation, it can lead to a better PV on the customer’s side. Notably, 
the study [147] have also identified that they have emphasized through a DART model, which is used to identify four key 
major blocks of co-creation that allow customer, and firms to co-create together. Also, another study by [148] has stated 
that in the process of value co-creation, it has a positive impact on customer PV. In phygital settings, co-creation might 
manifest as customers interacting with digital tools in-store to shape their experience or outcomes. Finally, customers who 
can customize products or services via digital tools in a physical store perceive higher utility and can learn and adapt to 
interactive technology. Lastly, these further establish the crucial role that COC can play in PV.

Furthermore, the investigations of this study have identified that CE has a significant impact on PV. This lines up with 
the prior study [123], which has revealed that CE indicates a significant impact on PV. Furthermore, [100] have explored 
that CE is a root of PV, and these studies investigated that when CE is high, the interaction between brands and cus-
tomers becomes more meaningful. As a result, they will be more likely to perceive higher value from the products and 
services that they are purchasing and feel more satisfied with the process. Also, according to [149], when consumers feel 
they are getting enough benefits compared to their cost, they will engage more with the business, which proves that PV 
also strongly influences CE. [100] have identified that the main dimensions of PV, which are functional value and social 
value, are the most influential, while the emotional value doesn’t play a much stronger role with CE.

Next, the analysis revealed that PV has a significant impact on CS. This finding confirms the past studies, which have 
also shown similar findings in different studies [84,85,150,151]. In a study by [150] it has been emphasized that when the 
PV of a customer exceeds, then it positively impacts CS. In this study, they have also mentioned that PV plays a funda-
mental role in the relationship between CS and service. According to [151], PV plays a significant role in shaping CS. CS 
occurs when the price they paid for the product or service exceeds their expectations. This through a better customer PV 
can impact CS, which in turn gives a positive relationship.

The analysis has given findings that CS has a significant impact on CL. This finding adheres to [152], have stated that 
when examining the effect of CS on CL, a positive effect is shown between them. Also, the study has mentioned that 
CS is an indicator of the entity’s past, current, and future performance, and there is ample evidence for its positive effect 
on CL. Satisfying the customer by giving them an exceptional service is a major contributor to CL. The study has also 
revealed that CS is the key to success and further denotes that a satisfied customer is always a repeat customer. More-
over, if a customer is delighted about what he gets and if that goes beyond what he expects, then he is more than satis-
fied with that experience, and in return, stays loyal to that product or service.

The analysis has revealed that, the study has concrete evidence for a serial mediation effect of PE on CL through CE, 
PV, and CS. This shows the impact of PE on CL, which occurs through a structure psychological and experiential path-
way. Moreover, Consistent with customer experience theory, integrated physical and digital touchpoints enhance interac-
tivity and immersion, thereby stimulating higher levels of CE [100,153]. In line with the expectancy disconfirmation theory, 
enhanced PV subsequently leads to greater CS, in which the customers evaluate the benefits of PE outweighing the 
associated costs [149,154]. Hence, CS then acts as a critical affective driver of CL, reinforcing repeat purchase intentions 
and positive word-of-mouth. Lastly, [102,155] highlights that the presence of this serial mediation highlights that CL is 
developed progressively rather than instantaneously, underscoring the importance of managing PE as holistic, multi-stage 
journeys rather than isolated technological touchpoints.

Next, the analysis has revealed strong empirical evidence for a significant serial mediation effect, indicating that the 
influence of PE on CL operates through DL, CE, PV, and CS in a sequential manner. Furthermore, the result suggests 
that PE alone is insufficient to generate CL unless customers possess the digital competencies required to effectively 
interact with technology-embedded physical environments. Consistent with prior research [156], phygital contexts demand 
a baseline level of DL, which enhances users’ confidence, reduces perceived complexity, and enables more meaningful 
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interaction with digital interfaces. Moreover, digitally literate customers experience lower cognitive effort and  
technology-related anxiety, they are more likely to actively engage with phygital touchpoints, supporting existing CE 
frameworks [100,157]. Lastly, [2] identifies that increased engagement subsequently facilitates value co-creation, allowing 
customers to better recognize functional, emotional, and experiential benefits, in line with service-dominant logic.

Next, the findings provide a strong empirical support for a significant serial mediation effect, demonstrating that the 
impact of PE on CL unfolds through CE, CI, COC, PV, and CS in a sequential manner. Recent customer experience 
research [102,158,159] emphasizes that phygital environments enhance interactive richness and customer participa-
tion by seamlessly integrating digital and physical touchpoints, thereby fostering higher levels of engagement. Notably, 
engaged customers are more inclined to contribute ideas, feedback, and creative inputs, positioning them as active 
participants in customer innovation rather than passive recipients of value. This innovation-oriented participation naturally 
evolves into COC, as customers collaborate with firms in shaping offerings and experiences, reinforcing service-dominant 
logic which conceptualizes value as jointly created through interaction [82,160]. Lastly [161,162], finds CS subsequently 
strengthens CL by reinforcing repeat purchase intentions and positive word-of-mouth behaviors making this finding valid.

The findings provide strong empirical support for a significant serial mediation effect, indicating that the influence of 
PE on CL unfolds through DL, CE, CI, COC, PV, and CS in an orderly manner. Digitally competent customers are more 
likely to actively engage with firms, and such engagement has been shown to stimulate customer-driven innovation 
through feedback, idea contribution, and creative involvement [163]. Through COC, customers perceive higher functional 
and experiential value due to increased personalization, relevance, and perceived control [164]. The integration of the 
serial mediation hypothesis was proposed to identify the integrated mechanisms through which PE determines CL. Each 
hypothesis symbolizes a separate yet complementary pathway. The expanded sequence in H

9
 shows how DL promotes 

CE, which then encourages CI and COC, eventually leading to PV, CS and CL. H
10

 tests whether DL and CE are solely 
capable of driving value and satisfaction, therefore it clarifies the role of CI and COC, while H

11
 identifies customer influ-

enced mechanisms of CE, CI, and COC, which show that CL can appear even without DL as an initial step. Finally, H
12

 
portrays the simplest SDL pathway, where CE directly affects value perception and CS, leading to CL. Together, these 
serial mediation hypotheses enable the model to differentiate between holistic and simplified processes, which ensure that 
mediators are not chosen randomly but are experimentally evaluated for necessity. The results validate that shorter chains 
represent essential dynamics, but the extended path provides a comprehensive explanatory power, by justifying the serial 
mediation hypothesis in the study.

Managerial and social implications

In the Sri Lankan context, the integration of PE holds significant managerial and social implications. For Managers and 
retailers, it is essential to focus on blending digital and physical touchpoints through AR/VR showrooms, mobile-based tech-
nologies, real-time inventory tracking, and seamless payment systems to reduce adoption barriers and create immersive 
journeys that enhance engagement and loyalty [165]. Furthermore, strengthening consumer digital literacy is equally crucial 
in maximizing these benefits. From a social point of view, PE reshapes consumption standards through embedding smart 
technologies into everyday spaces, encouraging participatory cultures, collaborative innovation, and stronger social bonds 
[21]. Eventually, this integration not only improves CS and brand endorsement but also enhances consumer well-being.

Limitations and future research

However, this research constructs a complex and meaningful model, this research has a few limitations. First, due to 
considering Gen Z respondents, there is a lack of analysis done on how other age groups engage with PE. Second, this 
research is based on quantitative self-reported questionnaires, which may introduce hidden bias or restrict deeper insights 
into customer behavior. Third, the research collects data at a single point in time, preventing analysis of changes or trends 
in CEB over time. Fourth, the research was limited to the consumer electronics retail store to specify the findings. Five, 
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conducted only in Sri Lanka, comparing other countries, and cultural contextual results may differ due to cultural change, 
social change, and the rate of technological advancements. Finally, as the purposive sample technique chosen in this 
study may generate sample bias and limit generalizability, probability sampling techniques can be used for future investi-
gations in broader populations. Even though, it has a few limitations, it clears a path for future researchers to explore more 
insightful investigations on PE and CL. Including different demographics extending to other industries in the retail sector, 
which suits a phygital framework, can help investigate the long-term effects of phygital strategies on other variables. 
Exploring newer variables like customer emotions, trust, and digital fatigue. Limitations and future research may lead to 
new paths for knowledge expansion, and developing the concept of physicality, integrating more with human interactions.

Conclusion

The study contributes to the body of knowledge on hybrid retail ecosystems in an emerging market setting by providing empir-
ical evidence that PE can be a strong driver of CL among Gen Z consumers in the consumer electronics retail sector of Sri 
Lanka. The PLS-SEM analysis inferred all the 12 hypothesized relationships. It means that PE has a positive and significant 
impact on CE, which in turn, activates the sequential value-creation chain through CI, COC, PV and CS and finally, leads to 
CL. One of the theoretical contributions of this paper is the empirical validation of DL as a significant mediator between PE and 
CE. This observation confirms that PE in isolation cannot achieve engagement unless the customers have sufficient digital 
skills to navigate technology-based retail space. Moreover, four serial mediation pathways established confirm that loyalty in 
phygital contexts is formed through a cumulative, multi-stage psychological process, but not through any specific, direct mech-
anism. In essence, these results provide pragmatic advice to retailers doing business in the emerging economies. Managers 
are not only to invest in the process of integrating AR/VR, IoT, and seamless digital/physical touchpoints, but also in build-
ing the DL of customers by providing in-store training, creating user-friendly interface design, and implementing technology 
onboarding programmers. PV and long-term loyalty can be further enhanced by fostering COC opportunities. This study adds 
to the extant literature of phygital by introducing new mediating variables in one integrated framework beyond previous studies 
on single mediating variables. It is also contextual to phygital adoption in a developing country like Sri Lanka (where political 
and economic instability are prevalent) and can be transferred to other emerging markets. However, the scope of the study is 
limited by the cross-sectional design, use of self-reported data, limited to one industry and a single demographic, as well as 
geographically to Sri Lanka. Future studies warrant the use of longitudinal designs and be extended to cross-cutting industries, 
age groups and even diverse cultural environments. The inclusion of such variables as consumer trust, emotional responses, 
and digital fatigue would further enrich theoretical frameworks of phygital loyalty formation.
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