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Abstract

Background: The growth of e-commerce has intensified last-mile delivery challenges, in-
cluding failed deliveries, delivery-time uncertainty, and pressure on urban logistics. Smart
parcel lockers (SPLs) offer a technology-enabled out-of-home delivery solution, yet lim-
ited evidence explains consumer adoption in Saudi Arabia. This study examines which
factors motivate Saudi consumers to adopt SPLs, how trust shapes adoption intention, and
whether perceived risk affects intention, using an extended UTAUT2 framework. Methods:
Data were collected through an online self-administered questionnaire from 415 residents
in Saudi Arabia, and the model was analyzed using partial least squares structural equation
modelling (PLS-SEM). Results: Performance expectancy was the strongest determinant of
behavioral intention. Effort expectancy, social influence, trust, facilitating conditions, and
hedonic motivation also had significant positive effects, whereas price value and perceived
risk did not directly influence intention. Conclusions: The study contributes to SPL adoption
literature by validating an extended UTAUT2 model in an underexamined Saudi context
and highlighting the role of trust in technology-enabled LMD acceptance.

Keywords: last mile delivery; E-commerce; behavioral intention; smart parcel lockers;
UTAUT2; Saudi Arabia

1. Introduction
The rapid expansion of e-commerce has intensified pressure on last-mile delivery

(LMD), the final stage through which parcels are delivered to consumers. LMD is widely
regarded as one of the most complex and costly parts of e-commerce logistics because it
involves delivery speed, cost efficiency, reliability, flexibility, customer satisfaction, and
environmental performance. Traditional home delivery remains the dominant delivery
mode in many markets; however, it is increasingly associated with recipient unavailability,
repeated delivery attempts, failed deliveries, traffic congestion, high delivery costs, and
increased emissions [1–3]. These challenges have encouraged logistics providers, online
retailers, and policymakers to explore alternative delivery models that can improve LMD
efficiency while responding to consumers’ growing expectations for convenient, reliable,
and flexible parcel receipt.

Smart parcel lockers (SPLs) have emerged as one of the most prominent self-service
solutions for improving LMD. SPLs are automated locker systems that allow consumers to
collect parcels from designated locations using digital access methods such as PIN codes,
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QR codes, mobile applications, or one-time passwords. Compared with traditional home
delivery, SPLs offer several potential benefits, including 24/7 access, reduced dependence
on courier recipient coordination, fewer failed deliveries, greater collection flexibility, and
improved delivery consolidation [1,4–6]. From a logistics perspective, SPLs can reduce
the number of individual home stops by allowing couriers to deliver multiple parcels to
one collection point, thereby improving route efficiency and supporting more sustainable
LMD operations [1,7]. However, the successful commercialization of SPLs depends not
only on operational efficiency but also on consumers’ willingness to adopt and continue
using them, since it requires consumer participation in their overall experience [8,9].

Saudi Arabia’s e-commerce market provides a relevant context for examining SPL
adoption because it is expanding, while LMD systems continue to face local operational
and behavioral challenges. Statista Market Insights projects that revenue in Saudi Arabia’s
e-commerce market will reach USD 15.88 billion in 2026 and USD 19.52 billion by 2030,
with user penetration increasing from 57.4% to 65.1% over the same period [10]. This
growth increases the need for reliable and flexible delivery alternatives. Recent Saudi
research shows that LMD quality, including delivery speed, tracking, delivery timing,
delivery-location options, and payment preferences, influences online retail experience
and customer behavior [11]. Although Saudi consumers have become more familiar with
online shopping and digital payments, traditional retail practices and door-to-door delivery
remain embedded in consumption behavior [12,13].

SPLs are also becoming more visible in the Saudi logistics market. Industry evidence
indicates that operators such as RedBox provide 24/7 parcel pick-up and drop-off services
through smart-locker networks, reporting more than 10 million parcel deliveries and plans
to expand to 10,000 smart lockers across the MENA region by 2030 [14]. Despite this
commercial development, empirical research on Saudi consumers’ acceptance of SPLs
remains limited. Existing Saudi studies have mainly examined related topics such as crowd
logistics, drone delivery, delivery quality, online shopping behavior, and online shopping
risk, rather than consumers’ behavioral intention to adopt SPLs specifically [11–13,15,16].

The Saudi LMD environment has characteristics that may shape SPL adoption, includ-
ing logistics infrastructure, addressing accuracy, driver availability, legislation, trust, cul-
tural norms, rapid urban growth, car dependency, parking pressure, and congestion [15,17].
These conditions suggest that SPL adoption may depend not only on individual technology
perceptions but also on whether consumers perceive locker delivery as useful, easy to
use, supported by adequate conditions, trustworthy, and low risk. Therefore, a theoret-
ical model for SPL adoption in Saudi Arabia should capture both consumer technology
acceptance and delivery-service concerns.

UTAUT2 provides a suitable theoretical basis for this study because SPLs are voluntary,
consumer-facing, technology-enabled delivery services. Consumers are likely to evaluate
SPLs according to performance expectancy, effort expectancy, social influence, facilitating
conditions, hedonic motivation, and price value, which correspond to the core consumer-
oriented constructs of UTAUT2 [18]. However, SPL adoption is not only a technology
acceptance decision; it is also a logistics service decision involving unattended parcel
storage, digital authentication, provider dependability, parcel safety, privacy, and service
reliability. Accordingly, this study extends UTAUT2 by incorporating trust and perceived
risk, which are among the most common extensions in consumer technology acceptance
research [19,20]. Trust is included to capture consumers’ confidence in the reliability and
security of SPLs [6,21–25], while perceived risk captures concerns about parcel loss, privacy
breaches, system failure, failed access, or unsuccessful collection [13,16,21,26]. Therefore,
applying UTAUT2 alone may not fully capture the service-specific concerns associated with
SPLs. Consumers do not only evaluate whether lockers are useful or easy to use; they also
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evaluate whether parcels will be stored safely, whether personal and delivery information
will be protected, whether the locker will function when needed, and whether the provider
will resolve service problems.

Despite growing international research on SPLs and related self-service parcel delivery
systems, important gaps remain. First, much of the existing evidence has been developed
in China, Taiwan, Singapore, Europe, and other mature logistics contexts, where delivery
infrastructure and consumer habits differ from Saudi Arabia [5,6,8,21–23,25,27–32]. Second,
Saudi-based studies have examined related LMD and e-commerce topics, but direct evi-
dence on Saudi consumers’ behavioral intention to adopt SPLs remains scarce [11–13,15,16].
Third, prior adoption studies often emphasize functional beliefs, whereas SPL adoption
requires the simultaneous evaluation of technological usability and logistics-service con-
cerns such as trust, privacy, parcel security, and risk. These gaps highlight the need for a
context-sensitive model that explains SPL adoption in Saudi Arabia by integrating UTAUT2
with trust and perceived risk. This study is guided by the following research questions:

RQ1. What factors motivate consumers in Saudi Arabia to choose SPLs as an alterna-
tive to traditional home delivery?

RQ2. How do Trust and Perceived Risk affect consumers’ intention to adopt SPLs?
This study contributes to the literature in three ways. First, it extends SPL adoption

research to Saudi Arabia, a rapidly growing e-commerce and logistics market where direct
empirical evidence on SPL acceptance remains limited. Second, it contextualizes UTAUT2
by integrating technology-related beliefs with logistics-service concerns, reflecting the dual
nature of SPLs as both digital self-service technologies and delivery-service infrastructure.
Third, the study extends SPL adoption research by testing the internal relationship between
performance expectancy and effort expectancy, showing whether ease of use strengthens
consumers’ perceived usefulness of SPLs, rather than treating both constructs only as
independent predictors of behavioral intention. Finally, it clarifies the role of trust and
perceived risk by modelling trust as both a direct predictor of behavioral intention and
a mediator linking performance expectancy and social influence on behavioral intention,
while modelling perceived risk as a potential deterrent.

2. Theoretical Framework and Hypothesis Development
2.1. Theoretical Framework

Prior technology-adoption research has produced several models explaining users’
acceptance and use of new technologies across different contexts. Among the most influ-
ential is the Unified Theory of Acceptance and Use of Technology (UTAUT), introduced
by Venkatesh [33]. UTAUT was developed by synthesizing major technology-adoption
theories, including the Theory Of Reasoned Action (TRA) [34], The Technology Acceptance
Model (TAM) [35], the Theory of Planned Behavior (TPB) [36], the motivational model, the
combined TAM–TPB model, the model of personal computer utilization (MPCU), Social
Cognitive Theory (SCT), and Innovation Diffusion Theory (IDT/DOI) [33]. The original
UTAUT framework was developed mainly for organizational contexts and emphasized
four core determinants of technology acceptance: Performance Expectancy (PE), Effort
Expectancy (EE), Social Influence (SI), and Facilitating Conditions (FC).

With the growth of consumer-centered technologies, UTAUT was later extended into
UTAUT2, which adapted the model to consumer contexts by incorporating three additional
constructs: Hedonic Motivation (HM), Price Value (PV), and habit [18,20]. UTAUT2, there-
fore, combines extrinsic evaluations, such as usefulness and ease of use, with consumer-
oriented factors such as enjoyment, value, and repeated use behavior. Venkatesh [18]
reported that UTAUT2 improved the explanatory power of the original UTAUT model
by explaining a higher proportion of variance in behavioral intention and technology use.
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Subsequent reviews and meta-analytic studies confirm that UTAUT2 remains one of the
most widely used frameworks in consumer technology-adoption research, although its
constructs often need to be adapted to the specific technology, user group, and adoption
context under investigation [19,20].

UTAUT2 has been applied across a wide range of consumer technology settings, in-
cluding mobile banking, mobile payments, e-learning, smart services, and digital platforms.
In the LMD sector, UTAUT2 and UTAUT-based models have also been used to examine
acceptance of emerging delivery technologies such as autonomous delivery vehicles, drone
delivery, delivery robots, and SPLs [5,8,13,26,37–39]. For example, Kapser and Abdelrah-
man [37] extended UTAUT2 to examine acceptance of autonomous delivery vehicles in
Germany and found that price sensitivity, performance expectancy, hedonic motivation,
perceived risk, social influence, and facilitating conditions influenced behavioral intention,
while effort expectancy was not significant. Kapser et al. [38] further extended UTAUT2 in
the context of autonomous delivery vehicles by incorporating trust in technology, perceived
risk, innovativeness, price sensitivity, and gender, showing that trust in technology directly
influenced behavioral intention and negatively influenced perceived risk. These studies
are useful for the present research because they show that emerging LMD technologies
often require context-specific extensions to UTAUT2, especially when consumers have
limited direct experience with the technology. However, because they focus on autonomous
delivery vehicles rather than SPLs, they are used here only as supporting evidence from
related LMD technology-adoption research.

In the SPL context, prior studies also support the relevance of UTAUT-based constructs.
Zhou [5] found that performance expectancy, effort expectancy, social influence, and fa-
cilitating conditions positively influenced consumers’ intention to use self-service parcel
delivery, while perceived risk negatively influenced behavioral intention. More recently,
Chuong [26] examined customers’ intention to use smart lockers using a UTAUT-based
framework and showed that service-specific factors, including social influence, facilitating
conditions, perceived value, functionality, reliability, privacy/security, and service diversity,
can shape intention directly and/or indirectly. Similarly, Yang [8] found that SPL adoption,
as an incremental e-commerce delivery innovation, is mainly driven by perceived perfor-
mance and facilitating conditions. These findings indicate that SPL adoption is influenced
not only by technology-related perceptions but also by logistics-service characteristics.

Trust and Perceived Risk are among the most common extensions in consumer
technology-acceptance research, suggesting their relevance when technologies involve
uncertainty, provider dependence, privacy concerns, or perceived service risk [19,20]. In
the SPL context, Trust reflects consumers’ confidence that the locker system and service
provider can store parcels securely, provide reliable access, protect delivery information,
and resolve service problems. Perceived Risk reflects concerns about parcel loss, privacy
breaches, system failure, failed access, or unsuccessful collection. Incorporating these
constructs allows the model to capture both the confidence-building role of trust and the
deterrent effect of perceived risk. Additionally, prior research has identified trust as an unre-
solved issue in technology-enabled delivery. Olsson et al. [40] noted that consumer trust and
readiness remain challenges in unattended delivery, while Wang et al. [41] explicitly called
for further research on technology trust in self-service contexts. Tsai et al. [42] likewise
highlighted trust as requiring further investigation in SPL adoption. However, these studies
did not establish trust as a mediator between performance expectancy or social influence
and behavioral intention, leaving these indirect relationships to be examined empirically.

Trust plays two theoretically distinct roles in this study. First, trust is treated as a
direct antecedent of behavioral intention because SPL use requires consumers to rely on an
unattended, technology-enabled delivery system. Consumers must believe that the locker
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system and service provider can store parcels securely, authenticate access correctly, protect
delivery information, and resolve service problems. In this sense, trust directly strengthens
behavioral intention by reducing uncertainty about using the service [21,43,44]. Second,
trust is modelled as a mediating mechanism because consumers may develop trust based
on their evaluations of the service and the social signals surrounding it. When SPLs are
perceived as useful and performance-enhancing, consumers may infer that the system is
competent and dependable. Similarly, positive social influence may reassure consumers
that SPLs are acceptable and reliable. Trust therefore explains how performance expectancy
and social influence are translated into behavior.

UTAUT2 is particularly suitable for this study because SPLs in Saudi Arabia represent
a voluntary, consumer-facing, technology-enabled delivery service rather than a mandatory
organizational technology. The Saudi SPL context also has characteristics that may shape
the applicability of UTAUT2. Because SPLs remain emerging, behavioral intention is more
appropriate than actual use or habit. Because home delivery remains familiar, consumers
are likely to evaluate SPLs through performance expectancy and effort expectancy, asking
whether lockers improve delivery convenience and whether the collection process is easy to
use. At the same time, the Saudi LMD environment involves infrastructure, addressing, and
service-availability challenges, making facilitating conditions especially relevant. Social
influence is also theoretically meaningful because new delivery services may be evaluated
through social networks and shared consumer experience. Finally, because SPLs require
unattended parcel storage, digital authentication, and reliance on a third-party provider,
trust and perceived risk are necessary extensions to UTAUT2 in this context.

Accordingly, this study extends UTAUT2 by incorporating trust and perceived risk
as additional constructs, as illustrated in Figure 1. The study uses six selected UTAUT2
constructs: PE, EE, SI, FC, HM, and PV. Use behavior is excluded because SPLs remain
relatively emerging in Saudi Arabia, and many consumers have limited direct usage experi-
ence. As a result, measuring actual use behavior would not accurately capture the adoption
process at this stage. Habit is also excluded because habit formation requires repeated and
routinised use of a technology, which is unlikely when consumers have not yet interacted
with SPLs frequently. Similar reasoning has been applied in emerging LMD technology
studies, where use behavior and habit were excluded because the technology was not yet
widely available or consumers had not developed repeated usage patterns [37,38]. There-
fore, behavioral intention is treated as the main outcome variable in this study, as it is more
appropriate for examining early-stage adoption of SPLs in the Saudi context. Trust is also
modelled as a mediating mechanism, but through a different theoretical logic. Consumers
may develop trust when they perceive SPLs as useful and performance-enhancing, because
perceived usefulness can signal that the system is competent, dependable, and capable of
improving the delivery process. Similarly, social influence may strengthen trust because
positive recommendations, observed use, and social endorsement can reassure consumers
about the reliability and acceptability of the service. Trust therefore explains how perfor-
mance expectancy and social influence are translated into behavioral intention. In contrast,
perceived risk is modelled as a direct negative predictor of behavioral intention because
concerns about parcel loss, privacy breaches, system failure, failed access, or unsuccessful
collection may reduce consumers’ willingness to use SPLs [16,21]. This distinction allows
the model to capture two separate mechanisms: the confidence-building role of trust and
the deterrent role of perceived risk.
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Figure 1. Conceptual model. Dashed arrows refer to mediators, and lined arrows refer to direct effects.

2.2. Literature Review and Hypothesis Development
2.2.1. Performance Expectancy (PE)

PE, a key determinant of BI, is the degree to which technology benefits consumers
in performing specific tasks [18]. It incorporates five constructs: Extrinsic Motivation
(Motivational Model), Perceived Usefulness (TAM), Job Fit (MPCU), Relative Advantage
(IDT), and Outcome Expectations (SCT) [33,45].

In this study, PE is conceptualized as the extent to which online consumers perceive
that using SPLs will enhance delivery efficiency, facilitate secure and swift parcel trans-
actions, minimize waiting times, and improve overall convenience. Prior research on
technology adoption and LMD solutions has consistently identified PE as a significant pre-
dictor of BI [5,6,21,39,46,47]. For instance, Zhou [5] identified PE as a critical determinant
of SPLs adoption, specifically when they are perceived as time- and effort-saving solutions.
Although convenience and perceived value are often modeled as distinct predictors, prior
studies frequently attribute them to similar functional benefits such as time savings, effort
reduction, and service efficiency [5,23,26,28,29,48–51]. This creates conceptual proximity
with PE, making it important to clarify its distinct role in influencing adoption intention.
Therefore, this study examines PE as a distinct predictor and proposes that consumers who
perceive SPLs as useful, time-saving, and delivery-enhancing are more likely to intend to
use them.

H1. PE positively influences consumers’ BI to use SPLs.

2.2.2. Effort Expectancy (EE)

EE is the degree of ease associated with using a technology or system [18,33]. It is
conceptually similar to the perceived ease of use in TAM and complexity in IDT [33,45].
The underlying assumption of EE is that when users perceive a system as easy to use
and require minimal effort, they are more likely to adopt and integrate it into their daily
activities [35,52].

Time is a critical factor for online consumers seeking convenient, efficient, and low-
effort solutions for managing their purchases and deliveries [28,53]. As a result, EE is
defined in this study as the perceived ease of using SPLs to send or receive parcels efficiently.
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Kapser et al. [37] found EE to be non-influential and argue that users’ familiarity
with mobile applications used in the autonomous delivery vehicle process minimizes
perceived effort, making EE less relevant. However, in self-service parcel delivery, ease
of use remains relevant because consumers must interact with an automated delivery
interface [5,6,39,40,46,47,54]. Zhou et al. [5] and Cai et al. [39] found that EE significantly
influences users’ intentions to adopt SPLs, and that perceived complexity may arise if users
find the locker difficult to navigate, experience challenges in scanning QR codes, or struggle
with PIN authentication. In the Saudi context, where SPLs are still emerging, and many
consumers may have limited direct experience with locker-based delivery, perceived ease
of use is expected to reduce cognitive and procedural barriers and strengthen adoption
intention. Therefore, we propose the following hypothesis:

H2. EE positively influences consumers’ BI to use SPLs.

Although EE and PE are treated as separate predictors in the original UTAUT and
UTAUT2 models, later UTAUT2 extensions have incorporated the path of EE → PE as
an internal mechanism. This relationship is theoretically grounded in TAM, which ar-
gues that technologies perceived as easier to use are more likely to be perceived as useful
because lower effort reduces the cognitive and procedural burden of obtaining system ben-
efits [35,52]. Tamilmani [19] further noted that several UTAUT2 extensions have adopted
this internal relationship by linking EE with PE. A recent study on the intention to use
e-banking applying UTAUT2 also supports this extended path [55]. In the SPL context, this
path is relevant because consumers must independently complete parcel collection through
locker instructions, mobile applications, QR codes, PINs, or one-time passwords; therefore,
simpler procedures may make SPLs appear more efficient and useful [48]. Accordingly,
this study proposes that consumers who perceive SPLs as easy to use are more likely to
perceive them as performance-enhancing.

H3. EE positively influences PE.

2.2.3. Social Influence (SI)

SI refers to the extent to which consumers perceive that important others, such as
family members, friends, peers, or colleagues, believe they should use a particular technol-
ogy [17,32]. In UTAUT, SI is theoretically related to subjective norms in TRA and TPB, as
well as to social factors and image in earlier adoption models [33,36,43]. SI is particularly
relevant when the technology is new, socially visible, or not yet fully familiar to potential
users, because consumers may rely on external opinions and social cues to reduce uncer-
tainty and evaluate whether the innovation is acceptable. In the SPL context, SI may shape
behavioral intention through peer recommendations, word-of-mouth, family opinions, so-
cial media exposure, and observed use by others [5,6,26,39,40,49]. When consumers receive
positive signals from trusted social contacts or perceive that SPLs are becoming socially
accepted, they may be more willing to consider lockers as a convenient and reliable delivery
alternative. Recent SPL research supports this logic. Zhou [5] found that SI positively influ-
enced consumers’ intention to use self-service parcel delivery services, while Chuong [26]
showed that SI significantly influenced customers’ intention to use smart-locker services.
Evidence from related digital self-service contexts also indicates that SI can shape behav-
ioral intention when consumers rely on external opinions to evaluate unfamiliar digital
services [55–57]. Therefore, it is expected that consumers who perceive stronger social
support for SPLs are expected to show higher behavioral intention to use them.

H4. SI positively influences consumers’ BI to use SPLs.
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2.2.4. Trust (TR)

TR refers to consumers’ confidence that a technology and its service provider will per-
form reliably, securely, and in accordance with users’ expectations [43]. In technology-based
delivery services, TR is particularly important because consumers rely on an automated
system and a third-party provider without direct interpersonal contact. In the SPL context,
TR reflects consumers’ belief that the locker system can store parcels securely, authenticate
access correctly, protect delivery information, and enable successful collection without loss,
damage, or service failure [21,47,50,58].

Recent SPL studies show that TR is central to consumers’ adoption decisions because
users must depend on the technical system, the service provider’s competence, and the
reliability of the delivery process [21,47]. Related LMD studies also confirm that TR is a key
determinant of BI when users evaluate unfamiliar automated services [38,59]. Therefore,
consumers who trust the reliability, security, and service integrity of SPLs are more likely
to intend to use them.

H5. Trust positively influences the intention to use SPLs.

SI may also shape consumers’ TR in SPLs. When consumers observe family members,
friends, peers, or other trusted users recommending or using a new delivery service, these
social cues can reduce uncertainty and provide indirect evidence that the service is reliable
and socially acceptable [60]. This is particularly relevant for SPLs because many consumers
may have limited direct experience with locker-based delivery and may therefore rely on
word-of-mouth, social media, and observed use to evaluate the system.

SI has been shown to strengthen initial trust when technology is still emerging because
users often form confidence based on the opinions and experiences of important refer-
ents [61]. In the SPL context, positive recommendations and shared experiences may signal
that lockers are secure, convenient, and dependable, thereby strengthening consumers’
trust in the system and the service provider. Accordingly, stronger SI is expected to enhance
consumers’ TR in SPLs. Thus, we propose the following hypothesis:

H6. SI positively influences trust in SPLs.

Furthermore, PE may further enhance trust because consumers are more likely to trust
a system that they perceive as useful, efficient, and capable of delivering expected service
benefits [59]. In SPL, consumers’ trust is likely to increase when they believe that lockers
improve delivery efficiency, reduce waiting time, provide secure parcel collection, and offer
greater control over delivery timing. These expected performance benefits signal that the
system is competent and dependable.

Recent evidence from an integrated UTAUT model of autonomous vehicle acceptance
shows that PE can strongly increase trust, suggesting that perceived technological benefits
help users infer reliability and system dependability [59]. Similarly, SPL research indicates
that perceived usefulness and service trust are closely linked in consumers’ evaluation of
locker-based delivery services [21]. Therefore, when consumers perceive SPLs as effective
and beneficial, they are more likely to TR so that the system and provider can fulfil their
delivery-related expectations.

H7. PE positively influences trust in SPL.

2.2.5. Facilitating Condition (FC)

FC refers to the extent of individuals’ perception that the necessary infrastructure,
resources, and support (accessibility, technological compatibility, ease of integration, and
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customer support) are available to help them use a given technology [18,33]. In SPL,
FC reflects the extent to which consumers perceive that locker services are accessible,
technically compatible with online shopping and mobile applications, easy to integrate
into delivery routines, and supported by reliable customer assistance. These conditions
are especially important for SPLs because consumers must be able to locate nearby lockers,
receive clear delivery notifications, authenticate access smoothly, and obtain support when
collection problems occur [5,6,26,39].

Additionally, FC has been consistently highlighted as one of the significant predic-
tors of the BI behind SPL [5,6,8,26,39]. When users find the availability of necessary
resources backed by reliable infrastructure and support, user adoption rates significantly
increase [8]. Consequently, their BI to adopt technology increases. Thus, we propose the
following hypotheses:

H8. FC positively influences consumers’ BI to use SPLs.

2.2.6. Hedonic Motivation (HM)

HM is defined as the pleasure or enjoyment derived from using technology [18], and
it was introduced to reflect the consumer context, where adoption decisions are not driven
only by functional benefits but also by users’ emotional and experiential responses to
technology-enabled services.

Prior studies have supported the positive role of HM in the acceptance of new tech-
nology [8,18,19,36,37,62]. For example, Yuen [63] applied an extended UTAUT2 model to
survey consumers in Vietnam regarding their acceptance of Shared Autonomous Vehicles
(SAVs). They found that HM was a significant positive predictor of the intention to use
SAVs, confirming that users who perceive SAVs as enjoyable are more likely to adopt them.
Moreover, HM is often most influential among early adopters, as they tend to explore
and embrace new technologies out of curiosity and excitement [62]. Research on unat-
tended LMD experience also highlights that consumer experience is shaped not only by
functionality, but also by the way digital and physical service interactions are designed [40].

SPLs are often integrated with mobile applications that allow users to track parcels,
receive notifications, and unlock lockers via smartphones. Previous research on mobile-
based services suggests that enjoyment derived from mobile interactions enhances users’
BI to adopt technology [64]. Given that SPL services are largely conducted through mobile
platforms, HM is expected to positively influence users’ BI in using SPLs, particularly
during the early stages of adoption. Therefore, consumers who perceive SPLs as enjoyable,
convenient, and technologically engaging may use them.

H9. HM positively influences consumers’ BI to use SPLs.

2.2.7. Price Value (PV)

PV refers to the tradeoff between the perceived benefits of using a technology and
its monetary costs [18]. Including PV in UTAUT2 is grounded in the understanding that
customers are more likely to adopt new technology when it is not restricted by budget
constraints [18,20]. In SPL, PV reflects consumers’ perceptions that locker-based delivery is
reasonably priced and provides good value relative to the convenience, flexibility, delivery
reliability, secure storage, and time savings it offers [24,28,65]. Recent research supports
the relevance of economic value in smart locker and LMD decisions. Zhang and Zhang [6]
examined the impact of PV on consumers’ intentions to use SPLs in rural China, and they
found that perceived costs significantly influenced adoption behavior. Similarly, LMD
choice research shows that delivery cost is a central attribute in consumer decision-making,
while willingness to pay varies according to delivery speed, parcel value, delivery security,
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and the availability of safe delivery alternatives [9,24,28,65]. Qualitative evidence on
alternative delivery places also indicates that lower costs and financial value can support
consumer acceptance of parcel lockers and related unattended delivery solutions [65].
Therefore, consumers who perceive SPLs as offering good value for money, either through
lower delivery charges, free collection options, or benefits that justify any additional
cost, are expected to show stronger intention to use them. Therefore, we propose the
following hypothesis:

H10. PV positively influences consumers’ BI to use SPLs.

2.2.8. Perceived Risk (PR)

PR refers to an individual’s subjective assessment of the potential negative outcomes
of using an online service or technology. This can lead to uncertainty or conflict during
decision-making [44,66]. In SPL, PR reflects concerns about parcel loss or theft, package
damage, failed access, system malfunction, delayed retrieval, privacy leakage, unauthorized
collection, or misuse of personal and delivery information [28,30,47,49]. These concerns
are particularly relevant because SPLs require consumers to rely on an automated delivery
interface and a third-party service provider rather than direct interaction with a courier. Re-
cent research supports the deterrent role of PR in technology-enabled LMD. Zhou [5] found
that PR significantly reduced online consumers’ behavioral intention to use self-service
parcel delivery services, with risk measured through financial, security/privacy, perfor-
mance, social, and time-related concerns. Related evidence from autonomous delivery
vehicle research shows that PR negatively influences consumers’ intention to use innova-
tive LMD technologies, particularly when users anticipate malfunction, unsafe interaction,
or service uncertainty [37]. In unattended delivery contexts, security, privacy, delivery
reliability, and safe parcel storage have also been identified as important conditions shaping
consumers’ willingness to use alternative delivery options [21,24,28,30,39,47,67]. Saudi
research on drone delivery acceptance further indicates that privacy risk can negatively
influence consumers’ evaluations of LMD technology attributes, reinforcing the relevance
of risk perception in technology-enabled delivery services [13]. Thus, we hypothesize
the following:

H11. PR negatively influences consumers’ BI to use SPLs.

3. Methodology
3.1. Questionnaire Design and Measurement

This study adopted a descriptive analytical approach to address the research questions,
which involves describing the phenomenon under investigation, analyzing survey data,
and testing hypotheses [68]. Furthermore, a quantitative cross-sectional survey design to
examine Saudi consumers’ BI to use SPLs. The model included PE, EE, SI, FC, HM, PV, PR,
and TR as predictors of BI, with TR also examined as a mediating variable.

The questionnaire consisted of two main sections. The first section collected demo-
graphic information and respondents’ familiarity with SPLs, while the second section
measured the constructs included in the conceptual model. All measurement items were
adapted from validated technology acceptance and online-service studies and modified to
fit the SPL context in Saudi Arabia. Items were measured using a five-point Likert scale
ranging from 1 = strongly disagree to 5 = strongly agree. The full list of measurement items
is provided in Table A3 in Appendix A.

PE, EE, SI, FC, HM, and PV were adapted from [18]. PR was adapted from [44], TR
from [43] and BI from [18,27]. The questionnaire was prepared in English and translated into
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Arabic to ensure accessibility for respondents. A back-translation procedure was applied
to confirm equivalence between the English and Arabic versions [69]. Before answering
the adoption-related questions, respondents were provided with a brief explanation and
images of SPLs to ensure a common understanding of the service.

All measurement items were adapted and validated from previous research on tech-
nology acceptance and online service, with wording adjusted for the SPLs in Saudi Arabia.
Each item was measured using a five-point Likert scale ranging from 5 = strongly agree to
1 = strongly disagree.

The questionnaire included the following items:

• PE reflected the degree to which individuals believe that using SPLs enhances con-
venience and efficiency. PE was measured using four items. Example: “I think using
SPLs would be useful in my daily life.”

• EE assessed the perceived ease of using SPLs. EE was measured using four items.
Example: “I think using SPLs would be easy.”

• SI reflected the extent to which trusted individuals encourage the use of SPLs. SI was
measured using four items. Example: “People who are important to me think I should
use SPL.”

• FC refers to the knowledge and support available to facilitate the use of SPLs. FC
was measured using four items. Example: “I can get help from others when I have
difficulties using SPLs.”

• HM captured the enjoyment or pleasure derived from using SPLs. HM was measured
using three items. Example: “Using SPLs would be enjoyable.”

• PV refers to users’ evaluations of the cost of SPLs compared with the perceived benefits.
PV was measured using three items. Example: “SPLs are reasonably priced.”

• PR refers to the assessment of general, financial, and privacy-related risks associated
with using SPLs. PR was measured using four items. Example: “Overall, using SPLs
as a delivery option would be risky.”

• TR reflected beliefs regarding the reliability and trustworthiness of SPLs. TR was
measured using four items. Example: “SPL services are trustworthy.”

• BI reflected on the intention to use SPLs. BI was measured using five items adapted
from. Example: “I intend to use SPLs.”

3.2. Pilot Study and Internal Consistency

Before the main data collection, a pilot study was conducted with 60 individuals from
the target population who were not included in the final sample. The pilot test was used
to assess the clarity of the questionnaire and the internal consistency of the measurement
scales. Cronbach’s alpha was used to evaluate internal consistency, with values of α ≥ 0.70
generally considered acceptable in applied research [70]. The pilot results confirmed that
the questionnaire items were internally consistent and suitable for the main survey. The
results are presented in Table 1.

Table 1. Pearson correlation coefficients.

Item Pearson Correlation Item Pearson Correlation

Q1 0.885 ** Q18 0.921 **
Q2 0.874 ** Q19 0.938 **
Q3 0.879 ** Q20 0.929 **
Q4 0.750 ** Q21 0.948 **
Q5 0.828 ** Q22 0.947 **
Q6 0.865 ** Q23 0.869 **
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Table 1. Cont.

Item Pearson Correlation Item Pearson Correlation

Q7 0.805 ** Q24 0.875 **
Q8 0.778 ** Q25 0.816 **
Q9 0.752 ** Q26 0.891 **

Q10 0.858 ** Q27 0.800 **
Q11 0.889 ** Q28 0.785 **
Q12 0.744 ** Q29 0.855 **
Q13 0.844 ** Q30 0.809 **
Q14 0.854 ** Q31 0.595 **
Q15 0.747 ** Q32 0.927 **
Q16 0.690 ** Q33 0.910 **
Q17 0.852 ** Q34 0.900 **

(**) significant at the 0.01 level.

3.3. Data Collection and Sampling

The target population consisted of residents in Saudi Arabia, particularly individuals
familiar with e-commerce services and parcel delivery. Because the study examined behav-
ioral intention rather than actual SPL usage, respondents were not required to have prior
direct experience with SPLs. However, all participants received the same brief explanation
and images of SPLs before answering the adoption-related questions to ensure a common
understanding of the service.

Data was collected between February 2025 and August 2025 using an online self-
administered questionnaire created through Google Forms. A non-probability sampling
approach was used, combining convenience and snowball sampling. The survey link was
initially distributed through university networks, professional contacts, and social media
platforms, including [WhatsApp, Instagram, and email groups]. The invitation message
explained the study purpose, voluntary participation, anonymity, and confidentiality.
Participants who were willing to take part accessed the survey through the online link
and were also encouraged to share it with other eligible residents in Saudi Arabia. Online
survey distribution was appropriate because it enabled access to geographically dispersed
respondents at relatively low cost and provided convenience for participants [71,72].

The required sample size was estimated using an a priori sample size calculator for
structural equation modelling developed by Soper [73]. Based on a medium effect size,
statistical power of 0.90, significance level of α = 0.05, nine latent constructs, and thirty-five
observed indicators, the minimum recommended sample size was 190 respondents. A total
of 475 responses were collected, exceeding the minimum requirement. After removing
incomplete questionnaires using listwise deletion, 415 valid responses were retained for
analysis. Listwise deletion was applied because incomplete responses could not be reliably
imputed [74]. The final sample was therefore sufficient for parameter estimation and
hypothesis testing in SEM [75].

Respondents were asked about their familiarity with SPLs at the beginning of the
survey. Approximately 74% indicated that they were aware of SPLs, while 26% were not
previously familiar with them. These respondents were retained because the study exam-
ined BI rather than actual usage behavior, and all participants received the same explanation
of SPLs before completing the questionnaire. A closing question also showed that approxi-
mately 60% of respondents were willing to use SPLs, supporting the relevance of the sample
for adoption analysis. Further details are provided in Appendix A Tables A1 and A2.

The demographic profile of the respondents is presented in Table 2. The sample
consisted of 415 residents in Saudi Arabia, with a relatively balanced gender distribution:
52% were male, and 48% were female. Most respondents were between 28 and 37 years old
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(32.8%), followed by those aged 38–47 years (27%), 18–27 years (14.5%), 48–57 years (13.5%),
and older than 57 years (12.3%). Regarding education, the largest group held a college
degree (45.1%), followed by respondents with a high school diploma (21.4%), postgraduate
qualifications (20.5%), and undergraduate students (12.8%). Only one respondent reported
not completing high school (0.2%). In terms of employment status, most respondents
were employed or self-employed (79.3%), while 15.4% were not working and 5.3% were
students. This indicates that the sample includes respondents from different demographic
backgrounds, although those with higher education levels and employed/self-employed
status are more represented.

Table 2. Demographic characteristics.

Characteristics Frequency (n = 415) Percentage (%)

Gender
Male 216 52%

Female 199 48%

Age
18 to 27 years 60 14.5%
28 to 37 Years 136 32.8%
38 to 47 years 112 27%
48 to 57 years 56 13.5%

Older than 57 years 51 12.3%

Educational Level
Not Completed High School 1 0.2%

High School Diploma 89 21.4%
Undergraduate Student 53 12.8%

College Degree 187 45.1%
Postgraduate 85 20.5%

Employment Status
Employed/Self-Employed. 329 79.3%

Student 22 5.3%
Not Working 64 15.4%

Monthly Income
SR 5000 or below 77 18.6%
SR 5001 SR 10,000 89 21.4%

SR 10,001 SR 15,000 77 18.6%
SR 15,001 SR 20,000 104 25.1%
SR 20,001 or more 68 16.4%

However, since the study used a non-probability online survey; therefore, the sample
should be interpreted in light of its recruitment approach. Because the survey was dis-
tributed through digital, academic, professional, and social networks, respondents with
higher educational attainment and stronger digital engagement may be overrepresented.
However, this approach can be suitable for examining SPL adoption intention among
residents familiar with e-commerce and parcel delivery services.

3.4. Data Analysis Strategy

Data analysis was conducted using IBM SPSS Statistics 21 and SmartPLS 4.1.1.8. SPSS
was used for data screening, descriptive statistics, and preliminary reliability analysis.
Partial least squares structural equation modelling (PLS-SEM) was then conducted using
SmartPLS 4 to assess the measurement and structural models.

PLS-SEM was appropriate because the study examined a prediction-oriented model
with multiple constructs, indicators, direct relationships, and mediation effects. It is also
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suitable for analyzing complex models and does not require strict normality assump-
tions [70,76]. The measurement model was assessed using indicator reliability, internal
consistency reliability, convergent validity, and discriminant validity. The structural model
was evaluated using path coefficients, significance levels, confidence intervals, coefficient
of determination (R2), predictive relevance (Q2), and indirect effects. Bootstrapping was
used to test the significance of the direct and mediation relationships. Multicollinearity
was also assessed before interpreting the structural model.

4. Results
4.1. Common Method Variance and Bias

Because the data were collected through a single self-administered questionnaire at
one point in time, Common Method Bias (CMB) was assessed using both procedural and
statistical measures. Procedurally, several steps were taken to reduce potential response
bias, including assuring respondents of anonymity and confidentiality, making participa-
tion voluntary, avoiding the collection of personally identifiable information, and using
clear and context-specific item wording to reduce ambiguity and evaluation apprehen-
sion [77]. Statistically, Harman’s single-factor test was first conducted as a preliminary
diagnostic assessment. The results showed that the first unrotated factor explained 38.728%
of the total variance, which is below the commonly used 50% threshold. This indicates that
no single factor accounted for the majority of variance in the data [77]. As an additional
diagnostic check, Variance Inflation Factor (VIF) values were examined for both the inner
and outer models. Following Hair et al. [78], VIF values below 5.0 indicate that collinearity
is not a critical concern in PLS-SEM. The inner VIF values ranged from 1.000 to 2.190, while
the outer VIF values ranged from 1.284 to 4.611, all below the recommended threshold.
Collectively, these results suggest that common method bias was unlikely to substantially
influence the findings.

4.2. Assessment of the Measurement Model

The measurement model was assessed by evaluating multicollinearity, reliability,
convergent validity, and discriminant validity, as suggested by Hair [70,79]. The results are
presented in Tables 3–5.

Table 3. Reliability and Convergent Validity Results.

Constructs Items FL VIF CA CR AVE

Behavioral Intention (BI)

BI1 0.656 1.337

0.837 0.916 0.735
BI2 0.929 4.118
BI3 0.909 3.400
BI5 0.905 3.610

Effort Expectancy (EE)

EE1 0.856 2.332

0.836 0.890 0.671
EE2 0.885 2.607
EE3 0.788 1.660
EE4 0.739 1.644

Facilitating Conditions (FC)

FC1 0.837 2.089

0.792 0.866 0.620
FC2 0.854 2.182
FC3 0.767 1.512
FC4 0.679 1.284
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Table 3. Cont.

Constructs Items FL VIF CA CR AVE

Hedonic Motivation (HM)
HM1 0.880 2.000

0.888 0.930 0.816HM2 0.899 3.356
HM3 0.931 3.837

Performance Expectancy (PE)
PE1 0.895 2.347

0.884 0.928 0.812PE2 0.904 2.541
PE3 0.904 2.677

Perceived Risk (PR)

PR1 0.865 2.756

0.886 0.921 0.744
PR2 0.861 2.871
PR3 0.816 1.930
PR4 0.906 2.737

Price Value (PV)
PV1 0.928 3.474

0.936 0.959 0.887PV2 0.949 4.611
PV3 0.948 4.552

Social Influence (SI)

SI1 0.720 1.447

0.827 0.880 0.654
SI2 0.917 1.425
SI3 0.934 3.404
SI4 0.620 3.815

Trust (TR)

TR1 0.835 1.764

0.828 0.885 0.659
TR2 0.742 1.567
TR3 0.865 2.091
TR4 0.800 1.771

Note: FL = Factor Loadings; CA = Cronbach’s Alpha; CR = Composite Reliability; AVE = Average Variance
Extracted; VIF = Variance Inflation Factor.

Table 4. Fornell and Larcker Criterion.

BI EE FC HM PE PR PV SI TR

BI 0.857
EE 0.548 0.819
FC 0.552 0.613 0.787

HM 0.646 0.385 0.397 0.903
PE 0.778 0.475 0.424 0.631 0.901
PR −0.254 −0.344 −0.344 −0.062 −0.179 0.863
PV 0.529 0.420 0.486 0.510 0.463 −0.188 0.942
SI 0.597 0.346 0.358 0.616 0.607 0.005 0.483 0.809
TR 0.634 0.610 0.605 0.414 0.415 −0.413 0.537 0.351 0.812

Note: PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; FC = Facilitating Conditions;
HM = Hedonic Motivation; PV = Price Value; BI = Behavioral Intention; TR = Trust; PR = Perceived Risk.

Table 5. Discriminant Validity HTMT.

BI EE FC HM PE PR PV SI TR

BI
EE 0.639
FC 0.675 0.750

HM 0.720 0.426 0.467
PE 0.870 0.540 0.506 0.705
PR 0.296 0.405 0.403 0.092 0.198
PV 0.593 0.470 0.567 0.555 0.508 0.198
SI 0.663 0.363 0.437 0.730 0.707 0.090 0.533
TR 0.763 0.730 0.744 0.465 0.470 0.475 0.603 0.375

Note: PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; FC = Facilitating Conditions;
HM = Hedonic Motivation; PV = Price Value; BI = Behavioral Intention; TR = Trust; PR = Perceived Risk.
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4.2.1. Multicollinearity Evaluation

Multicollinearity was assessed using the variance inflation factor (VIF). All VIF values
were below the recommended threshold of 5.0, indicating that multicollinearity was not a
concern in the proposed model [78].

4.2.2. Reliability and Convergent Validity

Internal consistency was assessed using Cronbach’s alpha (CA) and composite reli-
ability (CR). As shown in Table 3, CA values ranged from 0.792 to 0.936, exceeding the
recommended threshold of 0.70. Similarly, CR values ranged from 0.866 to 0.959, con-
firming acceptable to excellent internal consistency reliability for all constructs [70,79].
Item reliability was assessed using outer loadings and their statistical significance. During
measurement model assessment, PE4 and BI4 were removed because of insufficient outer
loadings. The final model retained 33 indicators, with outer loadings ranging from 0.656
to 0.949. Although loadings above 0.708 are preferred, indicators between 0.40 and 0.70
may be retained when reliability and average variance extracted (AVE) remain acceptable,
and the item contributes to construct content validity [70]. All retained outer loadings were
statistically significant, with t-statistics ranging from 9.403 to 140.072 and p-values below
0.001, supporting indicator reliability [70,78].

Convergent validity was assessed (AVE). As shown in Table 3, all AVE values ex-
ceeded the recommended threshold of 0.50, ranging from 0.620 to 0.887. Therefore, the
results confirm that the measurement model achieved acceptable reliability and convergent
validity [70,80].

4.2.3. Discriminant Validity

Discriminant validity was assessed using the Fornell–Larcker criterion and the
heterotrait–monotrait ratio (HTMT). According to the Fornell–Larcker criterion, the square
root of the AVE for each construct should exceed its correlations with other constructs [80].
As shown in Table 4, the diagonal values ranged from 0.787 to 0.942 and were higher than
the corresponding inter-construct correlations, indicating that the Fornell–Larcker criterion
was satisfied. In addition, HTMT was examined as a more stringent assessment of discrimi-
nant validity [81]. As shown in Table 5, the HTMT values ranged from 0.090 to 0.870, and
all values were below the recommended threshold of 0.90 [70,82,83]. Therefore, both the
Fornell–Larcker and HTMT results confirmed that discriminant validity was adequately
established in this study. Further details are presented in Tables 4 and 5.

4.3. Structural Model Assessment

The explanatory and predictive power of the structural model was assessed using R2

and PLSpredict. R2 indicates the proportion of variance explained in each endogenous
construct, and its interpretation depends on the research context [70]. The results indicate
that the model has adequate explanatory power, particularly for behavioral intention, the
main variable outcome of this study.

Predictive relevance was assessed using the PLSpredict procedure [84]. All endoge-
nous constructs had positive Q2 predict values (BI = 0.454, PE = 0.221, and TR = 0.225),
indicating predictive relevance because values greater than zero suggest that the model has
predictive capability [70,82]. Among the endogenous constructs, BI showed the strongest
predictive relevance.

RMSE and MAE were also reported as prediction error metrics, where lower values in-
dicate smaller prediction errors. The RMSE values were 0.742 for BI, 0.887 for PE, and 0.885
for TR, while the MAE values were 0.596 for BI, 0.718 for PE, and 0.678 for TR. These results

https://doi.org/10.3390/logistics10080173

https://doi.org/10.3390/logistics10080173


Logistics 2026, 10, 173 17 of 28

show that the model produced the lowest prediction errors for BI compared with PE and
TR. Overall, the results support the model’s explanatory power and predictive relevance.

4.3.1. Analysis of Direct Effect

The structural model was evaluated using bootstrapping procedures in SmartPLS
to examine the significance of the hypothesized relationships. Table 6 presents the path
coefficients (β), standard deviations, t-values, p-values, and hypothesis decisions.

Table 6. Results of the Structural Model.

Hypothesis β
T

Statistics CI 2.50% CI 97.50% p Values Decision

PE → BI 0.606 13.723 0.514 0.690 0.000 Supported
EE → BI 0.297 6.300 0.203 0.391 0.000 Supported
SI → BI 0.047 2.677 0.017 0.085 0.007 Supported
TR → BI 0.297 6.474 0.207 0.384 0.000 Supported
FC → BI 0.084 2.166 0.010 0.163 0.030 Supported
HM → BI 0.160 4.149 0.086 0.237 0.000 Supported
PV → BI 0.006 0.192 −0.060 0.072 0.848 Not Supported
PR → BI 0.004 0.110 −0.061 0.066 0.913 Not Supported
PE → TR → BI 0.095 4.832 0.058 0.135 0.000 Supported
EE → PE → BI 0.243 9.009 0.191 0.297 0.000 Supported
SI → TR → BI 0.047 2.677 0.017 0.085 0.007 Supported

PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; FC = Facilitating Conditions; HM =
Hedonic Motivation; PV = Price Value; BI = Behavioral Intention; Trust (TR); Perceived Risk (PR). CI = Confidence
Interval.

The results showed that EE had a significant positive effect on BI (β = 0.297, t = 6.300,
p < 0.000). EE also significantly influenced PE (β = 0.475, t = 12.555, p < 0.00). FC sig-
nificantly influenced BI (β = 0.084, t = 2.166, p = 0.030). Similarly, HM demonstrated
a significant positive effect on BI (β = 0.160, t = 4.149, p < 0.000). PE emerged as the
strongest predictor of BI (β = 0.606, t = 13.823, p < 0.000). PE also significantly influ-
enced TR (β = 0.319, t = 6.594, p < 0.000). In contrast, PR insignificantly influenced BI
(β = 0.004, t = 0.110, p = 0.913). Likewise, PV showed an insignificant effect on BI (β = 0.006,
t = 0.192, p = 0.848). Therefore, neither hypothesis was supported. SI significantly affected
BI (β = 0.047, t = 2.677, p = 0.007). Moreover, SI significantly influenced TR (β = 0.1587,
t = 3.186, p = 0.001). Finally, TR had a significant positive effect on BI (β = 0.297, t = 6.474,
p < 0.000).

4.3.2. Analysis of Mediation (Indirect Effect)

The mediation analysis was conducted to examine the indirect relationships among
the study constructs. The results revealed that PE had a significant indirect effect on BI
through TR (β = 0.095, t = 4.832, p < 0.000). Furthermore, EE significantly influenced BI
through PE (β = 0.243, t = 9.009, p < 0.000). The findings also demonstrated that SI had a
significant indirect effect on BI through TR (β = 0.047, t = 2.677, p = 0.007). Table 6 present
further details.

5. Discussion
This study examined Saudi consumers’ behavioral intention to use SPLs by extending

UTAUT2 with TR and PR. Overall, the findings show that BI is shaped mainly by PE, EE,
FC, HM, TR, and Habit, whereas PV and PR did not exert direct effects. These results
suggest that consumers evaluate SPLs primarily as practical LMD solutions whose adoption
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depends on perceived usefulness, ease of use, social reassurance, confidence in the service,
accessibility, and the experiential appeal of self-service delivery.

PE was the strongest determinant of BI. This indicates that Saudi consumers are most
likely to adopt SPLs when they believe that lockers improve the parcel delivery process.
In this study, usefulness appears to be associated with flexible parcel collection, reduced
dependence on courier availability, fewer missed deliveries, and greater control over parcel
receipt. This finding is consistent with recent self-service parcel delivery and SPLs studies
showing that perceived usefulness, performance, and convenience are central to adoption
decisions [5,6,8]. In Saudi Arabia, this result is particularly meaningful because consumers
appear to evaluate SPLs according to whether they solve practical delivery problems rather
than whether they are simply innovative. It also aligns with Saudi LMD research showing
that delivery quality, tracking, timing, and delivery-location options shape the online retail
experience [11].

EE was also found to positively influence BI, showing that ease of use remains im-
portant in Saudi consumers’ evaluation of SPLs. Although consumers are increasingly
familiar with digital applications, SPLs still require interaction with notifications, locker
interfaces, digital codes, and mobile-based collection procedures. Therefore, consumers
may be more willing to use SPLs when the process is perceived as simple, understandable,
and manageable. This finding is consistent with [5], who found that ease of use influenced
intention to adopt self-service parcel delivery, and with [21], who identified perceived ease
of use and perceived usefulness as important mechanisms in parcel-locker adoption. In
this context, effort expectancy is not merely a technical feature; it helps reduce uncertainty
during early adoption.

SI positively influenced BI, suggesting that social reassurance contributes to SPL
adoption. Consumers may rely on family members, friends, online reviews, retailers, or
logistics-related communication when evaluating whether SPLs are acceptable and reliable.
This result is consistent with Zhuo et al. [5], who found social influence significant in
self-service parcel delivery, and Chuong et al. [26], who showed that social influence shapes
SPL usage intention. In the Saudi context, this finding suggests that shared experience
and social endorsement can support the acceptance of unfamiliar delivery innovations,
particularly when consumers have limited direct experience with locker-based delivery.

TR was another significant determinant of BI. This finding indicates that consumers’
willingness to use SPLs depends on confidence that the locker system and service provider
can secure parcels, authenticate access correctly, protect delivery information, and support
successful parcel collection [27,47]. This result is consistent with An et al. [21], who showed
that trust is central to SPL adoption because consumers depend on both the technology
and the service provider. It also aligns with research on automated and technology-based
delivery services, where trust becomes important when users evaluate services involving
limited direct human interaction [38,59]. This finding is also relevant to the Saudi consumer
because LMD innovation is shaped by trust, cultural acceptance, addressing systems, and
logistics conditions, all of which were found to be crucial factors in LMD adoption [15].

FC was also found to positively influence BI in this study, indicating that SPL adoption
depends on whether consumers perceive locker delivery as accessible and practically
usable in their daily routines. This result suggests that consumers do not evaluate SPLs
only as a digital technology, but also as part of a wider delivery infrastructure. The
finding is consistent with [5,6,26], who found facilitating conditions to be important in
self-service parcel delivery and SPL adoption. It also aligns with out-of-home delivery
research showing that SPL can improve delivery efficiency by reducing failed delivery
attempts and consolidating deliveries, but that such benefits depend on adequate locker
infrastructure and accessibility [1,9].
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HM in this study was identified as having a positive influence over BI, suggesting that
SPL adoption is not explained only by functional benefits. Consumers may perceive SPLs as
modern, convenient, and engaging because they provide an autonomous, digitally enabled,
and self-directed delivery experience, which makes it part of the appeal and therefore HM
relevance. This finding is consistent with research on emerging LMD technologies showing
that HM can influence adoption when users perceive a delivery innovation as novel or
enjoyable [37]. It also resonates with research on unattended LMD experience, which
shows that consumers evaluate such services through both functional and experiential
dimensions [40]. In this study, HM should therefore be understood as the appeal of using a
smart self-service delivery system, rather than entertainment alone.

Two factors, PV and PR, were not found to have a direct significant effect on BI. PV
did not have a significant direct effect on BI, indicating that monetary value was not an
important driver of SPL adoption intention in this Saudi sample. This result may reflect
the profile of respondents, who were mainly educated and employed, as reported in the
sample characteristics Table 2. For these consumers, SPLs may be evaluated primarily
through expected service benefits, ease of use, perceived enjoyment, social endorsement,
availability of supporting conditions, and confidence in the service provider, rather than as
a price-saving alternative. This interpretation is consistent with prior UTAUT2 evidence
showing that the PV and BI relationship is context-dependent and becomes weaker when
monetary differences are not salient [19]. It is also supported by Tang et al. [22], who
found that service price did not significantly predict satisfaction with IoT-based parcel
lockers, whereas service convenience, reliability, fault handling, and service diversity were
significant predictors. Similarly, Klein and Popp [46] reported no significant direct effect
of perceived costs on parcel-locker usage intention, indicating that cost perceptions may
operate through broader service evaluations rather than directly shaping intention. The
contrast with Zhang and Zhang [6], who found PV significant among rural Chinese SPL
users, further supports the contextual nature of PV; in their rural setting, consumers were
more concerned with whether locker convenience and reliability justified the monetary cost.
Thus, the insignificant PV effect does not imply that price is irrelevant, but that functional
service value might be more influential than monetary value in explaining SPL adoption
intention in the present study.

PR did not exert a significant direct effect on BI, suggesting that risk perceptions were
not a decisive barrier to SPL adoption once trust and other adoption beliefs were considered.
This differs from Zhou et al. [5], who found that service-related risks reduced intention
to use self-service parcel delivery. However, prior findings indicate that the effect of risk
depends on its source and the mechanism through which it operates. Security concerns
can increase preference for parcel lockers when home delivery is perceived as unsafe [27],
whereas external health risks can enhance the perceived value or usefulness of contactless
delivery [47,49]. Evidence relevant to the Saudi context is similarly differentiated; Alrawad
et al. [16] found that only specific risk dimensions influenced online purchase decisions
and that prior online-shopping experience reduced consumers’ sensitivity to such risks,
while Alhothali et al. [13] showed that risk may influence LMD technology adoption
indirectly through broader technology evaluations. Furthermore, Saudi Arabia’s continuing
investment in digital infrastructure, cybersecurity governance, and logistics modernization
under Vision 2030 may further increase familiarity with technology-enabled delivery
services [85,86]. Together with the predominantly educated and employed sample and
the significant role of trust in the present model, this suggests that respondents regarded
SPL-related risks as manageable or reflected them through provider trust and service
evaluations rather than as a direct barrier to intention.
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The mediation findings further clarify how SPL BI is formed. The indirect effect of PE
through TR suggests that usefulness strengthens BI partly because it increases confidence in
the SPL system. Consumers who perceive SPLs as effective and convenient may also infer
that the service is dependable and capable of meeting delivery expectations. This supports
the view that TR is not only a direct driver of adoption, but also a mechanism through which
perceived service performance is translated into intention. This interpretation is consistent
with parcel locker and technology-enabled transport research highlighting the role of TR
in linking perceived technology benefits with acceptance [21,59]. The indirect effect of
EE through PE shows that ease of use increases BI partly by strengthening perceived
usefulness. Consumers may not intend to use SPLs simply because the system is easy;
rather, ease of use makes the service appear more efficient, manageable, and beneficial for
parcel collection. Finally, the indirect effect of SI through TR indicates that SI contributes
to adoption by strengthening confidence in the service. When consumers receive positive
signals from peers, online communities, or other users, these signals may increase trust
in the reliability and acceptability of SPLs. Together, these indirect effects show that SPL
adoption is not formed through isolated beliefs, but through connected mechanisms in
which PE, EE, SI, and TR jointly shape BI.

6. Implication and Future Research Directions
6.1. Theoretical Implications

This study advances SPL adoption literature by testing an extended UTAUT2 frame-
work in Saudi Arabia, an underexamined LMD context. Prior SPL studies have applied
UTAUT, TAM, Protection Motivation Theory, Perceived Value Theory, Diffusion of Innova-
tion, and service-related models [6,21–23,26,27,42,49,65]. This study adds to that work by
integrating TR and PR into UTAUT2 to explain consumer acceptance of SPLs.

The study contributes to theory by showing that SPL adoption should be understood
as the acceptance of a technology-enabled delivery service rather than as the acceptance
of a digital system alone. Consumers’ intention was explained not only by core UTAUT2
factors, such as PE, EE, SI, FC, and HM, but also by TR. This indicates that SPL adoption
research should integrate both technology-related beliefs and delivery-service confidence
within a single adoption framework.

A central theoretical contribution concerns the role of trust. Trust acted as both a direct
determinant of behavioral intention and a mediating mechanism linking PE and SI on BI.
This suggests that perceived usefulness and social reassurance contribute to SPL adoption
partly because they increase consumers’ confidence in the reliability and dependability of
the service.

Finally, the nonsignificant effects of PR and PV show that extended UTAUT2 constructs
may be context-dependent. In the Saudi SPL context, risk and price did not directly shape
BI, suggesting that their influence may depend on service maturity, pricing visibility,
technology type, and the extent to which trust and usefulness reduce uncertainty. Thus,
the study provides a more context-sensitive explanation of how consumers evaluate SPLs
in an emerging LMD market.

6.2. Managerial Implications

The findings offer practical guidance for logistics providers, e-commerce platforms,
and SPL operators. First, SPLs should be promoted as practical delivery solutions that
improve customer experience, not merely as innovative technologies. Marketing commu-
nication should emphasize flexible collection, reduced missed deliveries, secure parcel
storage, and greater control over parcel receipt. Since usefulness and trust were central to
adoption, messages based on convenience, reliability, and service confidence are likely to be
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more effective than messages focused mainly on risk avoidance. Second, managers should
reduce the effort required to use SPLs. This requires simple locker interfaces, clear collection
instructions, reliable QR code or PIN authentication, and bilingual support in Arabic and
English. The SPL option should also be clearly displayed during online checkout, with
accurate information on locker location, collection deadline, parcel-size suitability, and
real-time delivery status. These actions can make SPLs easier to understand and more
compatible with consumers’ daily routines. Third, operational reliability should be treated
as a core adoption condition. SPL operators need to ensure accurate delivery notifications,
regular locker maintenance, sufficient locker capacity, fast fault handling, and accessible
customer support. Clear procedures for delayed, lost, damaged, or uncollected parcels
are also important because they strengthen trust and reduce uncertainty. Finally, pricing
should be transparent but should not be the only adoption message. Because price value
did not directly influence behavioral intention, managers should not rely mainly on low-
cost promotion. Instead, SPLs should be positioned around convenience, service reliability,
flexibility, and trust, while allowing consumers to compare locker delivery clearly with
home delivery and premium delivery options.

6.3. Policy Implications

Policymakers in Saudi Arabia should consider SPLs as part of the urban LMD infras-
tructure rather than only as private logistics assets. This is important because SPLs require
fixed, accessible, and well-planned locations in residential, commercial, and transport-
connected areas. Saudi urban-transport research shows that population growth and urban
density can intensify pressure on road infrastructure, parking demand, traffic, and emis-
sions when land-use and transport planning are not integrated [17]. Therefore, municipal
authorities can support SPL deployment by coordinating suitable locker locations with
logistics providers, e-commerce platforms, property owners, universities, retail centers,
and transport nodes. Such coordination can help improve accessibility while avoiding poor
placement, pedestrian obstruction, parking pressure, and uneven service coverage across
neighborhoods.

Environmental assessment should also be included in SPL planning. Out-of-home
delivery systems may reduce CO2 emissions when delivery consolidation and fewer failed
home deliveries outweigh any additional customer trips to collect parcels [1,3,9]. This is
particularly relevant in Saudi cities where traffic congestion, car dependence, and emission-
related transport challenges have been noted [17]. Accordingly, Saudi authorities and
logistics providers should evaluate SPL pilot projects using measurable indicators such as
failed-delivery rates, vehicle kilometers travelled, delivery consolidation, parking effects,
walking distance, consumer access, and estimated CO2 emissions. Recent Saudi LMD re-
search also emphasizes the need to assess sustainable delivery practices, route optimization,
and carbon-footprint reduction in future delivery systems [11].

Regulatory support is also needed to strengthen trust and accountability. Although
perceived risk did not directly influence behavioral intention in this study, trust was a
significant adoption factor. Therefore, policy guidelines should clarify responsibilities
related to parcel loss, authentication, data protection, CCTV use, service failure, and
complaint resolution. This is consistent with Saudi LMD research showing that innovative
delivery models face challenges related to legislation, trust, culture, delivery addresses,
and operational coordination [15]. Clear standards and public–private coordination would
help make SPLs a trusted, accessible, and environmentally accountable component of Saudi
Arabia’s LMD ecosystem.
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6.4. Limitations and Future Research Opportunities

This study has several limitations that should be considered when interpreting the
findings. First, because SPLs are still emerging in Saudi Arabia, the study focused on
BI rather than actual use behavior. This was appropriate for the current adoption stage,
as many consumers may not yet have repeated experience with SPLs. For the same
reason, habit was not included in the model. Future research should revisit actual usage,
usage frequency, continuance intention, and habit once SPL services become more widely
available and routinely used. Second, cross-sectional design limits the ability to capture
changes in consumer perceptions over time. TR, PR, PV, and usefulness may change as
consumers gain direct experience with SPLs and as locker networks become more visible
and accessible. Longitudinal studies would help explain how adoption intention develops
before and after actual use. Third, the nonsignificant effects of perceived risk and price value
should be examined further. Although perceived risk did not directly predict behavioral
intention in this study, this does not mean that privacy, security, or parcel-safety concerns are
irrelevant. Risk-related concerns may operate indirectly through trust, perceived security,
service quality, or provider credibility. Since the present model did not explicitly test
perceived risk as an antecedent of trust, future research should examine whether different
risk dimensions influence SPL adoption through TR or other mechanisms. Similarly,
PV may become more important when SPL pricing becomes clearer or when consumers
compare locker delivery with home delivery and premium delivery options. Fourth, the
study focused on Saudi Arabia, which may limit the applicability of the findings to other
delivery markets. Future research could compare SPL adoption across Saudi regions and
Gulf countries, particularly where infrastructure, delivery habits, population density, and
locker availability differ. Fifth, although the online non-probability sampling approach
was appropriate for reaching residents familiar with e-commerce and parcel delivery, it
may limit the generalizability of the findings. Future studies could use probability-based or
stratified sampling to compare SPL adoption across Saudi regions, age groups, education
levels, income groups, and levels of e-commerce experience. Finally, this study focused on
consumer adoption factors and did not directly measure operational, environmental, or
policy outcomes. Future studies should examine how SPLs affect failed deliveries, delivery
efficiency, traffic congestion, customer travel behavior, and CO2 emissions.

7. Conclusions
This study investigated Saudi consumers’ intention to adopt SPLs for LMD by ap-

plying an extended UTAUT2 framework incorporating TR and PR. Based on data from
415 residents and PLS-SEM analysis, the study provides empirical evidence on how con-
sumers evaluate SPLs in an emerging delivery-service context. The findings show that
SPL adoption in Saudi Arabia is driven primarily by perceived functional value. PE was
the strongest determinant of BI, indicating that consumers are most responsive to SPLs
when they see clear benefits for improving parcel collection and delivery convenience.
Other significant factors, including EE, SI, TR, FC, and HM, indicate that adoption also
depends on usability, social reassurance, confidence in the service, practical accessibility,
and the appeal of self-service delivery. The nonsignificant effects of PV and PR suggest
that, at this stage of SPL development, consumers may not evaluate locker adoption mainly
through direct cost comparison or risk concerns. Instead, PE, TR, FC, EE, SI and HM
appear to be more central in shaping intention. The mediation results further show that
adoption intention is formed through linked mechanisms, where EE strengthens PE, PE
builds TR, and SI supports TR formation. Overall, the study confirms that SPL acceptance
in Saudi Arabia is shaped by a combination of service usefulness, consumer confidence,
and readiness of the delivery environment.
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Abbreviations
The following abbreviations are used in this manuscript:

SPL Smart Parcel Locker
SPLs Smart Parcel Lockers
LMD Last-Mile Delivery
BI Behavioral Intention
UTAUT2 Unified Theory of Acceptance and Use of Technology 2
PE Performance Expectancy
EE Effort Expectancy
SI Social Influence
HM Hedonic Motivation
PV Price Value
FC Facilitating Conditions
TR Trust
PR Perceived Risk
PLS-SEM Partial Least Squares-Structural Equation Modelling

Appendix A. Questionnaire Design

Table A1. Frequency distribution of respondents interest in using SPLs.

Are You Interested in Using SPL? Frequency Percent%

Yes 285 68.7
No 130 31.3

Total 415 100%

Table A2. Frequency of distribution respondents heard about SPLs.

Did You Hear About SPL? Frequency Percent%

Yes 305 73.5
No 110 26.5

Total 415 100%
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Table A3. Scale Measurements (Part 2).

Scale Items Reference

Performance Expectancy (PE)
PE1. I think using SPL would be useful in my daily life.
PE2. I think using SPL would help to accomplish things more quickly.
PE3. I think using SPL would be more convenient.
PE4. I think using SPL would make me feel comfortable.

[17]

Effort Expectancy (EE)
EE1. I think SPL would be easy to use.
EE2. I think picking up a package from SPL is simple.
EE3. I think sending a package by SPL is simple.
EE4. I think I can easily master all the operating procedures of SPL.

[17]

Social Influence (SI)
SI1. People whose opinions are important to me would like me to use SPL
SI2. I think I am more likely to use SPL if my friends or family used it.
SI3. People whose opinion I value would prefer me to use SPL.
SI4. People who influence my behavior think that I should use SPLs.

[17]

Facilitating Condition (FC)
FC1. I got adequate guidance to use SPL.
FC2. I got the necessary knowledge to use SPL.
FC3. SPL is compatible with other technologies I use (e.g., smartphone).
FC4. I can get help from others when I have difficulties using SPL’s service

[17]

Hedonic Motivation (HM)
HM1. Using SPL would be fun.
HM2. Using SPL would be enjoyable.
HM3. Using SPL would be very entertaining

[17]

Price Value (PV)
PV1. SPL is reasonably priced.
PV2. SPL is good value for money.
PV3. At the current price, SPL provides good value.

[17]

Perceive Risk (PR)
PR1. Overall, using SPL as a delivery option would be risky.
PR2. Overall, SPL as a delivery option would be dangerous to use.
PR3. Financial risks of SPL make me worried.
PR4. Using SPL as a delivery option would expose me to an overall risk.

[43]

Trust (TR)
TR1. SPL service provides good services.
TR2. SPL service is predictable.
TR3. SPL service is trustworthy.
TR4. SPL service has the ability to fulfil its task

[42]

Behavioral Intention (BI)
BI1. I intend to use SPL.
BI2. I will try to use SPL as a delivery mode in my daily life when implemented.
BI3. I plan to use SPL frequently in the future
BI4. I predict I will use SPL.
B15. I would choose SPLs for receiving parcels when the service is available.

[17,26]
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