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Abstract

This research aimed to determine the influence of human—computer interaction usability on
the behavioral intention and self-reported continued usage intentions of e-commerce appli-
cations. Moreover, it investigated the moderating role of trust in the relationship between
behavioral intention and self-reported continued usage intentions of e-commerce applica-
tions. The data were gathered from 398 Bahraini individuals using a convenience sampling
approach and analyzed using SmartPLS 4. The results highlighted that human—computer
interaction usability sub-characteristics, including appropriateness, recognizability, user
interface esthetics, learnability, and operability, are significantly associated with behav-
ioral intention toward e-commerce applications within this sample. Furthermore, the
results reported that trust strengthens the influence of behavioral intention on self-reported
continued usage intentions toward e-commerce applications. The research provides context-
specific exploratory insights from a segment of the Bahraini e-commerce sector. Due to
the study’s non-probabilistic convenience sampling design, the cross-sectional nature of
the data, and a sample predominantly composed of young, male, English-proficient re-
spondents, the findings should be interpreted as exploratory rather than representative
of the entire Bahraini population. In addition, the research findings helped e-commerce
application developers and marketing experts within e-commerce companies develop
efficient, operable, attractive, and learnable applications.

Keywords: human-computer interaction; usability; learnability; e-commerce; self-reported
continued usage intentions; user interface aesthetics

1. Introduction

The current growth and development of e-commerce are closely tied to market demand
and the ongoing evolution of the e-commerce sector. Initially, the scope of e-commerce
was limited to email and a basic web interface. However, now it has expanded to social
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commerce and diverse mobile-based applications, referred to as m-commerce [1]. Moreover,
e-commerce company owners have invested heavily in designing reliable and user-friendly
mobile applications [2] to meet the emerging needs of customers and provide them with
updated services. The use of e-commerce mobile applications has accelerated the growth
of the e-commerce sector. Furthermore, these applications have enabled customers to enjoy
a more comfortable shopping experience than traditional websites. E-commerce is growing
rapidly in the Middle East and in the North Africa (MENA) region, as it has facilitated
customers’ online shopping and payment through digital payment methods, such as digital
wallets or apps. Furthermore, growth in business digitalization has prompted companies
to ensure easy and secure online shopping experiences tailored to customers’ needs [3].
Technological advancement has also digitalized consumer behavior in Bahrain; now, con-
sumers prefer to shop online via e-commerce websites or applications [4]. Therefore, the
government of Bahrain considers e-commerce an important economic driver. The growth
of e-commerce in Bahrain has expanded locally, despite facing numerous challenges; there-
fore, to reach an international level, e-commerce companies must update and refine their
strategies [5].

In Bahrain, the growth of the e-commerce sector accelerated during the COVID-19
pandemic [4,6,7], but this surge declined after the pandemic [8]. Moreover, the market
penetration of e-commerce is lower in Bahrain compared to most countries in the MENA
region, as Shannagq et al. [9] noted that fashion products and beverages primarily dominate
Bahrain’s e-commerce market. In Oman, people prefer to purchase food, fashion products,
beverages, and various other items through e-commerce platforms. Furthermore, they
highlighted that the projected annual growth rate by compound annual growth rate (CAGR)
2023-2028 of e-commerce in Oman, of 8.45%, is more than that of Bahrain, with 8.09%.
Despite the country’s growth in e-commerce [10], individuals exhibit low participation in or
adoption of e-commerce applications, as they feel insecure while using these applications
and consider them difficult to use. Therefore, to increase the number of users, e-commerce
platforms should prioritize improving the customer experience [11] by enhancing human—
computer interaction (HCI), as this can enhance or satisfy the user experience [12-14].

HCl is an area that mainly focuses on the design, layout, relevance, and use of com-
puter technologies to facilitate human interaction with computers or technology [15].
Moreover, as compared to external factors such as pleasure and comfort, usability of HCI
can better predict and enhance the user experience [16] because, due to technological
advancements, the traditional interface designs lack the agility to adapt to real-time needs
that can enhance the user experience, thus they are incapable of coping with the modern
and dynamic needs of users. Therefore, in addition to addressing the challenges, HCI can
develop functional and responsive interfaces for users [17]. Recent studies have further
demonstrated that sophisticated interactive technologies, such as augmented reality, sig-
nificantly shape consumer decision-making in digital retail environments by enhancing
spatial presence, personalization, and mental imagery [18-21].

The owners of e-commerce platforms must design effective strategies that can over-
come challenges, create new business opportunities [22], and increase the number of users
by considering factors that enhance human—computer interaction. Moreover, to provide a
convenient shopping experience and foster e-commerce growth, policymakers must formu-
late effective strategies in response to evolving consumer needs [23]. Furthermore, they
must devise effective and sustainable market penetration strategies [9]. These strategies
could be based on focusing on and enhancing the usability of HCI, as it not only provides
ways to enhance the user experience [24] but also helps understand consumer behavior,
particularly the factors that lead to consumer satisfaction [25]. The domain of HCI has
consistently played a crucial role in shaping the consumer journey from pre-purchase to
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post-purchase since the launch of the first e-commerce online store. However, technological
advancements have now transformed the entire e-commerce world, from consumer experi-
ence to customer support [26]. Thus, policymakers, business owners, or entrepreneurs of
e-commerce platforms must focus on the usage of HCI to enhance consumers’ adoption of
e-commerce applications.

Usability is a crucial determinant of any system intended for human use, as it reflects
the system’s success or failure [27], determines the users” acceptance of that system [28-30],
and highlights the users” experience [16]. Therefore, this research aimed to determine how
the usability of HCI is associated with behavioral intention toward e-commerce applica-
tions, which in turn shapes self-reported continued usage intentions. The usability was
examined by adopting its sub-characteristics, including appropriateness, recognizability,
user interface esthetics, learnability, and operability [31], which were computed by focusing
on ISO 9241-210 [32] and ISO/IEC 25010:2011 [33] and explained as a strong predictor of
user experience satisfaction.

E-commerce has transformed business patterns globally, but beyond changing global
trade, it has created several challenges for customers/users in terms of data security and
delivery [34]. Therefore, online shopping brands aiming to provide excellent service and
enhance their user experience must ensure the security of their users’ data [10]. More-
over, e-retailers in Bahrain must secure their e-commerce websites [35] or applications
to establish trust among users, as the lack of security or trust features in e-commerce
applications operating in the MENA region has led to a 40% decrease in cash-on-delivery
transactions [3]. Furthermore, trust in the system is positively associated with the intention
to use it [36]. It can strengthen the relationship between behavioral intention towards
e-commerce applications and self-reported continued usage intentions. In addition, there is
a dearth of research on e-shopping behavior in Bahrain [8]. This study aims to address this
gap by applying and testing the ISO 9241-210 and ISO/IEC 25010:2011-based HCI-usability
model within a sample of e-commerce users in Bahrain. Given the exploratory nature of
this investigation and the sampling constraints, the findings offer preliminary insights
into this under-researched context rather than definitive conclusions about the broader
Bahraini population. While prior studies have established the importance of HCI for user
experience, few have empirically examined its specific sub-characteristics (appropriateness,
recognizability, user interface esthetics, learnability, operability) as direct antecedents of
e-commerce adoption in the Gulf region. Furthermore, this research investigates the mod-
erating role of trust within this specific model, offering a novel configuration to explain
technology adoption beyond traditional frameworks like UTAUT or TAM.

2. Literature Review

Emerging technologies, particularly modern information systems, have changed our
lifestyles and have become an essential part of our daily lives. However, the increasing
trend of technological adoption has created challenges for HCI professionals and practi-
tioners, demanding more devotion from them while designing the interface of any system.
Moreover, children and older adults now use mobile platforms more frequently. Therefore,
before designing mobile applications, developers should understand all of the factors of
HCI usability [37]. A study by Pushpakumar et al. [38] highlighted that the technological
shift has changed user-centered techniques in human-computer interaction, and now it
is essential to understand the needs and wants of users before designing an interactive
system that can enhance the user experience. The practical design of a computer system’s
interface can improve the user experience [39]. Many studies have focused on examining
the effect of HCI usability on the user experience [16,40,41]. However, there is a dearth of
literature on its influence on self-reported continued usage intentions, and Miraz et al. [42]
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argued that while designing the interface, the designers must consider the abilities of users
that originate from their self-reported continued usage intentions instead of relying merely
on the feedback. Therefore, this research has developed the HCI usability model and aimed
to determine its influence on the behavioral intention and self-reported continued usage
intentions of e-commerce applications.

Despite the growing body of research on HCI and e-commerce, the literature remains
fragmented along several dimensions. First, existing studies have predominantly focused
on the relationship between HCI usability and user experience outcomes such as satis-
faction and perceived ease of use [16,40,41], yet comparatively little attention has been
paid to how specific HCI sub-characteristics translate into self-reported continued usage
intentions, particularly in emerging e-commerce markets like the Gulf region. Second,
where studies have examined e-commerce adoption, they have largely relied on traditional
technology acceptance models (e.g., TAM, UTAUT) that emphasize utilitarian drivers while
underplaying the nuanced role of interface design attributes such as esthetics, learnability,
and operability. Third, a notable gap exists in the application of the ISO/IEC 25010 usability
framework to e-commerce contexts, with most prior work focusing on general software
quality rather than consumer-facing applications. This study addresses these gaps by
applying a structured HCI-usability model to examine how its core sub-characteristics
influence behavioral and self-reported continued usage intentions among e-commerce
users in Bahrain.

The increasing complexity of software systems has made computer interfaces more
difficult to design in a way that meets users’ needs. However, this complexity is important
to cater to the diverse needs of users based on the system interaction and includes making
the system more interactive by including additional features that can save users’ time, create
ease for them [42], and enhance the use intention of other individuals. HCI has always
played an important role in facilitating users, particularly shaping consumer behavior
since the launch of the first online store. Now, the technological shift has revolutionized
the e-commerce world [26] and directed HCI professionals and marketing practitioners
to work together on enhancing the usability of HCI to enhance the users’ intention to use
the system.

This research adopted the HCI-usability model that includes appropriateness, recog-
nizability, user interface esthetics, learnability, and operability. Appropriateness recogniz-
ability means the extent to which users can recognize whether the system is satisfying their
needs [43], and in the context of this research, it is defined as the degree to which the users
of e-commerce applications can recognize whether these applications are appropriate for
their needs.

It is important to note that while the ISO/IEC 25010 standard delineates appropri-
ateness and recognizability as separate sub-characteristics, they were operationalized as a
single composite construct in this study. This decision was informed by prior empirical
applications [31,43] that have treated them together due to their conceptual overlap in cap-
turing the extent to which users can perceive whether a system meets their needs. Moreover,
in the context of e-commerce applications, the two dimensions are empirically intertwined:
a user’s recognition that an application is suitable for their purpose inherently reflects
both the system’s appropriateness and its recognizability. While this approach prioritizes
parsimony in the measurement model, it represents a limitation that should be addressed
in future research seeking to examine the distinct effects of each sub-characteristic.

User interface esthetics shows the degree to which the interface of the system is
pleasing and provides a satisfying interaction to users [44—46]. Similarly, this research has
defined it as the degree to which the interface of e-commerce applications is pleasing and
engaging to satisfy the users’ needs. Learnability refers to the degree of ease of doing simple
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tasks when the user encounters the design for the first time. Moreover, it enables users
to easily understand the application, navigate the mechanism, and look for the specific
information they want [47]. This research has conceptualized learnability as the degree to
which users easily understand the e-commerce application and look for information about
any product they are seeking. Operability refers to the degree to which the attribute of the
system makes the system easy to operate [45]. Similarly, this research has conceptualized
it as the degree to which attributes of an e-commerce application create ease for users to
operate and control the application.

Beyond foundational usability characteristics, contemporary e-commerce platforms
increasingly employ personalization strategies to enhance user engagement. These include
adaptive user interfaces that dynamically adjust content, layout, or product recommen-
dations based on individual user behavior, preferences, and contextual factors [42,48].
Personalization can manifest through different Ul variants targeted at distinct user seg-
ments, for example, novice versus experienced shoppers, or users with varying device
capabilities [49]. Such approaches not only improve learnability by reducing cognitive
load but also enhance perceived relevance and satisfaction. However, the integration of
personalization features within the ISO/IEC 25010 usability framework remains under-
explored, particularly in terms of how personalized interfaces interact with core usability
sub-characteristics like operability and user interface esthetics. This study does not directly
examine personalization mechanisms, but its focus on foundational usability attributes
provides a baseline for future investigations into how personalization moderates or am-
plifies these effects. The literature review on the HCI-usability model and its outcomes is
given below.

2.1. Appropriateness, Recognizability, and Behavioral Intention

The rapid growth of the e-commerce industry demands a more advanced, adaptable
and an appropriate system to enhance the users’ experience, as suggested by Pu and
Quan [50]. ISO/IEC 25010 highlights that the appropriateness and recognizability of
the system show the adequacy of the system to satisfy the needs of users. Moreover,
appropriateness recognizability is associated with the acceptability of the system [51,52].
Furthermore, the appropriateness recognizability of the system ensures its readability,
completeness, coverage, and self-description; thus, it creates ease for users [53]. Bimantara
and Rochimah [31] investigated the usability of online food applications and highlighted
that applications must be more recognizable to satisfy the needs of users. While prior
studies have established the importance of appropriateness and recognizability in software
quality contexts, their specific role in shaping e-commerce behavioral intention, particularly
in under-researched Gulf markets, remains underexamined. Therefore, the combined
effect of appropriateness recognizability can also enhance behavioral intentions towards
e-commerce applications. Thus, the following is hypothesized:

H1. Appropriateness recognizability positively influences behavioral intention.

2.2. User Interface Esthetics and Behavioral Intention

The interface of the system is important to enhance users’ experience; thus, designers
must design an efficient and esthetic interface [38]. Moreover, to develop an esthetically
appealing and functional interface, they must consider the needs of all types of users,
including individuals with color blindness and disabilities [53]. Pratama and Mutiara [43]
highlighted that, besides learnability and operability, user interface esthetics are also an
important factor that must be considered by developers while designing a system. Similarly,
Bhandari et al. [54] demonstrated that the visual esthetics of applications ensures quality
and enables individuals to download them. Furthermore, Bimantara and Rochimah [31]
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argued that online food applications can improve their interface esthetics to enhance their
usability and users” satisfaction [16]. The esthetic experience provided by applications
not only satisfies the users but also is positively associated with their behavioral inten-
tions [55,56]. Although esthetic design has been linked to user satisfaction and download
intentions, its influence within a structured HCI-usability framework has rarely been tested
in e-commerce contexts, representing a key gap addressed by this study. Therefore, the
user interface esthetics of an e-commerce site can enhance behavioral intention. Thus, the
following is hypothesized:

H2. User interface esthetics positively influence behavioral intention.

2.3. Learnability and Behavioral Intention

According to Bayomi et al. [53], who developed an evaluation metric to evaluate the
usability of applications, developers must focus on ensuring learnability by providing
complete user guidance and a self-explanatory interface. Particularly, e-commerce appli-
cations must incorporate information about their business, including the profile of the
company, contact information, and aims and objectives, because such information makes
the users more confident [57]. Moreover, the emerging trend of e-commerce and dynamic
customer preferences demands an effective recommender system [48] that can provide
users with specific information [47] and suggest products or services according to their
interests. Thus, learnability is more critical than appropriate recognizability [43] and is
associated with behavioral intention. Despite the acknowledged importance of learnability
for user confidence and system adoption, empirical evidence linking learnability directly
to behavioral intention in e-commerce applications remains limited, particularly in the
Middle East region. Therefore, this research has proposed that learnability can enhance
behavioral intention towards using e-commerce applications hypothesizes the following:

H3. Learnability positively influences behavioral intention.

2.4. Operability and Behavioral Intention

Operability and learnability of the system are important to determine its quality [43]
and ability to satisfy the users’ needs and enhance their behavioral intentions [58,59].
Similarly, Kivijarvi and Parndnen [16] highlighted that operability is the most important
factor among all the other usability sub-characteristics and that is positively associated
with the users’ satisfaction. Operability has been identified as a critical determinant of
user satisfaction in software systems, yet its role as an antecedent of behavioral intention
in e-commerce applications warrants further investigation, especially in emerging digital
markets. Therefore, the operability of e-commerce applications can enhance the behavioral
intention of individuals [60]. Thus, the following hypothesis is developed to determine the
influence of operability on behavioral intention towards e-commerce applications:

H4. Operability positively influences behavioral intention.

2.5. Behavioral Intention, Trust, and Self-Reported Continued Usage Intentions

A study by Imtiaz [61] used the UTAUT model to predict the factors influencing
mobile commerce and highlighted that behavioral intentions in m-commerce are associated
with self-reported continued usage intentions. Similarly, Maulidina et al. [62] focused
on Indonesian individuals and indicated that behavioral intention is associated with the
self-reported continued usage intentions of e-commerce applications. Yassierli et. al. [63]
gathered data from 230 customers and argued that self-reported continued usage intentions
for m-commerce applications are associated with the behavioral intention. In addition,
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Pramudito et al. [64] and Cao [65] argued that behavioral intention enables individuals
to use e-commerce applications. Most of the studies focusing on behavioral intentions
in e-commerce applications or m-commerce have focused on traditional models, such as
UTAUT [64,66,67], UTAUT 2 [62,68,69], or TAM [70,71], but there is a dearth of research in
the context of HCI usability. The ISO/IEC 25010 usability framework posits that system
quality attributes directly influence user responses. However, the framework does not
explicitly theorize the mechanism through which these usability characteristics translate
into sustained engagement. This study proposes that behavioral intention serves as the
mediating mechanism linking HCI usability to self-reported continued usage intentions.
Specifically, when users perceive e-commerce applications as appropriate, esthetically
pleasing, learnable, and operable, they form favorable behavioral intentions, which in turn
manifest as intentions for continued use. Furthermore, trust is proposed as a moderator
that strengthens the translation of behavioral intention into self-reported continued usage
intentions, consistent with prior research showing that trust amplifies the commitment to
continued system use [16]. Therefore, based on the discussion given above, the following
hypotheses are developed:

H5. Behavioral intention toward e-commerce applications positively influences self-reported
continued usage intentions.

He6. Trust positively moderates the relationship between behavioral intention and self-reported
continued usage intentions towards e-commerce applications.

Based on the discussion above, the conceptual framework of this research was developed.
Figure 1 shows that sub-characteristics of HCI usability (appropriateness, recognizability,
user interface esthetics, learnability, and operability) generate the behavioral intention that is
associated with self-reported continued usage intentions of e-commerce applications.

. -=> Indirect\
ﬂppropl iateness | —> Direct

Recognizability

User Interface H2
Aesthetics

Learnability

H4

Behavioral Intentions H5 Self-reported Continued
H3 towards E-commerce A > Usage Intention towards E-
Applications : commerce Applications
|
1
1

k Operability Trust /

Figure 1. Research model. Source: Developed by the authors.

3. Methodology

Bahrain implemented an e-commerce law in 2006; however, due to technological ad-
vancements, these laws should be thoroughly reviewed again [5], and e-commerce owners
should focus on enhancing the usability of their e-commerce applications. Prior studies on
the adoption of e-commerce applications have focused on developed countries, but there
is a paucity of research on e-shopping behavior in Bahrain [8]. Moreover, most studies
relied on UTAUT or UTAUT 2 models to determine the acceptance of e-commerce [64,72,73]
instead of focusing on improving HCI and identifying the factors that can improve the us-
ability of e-commerce applications and enhance user adoption. Therefore, this research has
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followed the ISO 9241-210 and ISO/IEC 25010:2011-based HCI-usability model developed
by Realpe-Mufioz et al. [74] to reveal the factors influencing the behavioral intention of
Bahraini individuals toward e-commerce applications and their self-reported continued
usage intentions of e-commerce applications. It has investigated how HClI-usability factors,
including appropriateness, recognizability, user interface esthetics, learnability, and oper-
ability, can influence the behavioral intentions of Bahraini individuals toward e-commerce
applications, which in turn shape their self-reported continued usage intentions. More-
over, it aimed to determine the moderating role of trust in the relationship between the
behavioral intentions of Bahraini individuals toward e-commerce applications and their
self-reported continued usage intentions.

3.1. Measurement Items

The questionnaire comprised three sections. In Section 1, information was provided
about the research and the respondents were assured that their participation would be vol-
untary; they could ask any questions or withdraw from the research at any time. Section 2
comprised three questions related to the demographic characteristics of the respondents.
Section 3 was based on questions about all the variables, including HCI usability, behavioral
intention, and self-reported continued usage intentions of e-commerce applications. The
HCI usability was examined in terms of its four sub-characteristics. First, following prior
applications of the ISO/IEC 25010 framework in HCI-usability research [31,43], appropri-
ateness and recognizability were combined into a single composite construct and measured
with five items. The second sub-characteristic of user interface esthetics was examined
with four items. The third and fourth sub-characteristics, learnability and operability, were
measured using three items each. The items of all the sub-characteristics were taken from
Parnédnen [75].

Trust in the e-commerce application was measured using three items adopted from
Palmatier et al. [76]. The behavioral intention towards e-commerce applications was mea-
sured using three items adopted from Venkatesh et al. [77]. Self-reported continued usage
intentions toward e-commerce applications were measured using three items adapted from
Venkatesh et al. [78] and Venkatesh et al. [77]. The items captured users’ intentions to
continue using, recommend to others, and increase future usage of e-commerce applica-
tions. As a self-reported measure, this construct reflects perceived intentions rather than
objectively tracked usage behavior. Every item of the HCI usability, behavioral intention
towards e-commerce applications, trust, and self-reported continued usage intentions of
e-commerce applications was analyzed on the five-point Likert scale, from 1 (strongly
disagree) to 5 (strongly agree). Moreover, despite the validation of all the items from prior
studies, pre-testing was done before finalizing the questionnaire. The pre-testing was done
in two steps. In the first step, feedback was gathered from academicians, and in the second
stage, the opinions of e-commerce experts were sought regarding the items selected for the
research. The academicians provided some basic suggestions related to the items, and based
on their recommendations, the items were modified accordingly. Similarly, the suggestions
of e-commerce experts/practitioners were also incorporated to finalize the questionnaire.

3.2. Sampling, Data Collection, and Analysis

The e-commerce sector is growing rapidly in the MENA region [3]; however, in
Bahrain, the trend of e-commerce, particularly online shopping, declined after the COVID-
19 pandemic [8]. Moreover, the growth of e-commerce in Bahrain is lower than in Oman
due to the low participation of individuals [9]. Furthermore, individuals lack trust in
using e-commerce applications, and many find it challenging to use them. Therefore, this
research aimed to determine the factors leading to the use of e-commerce applications. The
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survey/questionnaire method was employed to collect data from Bahraini individuals. The
questionnaire was administered in English. While this may limit participation to English-
proficient individuals, it was retained to preserve the semantic integrity of the validated
scales. This potential sampling bias is acknowledged as a limitation of the study (see
Section 7). A convenience sampling technique was employed to collect data from users of
e-commerce applications in Bahrain. The resulting sample exhibited a demographic skew,
with 78% male and 78% aged 25-35 years. The questionnaire was administered in English,
which may have limited participation to English-proficient individuals. This method
was chosen for feasibility and to gather initial exploratory insights from an accessible
segment of the user base. Consequently, the findings reflect the perspectives of this specific
demographic segment and are not intended to be statistically representative of the entire
Bahraini population. Any inferences drawn from this sample should be interpreted with
these sampling constraints in mind. The questionnaire was manually distributed to selected
individuals in Manama, and a link to the online questionnaire was also shared in various
social media groups. The entire data collection process took 12 days, from 2 May 2025 to 14
May 2025.

The population of Bahrain is approximately 1.6 million. While a sample size of 398 ex-
ceeds the minimum requirements for PLS-SEM analysis [79], the convenience sampling
approach and demographic skew limit the generalizability of the findings. Therefore, the
results should be viewed as exploratory and specific to the sampled demographic segment
rather than representative of the broader population. To mitigate and assess the risk of
Common Method Bias (CMB), both procedural and statistical remedies were employed.
Procedurally, respondent anonymity was assured, and scale items were presented with
clear instructions to reduce evaluation apprehension. Statistically, Harman's single-factor
test indicated 34.011% variance for the first factor (<50% threshold). More robustly, the Full
Collinearity VIFs for all constructs were examined and found to be below the conservative
threshold of 3.3, suggesting CMB is not likely to bias the model estimates [80] significantly.
The results of the demographic characteristics highlighted that most respondents are males,
which is a proportion of 78%. The age of most respondents was between 25 and 35 years, i.e.,
78% of respondants, indicating that in Bahrain, individuals in this age group frequently use
e-commerce applications or are more inclined towards them. Moreover, the demographic
information highlighted that most respondents hold a bachelor’s degree.

3.3. Data Analysis

The research focused on e-commerce applications in Bahrain, and the data were gath-
ered from Bahraini individuals who use these applications. SPSS 29.0was used to determine
the demographic characteristics and descriptive statistics of the data. Moreover, SmartPLS
4 was employed to investigate the hypothetical statements, as the PLS-SEM approach is ef-
ficient in handling non-normal data [81] and in analyzing complex models [79] or multiple
relations simultaneously [82]. Furthermore, it provides an adequate and precise estimate
of moderating relationships [83]. Therefore, this approach was preferred to determine the
complex relationship between HCI usability, behavioral intention, trust, and self-reported
continued usage intentions of e-commerce applications.

4. Results

SmartPL54 analyzes the data in two stages, with the first being a measurement model
stage and the second a structural model stage [84]. Therefore, in this research, the same pat-
tern was adopted, and in the first stage of analysis the measurement model was estimated.
It is considered an important stage because, in addition to defining the relationship between
indicators and latent variables [85], it investigates the characteristics of each construct and
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ensures reliability and validity [86]. The results of the measurement model indicated that
the loadings for all factors of trust, behavioral intention, and self-reported continued usage
intentions exceeded the minimum threshold value of 0.5 suggested by Hair et al. [87].
Moreover, the loadings of the factors of HCI usability exceed this threshold except for the
three items of the user interface esthetics with UIA1: —0.420, UTA2: —0.387, UIA3: —0.436,
and the one item of operability with OPR3: 0.497. Thus, these items were eliminated from
further analysis.

The three items initially measuring user interface esthetics (UIA1-UIA3) exhibited
negative loadings. These items were not reverse-coded; their negative loadings suggest
potential issues with item interpretation, translation clarity, or cultural relevance of the es-
thetics construct within the Bahraini e-commerce context. After removing these problematic
items, the remaining two items (UIA4 and UIA5) demonstrated strong factor loadings ex-
ceeding 0.80, and the construct’s composite reliability (CR) and average variance extracted
(AVE) exceeded the recommended thresholds. The theoretical stability of the two-item
user interface esthetics construct was further supported by its high convergent validity and
discriminant validity, as well as its significant and theoretically consistent relationship with
behavioral intention (3 = 0.606, p < 0.001), which aligns with prior HCI research [43,54].

The high negative loadings may indicate a potential issue with item wording, transla-
tion, or respondent interpretation of the “esthetics” construct within this specific cultural
and application context. This measurement challenge is discussed as a limitation (Section 7).
The AVE for the constructs of HCI usability, behavioral intention, trust, and self-reported
continued usage intentions was above the minimum threshold of 0.5 as suggested by
Darsono et al. [88] and Hair et al. [79]. The multicollinearity was determined by examining
the variance inflation factor (VIF), and the findings highlighted that the VIF values for all
items were less than 5, confirming the absence of multicollinearity [79].

Table 1 shows AVE, CR, and Cronbach’s alpha of each construct, and presents the
VIF values for each item of the constructs. The table highlights that the reliability of each
construct is above the minimum threshold of 0.7; thus, the data is reliable. Moreover,
it confirms the convergent validity as the AVE exceeds 0.5 and ranges between 0.611
and 0.861, and the values of CR were between 0.778 and 0.924. Notably, operability
demonstrated a composite reliability of 0.924, confirming strong internal consistency for
this construct. Furthermore, the estimation of the measurement model ensured discriminant
validity by evaluating Fornell-Larcker’s criterion and the Heterotrait-Monotrait ratio of
correlations (HTMT).

Table 2 shows the result of discriminant validity. As shown in the table, the diagonal
values (in bold) represent the square roots of the AVE for each construct, while the off-
diagonal values represent the correlations between constructs. For discriminant validity
to be established, the square root of AVE for each construct must exceed its correlations
with all other constructs [79]. In Table 2, all diagonal values are greater than their corre-
sponding off-diagonal correlations, confirming discriminant validity. The HTMT criterion
was used to ensure the discriminant validity, and the results highlighted that the values
for each construct were below 0.85, which is the maximum threshold suggested by Hair
et al. [79]. Thus, both criteria ensured discriminant validity. Discriminant validity was
further assessed using the HTMT ratio of correlations, with all values falling below the
conservative threshold of 0.85 [89]. Convergent validity was confirmed as all AVE values
exceeded 0.50. Specifically, the AVE values ranged from 0.611 to 0.861, indicating that
each construct explains more than half of the variance in its respective indicators. Internal
consistency was established through CR and Cronbach’s alpha, both exceeding 0.70 for
all constructs. These results collectively support the adequacy of the measurement model
prior to structural model estimation. In the second stage of data analysis, the structural
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model was evaluated by following the suggestion of Sarstedt et al. [81], who recommended
using the bootstrapping technique with a minimum of 10,000 subsamples and reporting R?
and t-values. Accordingly, bootstrapping was performed with 10,000 subsamples using the
no-sign-changes option, and significance levels were assessed based on two-tailed tests at
the 95% confidence interval. The explanatory power of the model was analyzed using R?,
which measures the variance in each endogenous construct. The result demonstrated that
the R? values for behavioral intention and self-reported continued usage intentions were
0.486 and 0.612, respectively, indicating moderate to substantial variance [90]. The confir-
mation of reliability, discriminant validity, convergent validity, variance, and predictive
relevance led to the statistical analysis of hypothetical statements.

Table 1. Results of measurement model.

Constructs and Items Loadings CR AVE
HCI Usability (Appropriateness Recognizability) («: 0.792)
AR1 The elements of the applications were self-explanatory. 0.799
AR2 I easily understood what the applications were meant for. 0.787 0.822 0.611
AR3 The applications were intuitive. 0.728
I could easily tell whether I could accomplish the given tasks through
AR4 - 0.811
these applications.
HCI Usability (User Interface Esthetics) (cx: 0.839)
UIA4 The applications are attractive/esthetic. 0.840 0.907 0.830
UIA5 The applications are fascinating. 0.977
HCI Usability (Learnability) («: 0.838)
LL1 I found it easy to start using e-commerce applications. 0.893
LL2 It was easy to learn to use e-commerce applications. 0.864 0.840 0.755
LL3 I'was able to learn how to use all the functionalities in e-commerce 0.850
applications needed to complete the required tasks. '
HCI Usability (Operability) («: 0.827)
OPR1 It was easy to do the tasks with the applications. 0.921 0.924 0.830
OPR2 I found it easy to control the applications while completing the tasks. 0.935
Behavioral Intention Towards E-commerce Apps («: 0.727)
BI1 Iintend to continue using e-commerce applications in the future. 0.754 0.778 0.642
BI2 I'will always try to use e-commerce applications in my daily life. 0.767 ' '
BI3 I plan to continue to use e-commerce applications frequently. 0.877
Self-reported Continued Usage Intentions for E-commerce Apps (x: 0.887)
SCuIl I'have or plan to use the e-commerce applications. 0.893 0.887 0815
SCUI2 I would recommend that someone use e-commerce applications. 0.903 ' )
SCUI3  Iwill be using e-commerce applications more frequently in the future. 0.912
Trust (o 0.809)
TT1 E-commerce applications give me a feeling of trust. 0.853 0.864 0.713
TT2 I have trust in E-commerce applications. 0.823 ' ’
TT3 E-commerce applications are trustworthy. 0.857

AR: Appropriateness recognizability, BI: Behavioral intention, LRN: Learnability, OPR: Operability, TT: Trust,
SCUI: Self-reported continued usage intentions, UIA: User interface esthetics. Source: Table by authors.

Table 3 represents the structural model of this study, which encompasses five direct
and one moderating relationship(s). The direct hypotheses were assessed with the direct
path analysis. The direct paths are measured between appropriateness recognizability
(AR), user interface esthetics (UIA), learnability (LRN), operability (OPR), and behavioral
intention towards e-commerce applications. Moreover, Bl — SCUI, a direct hypothesis,
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was examined using direct path analysis. The first four hypotheses were developed
to investigate the relationship between HCI usability sub-characteristics and behavioral
intention towards e-commerce applications.

Table 2. Discriminant validity.

Variable AR BI LRN OPR TT SCUI UIA
AR 0.782
BI 0.298 0.801
LRN 0.126 0.447 0.869
OPR 0.079 0.154 0.100 0.911
TT 0.056 0.309 0.339 0.160 0.844
SCUI 0.047 0.433 0.497 0.168 0.786 0.903
UIA 0.079 0.788 0.525 0.101 0.229 0.506 0.911
AR: Appropriateness recognizability, Bold values: Square Root of AVE, BI: Behavioral intention, LRN: Learnability,
OPR: Operability, TT: Trust, SCUI: Self-reported continued usage intentions, UIA: User interface aesthetics. Source:
Table by authors.
Table 3. Hypotheses testing.
Hypothesis Relationship Std. Beta  Std. Dew. t-Value p-Value LL UL 2
H1 AR — BI 0.185 0.040 4.683 p<0001 0115 0.245 0.066
H2 UIA — BI 0.606 0.034 17.813 p <0.001 0.550 0.661 0.575
H3 LRN — BI 0.088 0.044 1.987 0.023 0.013 0.158 0.012
H4 OPR — BI 0.127 0.047 2.729 0.003 0.003 0.183 0.031
Hb5 BI — SCUI 0.268 0.028 9.695 p <0.001 0.222 0.313 0.176
Hé6 TT*BI — SCUI 0.159 0.038 4.222 p <0.001 0.097 0.221 0.056

AR: Appropriateness recognizability, BI: Behavioral intention, LRN: Learnability, OPR: Operability, TT: Trust,
SCUI: Self-reported continued usage intentions, UIA: User interface esthetics. Source: Table by authors.

H1 aimed to determine the relationship between appropriateness, recognizability, and
behavioral intention towards e-commerce applications. The results reported that behavioral
intention towards e-commerce applications is significantly associated with appropriateness
recognizability of the e-commerce application (3 = 0.185, t = 4.683, p < 0.001); thus, H1
was supported. H2 determined the association between user interface esthetics and behav-
ioral intention towards e-commerce applications. The results reported that user interface
esthetics are significantly associated with behavioral intention towards e-commerce appli-
cations (3 = 0.606, t = 17.813, p < 0.001); thus, H2 was supported. H3 aimed to highlight
the significant and positive relationship between learnability and behavioral intention
towards e-commerce applications. Statistically, a significant and positive relationship was
found between learnability and behavioral intention towards e-commerce applications
(B =0.088, t =1.987, p = 0.023). Given that the p-value is close to the conventional 0.05
significance threshold and the t-value slightly exceeds the critical value of 1.96 (based on
10,000 bootstrap subsamples), this finding should be interpreted as marginally significant
but supportive of H3. H4 was developed to investigate the influence of operability on
behavioral intention towards e-commerce applications. The results reported a significant
influence of the operability of e-commerce applications on behavioral intention towards
e-commerce applications (3 = 0.127, t = 2.729, p = 0.003); thus, H4 is supported. H5 evalu-
ated whether behavioral intention towards e-commerce influences self-reported continued
usage intentions. The results revealed that the self-reported continued usage intentions of
e-commerce applications stem from behavioral intentions (3 = 0.268, t = 9.695, p < 0.001).
Hence, H5 was supported. In addition to the direct paths, the research model evaluated
the moderation of trust between behavioral intention and self-reported continued usage
intentions of e-commerce applications.
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The results shown in Table 3 and Figure 2 revealed that trust significantly moderates
the relationship between behavioral intention and self-reported continued usage intentions
of e-commerce applications (3 = 0.159, t = 4.222, p < 0.001). Hence, H6 was supported.

Self-reported Continued Usage
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Figure 2. Moderation effects of trust on the Bl and self-reported continued usage intention relationship.
Source: Developed by the authors.

Table 4 shows the results of predictive power. The predictive power of the PLS-SEM
was determined using PLS-predict. For BI, among the three items, two (BI1 and BI3)
had PLS-SEM_RMSE values lower than the LM_RMSE benchmarks, indicating medium
predictive accuracy. For SCUI, all three items (SCUI1, SCUI2, SCUI3) had PLS-SEM_RMSE
values lower than the corresponding LM_RMSE values, indicating high predictive accuracy.
The PLS-SEM_RMSE values for SCUI ranged from 0.389 to 0.438, and the LM_RMSE values
ranged from 0.421 to 0.467. Overall, the model demonstrates satisfactory predictive power
for both endogenous constructs.

Table 4. PLS-predict.

> . PLS- PLS-
MV Q* Predict SEM_RMSE LM_RMSE IA_RMSE
BI1 0.275 0.824 0.877 —0.053
BI2 0.109 1.029 0.957 0.072
BI3 0.462 0.971 0.989 —0.018
SCUI1 0.681 0.412 0.445 —0.033
SCUI2 0.624 0.438 0.467 —0.029
SCUI3 0.703 0.389 0.421 —0.032

BI: Behavioral intention, SCUI: Self-reported continued usage intentions. Source: Table by authors.

5. Discussion

This study applied an HCI usability framework to explore the factors associated with
e-commerce adoption within a sample of Bahraini users. While the model supports several
relationships consistent with prior research, its primary contribution lies in providing
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exploratory evidence of the relative importance of specific HCI sub-characteristics, most
notably user interface esthetics, and in examining the trust mechanism within this config-
uration for a sample in the Gulf region. Given the sampling constraints, these findings
should be interpreted as preliminary insights rather than confirmatory conclusions. The
following discussion interprets these findings while acknowledging the study’s method-
ological boundaries. In this era of globalization, development of and global access to the
internet have brought about a technological revolution that is growing rapidly [11] and
transforming the entire business landscape. Globalization and the increase in technological
advancement have replaced traditional business models, which are physical businesses
with more technology-oriented or digital business models, such as online startups and
particularly E-commerce platforms [48], which are growing rapidly and transforming soci-
ety [11,91]. E-commerce has made it easy for consumers to order goods and services at any
time from anywhere they prefer. Similarly, it has made it easier for business owners and
entrepreneurs to access global markets, expand their operations, and find sales opportuni-
ties worldwide. Moreover, the exponential growth of e-commerce in GDP helped countries
enhance their economic growth [92]. Beyond the direct consumer-facing aspects of HCI, the
successful adoption and sustained competitive advantage of digital business models also
depend on organizational capabilities, particularly the integration of artificial intelligence
and the digital literacy of managerial personnel, which enable small and medium-sized
enterprises to navigate digital transformation and build sustainable competitive advan-
tage [93-96]. However, the increasing diversity of customer preferences directs the attention
of e-commerce owners to improving the usability of their applications [48] by focusing on
all the concepts of HCI while designing mobile applications [49] because many users have
never interacted with them [42] or have found them difficult to use.

HCI has become more important nowadays as people are more inclined towards
digital systems or applications and rely on them [17]. Therefore, it is essential to determine
the success and failure of HCI and particularly to highlight the factors contributing to its
usability. The usability of a system satisfies the users by enhancing their user experience.
Thus, this research has determined the factors contributing to the usability of e-commerce
applications and highlighted their influence on behavioral intentions associated with self-
reported continued usage intentions. Additionally, it examined the moderating role of trust
between behavioral intention and self-reported continued usage intentions. The first four
hypotheses were developed to determine the influence of HCI usability sub-characteristics
on behavioral intention towards e-commerce applications. The first hypothesis aimed to
investigate the relationship between appropriate recognizability with a sub-characteristic
of HCI usability, and the behavioral intention of Bahraini individuals towards e-commerce
applications. The results emphasize that the behavioral intention of Bahraini individuals is
significantly associated with the appropriate recognizability of e-commerce applications,
thus supporting H1. The findings are in line with the prior research by Shah and Chiew [52],
who also argued that the system’s appropriate recognizability is associated with its usability.
Similarly, Bimantara and Rochimah [31] noted that applications must be more recognizable
to meet users’ needs. Therefore, e-commerce application developers in Bahrain must
include self-explanatory elements in their apps to make them understandable and intuitive,
thereby potentially enhancing the behavioral intention of users within this demographic
segment. The second hypothesis was developed to investigate the relationship between
user interface esthetics, with a sub-characteristic of HCI usability, and the behavioral
intention of Bahraini individuals towards e-commerce applications.

The results highlighted that the user interface esthetics of e-commerce applications are
important for enhancing behavioral intention; thus, H2 is supported, and these findings are
supported by the research by Pratama and Mutiara [43], which also showed the importance
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of user interface esthetics for user satisfaction. The improvement in interface esthetics is
important to enhance users’ usability and satisfaction [16]. Therefore, developers must
consult with marketing practitioners to make e-commerce applications more attractive and
fascinating. Within this sample, attractive applications were associated with greater user
engagement. Notably, the effect size for user interface esthetics (3 = 0.606) was the largest
among all HCI sub-characteristics examined, suggesting that visual appeal may serve as a
primary gateway to user engagement in e-commerce contexts. This differential magnitude
warrants theoretical interpretation. One possible explanation is that in consumer-facing
applications, hedonic qualities such as visual appeal may precede or even outweigh purely
utilitarian usability attributes in shaping initial adoption intentions. This aligns with
the notion that users often form rapid, affect-driven judgments about digital interfaces
before engaging with functional features. Practically, this implies that investments in
interface design, including color schemes, typography, visual hierarchy, and overall esthetic
coherence, may yield higher returns in user acquisition than improvements to functional
usability alone, particularly for first-time users.

Application developers must ensure the learnability of their applications during
development [53]. They can include the complete business profile of the company [57] or
add an effective recommender system [48] to enhance user satisfaction and acceptability.
Therefore, the third hypothesis aimed to determine the influence of the learnability of
e-commerce applications on users’ behavioral intentions. The results provided marginal
support for this hypothesis (f = 0.088, p = 0.023), indicating that learnability is associated
with behavioral intention, though this relationship should be interpreted with caution given
the borderline p-value. The findings align with the study by Pratama and Mutiara [43],
who noted that learnability is a crucial factor in enhancing user experience.

The fourth hypothesis was developed to determine the influence of the operability of
e-commerce applications on the behavioral intention of individuals. The results supported
the hypothesis, and the findings highlighted that the behavioral intention of Bahraini indi-
viduals towards using e-commerce applications originates from operability. These findings
are supported by [16], who noted that operability is the most important among other
sub-characteristics of usability in enhancing user satisfaction and behavioral intention [58]
among new users. The effect sizes for learnability (3 = 0.088) and operability (3 = 0.127)
were notably smaller than those observed for user interface esthetics. This differential
magnitude warrants interpretation. One possible explanation is that while learnability and
operability are foundational for sustained system use, particularly for complex tasks, they
may be taken for granted by users who already possess basic digital literacy. In a sample
characterized by young, educated adults (78% aged 25-35), these functional attributes may
represent baseline expectations rather than differentiating factors. In contrast, for novice,
older, or less digitally proficient user segments, learnability and operability might carry
greater weight in shaping behavioral intention. This suggests that the relative importance of
HCI sub-characteristics may be contingent on user demographics—a proposition that future
research should examine through moderated analyses across diverse population segments.

The penultimate hypothesis was developed to determine the influence of behavioral
intention on self-reported continued usage intentions for e-commerce, and the results
reported that self-reported continued usage intentions stem from behavioral intention, thus
H5 was supported. The findings align with the research by Yaqub et al. [97], who argued
that the self-reported continued usage intentions of mobile-commerce applications are asso-
ciated with the behavioral intention of users. Consistent with the measurement approach,
these findings reflect self-reported continued usage intentions rather than objectively ob-
served usage patterns. While this finding aligns with the established technology acceptance
literature, its interpretation within the HCI-usability framework offers additional nuance.
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The effect size (3 = 0.268) suggests that while behavioral intention is a necessary precursor
to self-reported continued usage intentions, it is not sufficient. Other factors, such as
habitual use, switching costs, positive prior experiences, or the presence of competing
applications, may intervene between intention and sustained behavior. Moreover, in the
context of self-reported intentions (as measured in this study), the intention-behavior gap
may be particularly pronounced, as intentions do not always translate into actual behavior
when measured cross-sectionally. Future research employing longitudinal designs or objec-
tive usage data could more precisely estimate the translation of HCI-driven intentions into
actual continued use over time.

The last hypothesis was developed to determine the moderating effect of trust on the
relationship between behavioral intention and self-reported continued usage intentions of
e-commerce applications among Bahraini individuals. The results supported the hypothesis
and highlighted that trust strengthens the influence of behavioral intention on self-reported
continued usage intentions towards e-commerce applications. Prior research by Kivijarvi
and Péarndnen [16] supported these findings, claiming that trust is important in predicting
user satisfaction and enhancing the e-commerce experience. Therefore, among respondents
in this sample, trust in an application was associated with stronger translation of behavioral
intention into self-reported continued usage intentions.

These findings support the applicability of the ISO/IEC 25010-based HCI-usability
model to e-commerce contexts. The framework’s sub-characteristics, when considered col-
lectively, explain approximately 48.6% of the variance in behavioral intention (R? = 0.486),
suggesting that the model captures relevant drivers of user intention within this sample.
Notably, user interface esthetics emerged as the strongest predictor ( = 0.606), indicat-
ing that within this demographic segment, visual appeal may be a particularly salient
determinant of behavioral intention. This finding extends the ISO/IEC 25010 framework
by suggesting a differential weighting of sub-characteristics in consumer-facing versus
enterprise software contexts.

6. Conclusions and Implications

In conclusion, this research explored the influence of HCI usability on behavioral
intentions toward e-commerce applications within a sample of Bahraini users. The four
sub-characteristics of HCI usability were used to highlight the influence of HCI usability
on the behavioral intention and self-reported continued usage intention of e-commerce
applications. Moreover, the role of trust was investigated as a moderator in the relationship
between behavioral intention and self-reported continued usage intentions. Given the
demographic skew of the sample (predominantly young, male, and educated), these
findings should be interpreted as exploratory and specific to this demographic segment
rather than broadly generalizable to the entire Bahraini population. The data gathered
from Bahraini individuals revealed that most sub-characteristics of HCI usability are
significantly associated with behavioral intention toward e-commerce applications, with
learnability demonstrating a marginally significant relationship. Furthermore, the findings
underscore that trust strengthens the influence of behavioral intention on the self-reported
continued usage intentions of e-commerce applications. Overall, within the limitations
of this sample, this research highlights the critical role of HCI in relation to behavioral
intention and self-reported continued usage intentions toward e-commerce applications. In
addition, it provides valuable insights for marketing practitioners, application developers,
and policymakers.
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6.1. Theoretical Implications

Technological advancements have changed the shopping patterns and experiences of
customers. Nowadays, people mostly prefer shopping online through different mobile-
based e-commerce applications. However, many users do not rely on them due to a lack
of trust or difficulty in using them. Moreover, to cope with the users’ needs, software
systems have become more complex and aim to provide an interactive experience to the
users by including value-added features [42]. Similarly, concerning the lack of behavioral
intention and usage of e-commerce applications in Bahrain, the government is considering
e-commerce an important economic driver, and companies are aiming to update their
strategies [5] by focusing on the HCI usability. Therefore, this research has highlighted
the influence of HCI usability on the behavioral intention and self-reported continued
usage intentions for e-commerce applications among Bahraini individuals. Furthermore, it
highlighted the moderating role of trust in the relationship between behavioral intention
and self-reported continued usage intentions. The main focus of the research was to de-
velop a comprehensive model based on HCI usability to determine the factors leading to
self-reported continued usage intentions of e-commerce applications among Bahraini indi-
viduals. Thus, it has provided several theoretical and practical implications. Theoretically,
it has expanded the literature on HCI usability, including its sub-characteristics that include
appropriateness, recognizability, user interface esthetics, learnability, and operability, be-
havioral intention towards e-commerce applications, and the self-reported continued usage
intentions of e-commerce applications in the Kingdom of Bahrain. The findings highlight
that self-reported continued usage intentions ofor e-commerce applications depend on
behavioral intention, which originates from the usability of human—computer interaction.
Therefore, researchers focusing on HCI usability can get valuable insights from this re-
search. In addition, this research significantly differs from the prior studies, as they mainly
focused on determining the significance of HCI usability in enhancing user experience
or satisfaction. Thus, this research fills the gap by indicating that HCI usability is also
important in influencing new users.

6.2. Practical Implications

In terms of practical implications, this research has helped e-commerce application de-
velopers and marketing managers of e-commerce startups and companies design effective
strategies to increase their user base through enhancing the usability of the applications
because the installation of expensive equipment for customer service or development of
retail markets is more expensive than the maintenance of e-commerce websites [98] or
applications. Besides enhancing the user experience [24], the improvement in HCI will
enable owners to understand consumer behavior [25]. Therefore, the e-commerce appli-
cation developers in Bahrain must consult with the marketing practitioners and focus on
the appropriateness, recognizability, user interface esthetics, learnability, and operability of
e-commerce applications to increase the behavioral intention and self-reported continued
usage intentions. Attractive, usable, and intuitive e-commerce applications draw users and
enhance their intention to engage with the platform. Furthermore, the research has directed
policymakers’ attention towards ensuring trust for users.

7. Limitations and Recommendations

This study provides insights into HCI usability and e-commerce adoption in Bahrain
but is subject to several limitations that outline avenues for future research. First, the sample
exhibits a significant demographic skew, with 78% male and 78% aged 25-35 years. This
concentration limits representativeness and threatens external validity, as the perspectives
of female users, older adults, and other demographic groups are substantially underrepre-
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sented. Therefore, the findings should be treated as exploratory insights from a specific
demographic segment rather than population-level conclusions. The English-only question-
naire may have further excluded non-proficient English speakers. Future studies should
employ stratified random sampling and bilingual instruments to enhance generalizability
and allow for subgroup analyses (e.g., by age, gender, nationality). Second, the cross-
sectional design precludes definitive causal inferences. While we hypothesize relationships
based on theory, the data only reflect associations at a single point in time. A longitudinal
design measuring intention prior to observed or self-reported future behavior is needed to
test the intention-behavior causal pathway robustly. Third, despite employing procedural
remedies and statistical tests (Harman's test, Full Collinearity VIFs) that suggest CMB is not
a pervasive issue, the reliance on self-reported data from a single source remains a potential
limitation. Future research could incorporate objective usage metrics or multi-source data.
Fourth, the deletion of three items from the user interface esthetics (UIA) construct due
to negative loadings raises concerns about the cross-contextual validity of these specific
items or the conceptualization of esthetics for this sample. Future work should qualitatively
explore perceptions of app esthetics in the Gulf region to refine this measurement. Fifth, the
study relies exclusively on self-reported measures of behavioral intention and self-reported
continued usage intentions. While this approach is common in technology acceptance
research, it captures perceived intentions rather than objectively observed usage behavior
(e.g., application log data). Consequently, the findings should be interpreted as reflecting
users’ self-assessed dispositions toward e-commerce applications rather than confirmed
behavioral outcomes. Future research could complement self-report data with objective
usage metrics to strengthen causal claims regarding the intention-behavior link. Sixth, this
study combined appropriateness and recognizability into a single composite construct,
whereas the ISO/IEC 25010 standard treats them as distinct sub-characteristics. While this
decision was informed by prior empirical applications and the conceptual overlap between
these dimensions in the context of e-commerce, it precludes the examination of their in-
dependent effects. Future research should measure appropriateness and recognizability
separately to determine their unique contributions to behavioral intention. Finally, the
HCl-usability model focused on a core set of sub-characteristics. Future research could
extend it by integrating other relevant factors, such as accessibility, privacy concerns, or
cultural dimensions of technology acceptance, and test it in other national contexts within
or beyond the MENA region.
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