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This paper assesses the public acceptance of Autonomous Delivery Vehicles (ADVs) by extending the Technology
Acceptance Model (TAM), incorporating subjective norms, environmental concerns, and hedonic motivations
alongside the original TAM constructs. The perceived security risk of theft is also defined and included in the
model to explore its moderating role. Data was collected from an online survey of 1567 participants in different
cities in Iran. The survey incorporated two open-ended questions as part of a qualitative approach to assessing
control beliefs, exploring both the facilitators and barriers influencing people’s intentions. Based on structural
equation modeling, findings highlight the strong impact of subjective norms and perceived usefulness on
intention, along with the significant effect of attitudes and environmental concern. The moderating effect of the
perceived security risk of theft is significant in perceived ease of use and hedonic motivations’ interactions with
attitudes. Exploring the responses from open-ended questions showed that the majority of respondents perceived
that using ADVs could help the environment, while the risk of stealing ADVs was identified as the main barrier to

adopting them in urban settings.

1. Introduction

The final leg of the business-to-consumer delivery service is last-mile
delivery, which entails delivering products to the ultimate consumer
(Yuen et al., 2019). The need to handle an ever-increasing volume of
shipments and deliver them through congested urban areas in a timely
manner leaves last-mile delivery susceptible to disruptions (Joerss et al.,
2016). As a result, last-mile delivery is known as the delivery industry’s
Achilles’ heel (Hinzmann and Bogatzki, 2020). The significance of
last-mile delivery has increased further in recent years, given the recent
boom in e-commerce and online shopping (Alverhed et al., 2024). Ac-
cording to the Iran Center for E-commerce Development (ICeCD, 2021),
e-commerce has grown almost six times in Iran since the COVID-19
outbreak. Nonetheless, it is believed that this market’s capacity ex-
ceeds that, and further expansion is anticipated in the years to come.
Also, Iran’s business-to-consumer e-commerce values grew by almost
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160% in 2021 compared to 2020 (ICeCD, 2021). It is expected that the
rising value of business-to-consumer e-commerce will lead to a sub-
stantial rise in the number of packages delivered.

While home deliveries bring convenience to recipients and benefit
logistics providers, their uncontrolled growth leads to social issues
stemming from increased vehicle presence (Kapser et al., 2021). In Iran,
motorcycles dominate package delivery for their maneuverability and
low maintenance cost, yet they cause numerous urban problems. Mo-
torcycles contribute significantly to air pollution, one of the biggest
problems facing the Iranian people, causing over 30,000 annual deaths
due to illnesses like cancer and heart attacks (Jolai et al., 2021). Their
high carbon footprint results from outdated technology and lack of
proper emission control systems. Moreover, motorcycles are responsible
for around 50% of urban noise pollution (Safaei et al., 2021). In terms of
road safety, motorcycles have the highest proportion of casualties in
crashes, leading to social and economic challenges in Iran
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(Sadeghi-Bazargani et al., 2018).

Since these negative externalities not only lower the quality of life
and the economic competitiveness of urban areas but also exacerbate
overall traffic safety, it seems that current transportation practices (i.e.,
motorcycle delivery) lack the potential to cope with this fast-changing
environment effectively. As a result, it becomes necessary to modify
current last-mile transportation strategies.

In recent years, there has been significant interest in improving cit-
ies’ operational efficiency through intelligent transportation systems
and automation (Engesser et al., 2023). A recently developed trans-
portation technology that is thought to have the capability to transform
last-mile delivery by making it more efficient, sustainable, and
customer-focused is the Autonomous Delivery Vehicle (ADV) (Hossain,
2023). This technology is a self-driving electric ground vehicle that
travels on sidewalks and roadways (Joerss et al., 2016; Kapser and
Abdelrahman, 2020; Marsden et al., 2018). Given the lingering chal-
lenges posed by conventional delivery techniques in Iran, ADVs could
become a viable delivery option in its thriving e-commerce market.

The motivation for this study arises from the significant challenges
associated with the widespread use of motorcycles in Iran, particularly
their environmental and safety impacts. ADVs present a promising
alternative, offering not only environmental benefits but also the added
advantage of contactless delivery, which has proven crucial during
pandemics like COVID-19. However, public acceptance remains a crit-
ical hurdle, as skepticism toward automation technologies (Lu et al.,
2023), including ADVs, persists due to concerns about safety and fears of
job loss. These concerns are likely to be even more pronounced in a
developing country like Iran, where such technologies have not yet been
deployed, and public awareness of them is limited.

Moreover, if ADVs are not widely approved by the public, intro-
ducing and investing in this technology will be a significant waste of
resources for logistic service providers and technology developers
(Kapser and Abdelrahman, 2020). Hence, there is a need to carefully
explore public intentions of ADVs, particularly in a country like Iran
with limited resources.

1.1. Objectives and aims

This study aims to explore the public’s intention to adopt ADVs,
examining their motivations and concerns to provide a comprehensive
understanding of the factors influencing the acceptance of this tech-
nology in Iran by using an extended Technology Acceptance Model
(TAM). By gaining insights into public opinion, the study seeks to
identify the key drivers and potential barriers to the successful inte-
gration of ADVs into the Iranian delivery system. In summary, the
following are the current study’s contributions.

a) ADV adoption in a developing country with a collectivist culture: Nearly
all previous studies have focused on the adoption of ADVs in
developed and high-income countries. Limited resources, weak
infrastructure, escalating environmental crises, a variety of traffic
issues, and a high risk of vandalism and theft make developing
countries’ markets considerably different from developed countries.
Consequently, the results of this study could serve as a benchmark for
comparing countries with similar cultural, geographical and de-
mographic features to Iran.

TAM extension: The literature indicates that the use of the TAM to
evaluate intentions toward ADVs is scarce (Hinzmann and Bogatzki,
2020). The present study adds Subjective Norms (SN), Environ-
mental Concern (EC), Hedonic motivation (HM), and Perceived Se-
curity Risk of Theft (PSRT) to the original TAM to explore additional
factors that influence the intention of using ADVs. In the model
development section, we introduce the constructs of the proposed
TAM model and develop the hypotheses regarding their interactions.
We then present the results of the model in Section 5.2 and discuss
the findings in Section 6.1.

b
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c) Inclusion and moderation role of the perceived security risk of theft: The
perception of security risk, as defined in this study, specifically
involving the apprehension of ADV or package theft, holds signifi-
cant importance, particularly in developing nations grappling with
high theft and vandalism rates. The notion of perceived security risk
has been examined in earlier research regarding online shopping and
e-banking, focusing on the risk of financial and personal data
pilferage (Hartono et al., 2014; Roca et al., 2009). However, inves-
tigating the perceived security risk associated with physical asset
theft within this framework remains unexplored, whether in the
context of Autonomous Vehicles (AVs), ADVs, or any other domains,
to the best of our knowledge. To bridge this gap, our study recali-
brated this factor to address physical asset security instead of data
security, specifically for the ADV context. This adjusted factor was
employed as a moderator to identify its impact on construct dy-
namics and to evaluate its indirect influence on individuals’ in-
tentions. Section 3.6 offers a detailed description of this factor, while
Section 6.2 discusses the moderating role of this variable.

d) Investigating the effect of sociodemographic variables on ADV adoption:
The effect of age, gender, city of residence, education level,
employment status, and pre-existing knowledge of ADVs, on in-
dividuals’ intentions are also considered in the present study. This
can help to provide insight into target communities by understanding
their perceptions and help service providers to employ more effective
marketing strategies by focusing on specific parts of society. The
results and discussion related to this part are provided in sections 5.3
and 6.3, respectively.

e) Identifying control beliefs through open-ended questions: Along with
extending the TAM model, this study explores indirect elements that
can affect intentions to ADV usage by identifying control beliefs,
encompassing respondents’ perceived barriers and facilitators to use
ADVs. This can show potential aspects that previous research has not
investigated. Here, a particular focus is placed on contrasting and
comparing beliefs which can subtly affect people’s intentions to use
ADVs. Table 1 contains the abbreviations employed in the current
study. The results and discussion of the findings from the open-ended
question analysis are presented in Sections 5.4 and 6.4, respectively.

Table 1

The abbreviations employed in the current study.

Abbreviation Description

ADV Autonomous Delivery Vehicle

ATT Attitudes

AV Autonomous Vehicle

AVE Average Variance Extracted

BI Behavioral Intention

CR Composite Reliability

CFA Confirmatory Factor Analysis

EC Environmental Concern

HM Hedonic Motivation

NFI Normed Fit Index

PEOU Perceived Ease of Use

PLS Partial Least Squares

PSRT Perceived Security Risk of Theft

PU Perceived Usefulness

SAVE Square root of Average Variance Extracted
SEM Structural Equation Model

SN Subjective Norms

SRMR Standardized Root Mean square Residual
TAM Technology Acceptance Model

TRA Theory of Reasoned Action

UTAUT Unified Theory of Acceptance and Use of Technology
VIF Variance Inflation Factor

WTP Willingness To Pay
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2. Background
2.1. Perceptions of autonomous deliveries

Acceptance, adoption, and use of automation technologies have
gained much attention in transportation research since they have the
potential to enhance the operational efficiency of the urban setting while
optimizing the time, cost, reliability, and safety of city transportation
(Panagiotopoulos and Dimitrakopoulos, 2018). Hence, many studies
have been conducted to assess public opinion toward autonomous ve-
hicles, a groundbreaking technology in transportation. Nevertheless, in
contrast to the wealth of literature exploring the public acceptance of
autonomous technology as a personal car or shared transportation, there
is much less research dedicated to understanding consumer approval of
autonomous technology for delivery purposes (Kapser and Abdelrah-
man, 2020; Pani et al., 2020). One of the recent technologies for delivery
purposes is the ADV, a pedestrian-sized ground robot that delivers goods
to customers without the use of delivery persons (Jennings and Figliozzi,
2019). ADVs have already been deployed for package and food de-
liveries by companies such as Amazon, DHL, Hermes, and FedEx,
although this is still in the pilot testing phase (Kaiser et al.; Pani et al.,
2020; Schaudt, 2018). It is expected that, following the success of these
pilot tests, the technology will be utilized in the last-mile market soon
(Hinzmann and Bogatzki, 2020). Given the infancy of this technology,
there is only a handful of studies that have investigated the psycholog-
ical aspects of ADVs’ public acceptance. Some of these studies are pri-
marily descriptive in their approach (e.g., Gramatikov et al., 2019;
Joerss et al., 2016; Rohleder, 2016), while some use frameworks such as
UTAUT2 (Kapser and Abdelrahman, 2020; Kapser et al., 2021; AlKheder
et al., 2023), TAM (Hinzmann and Bogatzki, 2020; Yuen et al., 2022; Lu
etal., 2023), WTP (Pani et al., 2020), and other approaches (e.g., Mishra
et al., 2023; Liang et al., 2024; Probster and Marsden, 2023) to inves-
tigate public intentions towards using ADVs. Table 2 represents sum-
mary of studies focused on public acceptance of ADVs.

For example, Kapser and Abdelrahman (2020) assessed the accep-
tance of ADVs in Germany adopting an expanded version of the Unified
Theory of Acceptance and Use of the Technology model (UTAUT2)
(Venkatesh et al., 2012). It was found that performance expectancy and
price sensitivity have the strongest impact on users’ acceptance. Based
on their earlier study, Kapser et al. (2021) studied the moderating effect
of gender and determined that the impact of social influence and he-
donic incentive on the intention to use ADVs is only significant for fe-
males. The average intention to use ADR in both studies was neutral.
Moreover, by using a clustering approach on a sample from Portland,
Pani et al. (2020) identified the Willingness To Pay (WTP) for these
clusters. Six distinct consumer segments were identified in their latent
class analysis of attitudinal responses. They also found that customers
are willing to pay additional costs for deliveries by ADVs. In another
study, Koh et al. (2024) investigated consumer acceptance of ADVs in
last-mile delivery by integrating resource-matching, perceived risk, and
value theories. The study aimed to provide a comprehensive under-
standing of the factors influencing consumer acceptance. The authors
used a mixed-methods approach, combining quantitative surveys and
qualitative interviews to gather data on consumer perceptions. Their
findings reveal that consumer acceptance is significantly influenced by
the alignment of autonomous delivery services with their resource
needs, the perceived risks associated with the technology, and the
overall value proposition it offers. The study highlights the importance
of minimizing perceived risks and maximizing perceived value to
enhance consumer acceptance of ADVs.

2.2. Technology acceptance
Technology acceptance models have been widely adopted to inves-

tigate factors affecting people’s intention to adopt a technology
(Venkatesh et al., 2007). The first model to assess technology acceptance
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Summary of studies focused on ADVs’ acceptance.

Author(s) Location Approach Constructs Considered in
of Study Surveys
AlKheder et al. Kuwait Extended UTAUT2 Performance expectancy,
(2023) Social influence, Hedonic
motivation, Price
sensitivity, Perceived
risk, Trust, Innovation,
Corona pandemic
Said et al. USA Choice experiment Affinity towards
(2023) design technology, Concerns
regarding privacy and
package handling,
Environmental
consciousness
Kapser and Germany Extended UTAUT2 Effort expectancy, Social
Abdelrahman influence, Facilitating
(2020) conditions, Perceived
risk, Behavioral intention
Hinzman & Germany Extended TAM Perceived ease of use,
Bogatzki, Facilitating condition,
(2020) Perceived usefulness,
Price sensitivity, Privacy
security, Hedonic
motivation
Lu et al. (2023) China Survey based on Relative advantage,
Diffusion of Compatibility,
innovation (DOI) Complexity, Social
Theory influence, User
Experience
Koh et al. (2024) Singapore Mixed-methods Perceived risk, Perceived
(resource- value, Convenience,
matching, Reliability,
perceived risk and Compatibility, Privacy
value theories)
Yuen et al. Singapore Extended TAM Perceived usefulness,
(2022) Perceived ease of use,
Attitude towards Use,
Trust in technology
Liang et al. China Extended Technology readiness,
(2024) Behavioral Innovativeness,
Reasoning Optimism, Discomfort,
Framework Insecurity
Kapser et al. Germany Extended UTAUT2 Gender differences,
(2021) Perceived safety, Risk
perception, Behavioral
intention
Pani et al. USA Willingness to Pay Latent classes of attitude,

(2020)

and Latent Class
Cluster

locational and
demographic factors

among people was the TAM (Davis, 1985), which initially developed
from the Theory of Reasoned Action (TRA) (Fishbein and Ajzen, 1977).
The TRA is one of the most widely cited and recognized models for
estimating human behavior. It includes the fundamental concepts of
attitudes toward behavior and subjective norms (Dirsehan and Can,
2020). Davis (1985) adapted the TRA to measure attitudes toward
technology and proposed the TAM by introducing two new factors of
Perceived Usefulness (PU) and Perceived Ease of Use (PEOU). According
to the TAM, PU and PEOU constructs can affect the intention to use
technology. Researchers have developed novel models based on
different versions of the TAM. For instance, Venkatesh and Davis (2000)
developed TAM2 by adding subjective norms as an external construct to
TAM. UTAUT was another extended model based on TAM that included
factors like hedonic motivation and facilitating conditions (Venkatesh
et al., 2003). Venkatesh et al. (2012) later modified UTAUT and devel-
oped UTAUT2.

In the current study, the primary framework for the proposed model
was based on the original TAM introduced by Davis (1985). The main
constructs of the TAM model include ATT, PU, PEOU, and BI. PU shows
the belief of an individual in improving overall job performance by using
a particular technology or system, and PEOU refers to the belief of a
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person whether a particular system or technology would be free of
mental and physical effort. ATT encompasses an individual’s compre-
hensive perception of technology, whereas Bl is linked to an individual’s
intention to utilize technology. In the original TAM model, PU and ATT
directly predict BI. Moreover, both PU and PEOU can indirectly influ-
ence BI through ATT. PEOU can also exert an indirect influence on BI
through PU.

3. Model development

This study uses the TAM as the theoretical framework to explain the
adoption of autonomous delivery vehicles. Subjective Norm (SN), He-
donic Motivation (HM) and Environmental Concern (EC) were added to
the proposed model to evaluate the acceptance of using ADVs in Iran.
Moreover, the moderating role of the perceived security risk of theft in
this construct is also investigated. Fig. 1 shows the proposed model. The
model’s constructs and associated hypotheses are outlined as follows.

3.1. Attitudes (ATT)

ATT is defined as the overall view of using the technology and was
usually considered one of the pivotal antecedents of BI, which was
confirmed by various studies conducted in different contexts
(Adu-Gyamfi et al., 2022; Rejali et al., 2024a, 2024b; Wang and Hao,
2020; Yadav and Pathak, 2017). In the context of last-mile logistic ser-
vices, Wang et al. (2020) identified attitude as a critical focal point that
effectively influences people’s adoption behaviors toward logistic ser-
vice innovations, which can be affected by external factors like
perceived relative advantage and perceived compatibility. To explore
the role of attitudes (ATT) in the acceptance of ADVs and the effect of
attitude on BI, we hypothesize that.

H1. ATT positively affects BI to use ADVs.

Transport Policy 162 (2025) 406423
3.2. Perceived usefulness (PU) and perceived ease of use (PEOU)

Numerous studies across diverse contexts have recognized the direct
and indirect effects of PU and PEOU, the foundational constructs of the
TAM model, on behavioral intentions. These two constructs have been
confirmed as significant anticipators of users’ intentions in numerous AV
acceptance studies (e.g., Choi and Ji, 2015; Rejali et al., 2023; Xu et al.,
2018). For ADVs, PU can be defined as the degree to which consumers
will benefit from employing ADVs as a delivery alternative (Kapser and
Abdelrahman, 2020). ADVs are thought to be more adaptable, conve-
nient, and transparent for customers (Kapser and Abdelrahman, 2020;
Marsden et al., 2018). Owing to these qualities, which are critical in
last-mile delivery, ADVs are more customer-oriented and, as a result,
may be perceived as more useful than their traditional alternatives, like
motorcycles (Kapser and Abdelrahman, 2020). Additionally, ADVs are
contactless delivery alternatives, which increases their utility during
pandemics such as COVID-19 by reducing the likelihood of virus
transmission (Kapser et al., 2021).

Furthermore, PEOU specifies how easily technology can be learned
or used (Wu et al., 2019). Consumers generally lean toward products
that are relatively simpler to operate (Davis, 1989). It has been found
that compared to PU’s impact on BI, which usually affects BI signifi-
cantly, PEOU’s influence on BI can sometimes be subtle at most (Chen,
2016; Wu et al., 2019). However, according to other studies, PEOU can
substantially impact both ATT and BI (Kaplan et al., 2017; Park et al.,
2015). It appears that using mobile apps to engage with ADVs may add
another layer of complexity to the process (Kapser and Abdelrahman,
2020). Nevertheless, while some consumers may not mind using mobile
apps, others may view this as an unnecessary hassle and create an un-
favorable opinion of ADVs as a result.

Considering the significant role of PU and PEOU in user acceptance
and following the hypotheses outlined in the original TAM model, it is
hypothesized that.

Perceived
Usefulness

Subjeb . [ Perceived Ease

Perceived Security
Risk of Theft

Moderating effect

Behavioral

Attitudes

Hedonic

Motivations

Intention

Environmental
Concern

Fig. 1. Conceptual framework.
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H2. PU positively affects ATT.

H3. PEOU positively affects ATT.

H4. PU positively affects BI to use ADVs.
H5. PEOU positively affects PU,

3.3. Subjective norms (SN)

SN denotes instances in which a person’s thoughts and beliefs, and
subsequently, their behaviors, are impacted by others (Giang et al.,
2017). These important ‘others’ are typically influential in
decision-making, including family members, friends, and also the
media. With establishing the TRA, Fishbein and Ajzen (1977) first
considered the significance of SN in forming behaviors. Venkatesh and
Davis (2000) later verified that SN is one of the most influential BI in-
dicators of technology acceptance. Multiple Studies on the topic of AV
acceptance have shown that social influence is a robust predictor of
adoption (Panagiotopoulos and Dimitrakopoulos, 2018). Subjective
Norms have also been investigated in the context of ADVs acceptance in
recent studies. Using the UTAUT2 model, Kapser and Abdelrahman
(2020) found the significance of social influence on the intention of the
German population, revealing the importance of considering peer
pressure in marketing purposes of ADVs. Likewise, by utilizing the
UTAUT2 model, the significant impact of SN on the US population’s
intentions to use autonomous vehicles in last-mile delivery was vali-
dated by Saravanos et al. (2022). Due to the collectivist culture in Iran,
the effect of significant others’ opinions could be pronounced (Wong
and Cheng, 2020). Thus, it is expected that SN has a considerable impact
on the adoption of ADVs in Iran. Furthermore, as ADVs are not publicly
available and the majority of people may not have past knowledge of
ADVs, their perceptions about the usefulness and ease of use of ADVs
could be highly affected based on public opinion (Rejali et al., 2021).

Based on the insights from previous studies, we hypothesize that.

H6. SN positively affects BI to use ADVs.
H7. SN positively affects PEOU.
H8. SN positively affects PU.

3.4. Environmental concern (EC)

EC is correlated with public awareness of environmental problems,
manifesting in people’s attitudes, knowledge and responsiveness to
environmental issues (Weigel and Weigel, 1978). Studies have demon-
strated that EC is significantly associated with intentions to acquire
green products like electric vehicles (Ozaki and Sevastyanova, 2011; Wu
et al., 2019). Autonomous electric vehicles are expected to contribute to
the sustainability of transportation by enhancing traffic efficiency,
reducing private car ownership and improving air quality (Anderson
et al., 2014). Therefore, it stands to reason that those with deeper
environmental concerns will be more inclined to employ delivery
practices with minimum environmental impact, such as ADVs. Despite
its significance, EC and its interaction with BI are understudied in the
ADV acceptance literature. Thus, to evaluate the role of EC on B, it is
hypothesized that.

H9. EC positively affects BI to use ADVs.

3.5. Hedonic motivation (HM)

Venkatesh and Davis (2000) posited that the extent to which in-
dividuals find a technology entertaining and enjoyable is another factor
that can influence their intent to use it. HM refers to conceptualized
perceived pleasure (Rejali et al., 2021). Keszey (2020) revealed a strong
impact of HM on individuals’ intentions to adopt AVs. HM was also
found to be highly influential on public acceptance of autonomous road
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transport systems (Madigan et al., 2017). In the context of ADVs, Kapser
and Abdelrahman (2020) showed that HM is positively associated with
BI to use ADVs and indicated that most individuals find ADVs to be a fun
product. As individuals’ enjoyment of technology can contribute to a
positive attitude towards its utilization, this study explores the impact of
HM on shaping people’s intention to use ADVs and hypothesizes the
indirect effect of HM on BI through ATT.

H10. HM positively affects ATT.

3.6. Perceived security risk of theft (PSRT)

In general, risk is defined as an unexpected outcome when using a
service, leading to consumer dissatisfaction (Adu-Gyamfi et al., 2022).
Risk perception is defined as an individual’s subjective evaluation of
objective risk (Pennings and Smidts, 2003). Perceived risk can be
financial, social, performance, psychological, and physical (Adu-Gyamfi
et al., 2022). However, other aspects of risk have also been defined and
used in studies. For instance, in online shopping, security, privacy, and
source risk are considered as an extension of perceived risk (Bhatti et al.,
2018).

3.6.1. Perceived risk in an e-commerce context

Research on consumer behavior in the areas of e-commerce, m-
commerce, and related offshoots, like online banking and mobile pay-
ment, has considered the perceived risk as a significant barrier to cus-
tomers’ adoption decisions (Martins et al., 2014; Thakur and Srivastava,
2014; Wang et al., 2019). Acquisition, storage, and transfer of sensitive
information required for customer acceptance in an online context may
expose customers to security breaches and potential privacy violations.
Furthermore, lack of face-to-face engagement can create significant in-
formation asymmetry and ambiguity for customers (Wang et al., 2019).
These factors cause internet-based services, such as online shopping, to
be considered riskier than the conventional offline purchasing option. As
a result, consumers are more reluctant to utilize and embrace
internet-based services (Thakur and Srivastava, 2014).

3.6.2. Perceived risk in the context of autonomous vehicles (AVs)
Multiple research studies have indicated that the acceptance of AVs
can be influenced by individuals’ perceptions of the associated risks. For
instance, it has been consistently observed that the negative impact of
perceived risk is a significant factor influencing consumers’ willingness
to use AVs (Schoettle and Sivak, 2014; Zhang et al., 2019; Guo et al.,
2021). Potential safety risks in AVs, including functional failure leading
to possible crashes, are the top concern in this context (Gopinath and
Narayanamurthy, 2022; Zhang et al., 2019). Another risk associated
with AVs acceptance is the privacy risk, including software hacking and
data misuse (Zhu et al., 2020). Hence, risk perception is regarded as an
antecedent of AV adoption (Gopinath and Narayanamurthy, 2022).

3.6.3. Conceptualizing perceived security risk of theft in the context of
autonomous delivery vehicles (ADVs)

Regarding ADVs, Marsden et al. (2018) found that they are seen as a
risky delivery alternative. Moreover, in a study conducted by Io and Lee
(2019), people asserted the risk of stealing ADVs or the package inside it
to be concerning. The risk of theft was also identified by Gramatikov
et al. (2019). However, these studies were descriptive and did not
investigate perceived risk as a construct in the acceptance of ADVs.
Accordingly, perceived risk was included as an additional construct in
Kapser and Abdelrahman’s (2020) study to understand the effect of risk
on people’s intention toward ADVs. They found that perceived risk has a
significant negative impact on people’s intention to use ADVs. However,
this study investigated people’s perception of overall risk without a
specific dimension.

The impact of perceived risk dimensions varies depending on the
research subjects and contexts (Wang et al., 2019). Perceived risk
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dimensions can be specified by purchasing behavior, trading environ-
ment, and cultural variations, as stated by Stone and Grgnhaug (1993)
and Veloutsou and Bian (2008). For instance, in online shopping, con-
cerns about security risks regarding money transfers stand out (Wang
et al., 2019). Likewise, in the context of AVs, perceived safety risks due
to the potential system or equipment malfunction are the top concern
(Zhang et al., 2019). Perceived safety risk becomes more relevant in this
context because AVs carry the user, and any malfunction leading to
crashes could directly endanger the user.

Subsequently, the perception of risk regarding ADVs could be
different since, unlike AVs that carry users, ADVs carry their parcels. As
mentioned, some studies acknowledged public concern about potential
theft from ADVs (Gramatikov et al., 2019; Io and Lee, 2019). Moreover,
theft has increased drastically in Iran in recent years, damaging the
society’s financial security and causing distress and anxiety for in-
dividuals (Yosefi et al., 2021). High rates of vandalism and theft were
recognized as significant barriers to utilizing emerging transportation
technologies such as electric bikes (Jahanshahi et al., 2019). The high
rate of vandalism and theft in Iran could also become a substantial
hindrance to ADVs’ adoption. ADVs may also appear more vulnerable to
theft compared to traditional motorcycle deliveries in Iran due to several
factors. A significant distinction is the absence of a driver, which
removes a natural deterrent against theft. Furthermore, while ADVs are
equipped with security technologies, their compact size makes them
more susceptible to being physically stolen or tampered with.

While the risk of theft could be a critical factor concerning the
acceptance of new technologies in transportation, especially in devel-
oping countries, its effect has not been investigated in any studies in this
field before. To address this gap, and by considering the situation of Iran
coupled with attributes of ADVs, the perceived security risk was
adjusted for the ADV context in this study. Based on the definitions of
security risk by Roca et al. (2009) and Hartono et al. (2014), the
Perceived Security Risk of Theft (PSRT) is described as the potential for
ADVs to cause loss of property, time or other resources due to either
stealing the parcel inside the ADV or hijacking/stealing the ADV.

3.6.4. Moderating effect of perceived security risk of theft (PSRT)

Although in the context of e-commerce, it has been confirmed that
risk perception directly influences users’ attitudes and intentions
(Martins et al., 2014), the direct effect of perceived risk on attitude or BI
was not hypothesized in this study for the following reasons. First, as it
was found in a recent meta-analysis examining the interactions between
trust, risk, and acceptance, removing the link from perceived risk to BI
improved the model’s fitness (Kim and Peterson, 2017; Zhang et al.,
2019). Furthermore, in AV acceptance models developed by Choi and Ji
(2015) and Xu et al. (2018), no statistically significant relationship was
found between risk perception and BI. In these studies, the key variable
of trust was incorporated into the model, likely capturing the direct
influence of perceived risk through its effect on trust. However, other
studies have examined perceived risk independently, without trust
variable in their models, and still treated perceived risk as a moderating
variable.

Moreover, Im et al. (2008) also showed that perceived risk could be
modeled as a moderating variable, where users’ acceptance behavior
was better explained. Similarly, risk has an important moderating effect
in predicting consumer willingness to use e-services, according to
Featherman and Fuller (2003). The moderating role of risk transforms
the simple and direct relationship between behavioral constructs and
intention into a more intricate, conditional, and in-depth association
(Wang et al., 2019).

In consideration of the above, the moderating role of PSRT on ATT
toward ADVs is investigated, based on the following hypothesis.

H11. PSRT moderates the relationship between ATT toward ADVs and
(a) PU (b) PEOU (c) HM.
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4., Method
4.1. Data collection

Data collection for this study was based on a questionnaire consisting
of three main parts. The first part included demographic questions about
gender, age, education level, city of residence, employment condition,
and prior knowledge of ADVs. The next part of the survey included
measurement items to investigate the factors included in the extended
TAM model (Table A1, see Appendix). A seven-point Likert scale (1 =
strongly disagree to 7 = strongly agree) was used for the measurement
items. The final section of the survey included two open-ended questions
designed to explore control beliefs, specifically facilitators and barriers,
related to ADVs. These control beliefs could indirectly shape public in-
tentions regarding their usage (Kaye et al., 2020). These questions were:
(1) “In your opinion, what would be the most important facilitators that
can affect your intention to use autonomous delivery vehicles?” (2) “In
your opinion, what would be the most important barriers that can affect
your intention to use autonomous delivery vehicles?”

Furthermore, expecting that a considerable number of respondents
might not possess prior knowledge about ADVs, a 2-min video was
provided to give respondents basic information about the technology.
Respondents were asked to watch the video before filling in the survey
questions. This provided a brief introduction to ADVs, outlining their
overall advantages and disadvantages, as well as the procedure for using
them. Snapshots from this video are shown in Fig. 2. A pilot test showed
that participants spent around 15 min watching the introduction video
and completing the survey. The survey was converted into Farsi through
the back-translation approach, involving an initial translation into Farsi
followed by a subsequent translation back into English to ensure a
comparable meaning to the original text.

4.2. Sample profile

The survey was conducted online and distributed via Porsall, a
highly trusted platform that generates online surveys for research pur-
poses in Iran. The questionnaire and the introduction video link were
sent randomly to more than 10,000 people in different cities to reach a
representative sample size. The snowball sampling technique was
employed to extend the sample size, involving participants being
requested to share the questionnaire with their family members and
friends. Responses were regularly evaluated to ensure validity in the
data collection process. Duplication of responses was also not permitted.
The survey was distributed over 35 days, from January 20, 2022, to
February 25, 2022. After removing invalid and incomplete responses, a
total of 1567 respondents formed the final sample.

The data included 50.5% males and 49.5% females, reflecting a
gender distribution similar to that of Iran, and the sample’s age distri-
bution also closely follows the age distribution pattern of Iran (SCo,
2017). Among the four age groups, individuals aged 25-39 years
accounted for the largest percentage of respondents (33.4%). Addi-
tionally, the study incorporated the participants’ city of residence,
considering that larger cities exhibit distinct traffic issues and patterns
compared to smaller ones, potentially influencing individuals’ attitudes
and perceptions toward ADVs. Consequently, data collection encom-
passed respondents residing in metropolitan areas with a population
exceeding 1 million as well as those in smaller towns with a population
below 1 million, ensuring a representative sample of the general popu-
lation. Regarding the city of residence, 54% of the respondents lived in
cities with a population exceeding 1 million, commonly referred to as
metropolitan areas in Iran, while the remaining 46% resided in smaller
cities (See Table 3).

4.3. Data analysis

Confirmatory Factor Analysis (CFA) was applied to assess the
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Fig. 2. Snapshots from the introduction video.

Table 3
Demographics of the sample.
Frequency Percentage
Gender
Male 792 50.5
Female 775 49.5
Age
18-24 417 26.6
25-39 523 33.4
40-60 385 24.6
>60 242 15.4
City of Residence
Metropolises 846 54.0
Other cities 721 46.0
Education
Doctorate 59 3.8
Master’s degree 160 10.2
Bachelor’s degree 495 31.6
University diploma 149 9.5
High school degree 504 32.2
No degree 200 12.8
Employment Status
Full-time employment 379 24.2
Part-time employment 297 19.0
University student 385 24.6
Seeking work 323 20.6
Retired 159 10.1
Unable to work 24 1.5
Pre-existing knowledge
Yes 473 30.2
No 1094 49.8

measurement model. Normed Fit Index (NFI), Standardized Root Mean
Square Residual (SRMR), and Root Mean Squared Residual Covariance
Matrix (RMS_Theta) were estimated to evaluate data fit on the proposed
model. Moreover, Cronbach alpha and Composite Reliability (CR) were
derived to assess the reliability and validity of the model. Values higher
than 0.7 for these two indicators demonstrate a good internal consis-
tency for the constructs (Fornell and Larcker, 1981). The convergent
validity was tested based on factor loadings and the Average Variance
Extracted (AVE). Significant factor loadings above 0.7 and AVE higher
than 0.5 are recommended (Adu-Gyamfi et al., 2022; Choi and Ji, 2015).
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The Square root of AVE (SAVE) for each factor was compared with its
correlations with other factors to assess discriminant validity. To have
good discriminant validity, SAVE for each factor should be greater than
its correlations with other factors (Choi and Ji, 2015; Fornell and
Larcker, 1981). To avoid multicollinearity, the common-method vari-
ance was estimated. The inner Variance Inflation Factors (VIFs) less than
5 show acceptable multicollinearity in the model (Hair et al., 2009; Kock
and Lynn, 2012). The present study used SPSS software for the evalua-
tion of questionnaire data and descriptive analysis. SmartPLS3 software
was utilized to conduct the Partial Least Squares (PLS) method of the
Structural Equation Model (SEM). This method was used to verify the
validity of the constructs and the direct and indirect relationships be-
tween the proposed constructs and behavioral intention. The PLS-SEM
analysis with a bootstrap procedure of 1000 subsamples was
employed to estimate the significance level of the model’s constructs.

The moderating effect of PSRT on the interactions between ATT,
PEOU, PU, and HM was estimated using SmartPLS software (Ramayah
et al., 2018). A moderator variable influences the relationship between
two variables, altering the impact of the predictor on the criterion based
on the moderator’s level or value (Holmbeck, 1997). In essence, a
moderator interacts with the predictor to affect the dependent variable’s
level, thereby specifying the conditions under which a particular effect
occurs, and how the direction or strength of that effect may vary
(Ramayah et al., 2018).

To evaluate these moderation effects, the product-indicator method
was employed, in line with previous research (Chin et al., 2003; Wang
etal., 2019). This method, which involves cross-multiplying measures of
latent variables, provides more accurate estimates of moderator effects
by identifying errors that can weaken estimated relationships, thus
enhancing the validity of the hypotheses (Chin et al., 2003).

In the last step, responses to the open-ended questions were
analyzed. Adapting from the literature and using the experience of
previous studies (Kaye et al., 2020; Rejali et al., 2021), the responses
were scrutinized and categorized by extracting keywords, aiming to
identify participants’ control beliefs, which encompassed both facilita-
tors and barriers. These control beliefs were considered to have an in-
direct influence on participants’ intentions to use ADVs. Upon reviewing
the categorized responses and their frequency, several recurring themes
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emerged, providing insights into the control beliefs held by the
respondents.

5. Results
5.1. Confirmatory Factor Analysis (CFA) results

Based on the results of CFA, one item in the original measurement
(PU1) had a factor loading less than 0.7 (0.622), so this was excluded
from further analysis. After eliminating PU1, all factor loadings excee-
ded 0.7, and all AVEs were larger than 0.5, indicating good convergent
validity of the model. Furthermore, since Cronbach’s alpha and CR
values were greater than 0.7, the proposed model has good internal
consistency (Table 4). In addition, as the VIFs were less than 4, multi-
collinearity is not considered to be of any major concern (Table A2, See
Appendix). As shown in Table A3 (See Appendix), SAVE values for each
factor are higher than their bivariate correlations with other factors.
This result shows good discriminant validity of the model construct
(Fornell and Larcker, 1981).

5.2. Structural equation modelling and hypothesis testing

A structural equation model was employed to test the proposed hy-
potheses in Section 3. The overall fit of the model was analyzed, and it
was found that the model fits the data well (Chi-Square = 4816.203;
SRMR = 0.059; NFI = 0.802). A lower SRMR value indicates a better
model fit, with a threshold of 0.08 or less being generally accepted (Hu
and Bentler, 1999). For NFI, values closer to 1 indicate a better fit, with
the traditionally accepted threshold being 0.9, although a threshold of
0.8 is also considered acceptable (e.g., Akinyode, 2016; Singh and
Kathuria, 2023; Khairi et al., 2021). The structural equation model re-
sults confirm that the theoretical pathways hypothesized in this study
are acceptable. Furthermore, all the coefficients are significant at p <
0.001. The results of the model are presented in Fig. 3.

According to the results, SN is positively associated with both PU (B
= 0.471; t = 15.542; p < 0.001) and PEOU (B = 0.730; t = 43.541; p <
0.001), confirming hypotheses H3 and H4. Likewise, the effect of SN on
BI is significantly positive (p = 0.273; t = 8.510; p < 0.001), showing

Table 4
Confirmatory Factor Analysis (CFA) results, convergent validity and internal
consistency.

Constructs Items Factor o CR rho A AVE
loadings
Attitude (ATT) ATT1 0.821 0.780 0.872  0.782  0.694
ATT2 0.853
ATT3 0.826
Perceived Usefulness ~ PU2 0.819 0.803 0.884 0.806 0.718
(PU) PU3 0.863
PU4 0.859
Perceived Ease of PEOU1 0.819 0.843 0.895 0.844 0.681
Use (PEOU) PEOU2  0.826
PEOU3 0.845
PEOU4  0.810
Subjective Norm SN1 0.860 0.781 0.873 0.781  0.696
(SN) SN2 0.828
SN3 0.814
Hedonic Motivation HM1 0.864 0.805 0.885 0.809 0.719
(HM) HM2 0.863
HM3 0.817
Environmental EC1 0.795 0.748 0.855 0.761 0.663
Concern (EC) EC2 0.806
EC3 0.841
Perceived Security PSRT1 0.744 0.712 0.808 0.736  0.585
Risk of Theft PSRT2 0.850
(PSRT) PSRT3 0.703
Behavioral Intention ~ BI1 0.868 0.832 0.899 0.833 0.749
(BD BI2 0.858
BI3 0.869
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that hypothesis H2 is supported. Moreover, PEOU positively affects PU
(Bp=0.422; t = 13.599; p < 0.001), and ATT (p = 0.293; t = 10.069; p <
0.001), which confirms hypotheses H6 and H8. PU has a significant
positive effect on ATT (p = 0.356; t = 11.914; p < 0.001) and BI (p =
0.312; t = 8.984; p < 0.001), which indicates that hypotheses H5 and H7
are supported. The positive impact of ATT on Bl is significant (f = 0.244;
t = 7.476; p < 0.001), which has confirmed hypothesis H1. It was also
found that HM has a positive effect on ATT (p = 0.261; t = 8.404; p <
0.001), confirming hypothesis H9. Finally, EC is positively associated
with BI (B = 0.118; t = 4.682; p < 0.001); thus, hypothesis H10 is also
confirmed. Table 6 shows the coefficients and the results of hypothesis
testing.

The explanatory power of the model can be investigated with the R?
values of endogenous constructs (Choi and Ji, 2015; Dirsehan and Can,
2020), where R? represents the percentage of a construct’s variance in
the model. As shown in Fig. 3, R? values for ATT, PEOU, PU and BI are
0.752, 0.533, 0.690 and 0.735 respectively. R? values greater than 0.10
are suggested for a latent construct to be considered adequate (Falk and
Miller, 1992). Therefore, the R? values indicate that the proposed model
provides a good explanation of behavioral intention to use ADVs. PU and
SN were found to have the strongest effect on BI, with § = 0.312 and f =
0.273, followed by ATT and EC, with § = 0.244 and § = 0.118. SN was
also found to have a strong indirect effect on BI (f = 0.363), as was
PEOU (B = 0.240) (see Tables 5 and 6).

The moderating effect of PSRT on the interactions of ATT between
PEOU, PU and HM was also estimated. In keeping with prior research
efforts, the product-indicator method (measures of latent variables are
cross-multiplied) was employed to assess moderation effects (Chin et al.,
2003; Wang et al., 2019). This method offers more accurate estimates of
moderator effects by identifying an error that weakens estimated links
and enhances the validity of hypotheses (Chin et al., 2003). The results
of the moderating analysis are presented in Table 7 and Fig. 4. This
shows that PSRT can significantly moderate the effects of PEOU (f =
—0.096, p = 0.007) and HM on ATT (p = 0.097, p = 0.007), confirming
hypotheses H11(b) and H11(c), respectively. However, no significant
moderating effect on the relationship between ATT and PU was found,
disproving hypothesis H11(a).

5.3. Relationship between background variables and behavioral intention
(BD

The descriptive analysis indicated that respondents exhibited a high
level of intention to use ADVs (X = 5.385; SD = 1.162) (see Table A3). A
significant difference in BI was found among age groups (F(3,1563) =
15.260, p < 0.001). The Bonferroni post hoc test indicates that in-
dividuals aged over 60 have a significantly lower intention to use ADVs
compared to other age groups (p < 0.001). ANOVA results also indicate
a significant difference between education levels (F(5,1561) = 4.270, p
< 0.01). The Bonferroni post hoc test revealed that people with a
bachelor (p = 0.012) or master’s (p = 0.046) degree expressed signifi-
cantly higher intentions to use ADVs than those with no degree. In terms
of employment status, a significant difference between groups was
found (F(5,1561) = 11.624, p < 0.001). The Bonferroni post hoc test
showed that either full-time or part-time employees showed a higher
intention to use ADVs than unemployed people (p < 0.001). The results
also reveal that those who reported pre-existing knowledge of ADVs
showed a higher intention to use ADVs compared to those without prior
knowledge (t(1565) = 4.028, p < 0.001).

5.4. Open-ended questions

Key themes were identified based on responses to the open-ended
questions. These are summarized in Table 8. Almost three-quarters
(72%) of respondents replied to the first open-ended question which
focused on the facilitators of ADVs. The results showed that 387 re-
spondents believed that ADVs are more environmentally friendly for
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Fig. 3. Extended Technology Acceptance Model (TAM) results.
Table 5
Effects of factors on Behavioral Intention (BI).
Effects of factors on Behavioral Intention (BI).
Hypotheses Direct effects Indirect effects Total effects
B B B t-value
ATT—»BI 0.244%*** 0.244%*** 7.249
PU—» BI 0.312%** 0.087*** 0.399%*** 13.369
PEOU —»BI 0.240%*** 0.240%** 11.087
EC—»BI 0.118%** 0.118%** 4.489
SN—» BI 0.273*** 0.363%** 0.636%** 26.78
HM —»BI 0.064*** 0.064*** 5.354
**¥*p < 0.001.
Table 6
Results of hypothesis testing.
Hypotheses Direct effects Indirect effects Total effects
B T-value B T-value B t-value
ATT—» BI 0.244%%% 7.249 0.244%%% 7.249
EC—»BI 0.118%%%* 4.489 0.118%#%* 4.489
PEOU —-ATT 0.293%** 9.805 0.150%** 9.877 0.443%%%* 14.782
PEOU —»BI 0.240%** 11.087 0.24%%% 11.087
PEOU —»PU 0.4227%%% 14.196 0.422%%%* 14.196
PU—ATT 0.356%** 11.591 0.356%** 11.591
PU—»BI 0.312%%% 9.572 0.087%** 6.316 0.399%#* 13.369
SN— ATT 0.4971 %%+ 19.664 0.4971 %%+ 19.664
SN—»BI 0.273%#% 8.233 0.363%%* 14.251 0.636%** 26.780
SN—» PEOU 0.730%%* 41.658 0.730%** 41.658
SN—»PU 0.471%%% 16.291 0.308%** 13.144 0.779%%* 57.846
HM—ATT 0.261%%* 8.276 0.261%%* 8.276
HM —»BI 0.064%*** 5.354 0.064*** 5.354
***p < 0.001.
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Table 7
The moderating effect of Perceived Security Risk of Theft (PSRT).
Hypotheses Moderated path B Standard Deviation t-value p-value Result
Hll(a) PU—» ATT -0.027  0.033 0.823 0.411 Not significant
Hl11(b) PEOU —»ATT -0.096 0.035 2.72 0.007 Supported
H1l(c) HM—»ATT 0.097 0.036 2.717 0.007 Supported
@ 2 —
S 0.00 3 0.00 =
= =
<
= 025 1 -0.25 o
050 { : S - - -0.50 1 : : - -
-1.0 05 00 05 10 -10 05 00 05 1.0
Percieved Usefulness Percieved Ease of Use
050 ¢
0.25 1 . .
2 — Percieved Security at-1 SD
2 0.00 Percieved Security at +1 SD
- -~ Percieved Security at Mean
-0.25
-10 05 00 05 1.0
hedonic motivation

Fig. 4. Moderating effects of Perceived Security Risk of Theft (PSRT).

Table 8
Control beliefs which affect respondents’ intentions to use ADVs.
Facilitators n Barriers n
Reduce air and noise pollution =~ 387  Possible risk of stealing the parcel 389
or the ADV itself
Alleviate traffic 266 Hard to operate, considering the 207
condition of sidewalks and streets
Contribute to a reduction in 173  Threat to people working as 106
crashes deliverers
Low operating cost 124  Not suitable for long distances in 72
cities
Reduce interaction with other 96  Low speed 45
people (during COVID-19)
Higher accuracy than other 82  Hard to operate for the elderly 40
delivery modes
Low capacity for carrying goods 34
Risk of collision with pedestrians 30

or other road users

delivering goods than other modes of traffic, especially motorcycles, i.e.,
ADVs could “reduce air and noise pollution”. Furthermore, 266 re-
spondents mentioned that ADVs could “alleviate traffic”. “. A total of
173 respondents mentioned that ADVs could “contribute to a reduction
in crashes”, especially motorcycle crashes. “Low operating cost” was
mentioned by 124 participants. In addition, 96 participants mentioned
that ADVs could “reduce interaction with other people (during COVID-
19)". “Higher accuracy of ADVs compared to other delivery modes” was
stated by 82 respondents. Examples of responses to the first open-ended
question can be found in Table A4 (See Appendix).

The second open-ended question was answered by around two-thirds
(64.5%) of respondents, which focused on the barriers of ADVs. Table 8
showed that 398 participants mentioned the “possible risk of stealing the
parcel or the ADV itself” as a barrier to using ADVs. Moreover, 220
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participants mentioned that ADVs are “hard to operate, considering the
condition of sidewalks and streets”. A total of 117 participants consid-
ered ADVs a “threat to people working as deliverers”, while 83 re-
spondents mentioned that ADVs are “not suitable for long distances in
cities”. “Low speed” of ADVs was stated by 56 respondents, while 51
respondents mentioned that ADVs could be “hard to operate for the
elderly”. “Low capacity for carrying goods” was mentioned by 45 par-
ticipants. The possible “risk of collision with pedestrians or other road
users” was mentioned by 41 respondents. Examples of responses to the
second open-ended question can be found in Table A5 (See Appendix).

6. Discussion and implications

As an emerging delivery technology, ADVs can potentially revolu-
tionize the logistics industry by making last-mile delivery more efficient,
sustainable and customer-oriented (Joerss et al., 2016; Kapser and
Abdelrahman, 2020; Kapser et al., 2021). In addition, ADVs could
mitigate the spread of COVID-19 and other viruses in the future by
reducing human contact (Kapser et al., 2021; AlKheder et al., 2023). The
objective of this study was to assess the acceptance of ADVs and identify
key factors influencing their acceptance, specifically in a developing,
middle-income country.

6.1. The extended TAM model

The results of the extended TAM showed that PU has the strongest
direct effect on the intention to use ADVs. It is also a predictor of ATT
toward using ADVs. Similar results were found in studies on the
acceptance of AVs (Panagiotopoulos and Dimitrakopoulos, 2018), and
ADVs (Kapser and Abdelrahman, 2020; Yuen et al., 2022; AlKheder
et al., 2023), which highlights the important role of usefulness on
behavioral intention in this context. It can be concluded that practical
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benefits are an essential factor in accepting this emerging delivery
technology (Kapser et al., 2021). Therefore, these benefits should be
communicated to consumers at the market launch (Hinzmann and
Bogatzki, 2020).

Furthermore, the results indicate a positive direct impact of SN on BI.
Additionally, SN has the strongest total and indirect effects on in-
tentions, among other constructs. This strong effect comes from its sig-
nificant role in explaining PEOU and PU. These findings highlight the
important role of participants’ peers in their intention to use ADVs. This
is consistent with Kapser et al. (2021) and Alkheder et al. (2023), who
demonstrated that social influence positively impacts the intention to
use ADVs. Also, SN was found to be important in other contexts like AVs
(Madigan et al., 2017; Panagiotopoulos and Dimitrakopoulos, 2018;
Rejali et al., 2023) and Electric Vehicle studies (Adu-Gyamfi et al.,
2022). The significance of SN in this study might be attributed to the
substantial proportion of participants who lacked prior awareness of
ADVs before viewing the introductory video. With a lack of pre-existing
knowledge, individuals’ opinions more easily established by considering
the perspectives of their family members, friends, and media sources
(Rejali et al., 2021). Moreover, Iran’s social values and cultural context
are so that the opinions of people from their inner circle, like family
members, have the potential to significantly influence an individual’s
perceptions. This is due to the collectivist culture of Iran, which causes
people to express very strong loyalty to their families (Evason, 2016).
This result implies that the influence of peer pressure should be taken
seriously in marketing ADVs.

Additionally, it was found that ATT has a positive association with
the intention to use ADVs, which is consistent with previous studies on
ADVs (e.g., Said et al., 2023; Yuen et al., 2022). This result is also
aligned with numerous studies in different contexts, such as the accep-
tance of AVs (Chen, 2019; Kaye et al., 2021; Payre et al., 2014) and EVs
(Adu-Gyamfi et al., 2022; Glerum et al., 2014). However, in the present
study, although the effect of ATT is significant, SN has a stronger effect
than ATT. This difference could be due to culture. While eastern cultures
tend to value collectivism, western cultures tend to exemplify individ-
ualism (Hofstede, 2011). Therefore, social factors related to family and
peer groups could compel intentions in a collectivist culture, whereas
personal desires and attitudes could drive people’s intentions in a cul-
ture of individualism (Wong and Cheng, 2020). Thus, the effect of at-
titudes on behavioral intention is expected to be strong in western
cultures. Investigating the literature in the context of AVs revealed the
contrast between the effect of subjective norms and attitudes on in-
tentions. While subjective norms were found significant in most eastern
milieu studies (Alkheder et al., 2023; Liu et al., 2020; Rejali et al., 2023;
Zhang et al., 2020), this effect was found insignificant in numerous
studies in western culture (Kaye et al., 2020; Nordhoff et al., 2021).

The results also revealed the significant effect of PEOU on ATT and
PU, indicating that effortless use of ADVs would lead to a positive atti-
tude, which eventually propels their intention to use ADVs in the future.
This finding follows previous studies on AVs (Chen, 2019; Gopinath and
Narayanamurthy, 2022) and ADVs (Kapser and Abdelrahman, 2020;
Yuen et al., 2022; Koh et al., 2024). The results also showed that most
respondents considered ADVs to be attractive and entertaining objects.
This characteristic of ADVs positively affects attitudes, which can affect
their intentions positively, as the model results revealed. The impact of
HM was also confirmed in previous studies in the context of AVs
(Madigan et al., 2017; Motak et al., 2017) and ADVs (Kapser and
Abdelrahman, 2020; AlKheder et al., 2023; Koh et al., 2024).

Environmental Concern was another factor with a significant posi-
tive impact on the intention to use ADVs, meaning people who are more
concerned with environmental problems tend to have a greater intention
to use ADVs. Environmental awareness and concerns have been found to
urge people to use environmentally friendly devices (Greaves et al.,
2013; Wuetal., 2019; Lu et al., 2023). Autonomous and electric vehicles
are expected to have an influential role in sustaining future transport,
like altering the oil-based transport system, enhancing traffic efficiency,
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and decreasing air pollution (Anderson et al., 2014; Wu et al., 2019).
Thus, most people consider ADVs more beneficial than harmful to the
environment, and it is not surprising that people with higher EC are
more inclined to use ADVs in the future. Moreover, responses to the
open-ended questions show that many respondents believe that ADVs
have lower air and noise pollution than other delivery options, con-
firming the latter explanation. The existing literature demonstrates a
similar result in the context of autonomous delivery vehicles (Lu et al.,
2023) and autonomous vehicles (Dirsehan and Can, 2020; Wu et al.,
2019).

6.2. The moderating effect of the perceived security risk of theft

The moderating role of Perceived Security Risk of Theft (PSRT) was
also investigated in this study. The results showed that PSRT negatively
moderates the interactions between PEOU and ATT. This significant
negative moderating effect indicates that increases in risk perception
will attenuate the effect of perceived ease of use on attitudes. A possible
explanation is that when security risk perceptions are high, easy-to-use
devices are thought to be more targeted for theft. In other words, some
individuals may worry that if something is easy to use, it can be misused
by a third person with less effort, so the device or goods inside are more
likely to be stolen. Therefore, the effect of ease of use on attitude will be
weakened when perceived security risks are considerable. The results
also revealed the significant positive moderating effect of PSRT on the
interrelationship between HM and ATT. This implies that when the level
of perceived security risk increases, the importance of hedonic value as a
predictor of attitude toward using ADVs becomes more pronounced,
consistent with the findings of Chiu et al. (2014) in the context of online
shopping. Similarly, the positive moderating effect of perceived risk on
the relationship between hedonic motivation and intention to play on-
line games was found by Sharma et al. (2020).

According to Chiu et al. (2014), this result can be explained by online
buyers’ sensation-seeking personality, which emphasizes the impor-
tance of reaching and maintaining a certain level of arousal to use a
service. In other words, when an activity is risky, the fun part becomes
more important. According to the findings, risk plays an opposing role in
the interaction of perceived ease of use and hedonic motivation with
attitudes. This shows that to achieve a desirable, coupled effect of
perceived ease of use and hedonic benefits, customers’ risk perceptions
need to be brought down to an acceptable level (Chiu et al., 2014). The
potential for risk-seeking behavior was recognized by prospect theory.
However, the explanation of prospect theory focuses on the cognitive
aspects; hence it overlooks the potential of understanding risk-seeking
behavior from the emotional or affective aspects such as hedonic mo-
tivations (Chiu et al., 2014).

6.3. The relationship between background variables and behavioral
intention

The descriptive analysis revealed that people aged over 60 years are
less likely to use ADVs. This result is contrary to Kapser and Abdelrah-
man’s (2020) study in which the effect of age on behavioral intention
was found to be insignificant. Nevertheless, other studies have found
that age has a negative effect on the intention to use new technologies
such as autonomous vehicles (Payre et al., 2014; Schoettle and Sivak,
2014). Older people feel barriers to accepting and start using new
technologies (Klimova and Poulova, 2018; Tacken et al., 2005). Older
people’s lower cognitive and physical ability (e.g., sight, hearing, motor
function) than younger people is one of these obstacles (Klimova and
Poulova, 2018).

The effect of education level on intentions was also found to be
significant, with higher education (bachelor or master’s degree) being
associated with more positive attitudes and greater intention to use
ADVs. This is consistent with previous research on the intention to use
AVs (Liljamo et al., 2018; Montoro et al., 2019). The explanation might
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be that highly educated people potentially have higher knowledge about
new technologies and trust them more (Golbabaei et al., 2020; Schoettle
and Sivak, 2014). Furthermore, this may be related to the
high-technology nature of autonomous delivery vehicles, so consumers
with lower levels of education can find it challenging to understand and
work with their interfaces (Hardman et al., 2019). In addition, the effect
of employment status showed that unemployed people tend to have less
intention to use ADVs, again consistent with previous research on AVs
(Hudson et al., 2019; Nazari et al., 2018). Unemployed people have less
social activity than employed people, which might reduce their inten-
tion to use new technologies considering the substantial role of subjec-
tive norms in the acceptance of ADVs. Additionally, the lower income of
unemployed people could explain this result, as the effect of income on
the acceptance of new technologies was found in previous studies
(Howard and Dai, 2014; Tacken et al., 2005).

The findings indicate that despite a lack of prior knowledge about
ADVs among many participants before viewing the introduction video,
there is still acceptance among them to use ADVs if they were to become
accessible. Nevertheless, the result showed that people with prior
knowledge about ADVs expressed more tendency to use them in the
future than those without prior knowledge before the survey. The
greater awareness of people with prior knowledge about the advantages
and applications of ADVs as a more sustainable and entertaining de-
livery option can explain this result.

6.4. Control beliefs

A qualitative approach permits the elicitation of deeper and novel
insights into consumers’ psychological behavior and reasoning, which
cannot be attained by closed-ended questionnaire questions (Hinzmann
and Bogatzki, 2020). Thus, this study included open-ended questions for
further investigation of people’s intentions toward adopting ADVs.

Several themes were extracted from the responses to open-ended
questions, providing further insight for assessing the intention toward
ADVs. Respondents believed that ADVs could alleviate air and noise
pollution and considered them more environmentally friendly compared
to other delivery options. This result indicates that although the
manufacturing process of the ADVs may harm the environment, people
still outweigh their positive effects on the environment over their harm.
This opinion could shape positive attitudes and greater intention toward
using ADVs, which was also verified by the result of the SEM model.

The main delivery option in Iran is motorcycles. The extremely high
demand for motorcycles in Iran brought about various problems. For
example, motorcycles are one of the main causes of air and noise
pollution since most of the motorcycles in Iran have old technology with
inefficient engines and are not environmentally adjusted (Safaei et al.,
2021). In addition, traffic violations and crash rates are very high for
motorcyclists, which makes them a dangerous mode of travel (Esmaeli
et al., 2022).

As people are considerably afflicted by these issues, they are seeking
ways to alleviate them. So, from their point of view, ADVs could
therefore become a suitable replacement for motorcycles (the main
delivery option in Iran) in some cases as they pose fewer environmental
and safety problems. While respondents also mentioned “alleviating
traffic issues” and “reducing collisions” as facilitators of ADVs, it is noted
that ADVs could instead increase traffic on sidewalks, which can create
new externalities and possible concerns related to pedestrian safety and
sidewalk congestion (Jennings and Figliozzi, 2019). Therefore, policy-
makers and service providers should consider regulating traffic laws for
human-robot shared space, restricting ADV operation in areas with
narrow sidewalks, and placing limits on the number of operative ADVs
in specific locations.

Moreover, some respondents considered that the operation cost of
ADVs would be lower than other means of delivery. This view can
positively affect their intention since operation cost was found as a
significant factor in shaping the public’s intention to new technologies
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(Pantano and Di Pietro, 2012; Rejali et al., 2021; Venkatesh et al., 2012).
Moreover, the importance of delivery cost on consumers’ intentions was
also highlighted in previous research (Joerss et al., 2016; Kapser and
Abdelrahman, 2020).

At first glance, people may speculate that ADVs are cheaper since
they do not need drivers. This rationale is valid and confirmed by Aur-
ambout et al. (2019) as they demonstrated that driverless electric means
of transportation have operational cost advantages over vehicles with
fuel and labor costs for drivers. Moreover, as stated in previous studies,
ADVs can propose a resolution for retailers and logistics companies to
enhance supply chain efficiency and lower costs (Hinzmann and
Bogatzki, 2020; Hoffmann and Prause, 2018). Some respondents
perceived ADVs’ contribution to reducing interaction with other people
as one of the facilitators. The main motive behind this answer is due to
the lingering issues caused by the Covid-19 virus, which endangered
many people’s lives. Governments imposed various restrictions, such as
stay-at-home orders to prevent the spread of this virus. This situation
resulted in a significant increase in home delivery volume, which still
involves the risk of human-human contact during the last stage of de-
livery (Kapser et al., 2021). However, ADVs have the advantage of being
driverless, which gives them the potential to help stop the spread of
viruses by reducing human contact in the delivery process (Hinzmann
and Bogatzki, 2020; Kapser et al., 2021; AlKheder et al., 2023). This
contact-less nature of ADVs will likely promote users’ intention to use
ADVs in the future since they may perceive them as more useful, espe-
cially with the Covid-19 experience in mind. Respondents also
mentioned that ADVs offer higher accuracy compared to other delivery
modes. This perspective could stem from the belief that ADVs are
perceived as less error-prone than humans. ADVs could provide better
service for consumers in a smaller and more accurate time window since
they can typically avoid traffic congestion (Aurambout et al., 2019).
This will help consumers plan better and miss fewer deliveries, which
can positively affect people’s intentions towards this emerging delivery
option.

Responses to the second open-ended question regarding barriers
show that many people expressed concern that the parcel or the ADV
itself might be stolen. Previous studies have also acknowledged this
concern (Gramatikov et al., 2019; To and Lee, 2019). This result in-
dicates that although ADVs in the market are equipped with various
security measures (e.g., in-built cameras, GPS trackers, and alarms),
many still believe they are not secure against theft. Alongside using
ADVs with adequate security measures, advertising campaigns can help
in assuring people of the secure nature of goods delivered by ADVs.
Many participants also believe that ADVs are hard to operate, consid-
ering the condition of sidewalks and streets in Iran. This opinion is due
to the poor condition of street and sidewalk surfaces in the built envi-
ronment of Iran. In this case, people’s perception of Iran’s built envi-
ronment and infrastructure affected their intention to use ADVs.
However, considering the capabilities of ADVs to pass small obstacles, it
is not expected to be a major problem. Nonetheless, service providers
should test whether ADVs are capable of operating in Iran and use them
in areas with acceptable built environment quality. Moreover, this study
suggests that policymakers should improve the quality of infrastructure,
which not only benefits pedestrians but also lays the foundation to make
cities more sustainable by using innovative technologies such as ADVs or
electric scooters.

Some participants also identified the threat of ADVs to courier jobs.
This is based on a long-standing belief against robots, as many think they
will eventually lose their jobs due to automation (Hawksworth et al.,
2018). Hence, ADVs are no exception. This result is in line with previous
studies that acknowledged similar concerns about ADVs (Hinzmann and
Bogatzki, 2020; Io and Lee, 2019). Although automation technologies
can potentially bring significant economic benefits, they could also bear
various disruptions, particularly for the job markets (Hawksworth et al.,
2018). Hawksworth et al. (2018) indicated that the transportation sector
has the highest share of existing jobs that could potentially become
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automated in the future compared to other sectors, not least due to
driverless vehicles. Consequently, it is not surprising that ADVs’ success
in the market jeopardizes delivery jobs in the long run. The risk of un-
employment due to ADVs could be critical in the context of Iran since the
number of people who work as drivers or motorcyclists in delivery
companies is very high, and most of them have low incomes. For
example, it is claimed that over a million parcels are delivered each day
in Tehran using solely motorcycles (Virgool, 2017). Considering that
Iran is experiencing overwhelming economic issues, the cost of losing a
job is critical, especially for people from low-income communities. It is
therefore suggested that future studies investigate the effect of auto-
mation in transportation on the job market and economy. Also, gov-
ernments should seek solutions to benefit from smart automation
without harming specific groups of society. For instance, governments
could consider using the tax returns from technology-driven develop-
ment to support social safety nets for those who lose their jobs from
automation (Hawksworth et al., 2018).

6.5. Policy implications

The adoption of ADVs in Iran presents significant opportunities to
address various environmental and safety issues associated with the
prevalent use of motorcycles for deliveries. The findings of the SEM
model indicate that perceived usefulness has the strongest direct effect
on the intention to use ADVs, suggesting that potential consumers are
more likely to adopt this technology if they believe it offers practical
benefits (Kapser et al., 2021). Therefore, policymakers should develop
comprehensive marketing and public awareness campaigns that clearly
communicate the advantages of ADVs, such as reduced delivery costs,
environmental benefits, and enhanced safety compared to traditional
motorcycle deliveries (Hinzmann and Bogatzki, 2020). Highlighting
these practical benefits will likely enhance public acceptance and will-
ingness to transition to ADVs.

Moreover, the influence of subjective norms on behavioral intentions
underscores the importance of leveraging social influence in promoting
ADVs. Policymakers should consider strategies that utilize social influ-
ence, such as endorsements from community leaders and targeted social
media campaigns showcasing positive peer experiences with ADVs.
Given that peer pressure significantly affects behavioral intentions,
these approaches can accelerate the acceptance and adoption of ADVs
among potential users (Jolai et al., 2021).

Addressing environmental and safety concerns is another critical
aspect of fostering the adoption of ADVs. With motorcycles being a
major source of air and noise pollution and associated with high rates of
traffic violations and accidents, ADVs offer a safer and more environ-
mentally friendly alternative (Safaei et al., 2021; Sadeghi-Bazargani
et al., 2018; Esmaeli et al., 2022). However, the introduction of ADVs
must also consider potential new challenges, such as increased sidewalk
traffic and pedestrian safety risks. Policymakers should implement
regulations to manage the human-robot shared space, including re-
strictions on ADV operations in areas with narrow sidewalks and limits
on the number of operative ADVs in specific locations to prevent
congestion and ensure pedestrian safety (Jennings and Figliozzi, 2019).

Additionally, the perception of ADVs’ operational costs being lower
than other delivery methods could positively influence public intention
to adopt this technology. Policymakers should highlight the cost-
efficiency of ADVs, especially as they do not require drivers, thus
eliminating labor costs. This cost advantage can be further emphasized
through studies demonstrating the operational cost benefits of driverless
electric vehicles over traditional fuel-based and labor-intensive vehicles
(Rejali et al., 2021; Pantano et al., 2012; Venkatesh et al., 2012; Aur-
ambout et al., 2019).

Security concerns regarding the susceptibility of ADVs to theft also
need to be addressed. Despite the implementation of preventive mea-
sures such as in-built cameras, GPS trackers, and alarms, there is a sig-
nificant perception that these measures are inadequate. Policymakers
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and service providers should undertake efforts to assure the public of the
security of ADVs through advertisement campaigns and demonstrations
of their robust security features (Joerss et al., 2016; Kapser and Abdel-
rahman, 2020).

The potential impact of ADVs on the job market cannot be over-
looked. The displacement of delivery jobs due to automation is a critical
issue, particularly in Iran, where a large number of individuals rely on
delivery jobs for their livelihood. Policymakers should consider strate-
gies to mitigate the negative effects of automation, such as using tax
revenues from technology-driven developments to support social safety
nets for displaced workers (Hawksworth et al., 2018; Io and Lee, 2019).
Additionally, the potential risk of collisions with pedestrians or other
road users should be mitigated through preventive actions, such as new
traffic laws for spaces shared by humans and ADVs, public education on
interoperability with ADVs, and operational restrictions in risky areas
(Jennings and Figliozzi, 2019). In summary, while the advantages of
ADVs outweigh their disadvantages for many people, a comprehensive
approach addressing marketing, regulatory, security, and socioeco-
nomic aspects is needed for their successful integration into the delivery
ecosystem in Iran.

The results and the proposed TAM can be adapted for countries with
similar urban contexts and cultural characteristics, particularly in
developing countries with collectivist cultures and densely populated
urban environments, where the influence of subjective norms is partic-
ularly significant, as observed in our study. Additionally, the inclusion of
perceived security risk related to theft in our study is especially relevant
for regions with high rates of vandalism and theft. With appropriate
adjustments, this model can also be extended to other contexts, such as
the adoption of autonomous vehicles. However, it is crucial to
acknowledge that each country has its unique context. Therefore, re-
searchers should proceed with caution, thoroughly test the survey before
deployment, and make necessary modifications to tailor it to the specific
environment in which it will be applied.

7. Conclusion
7.1. Summary

This study has offered valuable insights into the adoption of ADVs in
a developing country by employing the extended TAM. Beyond the
original TAM scales, this study examined the influence of subjective
norms, hedonic motivation, and environmental concern in shaping the
intention to use ADVs. Moreover, this study investigated the moderating
effect of the perceived security risk of theft, which, to the best of our
knowledge, represents the first time it has been considered in technology
acceptance studies. Differences in respondents’ intentions by de-
mographic variables were also assessed, alongside the use of a qualita-
tive framework to acquire deeper and novel insights into consumers’
psychological behavior and reasoning.

7.2. Limitations and future research

The present study also has some limitations that should be noted.
First, the possibility of respondent bias from those who are more inter-
ested in a topic and, thus, more inclined to participate in research is
common in surveys, particularly online surveys. Second, although the
current study provided a brief video introducing the ADVs and their
advantages and disadvantages, this video could only give an overview of
ADVs. People’s attitudes and perceptions concerning ADVs may change
after utilizing them, i.e., since ADVs are currently unavailable in Iran,
evaluating people’s attitudes toward them is reliant on their stated
preferences, which has limits for assessing the adoption of new tech-
nologies like ADVs. Hence, it is suggested to conduct studies based on
the users’ experience of using and interacting with ADVs in a simulated
or real setting by specifying pilot zones to investigate the disclosed
preferences in users’ acceptance.
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Third, the effect of hedonic motivations on the formation of behav-
ioral intention was less than expected in this study; however, many
people found ADVs attractive and fun (Table 6). Previous studies re-
ported the fun aspect as one of the main motivations which lead people
to use ADVs (Kapser and Abdelrahman, 2020; Kapser et al., 2021). It is
recommended that future studies in a similar social context further
assess the role of hedonic motivation in explaining intention. The
analysis of control beliefs also demonstrated the risk perceptions of theft
as a barrier to using ADVs. Also, it was found that the perceived security
risk of theft has a significant moderating role in the extended model.
While this study defined and incorporated this risk factor into the
extended model to understand its moderating role in this context, future
research could explore the direct effects of this factor, its potential
interaction with trust, or their moderating influences on other variables,
such as environmental concern or subjective norms.

Moreover, considering this study was carried out during the Covid-
19 outbreak, a future research direction could be to examine how
behavioral intentions change after society recovers from the COVID-19
pandemic. As the risk of interaction of ADVs with pedestrians was
identified as a barrier in the open-ended responses, future research could
also investigate the legal and practical aspects of sharing the space be-
tween pedestrians and ADVs. Additionally, some respondents in this
study mentioned that the emergence of ADVs could be a risk for delivery

Appendix

Table Al
Items for each factor proposed in the extended TAM
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jobs. Further studies could focus on smart automation threat to jobs and
investigate their effect on behavioral intentions and public acceptance of
emerging automated technology.
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Sources Items

Constructs

Davis (1985)

ATT1: “Using autonomous delivery vehicles is a good idea as a delivery option.”

Attitude (ATT)

ATT2: “Using autonomous delivery vehicles is a wise idea as a delivery option.”
ATT3: “Using autonomous delivery vehicles is pleasant as a delivery option.”

Davis (1985) PUL.
PU2.
PU3.
PU4.
PEOUL.
PEOU2.
PEOU3.

PEOUA4.

Davis (1985)

Ajzen (1991)

“Using autonomous delivery vehicles as a delivery option would improve my shopping efficiency.”
“Using autonomous delivery vehicles as a delivery option would save my shopping time.”

“Using autonomous delivery vehicles as a delivery option would make my shopping more convenient.”
“Overall, I find that autonomous delivery vehicles as a delivery option are useful.”

“Learning how to use autonomous delivery vehicles will be easy for me.”

“I will find it easy to get autonomous delivery vehicles to do what I want them to do. «

“It will be easy for me to become skillful at using autonomous delivery vehicles.”

“Overall, I will find autonomous delivery vehicles easy to use.”

SN1. “People whose opinions are important to me would like autonomous delivery vehicles too.”

Perceived Usefulness (PU)

Perceived Ease of Use (PEOU)

Subjective Norm (SN)

SN2. “In general, people who I like would encourage me to use autonomous delivery vehicles.”
SN3. “I think I am more likely to use autonomous delivery vehicles if my friends or family used them.”

Venkatesh and Davis (2000)

HM1. “Using autonomous delivery vehicles would be fun.”

Hedonic Motivation (HM)

HM2. “Using autonomous delivery vehicles would be enjoyable.”
HM3. “Using autonomous delivery vehicles would be very entertaining.”

Wu et al. (2019)

EC1. “I'm very concerned about current environmental pollution in Iran and its impact on health.”

Environmental Concern (EC)

EC2. “Automobile and motorcycles exhaust emission is one of the primary sources of air pollution.”
EC3. “I have the responsibility to adopt a low-carbon delivery option.”

Roca et al. (2009), Hartono

et al. (2014) delivery cannot be modified by a third party.”

PSRT1. “I think autonomous delivery vehicles do not have sufficient technical capacity to ensure that my

Perceived Security Risk of Theft
(PSRT)

PSRT2. “Autonomous delivery vehicles do not have enough security measures to protect my delivery.”
PSRT3. “When I want to receive my delivery with an autonomous delivery vehicle, I am not sure that it will not

be intercepted by unauthorized third parties.”
Davis (1985)

BI1. “I predict I would use autonomous delivery vehicles as a delivery option in the future.”

Behavioral Intention (BI)

BI2. “I plan to use autonomous delivery vehicles as a delivery option in the future.”
BI3. “I intend to use autonomous delivery vehicles as a delivery option in the future, if they are available.”
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Table A2
Variance Inflation Factors (VIFs).
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Construct ATT BI EC PEOU PSRT PU SN HM
ATT - 3.590 - - - - - -
BI - - - - - - - -
EC - 2.142 - - - - - -
PEOU 2.903 - - - - 2.142 - -
PSRT 1.324 - - - - - - -
PU 3.242 3.681 - - - - - -
SN - 2.984 - 1.000 - 2.142 - -
HM 3.310 - - - - - - -
Table A3
Mean, Standard Deviation (SD) and discriminant validity.
Mean SD ATT BI EC PEOU PSRT PU SN HM
ATT 5.385 1.162 0.833
BI 5.401 1.049 0.787 0.865
EC 5.331 1.164 0.695 0.676 0.814
PEOU 5.366 1.138 0.786 0.769 0.664 0.825
PSRT 5.371 1.118 0.453 0.433 0.447 0.428 0.765
PU 5.346 1.154 0.810 0.802 0.676 0.766 0.443 0.847
SN 5.607 1.109 0.760 0.778 0.649 0.730 0.488 0.779 0.834
HM 5.117 1.105 0.784 0.778 0.661 0.761 0.472 0.782 0.760 0.848
1 < Mean < 7; AVE square oots = on-diagonal; correlation = off-diagonal; Bold = AVE square roots.
Table A4
Examples of typical answers to the first open-ended question (facilitators)
Response Respondent

Reduce air and noise pollution (N = 387)

“I think ADVs do not pollute the air, which is really important.”

“Delivery motorists are very annoying. Using ADV can help with that and reduce noise and air pollution."
“ADVs do not need gasoline so they can help the environment."

“No pollution"

Alleviate traffic (N = 266)

“Using them can reduce the traffic by reducing the number of delivery vehicles"

“They help the traffic since they move on sidewalks"

“Too many motorcycles and cars have congested the streets, using technologies like this could help with that"
Contribute to a reduction in crashes (N = 173)

“They can replace the dangerous motorcycles"

“ADVs are much safer than cars and motorcycles"

“In my opinion, ADVs are very safe and can reduce the crash risks"
Low operation cost (N = 124)

“They don’t need drivers so they are cheaper”

“ADVs are cheaper since they do not need a delivery person"
“ADVs can reduce cost as they don’t need fuel"

“In my opinion, these cutting-edge technologies are normally more efficient and accurate, and they can become cheaper than

traditional methods."
Reduce interaction with other people (during COVID-19) (N = 96)
“You don’t need to interact with anyone when using them, which is interesting"
“I think they don’t bear the risk of COVID because you don’t interact with delivery person ... "
Higher accuracy of ADVs compared to other delivery modes (N = 82)
“In my opinion, these cutting-edge technologies are normally more efficient and accurate"
“High accuracy"

Female, 18-24 years old, metropolitan area
Female, 25-39 years old, metropolitan area
Male, 40-60 years old, metropolitan area
Male, 18-24 years old, non-metropolitan area

Male, 40-60 years old, metropolitan area
Female, 25-39 years old, metropolitan area
Female, 40-60 years old, metropolitan area

Female, 25-39 years old, non-metropolitan
area

Male, over 60 years old, metropolitan area
Male, 18-24 years old, non-metropolitan area

Female, over 60 years old, non-metropolitan
area

Male, 18-24 years old, metropolitan area
Male, 25-39 years old, non-metropolitan area
Male, 25-39 years old, metropolitan area

Female, over 60 years old, metropolitan area
Male, 25-39 years old, metropolitan area

Male, 25-39 years old, metropolitan area
Female, 40-60, non-metropolitan area

Table A5
Examples of typical answers to the second open-ended question (barriers):

Response

Respondent

Possible risk of stealing the parcel or the ADV itself (N = 398)

“They can be easily carried and robbed"

“I think the most important issue is that they can be stolen, especially in deserted places"
“Thieves can easily open it and steal everything"

“Risk of robbery is very high"

“In my opinion, ADVs can be targeted by thieves because they can easily open it or move it "
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Male, 25-39 years old, metropolitan area
Female, 18-24 years old, metropolitan area
Female, 40-60 years old, metropolitan area
Male, 18-24 years old, non-metropolitan area
Female, 25-39 years old, non-metropolitan area

(continued on next page)
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Table A5 (continued)
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Response

Respondent

Hard to operate, considering the condition of sidewalks and streets (N = 220)
“They can’t move in sidewalks of Tehran because of their small wheels "
“Sidewalks condition in Iran is not appropriate for these kinds of technologies"
“They are not useable in Iran because of weak infrastructure and uneven sidewalks"

“I think, the most important problem is that they cannot operate in Iran because of road surface problems"

Threat to people working as deliverers (N = 117)

“I think they are not suitable for Iran because many young delivery people can lose their jobs"
“These days many people live by delivery, they can lose their jobs which is not good at all"

“A lot of delivery people will lose their jobs"
Not suitable for long distances in cities (N = 83)
“I don’t think ADVs have the electric power to operate in long distances"

“In my opinion, ADVs are only suitable for very short distance deliveries and cannot operate in long distances"

“They might encounter a lot of problems in long distance deliveries"
Low speed (N = 56)

“I think they are very slow"

“low speed"

“They have much lower speed than motorcycles"

Hard to operate for the elderly (N = 51)

“I think getting your delivery from a delivery person is much easier."
“Interacting with them can be hard, especially for older people"
“They seem hard to use"

Low capacity for carrying goods (N = 45)

“They can’t carry large packages"

“In my opinion, their small size and limited capacity can be problematic"
Risk of collision with pedestrians or other road users (N = 41)
“I believe ADVs can become a problem for pedestrians”

“ADVs can collide with pedestrians in crowded sidewalks"

Female, 40-60 years old, metropolitan area
Male, 18-24 years old, metropolitan area
Male, 24-39 years old, non-metropolitan area
Female, 18-24 years old, metropolitan area

Female, 40-60 years old, metropolitan area
Male, 18-24 years old, metropolitan area
Male, 18-24 years old, non-metropolitan area

Male, 18-24 years old, metropolitan area
Female, 18-24 years old, metropolitan area
Male, 40-60 years old, non-metropolitan area

Female, 18-24 years old, non-metropolitan area
Male, 18-24 years old, metropolitan area
Male, 25-39 years old, non-metropolitan area

Male, 25-39 years old, metropolitan area
Female, 40-60 years old, non-metropolitan area
Male, over 40-60 years old, metropolitan area

Male, 40-60 years old, non-metropolitan area
Male, 25-39 years old, metropolitan area

Female, 40-60 years old, metropolitan area
Male, 18-24 years old, metropolitan area

Data availability
Data will be made available on request.

References

Adu-Gyamfi, G., Song, H., Obuobi, B., Nketiah, E., Wang, H., Cudjoe, D., 2022. Who will
adopt? Investigating the adoption intention for battery swap technology for electric
vehicles. Renewable Sustainable Energy Reviews 156, 111979.

Ajzen, 1., 1991. The Theory of planned behavior. Organizational Behavior and Human
Decision Processes.

Akinyode, B.F., 2016. The use of structural equation modelling (SEM) in built
environment disciplines. Res. Humanit. Soc. Sci. 6 (6), 109-120.

AlKheder, S., Bash, A., Al Baghli, Z., Al Hubaini, R., Al Kader, A., 2023. Customer
perception and acceptance of autonomous delivery vehicles in the State of Kuwait
during COVID-19. Technol. Forecast. Soc. Change 191, 122485.

Alverhed, E., Hellgren, S., Isaksson, H., Olsson, L., Palmqvist, H., Flodén, J., 2024.
Autonomous last-mile delivery robots: a literature review. European Transport
Research Review 16 (1), 4.

Anderson, J.M., Nidhi, K., Stanley, K.D., Sorensen, P., Samaras, C., Oluwatola, O.A.,
2014. Autonomous Vehicle Technology: A Guide for Policymakers. Rand
Corporation.

Aurambout, J.-P., Gkoumas, K., Ciuffo, B., 2019. Last mile delivery by drones: an
estimation of viable market potential and access to citizens across European cities.
European Transport Research Review 11 (1), 1-21.

Bhatti, A., Saad, S., Gbadebo, S.M., 2018. Convenience risk, product risk, and perceived
risk influence on online shopping: moderating effect of attitude. Int. J. Bus. Manag. 3
(2), 1-11.

Chen, C.-F., 2019. Factors affecting the decision to use autonomous shuttle services:
evidence from a scooter-dominant urban context. J Transportation research part F:
traffic psychology behaviour 67, 195-204.

Chen, S.-Y., 2016. Green helpfulness or fun? Influences of green perceived value on the
green loyalty of users and non-users of public bikes. Transport Pol. 47, 149-159.

Chin, W.W., Marcolin, B.L., Newsted, P.R., 2003. A partial least squares latent variable
modeling approach for measuring interaction effects: results from a Monte Carlo
simulation study and an electronic-mail emotion/adoption study. Inf. Syst. Res. 14
(2), 189-217.

Chiu, C.M., Wang, E.T., Fang, Y.H., Huang, H.Y., 2014. Understanding customers’ repeat
purchase intentions in B2C e-commerce: the roles of utilitarian value, hedonic value
and perceived risk. Inf. Syst. J. 24 (1), 85-114.

Choi, J.K., Ji, Y.G., 2015. Investigating the importance of trust on adopting an
autonomous vehicle. Int. J. Hum. Comput. Interact. 31 (10), 692-702.

Davis, F.D., 1985. A Technology Acceptance Model for Empirically Testing New End-
User Information Systems: Theory and Results. Massachusetts Institute of
Technology.

Davis, F.D., 1989. Perceived usefulness, perceived ease of use, and user acceptance of
information technology. MIS Q. 319-340.

Dirsehan, T., Can, C., 2020. Examination of trust and sustainability concerns in
autonomous vehicle adoption. Technol. Soc. 63, 101361.

Esmaeli, S., Aghabayk, K., Bates, L., 2022. Willingness and intention to run a red light
among motorcyclists. J. Saf. Res.

Engesser, V., Rombaut, E., Vanhaverbeke, L., Lebeau, P., 2023. Autonomous delivery
solutions for last-mile logistics operations: a literature review and research agenda.
Sustainability 15 (3), 2774.

Evason, N., 2016. Iranian culture. Cultural Atlas. https://culturalatlas.sbs.com.au/irania
n-culture/iranian-culture-family.

Falk, R.F., Miller, N.B., 1992. A Primer for Soft Modeling. University of Akron Press.

Featherman, M., Fuller, M., 2003. Applying TAM to e-services adoption: the moderating
role of perceived risk. In: 36th Annual Hawaii International Conference on System
Sciences, 2003. Proceedings of the. IEEE, p. 11.

Fishbein, M., Ajzen, 1., 1977. Belief, attitude, intention, and behavior: an introduction to
theory and research, 10 (2).

Fornell, C., Larcker, D.F., 1981. Structural Equation Models with Unobservable Variables
and Measurement Error: Algebra and Statistics. Sage Publications Sage CA, Los
Angeles, CA.

Giang, P.T., Trang, P.T., Yen, V.T., 2017. An examination of factors influencing the
intention to adopt ride-sharing applications. A Case Study in Vietnam. Imperial
Journal of Interdisciplinary Research 3 (10), 618-623.

Glerum, A., Stankovikj, L., Thémans, M., Bierlaire, M.J. T.s., 2014. Forecasting the
demand for electric vehicles: accounting for attitudes and perceptions, 48 (4),
483-499.

Golbabaei, F., Yigitcanlar, T., Paz, A., Bunker, J., 2020. Individual predictors of
autonomous vehicle public acceptance and intention to use: a systematic review of
the literature. Journal of Open Innovation: Technology, Market, Complexity 6 (4),
106.

Gopinath, K., Narayanamurthy, G., 2022. Early bird catches the worm! Meta-analysis of
autonomous vehicles adoption-Moderating role of automation level, ownership and
culture. Int. J. Inf. Manag. 66, 102536.

Gramatikov, S., Kitanovski, I., Mishkovski, I., Jovanovik, M., 2019. Last Mile Delivery
with Autonomous Vehicles: Fiction or Reality?.

Greaves, M., Zibarras, L.D., Stride, C., 2013. Using the theory of planned behavior to
explore environmental behavioral intentions in the workplace. J. Environ. Psychol.
34, 109-120.

Guo, Y., Souders, D., Labi, S., Peeta, S., Benedyk, L., Li, Y., 2021. Paving the way for
autonomous Vehicles: Understanding autonomous vehicle adoption and vehicle fuel
choice under user heterogeneity. Transportation Research Part A: Policy and Practice
154, 364-398.

Hair, J.F., Black, W.C., Babin, B.J., Anderson, R.E., Tatham, R.L., 2009. Anélise
multivariada de dados. Bookman editora.

Hardman, S., Berliner, R., Tal, G., 2019. Who will be the early adopters of automated
vehicles? Insights from a survey of electric vehicle owners in the United States.
Transport. Res. Transport Environ. 71, 248-264.

Hartono, E., Holsapple, C.W., Kim, K.-Y., Na, K.-S., Simpson, J.T., 2014. Measuring
perceived security in B2C electronic commerce website usage: a respecification and
validation. Decis. Support Syst. 62, 11-21.


http://refhub.elsevier.com/S0967-070X(24)00396-2/sref1
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref1
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref1
http://refhub.elsevier.com/S0967-070X(24)00396-2/optoAKkT2pWip
http://refhub.elsevier.com/S0967-070X(24)00396-2/optoAKkT2pWip
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref2
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref2
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref3
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref3
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref3
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref4
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref4
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref4
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref5
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref5
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref5
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref6
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref6
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref6
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref7
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref7
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref7
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref8
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref8
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref8
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref9
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref9
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref10
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref10
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref10
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref10
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref11
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref11
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref11
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref12
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref12
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref13
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref13
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref13
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref14
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref14
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref15
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref15
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref16
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref16
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref17
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref17
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref17
https://culturalatlas.sbs.com.au/iranian-culture/iranian-culture-family
https://culturalatlas.sbs.com.au/iranian-culture/iranian-culture-family
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref19
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref20
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref20
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref20
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref21
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref21
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref22
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref22
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref22
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref23
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref23
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref23
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref24
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref24
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref24
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref25
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref25
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref25
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref25
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref26
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref26
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref26
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref27
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref27
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref28
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref28
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref28
http://refhub.elsevier.com/S0967-070X(24)00396-2/optvLwoBiQP6D
http://refhub.elsevier.com/S0967-070X(24)00396-2/optvLwoBiQP6D
http://refhub.elsevier.com/S0967-070X(24)00396-2/optvLwoBiQP6D
http://refhub.elsevier.com/S0967-070X(24)00396-2/optvLwoBiQP6D
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref29
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref29
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref30
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref30
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref30
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref31
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref31
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref31

A. Esmaili et al.

Hawksworth, J., Berriman, R., Goel, S., 2018. Will Robots Really Steal Our Jobs? an
International Analysis of the Potential Long Term Impact of Automation.

Hinzmann, J., Bogatzki, K., 2020. Acceptance of Autonomous Delivery Vehicles for Last
Mile Delivery in Germany: Extension of the Technology Acceptance Model to an
Autonomous Delivery Vehicles Acceptance Model.

Hoffmann, T., Prause, G., 2018. On the regulatory framework for last-mile delivery
robots. Machines 6 (3), 33.

Hofstede, G., 2011. Dimensionalizing cultures: the Hofstede model in context. Online
readings in psychology culture 2 (1), 2307, 0919.1014.

Holmbeck, G.N., 1997. Toward terminological, conceptual, and statistical clarity in the
study of mediators and moderators: examples from the child-clinical and pediatric
psychology literatures. J. Consult. Clin. Psychol. 65 (4), 599.

Hossain, M., 2023. Autonomous delivery robots: a literature review. IEEE Eng. Manag.
Rev.

Howard, D., Dai, D., 2014. Public Perceptions of Self-Driving Cars: the Case of Berkeley,
California. Transportation Research Board 93rd Annual Meeting.

Hu, L.T., Bentler, P.M., 1999. Cutoff criteria for fit indexes in covariance structure
analysis: conventional criteria versus new alternatives. Struct. Equ. Model.: A
Multidiscip. J. 6 (1), 1-55.

Hudson, J., Orviska, M., Hunady, J., 2019. People’s attitudes to autonomous vehicles.
Transport. Res. Pol. Pract. 121, 164-176.

1CeCD, 2021. Iran e-commerce annual report. L. c. f. e.-c. development. https://www.
ecommerce.gov.ir/home.html#Iran%20e-Commerce%20SemiAnnual%20Report%
20, 2020.

Im, L., Kim, Y., Han, H.-J., 2008. The effects of perceived risk and technology type on
users’ acceptance of technologies. Inf. Manag. 45 (1), 1-9.

Io, H.N., Lee, C.B., 2019. What are the sentiments about the autonomous delivery
robots?. In: 2019 IEEE International Conference on Industrial Engineering and
Engineering Management (IEEM). IEEE, pp. 50-53.

Jahanshahi, D., Van Wee, B., Kharazmi, O.A., 2019. Investigating factors affecting
bicycle sharing system acceptability in a developing country: the case of Mashhad,
Iran. Case studies on transport policy 7 (2), 239-249.

Jennings, D., Figliozzi, M., 2019. Study of sidewalk autonomous delivery robots and their
potential impacts on freight efficiency and travel. Transport. Res. Rec. 2673 (6),
317-326.

Joerss, M., Neuhaus, F., Schroder, J., 2016. How customer demands are reshaping last-
mile delivery. McKinsey Q. 17, 1-5.

Jolai, H., Hafezalkotob, A., Reza-Gharehbagh, R.J.C., Engineering, I., 2021. Pricing and
Greening Decisions of Competitive Forward and Reverse Supply Chains under
Government Financial Intervention: Iranian Motorcycle Industry Case Study, vol.
157, 107329.

Kaiser, R., De Benedetto, S., Miiller, P., & Planing, P. What Will Autonomous Delivery
Robots Bring Us Tomorrow?-An Empirical Multi-Method Study on the Acceptance of
Different Delivery Scenarios. Available at: SSRN 4207359.

Kaplan, S., Monteiro, M.M., Anderson, M.K., Nielsen, O.A., Dos Santos, E.M., 2017. The
role of information systems in non-routine transit use of university students:
evidence from Brazil and Denmark. Transport. Res. Pol. Pract. 95, 34-48.

Kapser, S., Abdelrahman, M., 2020. Acceptance of autonomous delivery vehicles for last-
mile delivery in Germany-Extending UTAUT2 with risk perceptions. Transport. Res.
C Emerg. Technol. 111, 210-225.

Kapser, S., Abdelrahman, M., Bernecker, T., 2021. Autonomous delivery vehicles to fight
the spread of Covid-19-How do men and women differ in their acceptance?
Transport. Res. Pol. Pract. 148, 183-198.

Kaye, S.-A., Lewis, L., Buckley, L., Rakotonirainy, A., 2020a. Assessing the feasibility of
the theory of planned behaviour in predicting drivers’ intentions to operate
conditional and full automated vehicles. Transport. Res. F Traffic Psychol. Behav. 74,
173-183.

Kaye, S.-A., Lewis, 1., Forward, S., Delhomme, P.J.A.A., Prevention, 2020b. A Priori
Acceptance of Highly Automated Cars in Australia, France, and Sweden: A
Theoretically-Informed Investigation Guided by the TPB and UTAUT, vol. 137,
105441.

Kaye, S.-A., Somoray, K., Rodwell, D., Lewis, 1., 2021. Users’ acceptance of private
automated vehicles: a systematic review and meta-analysis, 79, 352-367.

Keszey, T., 2020. Behavioural intention to use autonomous vehicles: systematic review
and empirical extension. Transport. Res. C Emerg. Technol. 119, 102732.

Khairi, M.I., Susanti, D., Sukono, S., 2021. Study on structural equation modeling for
analyzing data. International Journal of Ethno-Sciences and Education Research 1
(3), 52-60.

Kim, Y., Peterson, R.A., 2017. A meta-analysis of online trust relationships in E-
commerce. J. Interact. Market. 38, 44-54.

Klimova, B., Poulova, P., 2018. Older People and Technology Acceptance. International
Conference on Human Aspects of IT for the Aged Population.

Kock, N., Lynn, G., 2012. Lateral collinearity and misleading results in variance-based
SEM: an illustration and recommendations. J. Assoc. Inf. Syst. Online 13 (7).

Koh, L.Y., Xia, Z., Yuen, K.F., 2024. Consumer acceptance of the autonomous robot in
last-mile delivery: a combined perspective of resource-matching, perceived risk and
value theories. Transport. Res. Pol. Pract. 182, 104008.

Liang, Y., Qian, L., Lu, Y., Bektas, T., 2024. The role of technology readiness in
consumers’ acceptance of autonomous delivery service. Acad. Manag. Proc. 2024
(1), 13913. Valhalla, NY 10595: Academy of Management.

Liljamo, T., Liimatainen, H., Pollanen, M., 2018. Attitudes and concerns on automated
vehicles. Transport. Res. F Traffic Psychol. Behav. 59, 24-44.

Liu, M., Wu, J., Zhu, C., Hu, K., 2020. A Study on Public Adoption of Robo-Taxis in
China, 2020.

422

Transport Policy 162 (2025) 406423

Lu, M., Huang, C., Wang, R., Li, H., 2023. Customer’s adoption intentions toward
autonomous delivery vehicle services: extending DOI theory with social
awkwardness and use experience. J. Adv. Transport. 2023 (1), 3440691.

Madigan, R., Louw, T., Wilbrink, M., Schieben, A., Merat, N., 2017. What influences the
decision to use automated public transport? Using UTAUT to understand public
acceptance of automated road transport systems. Transport. Res. F Traffic Psychol.
Behav. 50, 55-64.

Marsden, N., Bernecker, T., Zollner, R., Submann, N., Kapser, S., 2018. BUGA: Log-A
Real-World Laboratory Approach to Designing an Automated Transport System for
Goods in Urban Areas, 2018 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC).

Martins, C., Oliveira, T., Popovi¢, A., 2014. Understanding the Internet banking
adoption: a unified theory of acceptance and use of technology and perceived risk
application. Int. J. Inf. Manag. 34 (1), 1-13.

Mishra, S., Sharma, I., Pani, A., 2023. Analyzing autonomous delivery acceptance in food
deserts based on shopping travel patterns. Transport. Res. Pol. Pract. 169, 103589.

Montoro, L., Useche, S.A., Alonso, F., Lijarcio, 1., Bos6-Segui, P., Marti-Belda, A., 2019.
Perceived safety and attributed value as predictors of the intention to use
autonomous vehicles: a national study with Spanish drivers. Saf. Sci. 120, 865-876.

Motak, L., Neuville, E., Chambres, P., Marmoiton, F., Monéger, F., Coutarel, F.,

Izaute, M., 2017. Antecedent variables of intentions to use an autonomous shuttle:
moving beyond TAM and TPB? Eur. Rev. Appl. Psychol. 67 (5), 269-278.

Nazari, F., Noruzoliaee, M., Mohammadian, A.K., 2018. Shared versus private mobility:
modeling public interest in autonomous vehicles accounting for latent attitudes.
Transport. Res. C Emerg. Technol. 97, 456-477.

Nordhoff, S., Madigan, R., Van Arem, B., Merat, N., Happee, R., 2021. Interrelationships
among predictors of automated vehicle acceptance: a structural equation modelling
approach, 22 (4), 383-408.

Ozaki, R., Sevastyanova, K., 2011. Going hybrid: an analysis of consumer purchase
motivations. Energy Pol. 39 (5), 2217-2227.

Panagiotopoulos, 1., Dimitrakopoulos, G., 2018. An empirical investigation on
consumers’ intentions towards autonomous driving. Transport. Res. C Emerg.
Technol. 95, 773-784.

Pani, A., Mishra, S., Golias, M., Figliozzi, M., 2020. Evaluating public acceptance of
autonomous delivery robots during COVID-19 pandemic. Transport. Res. Transport
Environ. 89, 102600.

Pantano, E., Di Pietro, L., 2012. Understanding consumer’s acceptance of technology-
based innovations in retailing. J. Technol. Manag. Innovat. 7 (4), 1-19.

Park, E., Kim, H., Ohm, J.Y., 2015. Understanding driver adoption of car navigation
systems using the extended technology acceptance model. Behav. Inf. Technol. 34
(7), 741-751.

Payre, W., Cestac, J., Delhomme, P., 2014. Intention to use a fully automated car:
attitudes and a priori acceptability. Transport. Res. F Traffic Psychol. Behav. 27,
252-263.

Pennings, J.M., Smidts, A., 2003. The shape of utility functions and organizational
behavior. Manag. Sci. 49 (9), 1251-1263.

Probster, M., Marsden, N., 2023. The social perception of autonomous delivery vehicles
based on the stereotype content model. Sustainability 15 (6), 5194.

Ramayah, T.J.F.H., Cheah, J., Chuah, F., Ting, H., Memon, M.A., 2018. Partial Least
Squares Structural Equation Modeling (PLS-SEM) Using smartPLS 3.0. An Updated
Guide and Practical Guide to Statistical Analysis, pp. 967-978.

Rejali, S., Aghabayk, K., Esmaeli, S., Shiwakoti, N., 2023. Comparison of technology
acceptance model, theory of planned behavior, and unified theory of acceptance and
use of technology to assess a priori acceptance of fully automated vehicles.
Transport. Res. Pol. Pract. 168, 103565.

Rejali, S., Aghabayk, K., Mohammadi, A., Shiwakoti, N., 2021. Assessing a priori
acceptance of shared dockless e-scooters in Iran. Transport. Res. Transport Environ.
100, 103042.

Rejali, S., Aghabayk, K., Shiwakoti, N., 2024a. Assessing public a priori acceptance of
fully automated vehicles using an extended technology acceptance model and
importance-performance analysis. IATSS Res. 48 (4), 537-549.

Rejali, S., Aghabayk, K., Mohammadi, A., Shiwakoti, N., 2024b. Evaluating public a
priori acceptance of autonomous modular transit using an extended unified theory of
acceptance and use of technology model. Journal of Public Transportation 26,
100081.

Roca, J.C., Garcia, J.J., De La Vega, J.J., 2009. The importance of perceived trust,
security and privacy in online trading systems. Inf. Manag. Comput. Secur.

Rohleder, B., 2016. Aus E-Commerce Wird M-Commerce [From E-Commerce to M-
Commerce].

Sadeghi-Bazargani, H., Samadirad, B., Moslemi, F.J. B.p. h., 2018. A decade of road
traffic fatalities among the elderly in north-West Iran, 18 (1), 1-7.

Safaei, B., Safaei, N., Masoud, A., Seyedekrami, S., 2021. Weighing Criteria and
Prioritizing Strategies to Reduce Motorcycle-Related Injuries Using Combination of
Fuzzy TOPSIS and AHP Methods, vol. 54.

Said, M., Aeschliman, S., Stathopoulos, A., 2023. Robots at your doorstep: acceptance of
near-future technologies for automated parcel delivery. Sci. Rep. 13 (1), 18556.

Saravanos, A., Verni, O., Moore, 1., Sall, A., Arriaza, J., Jivani, S., Bennett, A., Li, S.,
Zheng, D., Zervoudakis, S., 2022. Investigating End-User Acceptance of Last-Mile
Delivery by Autonomous Vehicles in the United States. International Conference on
Human-Computer Interaction.

Schaudt, M.S.S., 2018. Delivery robots, a transport innovation for the last mile Market
survey and modelling the logistic system. LITERATURE SERIES 87.

Schoettle, B., Sivak, M., 2014. A Survey of Public Opinion about Autonomous and Self-
Driving Vehicles in the US, the UK, and Australia.

Sco, 1., 2017. Detailed Results of the General Census of Population and Housing in the
Country Iran: Statistical Center of Iran, 2016 [cited 2017].


http://refhub.elsevier.com/S0967-070X(24)00396-2/sref32
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref32
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref33
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref33
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref33
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref34
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref34
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref35
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref35
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref36
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref36
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref36
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref37
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref37
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref38
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref38
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref39
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref39
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref39
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref40
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref40
https://www.ecommerce.gov.ir/home.html#Iran%20e-Commerce%20SemiAnnual%20Report%20
https://www.ecommerce.gov.ir/home.html#Iran%20e-Commerce%20SemiAnnual%20Report%20
https://www.ecommerce.gov.ir/home.html#Iran%20e-Commerce%20SemiAnnual%20Report%20
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref42
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref42
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref43
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref43
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref43
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref44
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref44
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref44
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref45
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref45
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref45
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref46
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref46
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref47
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref47
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref47
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref47
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref49
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref49
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref49
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref50
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref50
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref50
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref51
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref51
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref51
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref52
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref52
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref52
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref52
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref53
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref53
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref53
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref53
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref54
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref54
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref55
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref55
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref56
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref56
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref56
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref57
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref57
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref58
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref58
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref59
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref59
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref60
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref60
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref60
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref61
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref61
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref61
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref62
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref62
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref63
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref63
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref64
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref64
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref64
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref65
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref65
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref65
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref65
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref66
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref66
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref66
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref66
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref67
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref67
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref67
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref68
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref68
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref69
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref69
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref69
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref70
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref70
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref70
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref71
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref71
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref71
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref72
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref72
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref72
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref73
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref73
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref74
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref74
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref74
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref75
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref75
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref75
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref76
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref76
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref77
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref77
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref77
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref78
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref78
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref78
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref79
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref79
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref80
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref80
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref81
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref81
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref81
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref82
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref82
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref82
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref82
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref83
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref83
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref83
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref84
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref84
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref84
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref85
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref85
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref85
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref85
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref86
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref86
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref87
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref87
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref88
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref88
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref89
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref89
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref89
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref90
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref90
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref91
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref91
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref91
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref91
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref92
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref92
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref93
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref93
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref94
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref94

A. Esmaili et al.

Sharma, T.G., Tak, P., Kesharwani, A., 2020. Understanding continuance intention to
play online games: the roles of hedonic value, utilitarian Value and perceived risk.
J. Internet Commer. 19 (3), 346-372.

Singh, H., Kathuria, A., 2023. Heterogeneity in passenger satisfaction of bus rapid transit
system among age and gender groups: a PLS-SEM Multi-group analysis. Transport
Pol. 141, 27-41.

Stone, R.N., Grgnhaug, K., 1993. Perceived risk: further considerations for the marketing
discipline. Eur. J. Market. 27 (3), 39-50.

Tacken, M., Marcellini, F., Mollenkopf, H., Ruoppila, I., Szeman, Z., 2005. Use and
acceptance of new technology by older people. Findings of the international
MOBILATE survey:‘Enhancing mobility in later life’. Gerontechnology 3 (3),
126-137.

Thakur, R., Srivastava, M., 2014. Adoption readiness, personal innovativeness, perceived
risk and usage intention across customer groups for mobile payment services in
India. Internet Res.

Veloutsou, C., Bian, X., 2008. A cross-national examination of consumer perceived risk in
the context of non-deceptive counterfeit brands. J. Consum. Behav.: Int. Res. Rev. 7
(1), 3-20.

Venkatesh, V., Davis, F., Morris, M.G., 2007. Dead or alive? The development, trajectory
and future of technology adoption research. J. Assoc. Inf. Syst. Online 8 (4),
267-286.

Venkatesh, V., Davis, F.D., 2000. A theoretical extension of the technology acceptance
model: four longitudinal field studies. Manag. Sci. 46 (2), 186-204.

Venkatesh, V., Morris, M.G., Davis, G.B., Davis, F.D., 2003. User acceptance of
information technology: toward a unified view. MIS Q. 425-478.

Venkatesh, V., Thong, J.Y., Xu, X., 2012. Consumer acceptance and use of information
technology: extending the unified theory of acceptance and use of technology. MIS
Q. 157-178.

Virgool, 2017. Riding in a billion dollar market. Saturday Startup magazine. https://vi
rgool.io/@shanbemag/%D9%BE%DB%8C%DA%A9-%D9%85%D9%88%D8%AA%
D9%88%D8%B1%DB%8C-%D8%A2%D9%86%D9%84%D8%A7%DB%8C%D9%
86-%D8%A7%D9%84%D9%88%D9%BE%DB%8C%DA%A9-sye0duljitej.

Wang, X., Yuen, K.F., Wong, Y.D., Teo, C.-C., 2020. E-consumer adoption of innovative
last-mile logistics services: a comparison of behavioural models. Total Qual. Manag.
Bus. Excel. 31 (11-12), 1381-1407.

423

Transport Policy 162 (2025) 406423

Wang, Y., Gu, J., Wang, S., Wang, J., 2019. Understanding consumers’ willingness to use
ride-sharing services: the roles of perceived value and perceived risk. Transport. Res.
C Emerg. Technol. 105, 504-519.

Wang, Y., Hao, F., 2020. Public perception matters: individual waste sorting in Chinese
communities. Resour. Conserv. Recycl. 159, 104860.

Weigel, R., Weigel, J., 1978. Environmental concern: the development of a measure.
Environ. Behav. 10 (1), 3-15.

Wong, K.F.E., Cheng, C., 2020. The turnover intention-behaviour link: a culture-
moderated meta-analysis. J. Manag. Stud. 57 (6), 1174-1216.

Wu, J., Liao, H., Wang, J.-W., Chen, T., 2019. The role of environmental concern in the
public acceptance of autonomous electric vehicles: a survey from China. Transport.
Res. F Traffic Psychol. Behav. 60, 37-46.

Xu, Z., Zhang, K., Min, H., Wang, Z., Zhao, X., Liu, P., 2018. What drives people to accept
automated vehicles? Findings from a field experiment. Transport. Res. C Emerg.
Technol. 95, 320-334.

Yadav, R., Pathak, G.S., 2017. Determinants of consumers’ green purchase behavior in a
developing nation: applying and extending the theory of planned behavior. Ecol.
Econ. 134, 114-122.

Yosefi, M., Goliyv, C., Ahmadi, S.S.S., Shariati, M., 2021. Comparative investigation of
robbery by means of intimidation and violence from the point of view of the
legislator in the penal code of the republic of Azerbaijan and the Islamic Republic of
Iran. PalArch’s Journal of Archaeology of Egypt/Egyptology 18 (4), 7887-7901.

Yuen, K.F., Koh, L.Y., Anwar, M.H.D.B., Wang, X., 2022. Acceptance of autonomous
delivery robots in urban cities. Cities 131, 104056.

Yuen, K.F., Wang, X., Ma, F., Wong, Y.D., 2019. The determinants of customers’ intention
to use smart lockers for last-mile deliveries. J. Retailing Consum. Serv. 49, 316-326.

Zhang, T., Tao, D., Qu, X., Zhang, X., Lin, R., Zhang, W., 2019. The roles of initial trust
and perceived risk in public’s acceptance of automated vehicles. Transport. Res. C
Emerg. Technol. 98, 207-220.

Zhang, T., Tao, D., Qu, X., Zhang, X., Zeng, J., Zhu, H., Zhu, H., 2020. Automated Vehicle
Acceptance in China: Social Influence and Initial Trust Are Key Determinants, vol.
112, pp. 220-233.

Zhu, G., Chen, Y., Zheng, J., 2020. Modelling the acceptance of fully autonomous
vehicles: a media-based perception and adoption model. Transport. Res. F Traffic
Psychol. Behav. 73, 80-91.


http://refhub.elsevier.com/S0967-070X(24)00396-2/sref95
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref95
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref95
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref96
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref96
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref96
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref97
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref97
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref98
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref98
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref98
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref98
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref99
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref99
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref99
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref100
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref100
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref100
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref101
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref101
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref101
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref102
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref102
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref103
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref103
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref104
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref104
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref104
https://virgool.io/@shanbemag/%D9%BE%DB%8C%DA%A9-%D9%85%D9%88%D8%AA%D9%88%D8%B1%DB%8C-%D8%A2%D9%86%D9%84%D8%A7%DB%8C%D9%86-%D8%A7%D9%84%D9%88%D9%BE%DB%8C%DA%A9-sye0duljitej
https://virgool.io/@shanbemag/%D9%BE%DB%8C%DA%A9-%D9%85%D9%88%D8%AA%D9%88%D8%B1%DB%8C-%D8%A2%D9%86%D9%84%D8%A7%DB%8C%D9%86-%D8%A7%D9%84%D9%88%D9%BE%DB%8C%DA%A9-sye0duljitej
https://virgool.io/@shanbemag/%D9%BE%DB%8C%DA%A9-%D9%85%D9%88%D8%AA%D9%88%D8%B1%DB%8C-%D8%A2%D9%86%D9%84%D8%A7%DB%8C%D9%86-%D8%A7%D9%84%D9%88%D9%BE%DB%8C%DA%A9-sye0duljitej
https://virgool.io/@shanbemag/%D9%BE%DB%8C%DA%A9-%D9%85%D9%88%D8%AA%D9%88%D8%B1%DB%8C-%D8%A2%D9%86%D9%84%D8%A7%DB%8C%D9%86-%D8%A7%D9%84%D9%88%D9%BE%DB%8C%DA%A9-sye0duljitej
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref106
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref106
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref106
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref107
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref107
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref107
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref108
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref108
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref109
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref109
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref110
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref110
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref111
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref111
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref111
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref112
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref112
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref112
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref113
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref113
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref113
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref114
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref114
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref114
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref114
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref115
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref115
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref116
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref116
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref117
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref117
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref117
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref118
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref118
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref118
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref119
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref119
http://refhub.elsevier.com/S0967-070X(24)00396-2/sref119

	Autonomous delivery vehicle acceptance: The moderating role of perceived risk of theft
	1 Introduction
	1.1 Objectives and aims

	2 Background
	2.1 Perceptions of autonomous deliveries
	2.2 Technology acceptance

	3 Model development
	3.1 Attitudes (ATT)
	3.2 Perceived usefulness (PU) and perceived ease of use (PEOU)
	3.3 Subjective norms (SN)
	3.4 Environmental concern (EC)
	3.5 Hedonic motivation (HM)
	3.6 Perceived security risk of theft (PSRT)
	3.6.1 Perceived risk in an e-commerce context
	3.6.2 Perceived risk in the context of autonomous vehicles (AVs)
	3.6.3 Conceptualizing perceived security risk of theft in the context of autonomous delivery vehicles (ADVs)
	3.6.4 Moderating effect of perceived security risk of theft (PSRT)


	4 Method
	4.1 Data collection
	4.2 Sample profile
	4.3 Data analysis

	5 Results
	5.1 Confirmatory Factor Analysis (CFA) results
	5.2 Structural equation modelling and hypothesis testing
	5.3 Relationship between background variables and behavioral intention (BI)
	5.4 Open-ended questions

	6 Discussion and implications
	6.1 The extended TAM model
	6.2 The moderating effect of the perceived security risk of theft
	6.3 The relationship between background variables and behavioral intention
	6.4 Control beliefs
	6.5 Policy implications

	7 Conclusion
	7.1 Summary
	7.2 Limitations and future research

	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Appendix Declaration of competing interest
	Data availability
	References


