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ABSTRACT: Delivery robots have emerged as one of the most promising innovations in urban Review History:
transportation logistics, offering an efficient and sustainable solution to last-mile delivery challenges.  Received: Apr. 09, 2025

This study aims to analyze and model the factors influencing Iranian consumers’ behavioral intention to  Revised: Sep. 18, 2025

adopt autonomous delivery robots (ADRs). To achieve this, a comprehensive conceptual framework was ~ Accepted: Oct. 17, 2025
developed by integrating the Technology Acceptance Model (TAM) and the Unified Theory of Acceptance ~ Available Online: Oct. 31, 2025
and Use of Technology (UTAUT2), complemented by additional constructs including financial risk,
perceived risk, and user knowledge. Data were collected through an online survey distributed across
multiple social media platforms, yielding 325 valid responses. The proposed model was empirically
tested using Partial Least Squares Structural Equation Modeling (PLS-SEM). The results revealed that
performance expectancy (B = 0.636), perceived usefulness (f = 0.531), and perceived ease of use (f =
0.486) exert the strongest positive influences on users’ intention to adopt ADRs. Conversely, financial
risk (B = —0.496) and perceived risk (B = —0.245) significantly and negatively affect user acceptance,
while knowledge ( = 0.300) positively contributes to perceived usefulness. The findings suggest that  Perceived Ease of Use
enhancing technological reliability, usability, and affordability can strengthen public confidence and

accelerate ADR adoption. Accordingly, developers and policymakers should focus on improving user

experience, promoting trust through safety assurances, and providing transparent pricing models. This

study offers valuable insights for designing effective implementation strategies and fostering sustainable

integration of delivery robots into Iran’s urban transportation systems.
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1- Introduction

The surge in online shopping has led to a remarkable
increase in fossil-fueled delivery traffic, resulting in
congestion, air pollution, and safety risks [1]. Consequently,
autonomous delivery robots (ADRs) are being adopted as
eco-friendly alternatives utilizing Al and smart navigation
[2-5]. Studies in countries such as Germany, the UK, and
South Korea show that ease of use and safety perception
are key determinants of public trust [6-9]. The COVID-19
pandemic further boosted the demand for contactless
deliveries, accelerating acceptance of ADRs globally.

In Iran, the rapid expansion of e-commerce—especially
after the pandemic—has created major challenges for last-
mile delivery systems. To ensure the successful deployment
of ADRs, it is crucial to understand consumer behavioral
intentions and the contextual factors affecting adoption.

The present research fills this gap by extending the TAM
and UTAUT?2 frameworks with financial risk and perceived
risk, two constructs often overlooked in previous studies.
This hybrid approach enables a comprehensive understanding
of how technological, psychological, and socio-economic
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factors influence consumer acceptance. Accordingly, the
proposed conceptual framework integrating these constructs
is presented in Figure 1.

2- Methodology
A conceptual model was developed by combining TAM
and UTAUT?2 to explain behavioral intention toward delivery
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Fig. 1. Proposed Research Model
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robots. The model comprises ten latent variables and thirty-
two observed indicators measured on a seven-point Likert
scale, covering Perceived Usefulness, Perceived Ease of
Use, Performance Expectancy, Effort Expectancy, Social
Influence, Hedonic Motivation, Perceived Risk, Financial
Risk, Knowledge, and Behavioral Intention.

An online questionnaire was distributed via social
networks (Instagram, Telegram, WhatsApp, and email)
between September and December 2023. Respondents
without prior online-shopping experience were excluded.
After screening for reliability and consistency, 325 valid
responses (response rate: 92.8%) were retained.

The measurement model was validated using Cronbach’s
alpha, composite reliability (CR), and average variance
extracted (AVE), all exceeding threshold values (a, CR >
0.70; AVE > 0.50). Discriminant validity was verified through
the Fornell-Larcker criterion and Heterotrait-Monotrait ratio
(HTMT < 0.90).

The structural model was tested using the bootstrapping
technique with 5000 resamples to estimate path coefficients
(B), t-values, and p-values. Additionally, control variables
(age, gender, education, income, and familiarity with ADRs)
were analyzed to evaluate demographic influences.

3- Results and Discussion

All ten hypotheses were statistically supported (p < 0.05).
The detailed path coefficients, standard deviations, t-values,
and p-values for each hypothesized relationship are presented
in Table 1. Among the positive determinants, performance
expectancy showed the strongest impact on behavioral
intention (B = 0.636, p < 0.001), followed by perceived
usefulness (p = 0.531) and perceived ease of use (B = 0.486).
Effort expectancy, social influence, and hedonic motivation
also had significant positive effects, highlighting the role of
user convenience, peer influence, and enjoyment in ADR
acceptance. Conversely, perceived risk (B = —0.245) and
financial risk (f = —0.496) negatively affected user intention,
underscoring that uncertainty about cost and safety remains
a key barrier. Furthermore, knowledge (B = 0.300) had a
significant positive influence on perceived usefulness.

Control variable analysis indicated that age, gender,
income, residence, and familiarity with ADRs significantly
affect adoption intention, whereas education level did not.
The model explained 78% of the variance in behavioral
intention (R? = 0.78) and 72% in perceived usefulness (R?
= 0.72), confirming the model’s robustness. These findings
align with prior international studies [1-9], validating the
hybrid TAM—UTAUT2 model in the Iranian context.

From a managerial viewpoint, consumers are more likely
to adopt ADRs when they perceive them as useful, easy to
use, and reliable. Efforts to reduce perceived and financial
risks—through transparent pricing, insurance guarantees,
and public demonstrations—can significantly improve
trust. Governmental and industry initiatives that promote
user education and awareness campaigns will also increase
perceived usefulness and overall acceptance.
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4- Conclusion

This research contributes to the growing body of
knowledge on consumer acceptance of autonomous
delivery technologies by presenting an integrated TAM-
UTAUT2 model tailored to Iran’s urban logistics context.
The empirical findings confirm that enhancing usability,
perceived usefulness, and operational performance while
mitigating financial and perceived risks are essential to
encouraging adoption. Public education programs and pilot
implementations can further strengthen trust and familiarity.

For practitioners, developing user-friendly platforms,
ensuring safety compliance, and maintaining cost
transparency are critical to promoting ADR integration.
Policymakers should design supportive regulations, provide
subsidies for green logistics, and facilitate test zones for
autonomous delivery operations.

Future studies should employ longitudinal data to track
behavioral change over time, incorporate cross-cultural
comparisons, and examine additional factors such as
environmental awareness and ethical trust. Overall, the study
offers theoretical and managerial insights for advancing smart
and sustainable last-mile delivery systems in developing
economies.
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Fig. 1. Proposed Research Model.
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Table 1. Observed variables with sources, mean, and standard deviation.(Continued)
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Table 1. Observed variables with sources, mean, and standard deviation
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Table 2. Demographic Characteristics of the Samples.
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Table 3. Results of the Measurement Model.
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Table 4. Square Root of Average Variance Extracted (AVE), Correlations, and Heterotrait—-Monotrait (HTMT)
Discriminant Validity
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Table 5. Results of the Structural Model.

axss Poyl  To)l Lo Blyxil ol pi Lls, alayl
ol e NEAA -/ 0f -IFAS ooliiul wad ot S o Cdggn )
KW oo VeIFA /0 - [OY ooliciul wad 3 00l S5 (Goiadges Y
AW / V23 -/ oY -Yay NI SR RCORIUNENPRIE SRNCH W Y
ol / FIEVA RN - I$YS oolitul wad o Slas lazs! i
ol [-Y$ YN <[+ FA NARA ooliiul wad 2B 4 ol I
RV [-\¥ YIVEa “[-0F - [0FY ool wad p eloxzl 136 4
ol / \ARN o[- #f -IYY# ooliiul wad 5 ails> B 055l 4
ol / YAYY -/ %9 AT soliiul wad ot S8 s A
RV / oIfs -/ f —-/fap a0 aiedge p (Jlo S, )
KW / OIYYY -/ 00 Y o0l S0 (Giedgu y ils \e

(Y gate Slusgad | o Sy SUlg g asds (b o bl
ool 2[5 0 e (6 S manna 218 (e > (VL el
oA b (2 ss8 2Shes il wsslunsd; @l 5 pley 40
88 o ol oS UTAUT2 Lol Juo b 4l oyl sl ()3, b
Oeed g [YA] Gl oolatw] dab (568 008 dwyin 3 Sas lass]
llas o (gla gy ) [FY] ) Slyan 0SS ae dinej L
Jab 008 o Cp e OSdes lazl a8 wsl s UTAUT2
= ol il e 50 adlles pais sl 00S B puas Al 4o edlal
sgbas W sl oS WS o lo oy ano b [YV] WlodS coles
5 iy ol g )38 eyl ley YIS @by ) eolizel wab p oo
s cilhas Slllas plo b aws i ol 5l ol gols ol ond a5
3By Cute yobody eloin] il a8 amd o LiS wulid 4ns b [FV4FD]
2 eloiz 5 Cunnnl anl 3205138 ale (pagus 53,038 oo b (615,
Olalas b piomad s UTAUT Lol sla Jso b oslitul bl g i
3 Sloen loy Y by g (L)Y sl dinej )3 odiS S pae
6 hlias o dlaily Bl el 035l S o by &S piin 4ns,8 [FY]
b ol ol ol ond aol (6 )boline &gty jo )l (5,18, Al |
5 Wle3,S oslitl UTAUT2 5l a5 1S53 0aiiSopne adllae oypbis

Sloron )1y edlatul 1ad b (g )bliae dlayly wibgr ol 05,551 &8 izl y

ben d9me ol ool wad 5 (555 s e |2l JSde (g 9
S oy YIS b, b YIS Lsos closs b bl s a0cS )3 cloges
Gl sl olitios 5 o BB ()8 (sl pai T ) & amd e
[F0s5Y]
BASS )3 (ghiodguw p 08B, Claraw Cuto (U 4 o Ay
Y guasie Glasuin g b Sis 5l puss wrd a5 WS o leal g 35k 0
I8 ol iy slatils b oo b cod (BaS G pas baug
S5 B Sluyo g (b 4 ds g bl sl aS S o o ans )8 cpl oy
S SRy 2L 9 S 5> e glly (WY gz Sl ool )
ol site iy s pasd 510500 Gyl 4GS e b YK
3 syt i3l g st oS> Yot il 4sls ol Jgamo S
bl glyidie S5 5l pope cnlcudls anlgs Joame o] sl S
b Vg b W5 &S Sbytto )05 by azsiS lo s b peitues
5 Sy 0 ity bl Yhainl oS, bl gilde class
A S5 oyl il wialgd e Y g gblje g I SR (2LS))
WS YV guame sla Shg il 3,8 Sy 4 a3 JSs > awdiS oly s
dlie b B me & 1S o ool dndd ol gl & S o
P9 oD ) dgrge il b SV gz 3Sles 5 b Shy Bub
Ol S SY ezl eoliiwl g b5 )0 |y Slasewad (o ying Wle8 0

VYoA



oS J S gl prio pil S .f Jooe

Table 6. Results of the Effects of the Moderating (Control) Variables
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