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Abstract

Background  This study proposes a collaborative model between delivery workers and artificial
intelligence (AI)-based humanoid robots in the last-mile delivery segment of courier services. The primary
objective is to explore appropriate roles and strategies that AI-powered humanoid robots can undertake
to enable effective human-AI collaboration. While previous research has primarily focused on automation
within logistics centers, this study presents a new collaboration model aimed at alleviating the physical
and psychological burdens experienced by delivery workers in real-world delivery settings and improving
operational efficiency.

Methods A service design process grounded in the human-centered design (HCD) methodology
was applied. The study began with a theoretical review of the concept of human-AI collaboration and its
key considerations. Digital ethnography and in-depth interviews were conducted to identify major pain
points experienced by delivery workers. Based on these insights, various service scenarios were developed
according to different levels of collaboration with Al-based humanoid robots, and their validity was
verified through both quantitative and qualitative evaluations.

Results The findings confirmed that the integration of Al-based humanoid robots could be
effective in mitigating critical challenges, such as physical fatigue caused by repetitive loading of heavy
parcels and the burden of managing claims related to damaged goods. Furthermore, automating
customer service tasks contributed to reducing the psychological stress of delivery workers. In
the quantitative evaluation, trust—error recoverabilityreceived a high positive score (90%), while
touchpoint connectivity(76%) and robot ethics—accountability(70%) were identified as areas needing
improvement. The qualitative assessment also revealed positive feedback regarding the system’s
reliability and multimodal interaction capabilities, along with suggestions for improvement in robot ethics
accountability, controllability of error management, and appropriateness of app personalization.

Conclusions  This study demonstrates that Al-based humanoid robots can function as both assistants
and peers in human-AI collaboration, contributing significantly to improving work efficiency and delivery
environments. Moreover, diverse forms of multimodal interaction play a critical role in defining levels
of collaboration and enhancing the quality of human-robot interaction. Finally, the study highlights that
ensuring ethical accountability, controllability of error management, and robust security functionsare
essential for building trust in AI systems. These findings suggest the potential for the practical expansion
of human-AI collaboration models not only in the courier industry but also across the broader logistics
and service sectors.
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Table 1 Research Methods and Content
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Table 2 Levels of Al Autonomy (Min et al., 2020; Kore, 2022)
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(a) Google lens

translaﬁng text on

an image

(b) Grammarly assisting when
writing an email

(b) Robots working
alongside workers in a
factory

(d) Traffic lights
managing people in
cars

Figure 1 Roles for Al (Kore, 2022)
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Table 3 Essential Factors to Consider for Designing Human-Al Collaboration Levels (HITL)
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Table 4 STEEP-V Framework Analysis
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Table 5 Examples of Autonomous Delivery Robots

Multi Touch
Robot company Robot Image Features modality points
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Key Roles
Al-based Robot

Human

Table 6 Collaborative Roles of Robots and Humans
Role Classification
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Table 7 Establishing a User Research Plan
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Table 9 Digital Ethnography Analysis
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Table 10 In-Depth Interview Information
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Table 12 Persona A and Persona B Analysis
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Table 13 Customer Experience Journey Map Analysis by Persona Type
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(D Persona A: Primary Persona
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Table 14 Human-Al Collaboration Service Opportunities
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Table 23 Quantitative Evaluation Results
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Table 24 Qualitative Evaluation Results
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