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1 Introduction 
The X-HuLog4.0 project aims to strengthen human-centered approaches in logistics by combining 
technological, strategic, and organizational perspectives. Within this framework, the three planned 
research projects will contribute to a deeper understanding of how digital transformation can be 
successfully implemented in warehouse environments and how organizations can make informed and 
responsible automation decisions and realize expected business value with comprehensive decision-
making frameworks that integrates digital transformation strategy, economic evaluation, and human-
centered considerations. 

The first study will explore strategic, organizational, and human factors influencing the digital 
transformation toward warehouse automation. It will examine how leadership decisions, organizational 
readiness, and worker acceptance influence the outcomes of technology adoption and long-term 
transformation efforts. 

The second study will develop a framework to support strategic investment decisions for setting up 
automated warehouses, using automated guided vehicles as a case example. It will combine structured 
decision-making tools with investment evaluation and environmental impact analysis to help 
organizations prepare for and manage automation projects effectively. 

The third study will develop a framework to support strategic investment decisions for setting up 
automated warehouses, using collaborative mobil robots (CMR) as a case example. It will combine 
structured decision-making tools with investment evaluation and environmental impact analysis to help 
organizations prepare for and manage automation projects effectively. Such academic guidance on how 
business leaders could assess, select, and implement CMR technologies within the broader context of 
strategic planning and organizational readiness will be the output of the research project. 

The studies will be carried out through a collaboration between the consortium partners Saarland 
University (USAAR) with Vilnius Gediminas Technical University (VILNIUS TECH) and  

• Technical University Darmstadt (TUDa) (Research Project 1)  

• NTNU Trondheim (NTNU) (Research Project 2 and 3) 

as part of the joint research activities under the X-HuLog4.0 project. PhD students and researchers from 
VILNIUS TECH will play an important role in the research, contributing to capacity building and knowledge 
exchange between the partner institutions. Together, these projects will support the project’s broader 
goal of advancing sustainable, human-centered innovation in logistics through international collaboration 
and evidence-based research. 

 

2 WP 7: Research Projects 

2.1 Research Project 1:  

Human-Centered Strategies for Effective Human–Technology Interaction in Industry 
4.0 Workplaces 

 

Authors: 
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Thilini Ranasinghe (USAAR) 

Eric Grosse (USAAR) 

Christoph Glock (TUDa) 

Aurelija Burinskiene (VILNIUS TECH) 

Diana Daskevic (VILNIUS TECH) 

Olga Lingaitiene (VILNIUS TECH) 

 

Background and Description:  

The rapid development of Industry 4.0 technologies has transformed intralogistics in warehouses and 

manufacturing environments. While these technologies enhance operational efficiency, their successful 

implementation depends critically on human factors and the behavioral responses of the workforce. This 

research project aims to investigate the multidimensional relationships among human factors, worker 

behavior, and performance within human–technology interaction (HTI) contexts and identifies strategies 

to strengthen human–system alignment in Industry 4.0 workplaces. The study is structured around four 

core research questions.  

RQ1: What human factors are most influenced by the introduction of Industry 4.0 technologies in the 

workplace? 

RQ2: How do these human factors influence workers’ behavior and interactions with technology in 

human–technology interaction (HTI) contexts? 

RQ3: In what ways does worker behavior during HTI affect individual and system performance? 

RQ4: What technological, organizational, and environmental interventions can enhance human factors 

and mitigate negative behavioral outcomes in Industry 4.0–enabled workplaces? 

Figure 1 shows the conceptual framework developed based on the Grosse et al.’s (2023) model for human-

centered system design.  
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Figure 1 Conceptual framework 

 

The first two research questions (RQ1 and RQ2) aim to explore which human factors are most affected by 

Industry 4.0 technologies and how these factors influence worker behavior in HTI, as conceptually 

illustrated in the framework in Figure 1. RQ3 examines how such behavioral responses impact individual- 

and system-level performance outcomes, while RQ4 seeks to identify technological, organizational, and 

environmental interventions that can improve human factors and mitigate negative behavioral effects 

within HTI contexts. 

A two-stage approach will be adopted to address the four research questions. Stage 1 will focus on RQ1 

and RQ2, using a systematic content analysis of relevant literature to identify key human factors and 

behavioral mechanisms associated with Industry 4.0 technologies. The findings from this stage will inform 

the development of constructs and measurement items for Stage 2, which aims to answer RQ3 and RQ4. 

In this second stage, an industry expert survey will be conducted to collect empirical data. The quantitative 

analysis will employ Structural Equation Modeling (SEM) to examine the causal pathways among the 

identified constructs and to validate the proposed conceptual model.  

This research plan is further elaborated with a publication strategy in Table 1. 
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Table 1. Research plan and publication strategy 

 

 

2.2 Research Project 2:  
 

Framework supporting strategic decision taken to setup automated warehouse: 
AGV case study 

 

Authors: 

Aurelija Burinskiene (VILNIUS TECH) 

Arunas Burinskas (VILNIUS TECH) 

Eric Grosse (USAAR) 

Fabio Sgarbossa (NTNU) 

 

Description of methodology: 

Business leaders seeking to find the best way to improve warehouse efficiency. The rush in the 
implementation of automation technologies address pain points and increase of investments into 
technologies which implementation do not always meet expected business goals. 

The study offers the framework supporting strategic decisions taken to setup automated warehouse, 
integrating such components as modified Stacey Matrix that could be used together for strategic decisions 
when selecting technologies for implementation inline with their complexity and project management 
methodology supporting such implementations following digital transformation roadmap; structured 
investments evaluation method (CBA, ROI, sensitivity analysis), and the inclusion of environmental benefit 
analysis into investment decisions. 

In the paper using the secondary data the author presents the evaluation of the direct and indirect effects 
of investments required to setup automated guided vehicles (AGV) in warehouse. Finally, the author of 
the paper incorporates the term required for organisation to prepare for the technology implementation, 
as a part of framework supporting investment decision and showing duration after which the company 
could achieve the benefits from AGV implementation. 
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2.3 Research Project 3:  
 

Strategic decision making for the implementation of collaborative mobile robots for 
warehouse automatisation 

 

Authors: 

Aurelija Burinskiene (VILNIUS TECH) 

Diana Daskevic (VILNIUS TECH) 

Fabio Sgarbossa (NTNU) 

Amir Zare (NTNU) 

 

Description of methodology: 

In the era of supply chain 5.0, warehousing has become a critical strategic function rather than a backroom 
cost center. This transformation introduce smart warehouse concepts (IoT-connected devices, real-time 
data analytics, AI, digital twins, etc.) to optimize operations. A systematic review of “Warehouse 4.0” 
literature shows exploding research interest in “smart warehouses,” as companies seek to leverage digital 
technologies for traceability, data-driven decisions, and automation. Researchers observe in literature, 
that companies face many constraints in the digital transition: system complexity, high financial 
investment, lack of skills and knowledge, heavy IT requirements, security concerns, and even sustainability 
pressures. In short, the warehouse of the future must be both highly automated and digitally integrated, 
yet firms struggle with how to get there. These challenges highlight the need for a more holistic and 
strategic approach to warehouse automation that goes beyond rushing to adopt new technologies and 
instead to integrate strategic decisions on technology implementation with business strategy, 
comprehensive evaluation, and project management. 

While for warehouse automation collaborative technologies such as AMRs (Autonomous Mobile Robots) 
are widely adopted to address business needs, many implementations fail to meet business expectations 
due to a lack of strategic alignment, employees readiness for automation, and holistic evaluation of the 
expected and achieved results. The literature focuses heavily on technological capabilities and operational 
metrics, but neglects the broader focus on digital transformation, strategic decision-making frameworks 
(e.g., project management under uncertainty), and the application of financial/environmental assessment 
models. Moreover, little attention has been paid to the organizational change, training, and employee 
acceptance aspects necessary for successful AMR integration. This signals a critical gap: the need for an 
integrated strategic decision-making leading to warehouse automation, incorporating human-centered, 
and sustainability-oriented approaches. 

Research structure: 

·        Economic evaluation methods: costs-benefit analysis, return on investment analysis, sensitivity 
analysis and the analysis of environmental benefits. 
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·        Case study in Lab: tests performed to identify user acceptance period and the need of tranings for 
the employees. 

·        Panel data analysis to establish causality relationships using VAR LinGam method.  

 

Research Questions: 

Block 1 - Strategic Decision-Making & Project implementation 

RQ1: What are the critical strategic decision-making elements required for successful AMR 
implementation in warehouse automation? 

RQ2: How can the Stacey Matrix could be adopted to support technology selection and project 
management under conditions of uncertainty and complexity? 

 

Block 2 - Digital Transformation Journey 

RQ3: What stages should a business follow in its digital transformation toward an automated warehouse 
environment? 

RQ4: What can be learned from real-world case studies about the direct and indirect effects of AMR 
implementation in warehouse operations? 

 

Block 3 - Economic and Environmental Evaluation 

RQ5: How can businesses evaluate the economic feasibility of AMR investments using cost–benefit 
analysis, ROI, and sensitivity analysis? 

RQ6: What is the environmental impact of AMR deployment, and how can it be quantified and monetized? 

 

Block 4 - Human and Organizational Factors 

RQ7: What training needs and skill gaps arise among warehouse employees during AMR integration? 

RQ8: How does employee acceptance influence the success of AMR implementation following causal 
relationship analysis. 

 

Expected Outcomes: 

·        Adjustment of strategic decision-making frameworks.  

·        Digital transformation dedicated for warehouse automation, which includes focus on human-
centered, and sustainability-oriented approaches. 

·        Assessment of outputs (economic and environmental) reached after AMR implementation. 
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Annex 
Presentation of Research Project 3 in ICIL 2025 conference. 

Agenda: https://easychair.org/smart-program/ICIL2025/? 

Paper will be published in Springer Nature 

 

 

 

https://easychair.org/smart-program/ICIL2025/
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