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1 Introduction 
The X-HuLog4.0 project aims to advance scientific excellence in human-centered logistics by 

integrating technological innovation with strategic, organizational, and human factors 

perspectives. In the context of Industry 4.0, despite increasing investments in automation, many 

organizations fail to achieve the expected economic, environmental, and operational benefits due 

to fragmented decision-making, insufficient consideration of human factors, and a lack of 

structured approaches for managing complexity and uncertainty. 

Within this framework, the three research studies planned under WP7 are designed as a coherent 

and cumulative research program addressing complementary aspects of warehouse digital 

transformation and automation. Rather than examining automation technologies in isolation, the 

studies progressively build knowledge from foundational human–technology interaction 

mechanisms, to strategic decision-making frameworks, and finally to empirical validation in 

complex collaborative automation contexts. Together, they aim to support informed, responsible, 

and human-centered automation decisions that enhance long-term business value and 

sustainability. 

The research activities 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 Study 1)  

• NTNU Trondheim (NTNU) (Research Studies 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, supporting capacity building, 

knowledge transfer, and long-term research excellence between the partner institutions.  

Contribution to X-HuLog4.0 Project Objectives 

The three studies directly contribute to the overall objectives of X-HuLog4.0 by: 

• advancing scientific knowledge on human-centered logistics and digital transformation, 

• developing integrated and evidence-based frameworks for strategic automation decisions, 

• strengthening research capacity and international collaboration among consortium 

partners, 

• increase research skills at VILNIUS TECH, 

• supporting sustainable, human-centered innovation in logistics systems. 

By defining a shared methodological foundation for WP7 research activities, D7.1 ensures 

alignment with the project’s ambition to combine advanced technologies with human, 

organizational, and sustainability perspectives. 
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2 WP 7: Research Studies 

2.1 Overarching Research Theme 

Human-Centered Strategic Decision-Making for Warehouse Automation in Industry 

4.0 

Objectives of Work Package 7 

WP 7 aims to design, develop, and validate research-based methodologies that support human-

centered strategic decision-making in warehouse automation. The specific objectives of WP7 are 

to: 

• identify and explain human factors and behavioral mechanisms influencing the success of 

digital and automated logistics systems, 

• translate human-centered insights into structured strategic decision-support frameworks for 

warehouse automation, 

• empirically validate these frameworks in increasingly complex and uncertain automation 

contexts, 

• contribute to capacity building and long-term research excellence at VILNIUS TECH 

through international collaboration and the inclusion of PhD students in research activities. 

Integrated Research Methodology Across all Three Research Studies 

The three research studies are designed as a single, integrated methodological approach. Each 

study addresses a distinct but complementary stage of human-centered warehouse automation, 

with increasing levels of complexity and uncertainty. 

The research theme investigates how strategic decision-making, human factors, and sustainability 

considerations can be integrated into the planning, implementation, and evaluation of warehouse 

automation technologies. Focusing on Industry 4.0 and Supply Chain 5.0 contexts, the theme 

develops and validates human-centered frameworks that align advanced technologies such as 

automated guided vehicles (AGVs) and collaborative autonomous mobile robots (CMRs) with 

organizational readiness, employee acceptance, and long-term economic and environmental 

performance. The overarching aim is to support human-centered logistics by combining integrated 

models, advanced technologies, and automation with behavioral, organizational, and strategic 

perspectives. 

 

• Research Study 1 aims to establish the conceptual and empirical foundation by examining 

human factors and behavioral mechanisms underlying digital transformation toward 

warehouse automation. It focuses on how human-technology interaction influences human 

factors and resulting human behaviors ultimately, influence system performance in 

automated intralogistics environments. By identifying critical human-centered 

determinants of successful technology adoption, this study provides the explanatory basis 

and key constructs required for subsequent strategic decision-making frameworks. 
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• Research Study 2 builds on these insights by translating human-centered principles into 

structured strategic decision support for warehouse automation under moderate levels of 

technological and organizational complexity. The second study will develop a framework 

to support strategic investment decisions for setting up automated warehouses, using AGVs 

as a representative case. It will combine structured decision-making tools with investment 

evaluation and environmental impact analysis to help organizations prepare for and manage 

automation projects effectively.  

• Research Study 3 extends and empirically validates the strategic decision-making 

framework in highly complex and adaptive automation systems, focusing on collaborative 

autonomous mobile robots (CMRs). In contrast to AGV-based systems, collaborative 

mobile robots CMRs introduce higher uncertainty, dynamic human–robot interaction, and 

greater organizational change requirements. The third study will develop a framework to 

support strategic investment decisions for setting up automated warehouses, using 

collaborative autonomous mobile robots (CMR) as a case example. This study 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 study. 

Across all three research studies, consistent terminology, comparable methodological logic, 

and aligned outcome categories are applied. The integrated methodology ensures that insights 

generated at each stage inform subsequent research activities and contribute to a coherent body 

of knowledge within WP7. 

 

2.2 Integrated Expected Outcomes 

The integrated methodology is expected to deliver the following outcomes summarized in Table 

1. 

Table 1. Planned outcomes 

Outcomes Outcome Description 

Scientific 

outcomes 
• A coherent body of knowledge linking human factors, strategic decision-

making, and automation outcomes 

• Validated constructs and causal models applicable to human-centered 

logistics research 

• Methodological advancement through the integration of behavioral 

analysis, strategic frameworks, and causal inference. 

Practical and 

societal 

outcomes 

 

• Evidence-based guidance for organizations planning warehouse automation 

• Improved alignment between automation investments, workforce readiness, 

and sustainability objectives 

• Reduced risk of failed or underperforming automation projects due to poor 

strategic or human integration 
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Capacity 

building and 

collaboration 

outcomes 

 

• Strengthened research capacity at VILNIUS TECH through active 

involvement of PhD students and researchers. 

• Knowledge transfer and best practice exchange among consortium partners 

• Long-term foundation for human-centered logistics research excellence 

within the X-HuLog4.0 network. 

 

A detailed summary of each research study is provided in Table 2. 
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Table 2. A detailed summary of research studies 

Research study Core question type Objective Methods Level of 

analysis 

Core output 

1. Human Factors 

and Behavioral 

Dynamics in 

Human-

Technology 

Interaction for 

Industry 4.0 

intralogistics 

Systems 

Why and how 

humans react to 

technology 

Explain how human-

technology interaction 

shape automation 

outcomes. 

Literature review, 

Surveys, 

interviews, 

observations, 

Statistical and 

qualitative analysis 

Individual and 

system 

behavior 

The four findings are 

expected 

(1) key human factors 

influenced (e.g., 

acceptance, trust, 

workload, skills) 

(2) behavioral response 

patterns 

(3) human-centered design 

and organizational 

principles  

(4) recommendations 

2. Framework 

supporting 

strategic 

decision taken to 

setup automated 

warehouse: 

AGV case study 

How decisions 

should be made 

Support strategic decisions 

for warehouse automation 

under moderate complexity 

(with AGV). 

Literature review, 

Secondary data 

observation, 

Statistical and 

qualitative analysis 

Strategic and 

organizational 

The findings support four 

tightly linked messages:  

(1) the roadmap governing 

automation;  

(2) decision elements can 

be structured into a 

framework that links  

technology with project 

management method 

following the complexity 

of technology;  

(3) measurement integrate 

financial, environmental, 

and project management 

channels to avoid biased 

investment narratives;  



 

D7.1 – Report on methodology for research project formulation 

Page 8 of 27 
 

(4) qualitative validation 

shows that the time-lagged 

effects on AGV. 

3. Strategic 

decision making 

for the 

implementation 

of collaborative 

mobile robots 

(CMR) for 

warehouse 

automatization 

What actually works 

and why in human-

centricity approach 

case 

Validate and refine 

strategic decision-making 

in high-uncertainty 

automation contexts (with 

CMR). 

Literature review, 

Semi-structured 

interviews, 

Statistical, 

qualitative and 

causal analysis 

Causal, 

dynamic 

system 

The findings support four 

tightly linked messages:  

(1) the strategic challenge 

is less about robot 

capability and more about 

governing complexity;  

(2) decision elements can 

be structured into a 

framework that reduces 

coordination loss and 

prevents value leakage;  

(3) measurement integrate 

financial, environmental, 

and human-capability 

channels to avoid biased 

investment narratives;  

(4) triangulated qualitative 

validation shows that the 

largest effects are often 

time-lagged due to 

technology acceptance 

postponment. 
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2.3 Research Study 1:  

Human Factors and Behavioral Dynamics in Human-Technology Interaction for 

Industry 4.0 intralogistics Systems 

 

Role in the research theme: 

The objective of Research Study 1 is to identify and explain human factors and behavioral 

mechanisms that influence the success of digital and automated intralogistics systems. The study 

provides the conceptual and empirical foundation for subsequent strategic decision-making 

frameworks. 

 

 

Authors: 

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 study 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: Which human factors are most significantly affected by the introduction of digital and 

automated technologies in warehouse and intralogistics environments? 

RQ2: How do changes in these human factors shape workers’ behavioral responses during human–

technology interaction in logistics systems? 
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RQ3: How do observed behavioral responses influence individual-level and system-level 

performance in automated logistics settings? 

RQ4: Which human-centered design, organizational, and environmental interventions can 

mitigate negative behavioral effects and enhance sustainable human–technology alignment? 

 

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

human-centered system design.  

 

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. 

Methodology 

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) 
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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 3. 

Table 3. Research plan and publication strategy 

 

 

Expected Outcomes 

The study delivers validated human-centered constructs, behavioral response patterns, and 

actionable design and organizational principles that inform strategic automation decisions. 

 

2.4 Research Study 2:  

 

Framework supporting strategic decision taken to setup automated warehouse: AGV 

case study 

 

Role in the research theme: 

The objective of Research Study 2 is to translate create structured strategic decision-support 

framework for warehouse automation under moderate technological and project management 

complexity. 

 

Authors: 

Aurelija Burinskiene (VILNIUS TECH) 

Arunas Burinskas (VILNIUS TECH) 

Eric Grosse (USAAR) 
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Fabio Sgarbossa (NTNU) 

 

Background and Description:  

Warehouse automation investments are accelerating, yet many digital initiatives still fail to deliver 

expected business outcomes. Existing warehousing literature provides guidance on technologies 

and operational improvements, but offers limited decision support on how to choose, sequence, 

govern, and evaluate automation projects as a strategic transformation, especially when uncertainty 

and time-lagged benefits are present. 

 

RQ1: How are the implementation of technologies and the automation of warehouse functional 

areas interlinked, and what are the implications for a transformation roadmap that supports 

strategic decision-making? 

RQ2: How can the adjusted Stacey Matrix support strategic decision-making by matching the 

technology complexity with a suitable project management methodology for automated warehouse 

implementation? 

RQ3: How important is the organizational preparation period (process redesign, training, 

stabilization) for realizing benefits after AGV implementation, and how should this period be 

incorporated into investment decisions? 

RQ4: How do CBA/ROI results change under key uncertainties (costs, benefits, maintenance, 

delays), and which variables dominate investment risk (via sensitivity analysis)? 

RQ5: How can environmental effects (e.g., CO₂ reduction) be quantified and monetized, and how 

does including them change the strategic attractiveness of AGV investments? 
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Figure 2 Conceptual framework 

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. 

 

Methodology: 

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 authors present the evaluation of the direct and indirect 

effects of investments required to setup automated guided vehicles (AGV) in warehouse. Finally, 

the authors of the paper incorporate 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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This research plan is further elaborated with a publication strategy in Table 4. 

Table 4. Research plan and publication strategy 

Research 

questions 
Research method Aim Publication Potential title Expected 

completion 

RQ1 Structured 
literature 

synthesis; 

Framework 

proposition  

Establish the decision problem: 
why automation projects 

underperform 

Journal paper  

 

Strategic Decision-Making 
Framework through Digital 

Transformation Toward 

Automated Warehouses  

05/2026 

RQ2 Present the full framework and 

demonstrate it  

RQ3 Applications  Extract direct/indirect effects 

and managerial implications 

Evidence from practical AGV 

Implementation 
06/2026 

RQ4 Economic and 

environmental 

evaluation 

CBA/ROI/sensitivity on the 

AGV case. Conclusions are 
sharpened around practical 

application.  

Conference paper 

 

Time-to-Benefit in Warehouse 

Automation: Operationalizing 
Organizational Preparation in 

Investment Decisions 

12/2026 

RQ5 

 

 

Expected Outcomes: 

The study provides a practical framework that supports informed AGV investment decisions 

aligned with technology implementaton roadmap, project management objectives. 

 

 

2.5 Research Study 3:  

 

Strategic decision making for the implementation of collaborative mobile robots for 

warehouse automatization 

 

Role in the research theme: 

The objective of Research Study 3 is to create human-centered strategic decision-making 

framework for highly complex and uncertain warehouse automation environments. 

 

Authors: 

Aurelija Burinskiene (VILNIUS TECH) 

Diana Daskevic (VILNIUS TECH) 
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Fabio Sgarbossa (NTNU) 

Amir Zare (NTNU) 

 

Background and Description:  

Warehouses are increasingly exploring collaborative mobile robots (CMRs) to automate 

intralogistics processes as part of broader digital transformation initiatives. However, making 

strategic decisions to implement collaborative mobile robots is complex and multifaceted. 

Research study 3 proposes a methodological framework for strategic decision-making in deploying 

collaborative mobile robots for warehouse automation and provides insights on its validation. The 

framework integrates economic evaluation assessment (including return on investment ROI, cost-

benefit CBA, and sensitivity analysis), environmental sustainability assessment, and human-

centric considerations. Through a structured literature review and theoretical grounding, the author 

identifies critical factors influencing the successful adoption of collaborative mobile robots, from 

technological and process factors to human factors will be identified. The paper outlines a research 

design to validate the framework via empirical data and causal analysis to revise the impact of 

implementation factors over time. The expected outcome is a decision-support methodology that 

helps logistics managers systematically evaluate and plan CMRs implementations. The Research 

study 3 offers insights into aligning advanced automation with strategic goals in the era of Industry 

5.0. 

 

RQ1: What are the critical strategic decision-making elements required for successful CMR 

implementation in warehouse automation? 

RQ2: How can strategic decision-making framework be adopted to support technology setup 

under conditions of uncertainty and complexity? 

RQ3: What are lessons learned on direct & indirect effects for the business following its digital 

transformation toward an automated warehouse environment? 

RQ4: What can be learned from real-world case studies about CMR implementation in warehouse 

operations? 

RQ5: How can businesses evaluate the economic feasibility of CMR investments using cost–

benefit analysis, ROI, and sensitivity analysis? 

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

monetized? 

RQ7: What training needs and skill gaps arise among warehouse employees (including super-

users) during CMR integration? 

RQ8: How does employee acceptance influence the success of CMR implementation, considering 

causal relationships? 

 

 

 



 

D7.1 – Report on methodology for research project formulation 

Page 16 of 27 
 

 

Figure 3 Conceptual framework 

 

 

Description of methodology: 

While for warehouse automation collaborative technologies such as CMRs (Collaboratve 

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. Moreover, little attention has been 

paid to the organizational change, training, and employee acceptance aspects necessary for 

successful CMR integration. This signals a critical gap: the need for an integrated strategic 

decision-making leading to warehouse automation, incorporating human-centered approach. 

 

This research plan is further elaborated with a publication strategy in Table 5. 

Table 5. Research plan and publication strategy 

 

Research 

questions 
Research method Aim Publication Potential title Expected 

completion 

RQ1 Content analysis 

 

Identify critical strategic 
decision-making elements for 

successful CMR 

implementation in warehouse 
automation and develop a 

structured decision-making 

framework 

Conference paper 

 

Strategic Decision-Making for 
CMR Implementation: key 

elements review approach 

05/2026 

RQ2 Adapt strategic decision-
making framework for 

technology setup under 
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conditions of uncertainty and 

complexity 

RQ3 Case studies  Identify lessons irmportant for 

digital transformation; extract 

lessons from real-world cases 
about direct and indirect 

operational effects of CMR 

implementation 

Journal paper Digital Transformation 

Toward Automated 

Warehouses and the 
Operational Effects of CMR: 

Evidence from Case Studies 

06/2026 

RQ4 

RQ5 Economic and 

environmental 

evaluation 

Evaluate economic feasibility 

of CMR investments 

(CBA/ROI/sensitivity); 
quantify, monetize, and 

integrate environmental 

impacts into the investment 

decision-making framework 

Journal paper Integrated Economic and 

Environmental Evaluation of 

CMR Investments in 

Warehousing 

12/2026 

RQ6 

RQ7 Case studies, 

acceptance 

assessment 

Identify training needs and skill 

gaps during CMR integration; 

assess how employee 
acceptance influences 

implementation success and 

establish causal relationships 
between acceptance/training 

and outcomes 

Workshop/Technical 

report 
Training needs and employee 

acceptance in CMR 

integration: evidence from 
case studies and causal 

analysis 

04/2027 

RQ8 

 

Expected Outcomes: 

The study delivers validated strategic decision framework, evidence on economic and 

environmental impacts, and insights into human and organizational requirements for successful 

CMR implementation to reduce uncertanties. 

 

 

3 Annex 
 

3.1 List of Terms 

 

AGV (Automated Guided Vehicle): A mobile robot used in industrial environments that follows 

predefined paths for material transport. 

AMR (Autonomous Mobile Robot): A mobile robot capable of navigating dynamically and 

interacting flexibly with humans and other systems. 

Automatisation Automated warehouse business processes, where a warehouse management 

system (WMS) must be employed to orchestrate automation, guarantee technologies, and ensure 

that machines and workers are coordinated. Automation transforms traditional warehouse 

environments into highly connected, automated ecosystems. 
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CMR (Collaborative Mobile Robot) Self-navigating (autonomous mobile) robots that use sensors 

and mapping to move materials flexibly through dynamic environments without fixed 

infrastructure designed to work safely alongside in collaboration with humans by entering humans’ 

workspaces or crossing their movement way. 

Ecosystem Incorporated technologies to set up an automated warehouse. 

HCL (Human-Centered Logistics): An approach to logistics system design that integrates 

human factors, organizational needs, and technological capabilities. 

HTI (Human–Technology Interaction): The interaction between humans and technological 

systems, including behavioral, cognitive, and organizational aspects. 

Industry 4.0 / Supply Chain 5.0: Concepts describing the integration of digital technologies, 

automation, and human-centered sustainability in industrial and logistics systems. 

Stacey Matrix: A strategic decision-making tool used to assess complexity and uncertainty in 

projects. 

SEM (Structural Equation Modeling): A statistical method used to analyze causal relationships 

among latent constructs. 

 

 

3.2 Presentation of Methodology for Research study 3 in 

ICIL 2025 conference. 

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

Paper is published in Springer  

Springer Link: https://link.springer.com/book/10.1007/978-3-032-14489-8?page=2#toc 

Burinskiene, A. (2026). The Framework for Strategic Decision Making for the Implementation of 

Collaborative Mobile Robots for Warehouse Automatisation: Methodology Presentation. In: 

Ozturk, U.A., Helo, P.T. (eds) Proceedings of the International Conference on Industrial Logistics 

(ICIL) 2025. ICIL 2025. Lecture Notes in Operations Research. Springer, Cham. 

https://doi.org/10.1007/978-3-032-14489-8_22 

 

 

https://easychair.org/smart-program/ICIL2025/
https://link.springer.com/book/10.1007/978-3-032-14489-8?page=2#toc
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