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1. INTRODUCTION

Research in logistics and supply chain management is 
increasingly focusing on the role and impact of human 
workers, moving away from traditional emphases on machine 
and process analytics. This shift is evidenced by the emerging 
fields of behavioral operations management and behavioral 
supply chain management (Holzmann et al., 2021; Schorsch et 
al., 2017), leading to the proposal of Industry 5.0 (I50). This 
concept suggests that human-centric approaches enhance 
resilience, sustainability, competitiveness, and human well-
being, requiring research to provide impactful insights for 
business operations. Moreover, companies are increasingly 
recognizing the importance of human and social sustainability 
as essential components of competitiveness in day-to-day 
operations (Tian et al., 2022). 

This issue was discussed with the REWE group in Germany, 
revealing a significant challenge. As one of the largest retail 
chains in Europe, REWE manages roughly 2,600 trucks 
delivering fresh groceries to over 3,700 stores across 
Germany. However, there is a notable imbalance: extensive 
real-time data is available on each and every of these trucks, 
yet there is less information on the 284,000 individuals 
working for REWE in Germany alone. This has prompted a 
call for research to focus on gathering more data on human 
factors. Innovative methods are needed (Zhang et al., 2023)
especially given the diverse range of human work in 
operations, ranging from truck drivers to assembly and 
warehousing teams, and up to white-collar (Katiraee et al.,
2021).

Neuroscience presents a valuable methodological approach for 
investigating human behavior in industrial environments
specifically focusing on well-known human factors (Grosse et 
al., 2015). This approach facilitates the examination of 
neurophysiological responses in operators, offering numerous 
advantages. It permits the simultaneous measurement of 
implicit responses (Passalacqua et al., 2017), which enhances 
the comprehension of workers' experiences beyond mere 
subjective self-reports. Also, it aids in uncovering the 
mechanisms that influence worker performance and supports 
the continuous, real-time collection of data for each individual 
worker. However, as logistics researchers typically lack deep 
experience with these methods, this paper offers practical 
examples and discusses key aspects, setting the stage for future 
research in logistics and supply chain management.

This paper aims to bridge the gaps within three extensive 
research domains: Industry 5.0, Empirically Grounding 
Analytics (Treville et al., 2023), and Behavioral Operations 
Management (Bendoly et al., 2006; Croson et al., 2012). It 
provides a discussion on the possibility of measuring 
neurophysiological responses through three experimental pilot 
examples grounded in logistics and supply chain management 
research. The use of an experimental method is justified by its 
capacity to yield empirical exploratory evidence in a 
controlled environment. Supporting the triple helix concept, 
this work suggests that business practices should inform both 
basic and applied research. Such an approach promotes the 
development of new methodological approaches, driven by a 
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need for practical relevance (Kolade et al., 2022).

2. RESEARCH BACKGROUND

Applied neuroscience as an investigative method allows the 
study of human cognition by measuring and analyzing
biological reactions, improving the understanding, 
explanation, and prediction of human behavior (Poldrack,
2011). Specifically, neuroscience measurement methods are 
designed to measure responses in real-time and on a 
continuous basis, marking a physiology-based view on data 
collection with numerous application scenarios in controlled 
and real-world environments. Neuroscience research has seen 
significant expansion into several applied domains with the 
emergence of communities in Marketing (Neuromarketing), 
Neuroeconomics or Information Systems (NeuroIS, 
Plassmann et al., 2015; Riedl et al., 2014) or organizational 
behavior (Organizational Neuroscience) (Waldman et al.,
2017). Contemporary neuroscience tools encompass the 
measurement of human physiological activity, perception, and 
action. Physiological activity includes activity from the central 
nervous system (CNS), and peripheral nervous system (PNS). 
The CNS, comprising the brain and spinal cord, can be 
measured using techniques such as magnetic resonance 
imaging to observe neural activity through blood oxygenation, 
or electroencephalography (EEG) to record electrical activity 
spreading across the scalp. The PNS, spanning voluntary 
muscle activation and involuntary physiological processes, 
can be measured using methods such as heart rate monitors, 
skin conductance sensors, or pupillometry for the autonomic 
system to gauge stress and relaxation responses (Andreassi, 
2000). Additionally, action-related measures track observable 
behaviors and decision-making processes. These can be 
directly observed or inferred from various data sources 
including digital traces or by observing visual attention 
processes via eye-tracking. This approach is further advanced 
by the introduction of wearable technologies, which enable 
continuous and prolonged monitoring of neurophysiological 
changes. The real-time, continuous nature of these data allows 
for specific analyses of human cognitive processes as they 
unfold over time (Mileti et al., 2016). 

In this study, we investigate the application of measuring 
neurophysiological responses in three distinct areas: assembly 
line management, order picking, and workload monitoring. 
These sectors were selected to reflect the wide spectrum of 
human activities in operational environments, ranging from 
hands-on operations to control tasks, and involving diverse 
body movements. We adopt a human-centered, focusing on 
individual participants rather than groups. This makes each 
person a unit of analysis and the replication unit in our 
research. Along these lines, we conduct a pilot study with a 
small sample size to assess the feasibility of this approach. 

3. EMPIRICAL APPLICATIONS

3.1. Human-centric assembly line management

The I50 paradigm emphasizes a human-centred approach, 
aiming to prevent worker errors under the premise of making 

the work environment as comfortable and safe for employees 
(Leng et al., 2022). Recognizing the importance of workers' 
abilities to handle stress and fatigue is crucial for enhancing 
productivity and minimizing errors (Lu et al., 2017). 
According to the theory of constraints, individual responses 
such as stress or low vigilance can be considered indirect 
constraints that may affect system productivity (Mabin et al., 
2018). With the evolution of wearable technology, which has 
become less obtrusive and more integrated into daily activities, 
there is a potential to gain insights into workers' stress-related 
states during operating procedures. For instance, wrist-worn 
devices have been instrumental in capturing real-time 
neurophysiological stress indicators like cardiac and dermal 
responses (Han et al., 2020). Similarly, head-worn devices, 
such as brain activity-monitoring headbands, have proven 
effective in assessing vigilance states (Lin et al., 2014). 

To further explore this potential, we carried out the first 
experimental pilot using a within-subject design. The 
experiment involved three participants who interacted with a 
production line (see Figure 1/A). They were tasked with two 
five-minute assignments. The first task, connected to low 
stress levels, necessitated monitoring the automatic production 
of a single piece, moving sequentially through different 
stations of the automated assembly line. The second, high-
stress task required overseeing the automatic production of 
three distinct pieces, each engaged in various machine 
production steps in parallel. This experimental setup aimed to 
induce varying levels of stress and vigilance in the participants 
and to test the capability of wearable biosensors in measuring 
these states. During each session we adopted a multimodal 
approach employing a wearable EEG (Muse 2 headband) and 
a wrist-worn device (Empatica E4) to measure in real time 
cardiac and electrodermal activity. EEG recordings were 
employed to compute a metric of vigilance (Kamzanova et al., 
2014), while cardiac and dermal activity were used for stress-
related metrics (Liu & Du, 2023). 

Results revealed that compared to a lower stress level task, the 
high-stress condition induced a 19.8% increase in vigilance 
and a 37.6% surge in stress levels, underscoring the possibility 
of measuring the physiological impacts of stressors in 
manufacturing. These findings offer production managers 
real-time metrics to tailor skill development programs. For 
instance, in an application scenario, managers could employ 
neurophysiological data to inform the design of personalized 
training sessions that simulate high-stress conditions in a 
controlled environment, enabling employees to develop 
coping mechanisms before encountering actual stressful 
situations on the production floor. Also, neurophysiological 
data related to workers’ stress and vigilance levels can 
facilitate the development of a dynamic task allocation system. 
This could allocate tasks to employees based on their current 
stress levels and alertness and promote personal growth among 
workers by progressively enhancing their ability to manage 
stress and complexity in real-life work situations.

3.2. Human-centric processes for order picking 

The I50 principles emphasize empowering workers and 
creating a more inclusive work environment (Leng et al., 2022; 
Ivanov, 2023). To achieve this, workers are to be closely 
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involved in the operational processes, which are crafted around 
user-centred designs (Prati et al., 2021). Insights from data on 
human interactions are crucial in shaping human-centric 
processes that improve the efficiency of user interactions 
(Simões et al., 2022). Advancements in wearable eye-tracking 
technology offer a less intrusive ocular response recording 
option in real-world settings, enriching the understanding of 
operational tasks cognitive processes. Ocular metrics (pupil 
dilation, blink frequency) are used to assess visual engagement 
and attention patterns when interacting with machinery, 
providing insights into user behavior according to a cognitive 
ergonomics perspective (Zheng et al. 2022). 

To further explore the impact of these interactions, we 
conducted an experiment with four participants engaged in an 
order picking task. In a within-subjects design, participants 
were tasked with piling boxes of varied sizes and weights onto 
a pallet-like support, aiming to ensure the stability of the stack 
(Figure 1/B). In each of the four sessions, participants wore 
eye-tracking glasses (SMI ETG 2w) to record ocular activity, 
including dwell time, pupil size, blink rate, and ocular speed. 
Analysis showed longer dwell times were linked to choosing 
larger boxes, indicating more cognitive effort in decision-
making. Also, pupil dilation increased during box piling, 
suggesting greater visual attention during this specific action. 
By understanding how users engage with tasks, managers can 

design work environments that enhance skill acquisition, 
reduce errors, and improve workflow efficiency. For example, 
training programs can be optimized by integrating eye-
tracking data to customize learning modules based on 
individual visual attention and processing needs, making 
training more effective and aligned with each worker's 
cognitive profile. This approach to skill development, 
informed by behavioral data, enables the crafting of human-
centric tasks that are aligned with the user's cognitive 
capabilities. 

3.3. Human-centric workload monitoring

The I50 principles highlight that safeguarding workers' safety 
and well-being extends beyond physical health to equally 
prioritize mental health (Leng et al., 2022; Ivanov, 2023). The 
advent of digital work environments brings new challenges, 
including burnout from a culture of constant availability, yet 
digital tools also offer ways to mitigate these risks by helping 
workers manage their mental health impacts more effectively. 
In particular, understanding and assessing cognitive load – the 
mental effort required during task performance – is critical, as 
excessive load can reduce performance and increase stress 
(Lagomarsino et al. 2022). 

Conversely, achieving a flow state – in which individuals feel 
fully immersed in an activity – can increase productivity and 
prevent burnout (Yotsidi et al., 2018). New developments in 
wearable EEG are providing opportunities to monitor and 
support mental states in real-time work situations such as 
logistics planning (Wascher et al., 2023). Integrating these 
insights within the framework of socio-technical system 
theory highlights the importance of aligning technological 
advancements and organizational structures to support the 
psychological and social aspects of work environments. In line 
with this perspective, we carried out a third experiment 
example with three white-collar workers, we recorded ten 
sessions each using a headphone EEG system to monitor 
mental state changes (see Figure 1/C). 

Participants self-reported their cognitive load and flow states 
every ten minutes. Regression models using EEG frequency 
band powers (Theta, Alpha, Beta) yielded accurate 
predictions: ±8.1% mean average error for workload and 
±12.6% for flow states. Results suggest a previously 
unfeasible way to monitor cognitive states in professional 
settings, and new possibilities for creating adaptive work 
environments that could personalize work schedules, breaks, 
and even adaptively assign tasks to improve human 
productivity and well-being. By personalizing work schedules, 
breaks, and task assignments based on neurophysiological 
data, organizations can significantly enhance workload 
management skills, thereby improving productivity and 
preventing potential negative consequences on individual 
wellbeing.

4. DISCUSSION

The three experimental pilots discussed have explored the 
feasibility of measuring neurophysiological responses during 
operational tasks, employing a human-centric approach. 
Although these are small-scale pilot studies with potential 
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limitations in terms of generalizability, they highlight the 
potential usefulness of such tools in operational settings like 
assembly line management, order picking, and workload 
monitoring. These tools aim to assess real-time human 
responses potentially linked to arousal, vigilance, ocular 
search strategies, and workload. This data could provide 
insights into addressing challenges faced by companies like 
REWE, which seek to enhance the information gathered about 
individual workers as a complement to data from machines. 
The implementation of all three pilots highlighted four factors 
essential to human-centred research. These include ethical 
responsibility and compliance, technology acceptance, data 
management, and biosensor management. These 
methodological aspects, which researchers must consider, 
form the operational 'layers' necessary in logistics and supply 
chain management research using a human-centric approach, 
as depicted in Figure 2.

In terms of ethical responsibility and compliance, it is crucial 
from a high-level perspective that supply chain management 
research, particularly when dealing with physiological data, 
adheres to stringent ethical standards similar to those required 
for medical science studies, such as obtaining ethical board 
certification for research projects beforehand. Such ethical 
considerations have to be integrated into research projects 
from the outset, guiding further design choices such as 
objectives, methods, and sensor selection in line with ethical 
guidelines and legitimate practices. As in the three pilot 
studies, a key principle in this context is to minimize the 
amount and level of data collected, ensuring it is proportional 
to the research objectives and analysis needs. Another issue 
supply chain management researchers must be aware about 
and find practical solutions to is the possibility that research 
projects might reveal – even yet unknown – personal diseases 
or disabilities. It is necessary to establish predefined 
procedures and communication strategies for handling such 
sensitive findings, ensuring considerate and responsible 
research execution. Privacy concerns and acceptance of 
technology for measuring neurophysiological data are also 
paramount. Practitioners must carefully address these issues, 
understanding that workers might view neuroscientific tools as 
invasive or surveillance tools, potentially leading to resistance 
or reluctance to participate in workplace data collection. To 
mitigate these concerns, clearly communicating the benefits of 
such data collection is crucial. For example, explaining how 
neurophysiological measurements can enhance understanding 
of individual worker needs, enable tailored work schedules 
based on personal readiness, or allow for the creation of 
customized training programs can help garner employee 
support and foster a more accepting environment for these 
technologies.

Second, for successful integration of neuroscience tools in 
supply chain management research, it is essential to address 
the factor of technology acceptance thoughtfully. While 
biosensors and similar technologies have gained popularity in 
private domains through fitness trackers and related devices, 
their adoption in research and business contexts requires a 
structured approach to overcome potential barriers. These 
barriers may include user resistance and a lack of training or 
explanations about technology. Researchers should consider 

these challenges, utilizing strategies that address individual 
information needs and motivation and consider organizational-
level factors such as top management support and adequate 
compensation for time and resources dedicated to research 
efforts. For example, in our pilots, all participants underwent 
an informed consent process that explained the data collected 
by each sensor. Such considerations will encourage legitimate 
user adoption of biosensors and ensure responsible research 
execution in supply chain research contexts.

Third, the factor of data management for research necessitates 
proactive considerations on the use of biosensor data. 
Neuroscience tools often involve collecting sensitive data such 
as cortical activity and ocular movements. Researchers should 
consider handling this data with high standards of privacy and 
ensure that it is stored and transmitted securely. Also, 
researchers should consider evaluating the application of 
artificial intelligence and machine learning for data 
processing, anomaly detection, and predictive analytics, 
especially given the vast amounts of detailed data these tools 
generate. In several cases this element might hint at 
requirements and recommendations for improving data 
infrastructure and the development of robust data management 
systems within research groups and institutions.

The fourth factor of biosensor management deals with an 
analysis of ergonomic and economic factors related to the use 
of biosensors in different settings, and their impact on user 
comfort and data quality. A key area of focus should include 
examining how the settings for data gathering influence the 
results. In addition, research resource and efficiency issues 
have to be addressed as biosensors might require significant
levels of resource investment more comparable to medical 
research. Therefore, recommendations for research setting 
design and experimental contexts – e.g. the use of virtual 
reality to simulate training environments – are highly relevant 
as well as suggestions for designing user-friendly biosensor 
systems. 

Figure 2: Key Factors in Adopting Neuroscience Tools.
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Methodological advancements: Future research is called to 
focus on developing protocols and tools for neuroscientific 
data collection tailored to specific operational contexts. This 
entails establishing baselines for human operators in various 
tasks such as purchasing, transportation, or order picking, and 
adapting these protocols to different industry environments 
like manufacturing, retail or services. Future methodological
research, potentially involving interdisciplinary collaboration 
with experts from medical science, psychology, and 
economics, is needed to identify neurophysiological indicators 
related to human performance and well-being. Leveraging 
advancements in AI will enable the triangulation of various 
data types, such as cardiac signals and body movements, 
extracting features most pertinent to specific operational 
contexts. Research is also called to explore integrating 
wearable technology for real-time monitoring in operational 
settings, aiming to create tools that are minimally invasive for 
operators. Consequently, validation studies are needed to 
ensure the reliability of these methods.
Theoretical advancements: The potential of integrating neuro-
science into supply chain management research includes 
developing new frameworks for human-technology interaction 
within automated operations environments, where neuro-
science-informed insights can support the understanding of the 
human element in technology-driven contexts. For instance, 
the Theory of Swift and Even Flow, which underscores the 
importance of process-oriented activities for effective logistics 
systems (Schmenner & Swink, 1998), fails to consider the role 
of human workers. Yet, observations from settings like REWE 
logistics in the retail sector show that human operators are 
essential for maintaining competitiveness in both corporate 
and supply chain operations. This indicates a need to revise 
existing theories to address human-centric issues that are 
crucial for modern logistics management (Jafari et al. 2022). 
Also, there is room for theoretical progress in understanding 
how cognitive biases affect operational efficiency, by 
developing models that incorporate human factors. For 
example, organizational theories on workflow could be 
enriched by examining how neurophysiological correlates of 
personal motivations impact task performance, thereby 
refining our understanding of flow in the workplace (Bakker, 
2008). This exploration can also extend to the human resource 
theory aspect of the Job Demands-Resources model (JD-R), 
which discusses the balance of physical and cognitive 
demands with the resources provided by the work environment 
(Bakker & Demerouti, 2007). Furthermore, theories on 
neurodiversity can be expanded to include diverse cognitive 
profiles in workforce management. Lastly, we call for 
advancing theoretical frameworks focused on the ethical 
application of neuroscience in supply chain management.
Business applications: The application of neuroscience can 
enhance human-centric approaches in logistics and supply 
chain management practice. For instance, neuroscientific 
methods can be applied to improve employee training, tailored 
to individual learning styles for enhanced effectiveness. 
Within supply chain planning and control, insights from 
neuroscience can inform strategies to mitigate stress and 
cognitive overload in high-pressure environments, leading to 
increased resilience levels. Further analysis of human factors 
emphasizes the design of systems that improve both human 

well-being and overall system performance by adapting work 
tasks to align with human physiological capabilities and 
limitations. Neuroscience can greatly augment this approach 
by providing insights into how individuals respond to various 
ergonomic setups, thereby identifying optimal working 
conditions that enhance comfort and efficiency. Lastly, in 
high-stress operational environments, neuroscientific methods 
can be used to assess risks associated with decision fatigue, 
leading to neuroscience-based risk management approaches. 
Understanding the changes that I50 concepts can exert for 
distinct operational measures (e.g., breaks, awareness tasks) is 
crucial, as this could establish blueprint toolboxes for 
practitioners to enhance human-centricity in logistics and 
supply chain management.
This paper underscores the importance of considering human 
factors alongside machines and other technology assets on 
logistics and operations systems, emphasizing that a human-
centric research approach is essential for understanding 
operational efficiency and enhancing worker well-being. This 
view supports the notion that both mind and matter are 
integral. This perspective is exemplified in a business case 
from REWE, which led to the statement: ‘As we strive for the 
highest reliability and efficacy in our logistics processes, it is 
paramount to keep the human condition at the core of our 
process innovations.’ REWE Group is committed to assessing 
neuroscience methods to enhance visibility of human-centric 
operations and real-time data and implemented a pilot study 
for ergonomic analytics in warehouse order picking operations 
in relation to cobot technology applied, finding advantages yet 
also drawbacks from human ergonomics perspectives. This 
highlights the potential for future research in logistics 
operations that does prioritize a human-centric approach. 
Acknowledgement: This research is connected to the HumanTech 
research cluster at Politecnico di Milano (2023-2027).
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