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“A man who wins is a man who thinks he can”
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Digital Transformation of Warehouse Workers Task Time Tracking in a Logistics Operation Center

Resumo

Num cenario de crescente complexidade operacional e expectativas cada vez mais
exigentes dos clientes, os operadores logisticos enfrentam pressdes intensas para garantir
eficiéncia, transparéncia e controlo de custos. Embora os WMS (Warehouse Management
Systems) ja sejam amplamente utilizados para rastreio de inventario, a monitorizagdo da
atividade laboral permanece, em muitas organizagdes, dependente de processos manuais. Esta
dissertacdo aborda essa lacuna através do desenho, implementacao e avaliacdo de um sistema
digital para o registo automatico dos tempos de tarefa dos trabalhadores no armazém CLG2 da
Garland Logistics, em Vila Nova de Gaia.

O projecto visou eliminar as ineficiéncias do fluxo de trabalho manual existente, no qual
os colaboradores preenchiam folhas de monitorizacdo no final de cada dia, baseadas em
estimativas e sujeitas a erros de transcricdo. Essas fichas eram posteriormente integradas em
bases de dados internas e serviam de base a imputacao de custos e facturagado a clientes.

Dada a natureza dos objetivos e do problema em questdo, nomeadamente a complexidade
do ambiente logistico na CLG2, onde a tecnologia, o comportamento humano, as rotinas
organizacionais € a infraestrutura estdo profundamente interligados, uma abordagem de
investigagdo qualitativa através de estudo de caso revelou-se o enquadramento adequado para
analisar a interacdo destes elementos de forma abrangente e estruturada. Tendo isto em conta,
foi adotada uma metodologia estruturada em trés fases: 1) Analise do Sistema e
Contextualizacdo; 2) Desenho da Solugdo e Arquitetura; 3) Implementagdo Piloto e Testes.

A solugdo proposta introduz uma alternativa digital que aproveita a toda a infraestrutura
j& instalada: cartdes NFC (Near-Field Comunication), registos de acesso do sistema de
seguranga ATS (Access-control Tracking System) e formularios de declara¢do de tarefas
desenvolvidos em Oracle APEX (Oracle Application Express).

Um elemento nuclear da nova arquitectura, a Tabela de Transagdes Unificada (UTT)
agrega entradas de fontes heterogéneas, criando um registo cronoldgico, por trabalhador, das
actividades realizadas. O sistema reconstroi o dia de trabalho completo, identificando inicios e
fins de tarefas, pausas e clientes/servigos associados. Para garantir a correcta integragdo entre
sistemas, foi também criada uma tabela de correspondéncia que alinha todos os identificadores
de trabalhadores nos existentes sistemas.

Implementou-se um piloto em paralelo com o sistema manual, possibilitando a
comparagdo direta de exactiddo e usabilidade. Alguns resultados preliminares apontam para
maior granularidade de dados, redu¢do da carga administrativa e melhor visibilidade em tempo
real. O feedback dos stakeholders foi positivo entre o pessoal administrativo e dividido, mas
construtivo, entre equipas operacionais e supervisores. Embora os beneficios operacionais
estejam ainda a ser quantificados, o piloto confirma a viabilidade técnica e a relevancia
estratégica da solucao.

Esta dissertacdo entrega ndo s6 um modelo escalavel de rastreio digital de tarefas para a
Garland, como contribui para a discussao mais ampla sobre a digitalizacao da forca de trabalho
em ambientes logisticos. Por fim, recomenda-se, para trabalhos futuros, a expansao do sistema
a outros armazéns, a incorporagao dos formularios de tarefa em RDTs (Radio Data Terminal)
e a reavaliacdo de abordagens baseadas em maquinas via integragdo de APIs (Application
Programming Interface).



Abstract

In the context of increasing operational complexity and rising customer expectations,
logistics companies face growing pressure to ensure efficiency, transparency, and cost control.
Despite the widespread adoption of Warehouse Management Systems (WMS) for inventory
tracking, the monitoring of workforce activity remains largely dependent on manual procedures
in many organizations. This thesis addresses this gap by designing, implementing, and
evaluating a digital system for automated worker task time tracking at Garland Logistics’ CLG2
facility in Vila Nova de Gaia.

The project aimed to eliminate inefficiencies in the existing manual workflow, where
employees filled out monitoring sheets at the end of each day, often based on estimations and
subject to transcription errors. These records were later integrated into internal databases,
forming the basis for cost allocation and client billing.

Given the objectives and the nature of the problem in hand, namely the complexity of the
logistics environment at CLG2, where technology, human behavior, organizational routines,
and infrastructure are deeply interlinked, a case study qualitative research approach provided
the necessary framework to analyze the interplay of these elements in a comprehensive and
structured manner. With this in mind, a structured three phase methodology was adopted: 1)
System Analysis and Contextualization; 2) Solution Design and Architecture; 3) Pilot
implementation and testing.

The proposed system introduced a digital alternative, leveraging existing infrastructure,
including NFC-enabled company cards, ATS (Access-control Tracking System) security access
logs, and a task declaration forms developed in Oracle APEX (Oracle Application Express).

A central element of the new architecture is the Unified Transaction Table (UTT), which
consolidates inputs from heterogeneous sources into a chronologically ordered, worker-specific
activity log. The system reconstructs full workdays by identifying task start and end times,
pause periods, and associated clients and services. A mapping table was developed to align all
identifiers, ensuring accurate cross-system integration.

A pilot implementation was conducted in parallel with the manual system, allowing for
direct comparison of accuracy and usability. Early results indicate improved data granularity,
reduction of manual workload, and enhanced real-time visibility. Stakeholder feedback
revealed positive reception among administrative staff and mixed but constructive responses
from operational teams and supervisors. Although the system’s operational benefits are still
being fully quantified, the pilot confirms its technical feasibility and strategic relevance.

This thesis not only delivers a scalable model for digital task tracking within Garland but
also contributes to the broader conversation on workforce digitalization in logistics
environments. To conclude, recommendations for future work include expanding the system
across additional facilities, embedding task forms into RDTs (Radio Data Terminals), and re-
evaluating machine-based tracking through API (Application Programming Interface)
integration.
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Digital Transformation of Workforce Task Monitoring in a Logistics Operational Center
1 Introduction

This research project was developed in the context of the Sth-year Dissertation Project of
the Master of Science’s Degree program in Industrial Engineering and Management at
Faculdade de Engenharia da Universidade do Porto, in partnership with Garland Logistics, Lda.

Before diving into the specifics of this project, it is essential to provide an overview of
the company where it is being developed, Garland Logistics. This section will briefly introduce
the company, its operational context, and its relevance in the logistics sector. Following this,
the project’s scope and significance will be outlined, emphasizing its relevance in the
circumstantial factors where the company is included. Lastly, the structure of this dissertation
will be presented to facilitate the understanding of its development and key topics.

1.1 Motivation and Project objectives

In recent years, the logistics industry has become an increasingly competitive global
sector, where companies are under growing pressure to optimize operations, reduce costs, and
eliminate inefficiencies. As businesses strive to maintain low operational costs while adding
value to their final product, logistics companies face an ever-growing challenge: ensuring
efficiency in resource allocation, task execution, and real-time data management. Every activity
that does not contribute to value creation must either be eliminated or minimized, making
process optimization a critical aspect of maintaining competitiveness.

When analyzing the logistics sector in Portugal, this trend is especially relevant, due to
its key role in the national economy. Since the pandemic, the Portuguese logistics sector has
witnessed a significant increase in its dynamics driven by several factors ultimately aiming to
achieve optimized and efficient supply chains. The competition for quality products has become
increasingly fierce, highly motivated by more demanding requirements from tenants and
stakeholders, mostly linked to non-negotiable efficiency and sustainability goals (Savills
Portugal, 2024). When talking about numbers, the sector has a turnover of €14,7 Billion and
grew by 31% in 2024, with the take-up level reaching 443,000 square meters, compared to
337,000 in the previous year (Supply Chain Magazine, 2024).

The logistics sector, while traditionally grounded in principles of efficiency and stability,
has faced unprecedented challenges that underscore the need for adaptability and innovation.
The COVID-19 pandemic, for instance, exposed significant vulnerabilities in global supply
chains, prompting a reevaluation of established practices. The disruptions highlighted the
fragility of long-standing supply chain models, leading to a shift towards more agile and
resilient systems. This shift includes the adoption of technologies such as robotics and
autonomous systems to enhance operational flexibility (Friedmann, 2020).

This dissertation is developed at Garland Logistics, more specifically, mainly in its CLG2
logistics center, located in Vila Nova de Gaia and inaugurated in 2022, as can be seen in figure
1, but also having contribution and support from the CLM2 team, located in Maia. Within this
operational context, the project addresses a specific need related to how work performed by
employees is tracked and recorded. While many logistics activities have already been
digitalized, workforce monitoring processes remain manual, resulting in inefficiencies not only
in terms of administrative workload but also in the company’s ability to ensure that the actual
consumption of human resources aligns with the forecasts established in commercial proposals
and operational budgets.

The objective of this dissertation project is to analyze and reframe those processes through
a structured methodology for collecting and integrating time-tracking data in digital form,
aligned with Garland’s goals of control, visibility, and cost efficiency.
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The project should evolve through a methodical approach based on observation, technical
exploration, stakeholder alignment, and incremental development, typical of a case-study,
qualitative based approach. Each phase should contribute to distinct insights and deliverables,
culminating in a robust prototype designed to address Garland’s challenges while setting a
foundation for broader digital transformation.

Figure 1 - CLG2, facilities of Garland Logistics, Lda located in Valadares, Vila Nova de Gaia

1.2 Garland Logistics, Lda

Garland was originally established in 1776 by Thomas Garland as an international trading
enterprise. Over nearly 250 years of operation, the company has undergone significant
transformations. Despite achieving numerous milestones throughout the 19th and 20th
centuries, it was not until 1994 that Garland expanded its business portfolio to include logistics
services. In 2006, the company introduced a unified international brand to better reflect its core
values, and in 2014, it initiated its international expansion, extending operations into Spain and
Morocco.

Today, Garland manages over 160,000 square meters of warehousing space in Portugal
and offers a wide range of logistics services, enabling full supply chain management through
outsourcing solutions. According to data from 2022, Garland completed more than 8 million
warehouse picking operations and handled close to 3 million tons of maritime cargo.

The company’s operations are structured into four main business units:

e Logistics: Focused on outsourced and in-house warehouse management, as well as
domestic distribution services.

o Transport: Provides international transport solutions by land, sea, and air, and operates
in both Spain and Morocco.

e Navigation: Offers maritime services, including regular line shipping, tramp shipping,
and ship agency services.
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e Corporate: Encompasses the group's shared services, including investment
management and oversight of affiliated companies.

Garland’s corporate culture is shaped by three key attributes: global presence, financial
and operational stability, and organizational flexibility. These strengths are built upon a
foundation of integrated, global solutions, centuries of accumulated experience, financial
robustness, and the ability to adapt swiftly to clients’ evolving needs. Central to Garland’s
continued success is its workforce. With more than 440 employees, the company emphasizes
that employee satisfaction is fundamental to achieving customer satisfaction. As such, it fosters
a workplace environment where each individual feels valued, responsible, and integral to the
broader Garland family (Garland, 2016).

Garland’s largest facility is the Logistics Center of Gaia (CLG2), located in Valadares.
Opened in 2022, this warehouse reflects the company’s commitment to innovation and
sustainability, incorporating modern technologies in energy efficiency, automated goods
handling, warehouse management systems (WMS), staff training, and environmental impact
reduction. The CLG2 covers 38,000 square meters and can accommodate up to 100,000 pallets,
with significant portion of its operations dedicated to supporting the production of bicycles for
a key client, contributing meaningfully to the municipality of Gaia’s industrial exports (O
Gaiense, 2022). The workforce at CLG2 is organized into four main teams: Value-added
services (SAVs), Components, Exportation, and EDC Factory.

1.3 Document Structure

This dissertation is organized into six chapters, each corresponding to a specific phase of
the project and contributing to a coherent understanding of its development. Chapter 1
introduced the project’s context, including motivation, organizational setting, and objectives.

Chapter 2 presents the literature review, where key theoretical concepts related to
digitalization in logistics, time-tracking systems, process automation, and data management are
explored. This chapter aims to contextualize the challenges addressed in this study within a
broader academic and industry perspective.

Chapter 3 provides a detailed analysis of the problem and a detailed overview of the
methodological approach, establishing the foundations for the analysis that follows.

Chapter 4 provides a detailed analysis of the current system, examining the manual
processes used for monitoring worker task time and identifying inefficiencies and integration
gaps. It also includes an in-depth review of the existing database structure and data flows that
support operational monitoring.

Chapter 5 introduces the proposed system, which focuses on the development of a new
digital methodology for tracking time and tasks. It discusses the functional logic, system design,
integration with existing technologies, and the strategic use of available infrastructure,
particularly NFC and access control devices. It also describes the implementation of the pilot
phase.

Chapter 6 presents the main results of the pilot test carried out at the CLG2 logistics
center. It evaluates the effectiveness of the new methodology, highlights the challenges
encountered during deployment, and discusses the impact on operational efficiency.

Finally, Chapter 7 concludes the dissertation, reflecting on the project’s contributions,
and proposing directions for future work, particularly regarding system scalability and potential
improvements. Project limitations are also presented.
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2 Literature Review

Digital time and task-tracking have shifted from a back-office clock-punch routine to a
strategic fulcrum for modern logistics. Advances in technology such as RFID/NFC, wearables
and Al analytics now let companies see, often in real time, how labor, assets and information
flow through the warehouse. Yet every new wave of monitoring has carried opposite narratives:
operational promise on one side, and push-back over privacy, trust and ethics on the other. To
unpack this tension, this review traces the evolution of workforce monitoring, examines human-
centered digitalization and change-management principles, compares current tracking
technologies, and explores governance, legal, ethical and value-realization dimensions. On the
other hand, it also includes the data-integration layer that turns raw timestamps into actionable
insight. Together, these themes provide the theoretical foundation for the digital tracking
solution piloted in this project.

2.1 Historical Evolution of Workforce Monitoring

Workforce monitoring has deep historical roots tracing back to the Industrial Revolution.
In 1888, Willard Le Grand Bundy invented the first mechanical time clock in New York,
allowing employers to accurately record employees’ work hours. This came on the heels of
Frederick W. Taylor’s principles of scientific management (1911), which formalized time-and-
motion studies to maximize labor efficiency. Taylorism ushered in an era where productivity
and efficiency became paramount objectives of monitoring, where workers’ tasks were broken
into measured elements to increase output, also raising throughput, simultaneously transferring
shop-floor knowledge to management (Christopher e Holweg, 2022).

By the 1920s-1930s, time clocks had spread widely and were complemented by assembly
line monitoring (Henry Ford’s production lines) to ensure standardized pacing. However, early
on it was observed that monitoring could alter worker behavior: the famed Hawthorne studies
(1924-32) revealed that workers improved their performance simply because they knew they
were being observed, a phenomenon later called the Hawthorne effect. This hinted at the social
repercussions of surveillance, spurring the Human Relations movement as a subtle rebuttal to
rigid Taylorism (Purpose & Means, 2023).

Throughout the 20th century, technological advances enabled ever more sophisticated
monitoring. Closed-circuit television (CCTV) was adopted in workplaces by the 1970s,
originally for security but soon to watch worker performance. By the 1980s and 1990s,
computer monitoring emerged: employers tracked keystrokes, software usage, and emails as
office work digitalized.

The 2000s saw GPS and telematics used to monitor vehicle fleets and mobile workers;
for example, logistics firms equipped trucks with GPS to log routes, speed, and stops, leading
to court cases upholding such tracking for efficiency and safety.

In the 2010s, Al-driven analytics and biometric systems began to be integrated, promising
predictive insights into productivity and attrition. Especially during the COVID-19 pandemic
(2020s), remote-work monitoring software that logs screenshots or idle time saw a surge
(Menzies e Hupfer, 2023).

2.2 Human-centered digitalization and change management

While technology enables new heights of oversight, modern thinking emphasizes that
digital transformation should be human-centric, especially in logistics and industrial
environments that rely on frontline labor.
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The paradigm of Industry 5.0 explicitly calls for placing the well-being and empowerment
of workers at the center of industrial innovation, rather than treating people as part of an
automated machine. This is particularly relevant in high-turnover, labor-intensive sectors like
warehousing and logistics, where retaining an engaged workforce is as important as efficiency.
Human-centered design principles aim to ensure that any tracking tools or workflow systems
are intuitive, safe, and developed with worker input. Thus, involving employees in the design
or selection of a new time-tracking app can improve its usability and create a sense of
ownership, which makes them more open on using the app and thriving with it (Autor, Mindell
e Reynolds, 2020).

Furthermost, research on digital transformation in manufacturing confirms that projects
often fail when they are mainly technology-focused and neglect the human and organizational
side. In fact, over 70% of digital initiatives fail, frequently due to low user acceptance and
inadequate change management. Introducing participatory, user-centered methods can tap into
workers’ practical knowledge and ease the adoption of new systems (Autor, Mindell e
Reynolds, 2020).

On the other hand, equally critical is applying change management frameworks to guide
the workforce through transitions (Picado Argiiello e Gonzalez-Prida, 2024):

e Lewin’s Three-Stage Model: unfreeze current habits, make the change, then refreeze
to lock new behaviors in place.

o Kotter’s 8-Step Model: create urgency, rally a guiding coalition, deliver quick wins,
and embed the change in the culture.

e Prosci ADKAR Model: drive individual adoption through Awareness, Desire,
Knowledge, Ability, and Reinforcement.

High turnover can undermine change efforts if not addressed by ongoing onboarding and
a supportive culture. Studies also show that effective change management is linked to higher
employee engagement and lower resistance during digital transformations (Institute for Digital
Transformation, 2024). On the flip side, poor change practices can lead to stress and attrition —
for example, employees may quit if they feel overwhelmed by new monitoring tools introduced
without adequate consultation or training (Cheatham, 2022).

A human-centered approach in this context also aligns with Industry 5.0’s emphasis on
having the wellbeing of the worker at the center of the production process. This means
technologies for time/task tracking should be designed with the user in mind: interfaces in the
local language, minimal complexity in logging tasks, and considerations for physical comfort.
Change management models provide the roadmap to implement these innovations successfully,
but it is the human-centric philosophy that ensures the changes enhance work conditions rather
than detract from them (European Commission, 2024).

In summary, industry leaders and scholars advocate balancing the drive for efficiency
with participatory design, training, and change management, so that logistics workers see digital
tracking systems as a helpful augmentation to their work, not a dehumanizing surveillance
regime (Cheatham, 2022).

2.3 Workforce Time and Task-Tracking Technologies

Digitalization has vastly expanded the toolbox of technologies available for tracking
employee time and tasks. Each comes with trade-offs in transparency, accuracy, user
acceptance, and privacy.
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2.3.1 Manual time logs

Manual time-logs are very privacy-friendly because workers can write them themselves
with very little supervision. On the other hand, accuracy suffers since data can be falsified or
entered incorrectly and it’s hard to verify. In fact, studies indicate manual inventory counts can
be as low as 63% accurate. Such methods also add administrative workload and often lack real-
time visibility (CYBRA, 2024).

2.3.2 RFID/NFC badge systems

This technology improved on the previous system by letting employees tap a badge to
clock in/out, making the process fast and easy while still capturing essential data (TCP
Software, n.d.). Badges are relatively accurate for attendance and shift times, though they
mainly log when someone started or ended work, not what they did in between. They are
generally accepted by workers as a fair and familiar way to clock hours. Privacy concerns with
basic badge systems are limited, since they record only entries/exits and maybe location within
a facility, a scope usually seen as reasonable by employees (University of Arkansas, 2009).

2.3.3 Al-driven computer vision systems

Al-driven computer vision systems push tracking to a new level by automatically
observing workers through cameras. These promise very granular data but are the most
controversial. Workers often cannot easily tell what is being tracked or how images are
interpreted, which can breed fear and resistance. The accuracy can be high for specific tasks,
but algorithms can also make mistakes. Notably, computer vision used for employee monitoring
may push the legal boundaries of what constitutes proportionate and legitimate workplace
monitoring, especially as it can capture sensitive biometric data or behaviors not directly related
to performance (Eurofound, 2024). Acceptance of Al surveillance is typically low: a recent
Harvard Business Review piece bluntly noted that pervasive digital surveillance erodes trust
and puts managers in a bind between productivity and morale (Thiel et al., 2024).

2.3.4 Wearable technologies

Wearable technologies occupy the middle ground. These include devices like wearable
RFID tags, smart ID badges with sensors, or even smartwatches given to employees. They can
yield highly accurate data on a worker’s location, steps, or specific motions. When talking about
user acceptance, simpler devices that just automate clock-ins tend to be accepted, whereas
anything that feels like it might be scoring or watching the worker continuously can breed
resentment unless clearly justified (TCP Software, n.d.). Technology Acceptance Model
(TAM) principles apply: perceived usefulness and ease-of-use must outweigh any effort or
discomfort for the wearer. UTAUT (Unified Theory of Acceptance and Use of Technology)
would also note factors like social influence and facilitating conditions as key to adoption
(Alshehri, Rutter e Smith, 2021).

2.3.5 Mobile apps

Mobile apps are increasingly common for workforce management, particularly with
remote or field logistics staff. Apps can combine functionalities: geolocation (GPS) to confirm
where work is done, digital forms to capture task completion, and even communication or
gamification features (TCP Software, n.d.).

User acceptance of mobile apps tends to be moderate; many workers appreciate the
convenience of using their own device to clock in or view their schedule. Under privacy-by-
design principles, such apps should by default limit data collection (for example, only recording
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GPS during shift hours). From a regulatory standpoint, if an app were to make automated
decisions it could trigger GDPR’s provisions on automated decision-making and the AI Act’s
requirements for high-risk Al in workforce management (Eurofound, 2024).

In summary, organizations must choose the right mix of tracking technologies by
balancing precision and control with fairness and acceptance. A hybrid approach is common:
for instance, using NFC badges for attendance and a mobile app for task reporting, thereby
covering needs without overly intrusive measures. Indeed, guidance suggests considering
WICAP factors when selecting a system: Workforce (who will use it), Integrations (with payroll
or ERP systems), Compliance (labor laws, works council agreements), Accuracy needs, and
Privacy concerns. Ultimately, the best solution is one that provides transparent and accurate
tracking to satisfy business goals, while maintaining employee trust and privacy, thus achieving
both high compliance and high acceptance (TCP Software, n.d.).

2.4 Process Governance and Rule-Based Workflows

Introducing digital time/task tracking into logistics is not just about technology, it also
requires well-defined process governance and workflows to ensure the data is used effectively
and fairly. Companies need to establish clear protocols for work tracking: for example, policies
on how and when employees should clock in/out, log task completions, or report exceptions.
These protocols translate into the configuration of the tracking system and must align with labor
regulations

Modern workflow management often leverages standards like BPMN (Business Process
Model and Notation) to model and automate these processes. BPMN 2.0 is a widely used
process diagramming language (ISO/IEC 19510:2013) that allows organizations to map out
sequences of activities and decision rules in a clear, shareable format. Using BPMN or similar,
a company can diagram the entire “time tracking and approval” process: start when an employee
clocks in, flows through various checks and ends with data stored for payroll. Such
formalization helps ensure that tracking is systematic and not arbitrary. It also makes it easier
to integrate tracking with other enterprise processes, for example linking an attendance event
with a payroll calculation or an update to a production schedule (ProcessMaker, 2023).

Handling exceptions is a critical part of governance. No process runs perfectly: badges
get lost, devices malfunction, humans make errors. Companies must define what happens when,
say, an employee’s clock-in is missed or an unusual output is recorded. Often a workflow sub-
process is dedicated to exceptions: for example, generating an alert for manual review if an
employee’s hours exceed a threshold, or allowing a supervised override to insert a missed clock-
in with proper reason codes. This not only ensures fairness but also prevents abuse. Proper
exception handling rules also help in maintaining data integrity for analysis, since one cannot
improve processes with data if half of it is erroneous or inconsistently recorded (ProcessMaker,
2023).

Finally, aligning with standards and compliance: ISO 9001 (Quality Management
Systems) for example requires documented procedures and records, and the use of the process
approach and PDCA for continual improvement. A digital time-tracking process can be part of
ISO 9001 documentation, demonstrating control of operational processes. ISO standards like
ISO 45001 (Occupational Health & Safety) might also intersect — for instance, limiting work
hours for safety, which the tracking system can help enforce by flagging excessive hours. Even
ISO 27001 (Information Security) becomes relevant, as the tracking system contains personal
data that must be protected. Thus, process governance for time/task tracking not only drives
efficiency but ensures compliance with legal and certification requirements (Advisera, n.d.).

In essence, successful digital tracking in logistics requires rule-based workflows that
mirror business rules and an agile governance that adapts rules as the business evolves. By
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using formal modeling tools (like BPMN diagrams) and continuous improvement cycles,
organizations can institutionalize the use of tracking data for positive outcomes, rather than
letting the system run in a vacuum. This ensures that the technology implementation is
accompanied by process implementation, anchoring the digital system in the operational fabric
of the company (Advisera, n.d.).

2.5 Ethical, Legal and Social Implications of Employee Monitoring

The deployment of employee monitoring and tracking technologies raises profound
ethical, legal, and social issues. In the European context, regulations like the General Data
Protection Regulation (GDPR) and the upcoming EU AI Act (2024) set boundaries on how far
employers can go in surveilling workers and what safeguards must be in place. There is also
the human aspect: considerations of trust, autonomy, and dignity in the workplace.

Under GDPR, any processing of employees’ personal data must have a lawful basis and
respect principles like transparency, data minimization, and purpose limitation. European
regulators have shown they will enforce these rights: the H&M case in Germany (2020)
demonstrated that excessive collection of employees’ personal details without clear necessity
or transparency violates GDPR, leading to a €35 million fine (Hamburg DPA, 2020).

Companies are expected to conduct Data Protection Impact Assessments (DPIAs) for
high-risk monitoring, especially when using new technologies like intelligent CCTV that could
significantly affect employees’ rights. Additionally, GDPR enforces transparency: workers
should be clearly informed about what is being monitored, how data will be used, and their
rights. On the other hand, GDPR also grants employees the right to request their data and in
some cases to object to processing — an employer needs strong justification to override an
objection if monitoring is seen as highly intrusive (Eurofound, 2024).

When Al or algorithms are involved in monitoring, transparency and fairness become
critical. The EU Al Act, poised to be one of the first comprehensive Al regulations, explicitly
lists Al systems for workforce management as high-risk applications. Providers of the Al must
perform risk management and self-conformity assessments, ensuring the AI’s outputs do not
violate fundamental rights. There are requirements for human oversight, meaning decisions
significantly affecting employees shouldn’t be made by Al alone without human review. If
implemented strongly, the EU Al Act will reinforce that employers must be accountable for
algorithmic decisions and likely will require that employees can appeal or get explanations for
algorithmic actions (Eurofound, 2024).

Ethically, pervasive monitoring can undermine the trust relationship between employer
and employee. If workers feel constantly watched, it may erode their sense of autonomy and
dignity at work. A peer-reviewed study by Kalischko & Riedl (2024) found that employees’
perception of electronic performance monitoring (EPM) significantly increases feelings of
privacy invasion, reduces organizational trust, and increases stress, ultimately even reducing
job performance (Miiller et al., 2021). In order to fight this, The European Court of Human
Rights (ECHR) has ruled that disproportionate workplace surveillance can violate the right to
privacy and, thus, national laws often require informing and consulting employees before
surveillance measures; for example, in Spain and Italy, use of CCTV and geolocators at work
must be disclosed and sometimes agreed with unions (Eurofound, 2024).

In conclusion, the ethical and legal landscape demands that digital tracking systems be
deployed responsibly and lawfully. GDPR and the Al Act form a regulatory one-two punch
ensuring data protection and algorithmic accountability, while the broader societal expectation
is that workers’ privacy, autonomy, and dignity are honored even as new technologies are
introduced. Companies that navigate these issues well, obtaining employee buy-in, complying
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with the law, and respecting boundaries, are more likely to enjoy trust and avoid the backlash
that can otherwise accompany too much control.

2.6 Impact and Value Realization of Monitoring Systems

When implementing digital time and task tracking, organizations seek a favorable impact
on performance and value, but the outcomes can be mixed, and there are trade-offs to consider.
This section reviews evidence on the benefits (productivity, quality, cost-efficiency, safety,
etc.) and the risks (morale issues, stress, privacy costs) of workforce monitoring, as well as how
value can be measured and realized in practice.

2.6.1 Productivity and Efficiency Gains

Digital tracking solutions significantly enhance productivity by streamlining workflows
and reducing operational downtime. For instance, DHL Supply Chain documented a
productivity increase of approximately 15% following the implementation of RFID-based task
tracking, which replaced manual verification processes and improved real-time operational
visibility (DHL, 2023). Similarly, Amazon reported improved operational throughput after
adopting real-time monitoring systems that rapidly identified workflow bottlenecks, enabling
proactive task reallocations (Reuters, 2023). These types of digital systems also provide precise
data to reduce payroll inaccuracies, minimize administrative overhead from manual timesheet
processing, and decrease instances of time theft or extended breaks. Overall, the accurate, real-
time insights afforded by digital monitoring support dynamic and efficient resource
management, directly translating into measurable efficiency improvements and cost reductions
(PwC, 2024).

2.6.2 Quality and Customer Service

Beyond raw productivity, tracking can indirectly improve quality and service levels. In
logistics, knowing exactly when tasks are completed allows for tighter control of on-time
performance. For example, if a warehouse process is monitored end-to-end, the company can
more reliably promise and meet shipment deadlines, because any delay in one step triggers
immediate countermeasures. Some systems tie quality checks into task tracking which can
reduce errors. There is evidence that well-implemented monitoring correlates with lower error
rates and higher consistency, because workers follow procedures more rigorously when they
know steps are being logged. However, these benefits are maximized when monitoring is not
about harassing employees, but about ensuring process adherence and providing feedback loops
for improvement (Gaukler & Seifert, 2007).

2.6.3 Safety and Ergonomics

Monitoring can enhance workplace safety. For instance, tracking hours ensures
compliance with work-rest regulations. In Amazon’s case, the company argued that its
warehouse monitoring was partly to ensure safety and efficiency in operations. When used
constructively, monitoring tools can alert management to safety risks so they can intervene
before an incident occurs. Lastly, there is also an environmental angle: efficiency improvements
(optimized routing, reduced idle time) can lower energy use and waste, contributing to
sustainability, though these benefits are less frequently measured directly (Reuters, 2024).

2.6.4 Value Realization and Measurement

Real-time workforce monitoring transforms operational decision-making from
retrospective to predictive. Continuous location and activity feeds expose bottlenecks as they
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form, letting supervisors redeploy labor, resequencing tasks and smooth flow before delays
propagate. Empirical work on supply-chain analytics shows that organizations using real-time
data shorten decision cycles, recover faster from demand shocks and raise overall agility,
because managers can intervene the moment throughput drops rather than waiting for end-of-
day reports (Sharma e Bhardwaj, 2021).

Because savings accrue every day while the hardware and integration costs are largely
one-off, payback can be rapid when a clear pain-point, such as payroll errors or chronic picking
delays, is targeted. RFID Journal’s industry calculator, built from documented deployments in
apparel and general merchandise, shows that a typical store breaks even in under twelve months
once labor savings from automated counts and the uplift from fewer mis-picks are included;
after that point the system contributes directly to margin improvement (Roberti, 2019).

Yet intensified monitoring is not a free good. A recent meta-analysis covering ninety-four
independent samples (N = 23 461) reports no reliable gain in average job performance from
electronic surveillance, but a significant rise in employee stress (r =~ .11). Crucially, the same
study finds that transparency and low intrusiveness moderate negative reactions, whereas
opaque or highly granular tracking erodes trust and can trigger attrition that wipes out efficiency
gains (Tomczak et al., 2022).

In short, real-time data delivers tangible ROI only when paired with a social contract that
makes the system transparent, minimally intrusive and obviously useful to the people being
measured.

2.7 Data Integration and Analytics for Operational Insights

One of the most powerful aspects of digital time and task tracking is the data it generates,
which can be integrated and analyzed to drive actionable insights and real-time decision-
making. In modern logistics, this often means consolidating disparate data streams into unified
transaction tables or event logs, and leveraging techniques like process mining, data
warehousing, and real-time analytics to optimize operations.

2.7.1 Unified Data and Integration

Logistics processes typically span multiple systems, for example Human Resources
systems for time attendance, Warehouse Management Systems (WMS) for inventory and task
data, Transport Management Systems (TMS) for deliveries, 10T sensors for equipment usage,
and others

To get a complete operational picture, data from these sources must be merged. The best
practice is creating a unified data warehouse where all relevant events are recorded with
common reference points (timestamps, employee IDs, order IDs, etc.). For example, an event
table might record each significant action: an order picked (with who, when, where), a vehicle
loaded, a departure, etc. Integrating these allows analysis of end-to-end process performance.
As one process mining solution provider notes, process mining brings together the different
data sources, enabling a holistic view of the supply chain, by integrating ERP, WMS, TMS, and
IoT data into one transparent model (Process Science, s.d.).

2.7.2 Real-Time Monitoring and Operational Decisions

Integrating tracking data into real-time dashboards or control towers allows immediate
decision-making. Many warehouses now have live dashboards showing key. If data is
streaming from the tracking system, managers can make quick decisions like reassigning staff,
calling in reinforcements, or reorganizing work zones during a shift rather than after problems
have already occurred. A logistics blog emphasizes that real-time data provides warehouse
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managers with a live view of operations, enabling them to quickly identify and rectify
inefficiencies, for example by adjusting workflows or reallocating resources on the. This
proactive adjustment is a key benefit — it converts the tracking system from a passive record-
keeper into an active operational tool. For instance, if an unusual number of workers have not
clocked back in from break on time, a supervisor sees that immediately and can investigate or
temporarily shift others to cover. Or if order throughput is lagging by noon, they might extend
shifts or delay a truck’s departure accordingly (Daguer Logistics, n.d.).

2.7.3 Analytics and Al

With unified data, organizations can apply advanced analytics or Al algorithms to extract
insights. For example, predictive analytics might use historical task timing data to forecast how
many staff are needed next week or to predict which shipments might be delayed. Machine
learning models could be trained on task performance data to identify factors leading to errors.
People analytics might analyze time tracking alongside HR data to find correlations between
attendance patterns and turnover or performance. Another emerging field is using tracking data
for automated process optimization, for example algorithms that dynamically assign tasks to
workers in real-time based on who is free and best qualified, essentially an Al dispatcher. These
rely on continuous streams of data about task status and worker availability (McKinsey, 2024).

2.7.4 Challenges and Best Practices

Integrating data isn’t trivial: systems compatibility, data quality, and timeliness are big
challenges. Timestamp synchronization issues can introduce errors and imperfect log data can
mislead analyses. It’s important to ensure data quality by design: the tracking systems should
log events consistently and with useful detail (who, what, when, context). Many organizations
adopt common identifiers, such as employer IDs, across systems to ease merging. Additionally,
privacy and ethical use of integrated data remains important, since that just because you can
link everything doesn’t mean every analysis is fair game. Aggregation and role-based access to
analysis tools can ensure that, say, individual performance data is only accessible to appropriate
supervisors, and higher-level analyses are anonymized (Lim, Richards e Pan, 2013).

In conclusion, data integration and analytics are the “brain” that turns raw tracking data
into smart decisions. By unifying event logs and employing process mining and real-time
dashboards, logistics companies can gain unprecedented transparency into their processes. This
enables moving from reactive management to proactive and even predictive management. In
the fast-paced logistics sector, where margins are thin and customer expectations for speed are
ever rising, this kind of data-driven agility can be a decisive competitive advantage. The key is
not just having data, but integrating and analyzing it in a way that directly supports decision-
makers on the warehouse floor and in the planning office. Those who succeed in this will
effectively create a real-time feedback loop for continuous improvement, driving both
efficiency and responsiveness in their operations. As one logistics tech firm put it, the result is
increased efficiency along the entire supply chain, that is ultimately a goal well worth the
investment in integration and analytics capabilities (Process Science, n.d.).

11



Digital Transformation of Workforce Task Monitoring in a Logistics Operational Center

3 Problem definition and methodology

3.1 Problem Definition

CLG2 currently employs approximately 60 workers, divided into two main groups: those
whose work is monitored and those who are not. The non-monitored group includes directors
and certain supervisory roles, whereas the monitored group comprises both operational
personnel, responsible for physical warehouse tasks, and administrative staff, whose roles
support the operational flow from within the site. Some of its main challenges, as is also seen
across many logistic service providers, such as Garland, lie in the fact that there is high rotation
on the operational staff. This phenomenon is often driven by the nature of the work itself, which
can be physically demanding, repetitive, and subject to tight deadlines. Moreover, the reliance
on a less stable or transient workforce, often composed of temporary workers or individuals
with lower job commitment, further contributes to this instability. Thus, this can lead to several
challenges, such as increased training costs, reduced productivity, and a loss of operational
knowledge, which makes operational changes harder to implement.

Additionally, despite the diversity of functions, all monitored employees follow a manual
procedure to report on their daily activity. At the end of each workday, each worker is expected
to fill in a task tracking sheet, specifying the tasks performed, the time in each task and the
clients served throughout the day. This information is analyzed, filtered, and confirmed by the
Operation Control Department, and later used by internal teams for operational oversight and
resource allocation purposes.

However, this process presents significant limitations. The manual nature of data
collection introduces risks of inaccuracy, delay, and inefficiency, both in terms of
administrative burden and the reliability of the information gathered. Moreover, the absence of
automation hinders the company’s ability to ensure that the actual use of human resources is
aligned with the planning parameters defined in commercial proposals and budget forecasts. In
a highly competitive and data-driven industry, this disconnection between execution and
planning can affect cost control, client reporting, and overall process visibility.

In response to the limitations of the current manual tracking process, this project aims to
develop a structured, digital methodology for monitoring the time workers spend on each task
throughout the day. Its primary goal is to automate the collection of task-related data in a
reliable and standardized format, enabling real-time visibility over operational execution and
reducing the administrative burden placed on both employees and support staff. Additionally,
the project seeks to ensure that the recorded information aligns accurately with the planning
assumptions defined in commercial proposals and internal budgeting.

By enhancing transparency and traceability in workforce management, this project should
contribute directly to Garland’s strategic objectives of operational control, data consistency,
and cost optimization. Sustainability improvements are also implemented in this project, due to
the huge decrease in the use of paper sheets currently used in the manual process.

3.2 Methodology

While quantitative research methodologies are traditionally employed to test hypotheses
through statistical analysis and controlled experimentation, they often fall short in capturing the
nuances of organizational contexts, particularly when dealing with socio-technical systems. In
contrast, qualitative research approaches are better suited to investigate real world processes
marked by human interaction, dynamic environments, and evolving structures. They allow for
a more interpretative and flexible examination of phenomena, emphasizing the understanding
of meanings, experiences, and contextual factors (Creswell, 2009).
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Qualitative research often involves primary data collection, typically through textual or
first-hand accounts such as interviews, field notes, and observational records. Due to practical
constraints, qualitative research may not allow for data collection from the entire population,
which can limit the generalizability of findings. Nevertheless, it offers a rich and nuanced
understanding of the studied phenomena (Taherdoost, 2022).

There are five main research strategies in qualitative research, each with a distinct
function and set of applications. Analysing and interpreting people’s stories and experiences is
at the heart of narrative research. The goal of phenomenology is to convey the commonality of
a phenomenon as it is experienced by numerous people. Creating a theory based on data that
has been methodically collected and examined is the main goal of grounded theory.
Ethnography is the study of a particular group’s culture and collective behaviours in their
natural setting. To obtain a deeper understanding of the complexities of a particular case,
process, or context, the case study method is employed to conduct a thorough investigation
(Taherdoost, 2022 and Creswell ,2009) .

Given the objectives and the nature of the problem in hand a qualitative research approach
will be adopted. Among the various qualitative methodologies available, the case study
approach is particularly appropriate for this research. According to Yin (2014), case studies are
recommended when the objective is to explore contemporary events within their actual
organizational context, especially in situations where the boundaries between the phenomenon
under investigation and the context in which it occurs are not clearly delineated. Given the
complexity of the logistics environment at CLG2, where technology, human behavior,
organizational routines, and infrastructure are deeply interlinked, the case study methodology
provides the necessary framework to analyze the interplay of these elements in a comprehensive
and structured manner.

With this in mind, a structured three phase methodology was adopted to ensure that the
proposed solution aligned both technically and operationally with the company’s reality:

Phase 1: System Analysis and Contextualization

The first phase of the project will involve a comprehensive analysis of the current
operational context, with a specific focus on the CLG2 logistics center. This includes the
characterization of the workforce structure, distinguishing between monitored and non-
monitored roles, and also the close following of daily operational routines executed by
administrative and operational employees. Special attention will be paid to the procedures used
for reporting work, particularly the completion of manual monitoring sheets at the end of each
workday.

The analysis will also consider the degree of worker turnover, especially among
operational staff, and its implications for system scalability, training demands, and process
reliability. By immersing in the organizational routines and mapping the role of different
departments, the goal is to obtain a grounded understanding of how time-tracking information
currently flows across functions.

This phase will culminate in a process mapping of the manual tracking workflow,
identifying actors, data dependencies, document flows, and pain points. This understanding will
form the foundation for identifying digitalization opportunities and ensuring that any new
system respects existing operational constraints.

Phase 2: Solution Design and Architecture

The second phase will focus on the design of the proposed digital monitoring solution.
This includes defining a system architecture capable of automating the collection of worker
task monitoring data, while ensuring its compatibility with Garland’s existing infrastructure and
operational requirements.
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A critical step in this phase will be the reverse engineering and analysis of existing
databases. Through the exploration of legacy queries, table structures, and historical SQL logic,
the project aims to understand how these systems interact, what information they record, and
how they are currently used for billing, internal reporting, and human resource management.
This analysis will allow the definition of a replacement logic that guarantees data continuity
and supports integration in the current systems.

Phase 3: Pilot implementation and testing

The third and final phase will consist of deploying the designed system in a controlled
pilot environment at CLG2. This implementation will be accompanied by training sessions for
all monitored staff, including interactive demonstrations and visual instructions on how to use
the new forms and card readers.

During the pilot, the manual and digital monitoring systems will operate in parallel,
allowing for comparative analysis and validation. Data will be collected from both systems and
analyzed to assess accuracy, completeness, and user compliance. The project will also gather
feedback from different stakeholder groups, including operational workers, supervisors,
administrative staff, and security personnel, to evaluate usability, acceptance, and potential
resistance.

This dual-pronged evaluation, quantitative and qualitative, will support an informed
assessment of the solution’s feasibility and added value. Insights from the pilot will guide the
final adjustments needed before full-scale implementation and provide a roadmap for extending
the solution to other logistics centers within the Garland network.
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4 Description of existing procedures at CLG2

Before proposing any new system, it’s essential to understand how things currently work
on the ground. This chapter presents the existing processes used at Garland Logistics’ CLG2
facility, especially the ones used to track worker time and tasks. It describes how operations are
structured, how task information is collected and processed, and which systems and databases
are involved. By mapping out these procedures in detail, it becomes clear where the main
limitations lie, particularly, when it comes to accuracy, efficiency, and real-time visibility.
These insights serve as the foundation for the digital transformation proposed in the next
chapter.

4.1 Operational context

Understanding the operational context of the CLG2 warehouse is key to framing the
current practices and processes. As the pilot location for this transformation, CLG2 exemplifies
Garland Logistics’ efforts to modernize its internal processes and tackle various organizational
challenges. This section describes the physical and functional structure of the facility,
workforce organization, and machinery in use, with special emphasis on the human resource
dynamics.

4.1.1 Warehouse

CLG2 is Garland’s largest logistics platform. Strategically located near two of the
country’s main highways, A29 and A44, this logistics center offers 38,000 m? of warehouse
space and 56 docks, allowing high throughput of goods and diverse operational workflows.

N e | e o) o o B o L O O L

Docks.50 to 56

I section{
DC Factofy)
i s —t ]

| =

Figure 2 — Layout Organization of CLG2

The warehouse is organized into four main zones, as shown in Figure 2 — SAV (Value-
added services), Components, Exportations (DECEXP) and EDC Factory. Each with specific
service flows and client focus. The facility’s layout enables parallel operations with minimal
cross-path interference, supporting Garland’s ambition for operational efficiency and high
service levels.
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4.1.2 Workforce

The daily operations at CLG2 are supported by approximately 60 workers, divided into
three functional groups: operational workers, administrative workers, who are both monitored,
and non-monitored staff such as directors and supervisors. These teams are distributed across
three shifts, operating from Monday to Friday, from 07h00 to 01h00 to ensure uninterrupted
operational coverage. Table 1 shows the distribution of workers per shift based on current shift
planning.

Table 1 - Human resources distribution at CLG2

Shift Operational Coordinators | Team Managers | Operators Total
07h - 16h 1 0 10 11
08h-17h 2 1 35 38
17h - 01h 1 0 10 11

Total 4 1 55 60

Each shift includes two scheduled 15-minute breaks and a one-hour interval for either
lunch or dinner. While the shift structure is formally established, operational flexibility is
routinely applied to accommodate the fluctuating demands of the warehouse. When necessary,
workers may be reassigned to different shifts or teams to ensure balanced workloads and meet
service requirements. Additionally, the number of employees present during each time block
may vary from the values shown in Table 1, as staffing levels are periodically adjusted in
response to seasonal or client-driven changes in activity.

A notable aspect of the CLG2 workforce is the high turnover rate, which is partially due
to the strong presence of temporary workers supplied by staffing agencies like Randstad.
Temporary workers typically operate under contracts of limited duration and only acquire
permanent status (as Garland employees) after fulfilling predefined conditions, such as
maintaining continuous service over a three-year period. As a result, the workforce composition
fluctuates frequently, increasing the complexity of personnel management and access control.

4.1.3 Company Card

To manage the complexity mentioned in 4.1.2, Garland utilizes a Company Card system,
shown by Figure 3, which assigns each worker an NFC (Near-Field Communic