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Management summary

This thesis confirms that the research objective of reducing the travel hours processing time at
Hegeman Constructions from 40 to 8 hours per four-week period has been achieved.

Methodology

The study uses the Design Science Research Methodology (DSRM). First, the current problem of
the time spent on processing the travelling hours was analysed through interviews and
observations with HRM staff and executors at construction sites. Based on this analysis, two
processes were made: A generic process was developed. This generic process was specifically
tailoredfor Hegemanina second process, resultingin a demo model as a proof of concept. The
prototype solutionintegrates the fleet management tool to automate the process and wastested
for effectiveness.

Key Findings

Theresearchrevealedthatthe current process contains a lot of manual steps for the executor and
the HRM team. The newly proposed solutionintegrates the fleet managementtool (InSeeGo)and
automates calculations, showing significant potential to reduce processing time by 80%.

Three main pillars for improving the travel hour process were identified:

e Data Integration:Integrating datafrom InSeeGo for processing instead of manual input.

e Overview Pages: Creating a centralized system to provide clear and organized
informationfor HRM staff and executorsinstead of a lot of different files stored per project.

e Automatic Calculations: Developing algorithms to automate the calculation of travel
hours based on predefined rules and scenarios.

Implementation

The three main pillars for improving the travel hour process are implemented in the new generic
process design as well as the specific design for Hegeman. In this thesis, these designs were
tested with a demo model. The demo model serves as a proof of concept, demonstrating the
feasibility and potential benefits of the proposed system. Testingthe demo led to the verification
of the calculations, ensuring that the calculations for the various scenarios are accurate.

Conclusion

Based on these findings, implementing the tailored process and demo model can significantly
improve the time of travel hour processing at Hegeman Constructions. The study concludes that
the implementation of thistailored solution can reduce the processingtime for travel hours from
40 hours to 8 hours per four-week period. Thisautomated approach not only enhances accuracy
and reliability but also allows HRM personnel to allocate their time to more strategic tasks,
thereby increasing overall productivity.



Recommendations

To further enhance the efficiency and effectiveness of the travel data processing system, several
steps are recommended:

1. Application Development
a. Integrate the InSeeGo API to ensure seamless data processing.
b. Making the application code more efficient for better performance.
c. Facilitate integration with the accounting system 4PS.
2. Process Implementation
a. Provide thorough training and documentation for HRM and executors.
b. Focus onfilling the tables in the application with current information.

For more detailed information and in-depth analysis, please refer to the full thesis.
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List of abbreviations

Abbreviation

Definition

BPMN Business process modelling notation
CLA Collective labour agreement

DSRM Design science research method
Hegeman Hegeman Aannemingsmaatschappij b.v.
HRM Human resource management

IEM Industrial engineering and management
MPSM Managerial problem-solving method
POI Point of interest

ERD Entity-Relationship Diagram

BPM Business Process Modelling

SIPOC Suppliers, Inputs, Process, Outputs,

Customers

Table 0.1 List ofabbreviations




1 Introduction

Inthis chapter, a brief introductionis given of CAPE Groep, Hegeman, and ECOLOGIC, all of whom
areinvolvedinthisthesisand the projectthat thisthesisis part of. Additionally, the motivation for
this thesis will be explained with the research question.

1.1 CAPE Groep

CAPE Groepisthe client forthe Bachelorassignment. CAPE Groepis a software development and
system integrator company that specializes in delivering model-driven agile solutions to the
Dutch logistics and construction industry. Their expertise encompasses a wide range of areas,
including agile software development, connectivity, integrations, supply chain control, business
intelligence, integrated mobile apps, reporting, and cloud computing.

1.2 Hegeman Aannemingsmaatschappij b.v.

Hegeman Aannemingsmaatschappij b.v. (Hegeman)isaclient of CAPE Groep where the bachelor
assignmentwilltake place. Hegemanis a construction companywith approximately two hundred
employees. The focus of Hegeman is on utility construction like offices, stations, factories, and
many more complex projects. At Hegeman, the construction workers commute to the
construction sites with company cars. There is a difference in payment between the driver and
the passengers. Currently, Hegeman has difficulties with this process andis looking for a solution
within this bachelor assignment.

1.3 ECOLOGIC

The bachelorassignmentis part of a big projectwhere CAPE Groep and Hegeman are two of many
participantsincluding the University of Twente. The projectis called ECOLOGIC (Emission Control
and Logistics Optimizationfor Green Infrastructure Construction), and the goal is to improve the
Dutch construction logistics industry. Improvement relates to developing and demonstrating
reliable data-driven insights and advanced analytics techniques for anticipatory and adaptive
logistics planning. The project also has as agoalto minimize carbonfootprint andto create a more
competitive sector to other countries. To reach this goal, a digital twin will be made of a
construction site to be reactive to near-real time changes. The ECOLOGIC project started in
August 2023 and will be finishedin 2026. This bachelorassignmentfocuses on reducingthe time
spent on administrative work which helps employees of Hegeman to spend more time on their
core business and improve their competitiveness.

1.4 Problem context

Hegeman faces a problem with processing travel hours for construction workers. Their projects
are located allaround the Netherlands, resultingin significant travel by the construction workers.
Travel to construction sites is done through carpooling with company cars. One driver picks up
colleagues from their homes and drives to the construction site. The payment for travel time
differs between the driver and the passengers. According to the Collective Labour Agreement
(CLA) (Rijksoverheid, 2024), the driver should be paid for the entire trip, whereas passengers are
only paid for the direct route from home to the construction site minus 30 minutes.
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Figure 1.1 Movement of employees to project Figure 1.2 Payment overthe route peremployee

To illustrate the travel payment process, consider a project in Groningen with four employees
traveling there. Each employee is represented by a different colour for clarity: blue, red, yellow,
and green. Blue and red depart from Nijverdal, while yellow and green depart from Ermelo. They
meet at a carpool location above Zwolle, where red and blue switch cars and continue to the
project site in Groningen. This route is depicted in Figure 1.1.

This project focuses on calculatingthe travel hour payments for such a trip. Figure 1.2 shows the
payments each employee should receive:

o Blue: Blue is a passenger for the entire route. According to the CLA, passengers receive
payment for the direct distance from home to the project, with half an hour deducted for
the one-way trip. Thus, blue receives payment for the direct route from Nijverdal to
Groningen, minus half an hour.

o Red:Reddrivesfrom Nijverdaltothe carpool location nearZwolle and then continues as
a passenger to Groningen. Blue receives payment as a driver for the distance from
Nijverdal to the carpool location. From the carpool location to Groningen, Red is a
passenger, so payment is calculated for this segment minus half an hour.

e Yellow: Yellow is a passenger for the entire route from Ermelo to Groningen, like bleu.
Therefore, yellow receives payment for the direct route from Ermelo to Groningen, with
half an hour deducted.

e Green: Green drives the entire route from Ermelo to Groningen. Thus, green receives
payment for the entire route as a driver.

Additionally, the working council has agreed to further regulations in favour of Hegeman's
employees, making it even more complex and time-consuming to process each journey. For
example, some projects are classified as prone to traffic congestion, allowing workersto leave 15
minutes earlier. This 15 minute needs to be subtracted from the travelling hours since this
additional regulation further complicates the calculation of travel hours and payments.

Previously Hegeman tried to solve this problem by investing in InSeeGo. InSeeGo is a company
specialisinginfleet management. They have a GPSbox that can be installedin cars and provides



tracking possibilities. This box also can use a tag system to register and unregister everyemployee
that is in the car to create an overview of the movements of each employee. Hegeman has
invested in InSeeGo and tried to use InSeeGo to automate the travelling hour system. Still, this
system only works when the line-up of the car and the project are the same every time. For
Hegeman everyone is used for their expertise so the planning uses a lot of different construction
workerson a projectand construction workerswillwork on a lot of different projects atthe same
time. The planning for expertise varies daily, which made itimpossible for InSeeGo to accurately
processthe travel hoursfor Hegeman. The InSeeGo system could only handle travel hoursunder
standard conditions. However, due to the specific exceptions at Hegeman and the errors that
occur withemployee tagging, it was not feasible to processthe travel hours correctly. The failure
of thisattemptledto the creation of thisassighment, as there remaineda belief that, intheory, it
should be possible to automate this process effectively.

At this moment, the HRM department of Hegeman spends around 40 hours cumulative on the
processing of travelling hours each period of four weeks. At Hegeman the administration is not
done per month but per4 weeks, sothey have thirteen periods eachyear. This realityis concluded
after multiple sessions with the HRM department. The goal is to reduce this time to 8 hours per
period of 4 weeks. This will be the norm and it is a reduction of 80%.

Hegeman wants this assignment to look for an improvement in the processing time of travelling
hours. so, itwill cost lessmoney andthe workload of the HRM department will be decreased. The
action problem will be:

“How to reduce the processing time of travelling hours from 40 hours to 8 hours per period for the
human research team of Hegeman Constructions?”

1.5 Conclusion

This chapterintroducedthe key stakeholdersinvolvedinthisthesis—CAPE Groep, Hegeman, and
the ECOLOGIC project. CAPE Groep, as the client, specializes in software development and
system integration for the logistics and construction industries in the Netherlands. Hegeman, a
construction company, faces challenges with travel hour processing, serving as the practical
context for this research. The broader ECOLOGIC project aims at optimizing logistics and
reducingemissionsinthe Dutch construction sector, framingthe relevance and potential impact
of this thesis.

Hegeman's problem centres onthe inefficient and error-prone manual processing of travel hours
for construction workers. This complexity is increased by the need to comply with various
regulations, such as those from the Collective Labour Agreement (CLA) and additional internal
agreements, making the accurate calculation of travel hours and corresponding payments
difficult. Previous attempts to automate this process with InSeeGo's fleet management system
have not met the needs due to the dynamic nature of Hegeman’s workforce and project
assignments, indicating the need for a more flexible solution.

The main objective of this thesis is to develop a solution that reduces the administrative time
requiredfor processingtravel hours at Hegeman. By decreasing the processingtime from 40 hours
to 8 hours per four-week period, this projectaimstoimprove efficiency, reduce costs, and enable
the HRM department to focus on other tasks. This objective aligns with the goals of the ECOLOGIC
project and supports Hegeman's efforts to enhance operational efficiency and competitiveness
in the construction industry.
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2 Research methodology

In this chapter, the methodology for addressing the problem at Hegeman Constructions is
explained. The chapterwill cover the problem cluster analysis, identification of the core problem,
and justification for selecting the core problem. Additionally, the six-step approach of the DSRM
willbe detailed, along with sub-questions, research methods, validity, reliability considerations,
and the theoretical framework for the research.

2.1 Problem analysis

To get to understand the problem the core problem needs to be found and a problem core could
be found by making a problem cluster according to the managerial problem-solving method
(MPSM)(Heerkens & Winden, 2012). The problem cluster is visible in Figure 2.1.

Processing of
travelling hours
takes a lot of time

1
( [ | 1

The HRM .
Executors has to A lot of mistakes R
department has It is difficult to
process the paper are made and .
to process each o determine the
forms individually have to be )
movement . travelling hours
o in a system corrected
individually
f Construction
AT workers has to fill There are a lot of
Hegeman uses exceptions in
can not process it in paper forms of proEessing
their travel
Work council has CLA has
Possible core T p— agreed with regulations for
roblem roblem Hegeman on travelling hours of
P P some exceptions construction
on the CLA workers

Figure 2.1 Problem cluster.

The main problem where a core problem needs to be found is that the processing of travelling
hours takes a lot of time. This has four main reasons:

e The first reason is that currently, the HRM department must process each movement
individually. Each period of four weeks has approximately three thousand movements that
need to be processed. To process all these movements takes a lot of time.

e The second reason is that currently, executors must fill in all the movements of
construction workers individually in the system which takes a lot of time. The reason for
these two problems is that the current HR system cannot process the travelling hours
other than manual input.

e The third reason is that mistakes are made with the input and need to be corrected
afterwards. This takes a lot of time and needs to be very precise. The reason for the
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mistakesisthatallthe construction workerswhotravel are currently fillingin paper forms
for their travel.

The fourth reasonis thatitis difficult to determine the travelling hours. Each movementis
different and different regulations apply toit sothereare many exceptions. Thisisbecause
of the regulations by the CLA and because the work council of Hegeman has agreed on
some more regulations. Both the CLA and the regulations from the work council cannot
be changed by this research so they are applicable to be the core problems.

There are two core problems. The problem that will be addressed in this bachelor thesisis:
“The existing system used by Hegeman Constructions cannot process the travelling hours”
The existing system consists of a combination of a fleet managementtooland an accounting
program. However, these tools are not capable of processing the travel hours according to
Hegeman's standards, leadingto the necessity of manualprocessing. This manual processing
is time-consuming and prone to errors, highlighting the need for an improved solution. This
problem is chosen based on three reasons:

Feasibility fora Bachelor Thesis: The problem is suitable for an IEM bachelorthesisand is
possible within the 10-week timeframe of the thesis project. In the bachelor there is a
module called Business and IT and the knowledge obtainedin that module could be used
in this core problem. For the Bachelor Thesis it is important that knowledge from the
bachelor is used so that makes it suitable.

Alignment with CAPE Groep's Expertise: As a software development company, CAPE
Groep possesses expertise in system development and optimization. Choosing this
problem offers an opportunity to use the company's knowledge base, creating valuable
learning experiences for me.

Potential for Broader Impact: Successfully addressingthe system's limitations may solve
more than travel hour processingtime. It also creates possibilities toreduce the number
of errors when executed correctly.

2.2 Problem-solving Method and Design

The methodthatwill be used isthe design science research method (DSRM) (Peffersetal.,2007).
The DSRM is oriented toward developing a digital artifact, but that is used to solve another
problem. So, the digitalartifactis notthe goal of a research but the means to achieve the goal.In
this research, the goal is to improve the processing time of the travelling hours and that will be
accomplished by making a tool that can process the travelling hours faster. So, the DSRM is
compatible with this research.

The DSRM contains six steps:

1.

Problem Identification and Motivation: Identify and articulate the problem or
opportunity that serves as the focus of the research, along with the motivation behind
addressing it.

Define Objectives for a Solution: Clearly define the objectives that the solution or
artifact aims to achieve in addressing the identified problem.

Design and Development: Design and develop the solution or artifact based on the
defined objectives, utilizing appropriate methodologies and techniques.
Demonstration: Demonstrate the functionalityand capabilities of the developed solution
or artifact in addressing the identified problem.

12



5. Evaluation: Evaluate the effectiveness, efficiency, and usability of the solution or artifact
in achieving the defined objectives and addressing the identified problem.

6. Communication: Document and communicate the research process, findings, insights,
and recommendations to relevant stakeholders and the wider community.

To answer the main question, sub-questions have been made according to the stages of the
DSRM. The sub-question and the methods used are explained below:

Step 1: Problem identification and motivation

In this step, the objective is to learn more about the problem. To solve and improve the traveling
hours process, the current process must be clear and mapped. The process starts when the
construction workers start a trip in the car, and it ends when the HRM department puts it on the
pay check.What is done from the first step tillthe last step needs to be mapped to understand it
properly. To achieve these, interviews and observations will be done with the HRM department
and the executors on the construction site of Hegeman (they are responsible for the data). When
the process is mapped, appointments will be made to verify it to make sure itis done properly.

Hegeman has also tried to solve this problem in the past by using InSeeGo. During this stepitis
also importantto talkto the HRM department, whichtried to use it but failed, to learn whatwent
wrong with this approach to learn from the mistakes made then.

The sub-question for this step:

1. How are travel hours currently recorded and processed within the company?
2. What has previously been tried to solve this issue and why did it not succeed?

Step 2: Define objectives for a solution.

In this step, the objective is to learn the requirements of the solution. To make this solution
useable itis necessarytolearnfromthe HRM department and the executors on the construction
sites\whatthey need in this solution. To learn from the executors what they want the input to be
and from the HRM what they wantas an output toimprove it for both. To learn these requirements,
interviews will be done.

Another part of this step is to learn the regulations of the CLA about travel hours and the
agreementthe work council of Hegeman made. This will be done by studying these sources and
creating an overview of all these regulations. This is an important requirement for the solution
because it needs to be legal.

To bridge the gap between understandingthe current process and designing animproved process,
the requirements gathered from the interviews and observations will be compared with the
existing process. This comparison will help identify the specific shortcomings and challenges in
the current system. By laying out the requirements side by side with the existing process, it
becomes clear where adjustments and improvements are needed. This step-by-step approach
ensuresthat the design of the new processwill directly address the identifiedissues, leadingto a
more efficient and accurate travel hours processing system.

The sub-question for this step:

3. What are the requirements for processing the travelling hours?

13



Step 3: Desigh and Development:

In this step, the objective is to design and develop a solution for the problem. A generic process
will be designedfollowingthe objectives of step2 and the regulations outlinedinthe CLA, serving
as the foundation for the research. Subsequently, this process will be refined to incorporate the
regulations established by the Works Council of Hegeman, ensuring alignment with
organizational requirements. Once the process for Hegeman is established, a tool (application)
will be developed specifically for Hegeman's needs. The generic process will be made first
because all the steps are also necessary for the Hegeman version, but Hegeman has extra
requirements due to the agreementwith the working council. So, the generic process canbe the
basis and the extra requirements can be added to make it workable for Hegeman in a specific
process. The tool will encompass all stages of the process, emphasizing input and output
considerations while excluding complexities related to data formatting and real-life data
acquisition. Prioritizing efficiency, the focus is on developing a functional tool that can be
validatedfor effectiveness, without dedicating excessive time to data refinement. To create both
the processes and the tool iterative prototyping will be used. According to Christopher Fanchi
(2023): “Iterative prototyping is a method of creating and testing a product in small, incremental
stages. It allows developers to quickly gather feedback, adjust, and improve the overall user
experience.” Duringthe design process, itwill be developed in small steps, and aftereachstep, it
willbe evaluated and checkedif it aligns with the requirements. Thiswill be improved before going
to the next step. This is also the case with making the tool.

The sub-question for this step:

4. How does a process of travelling hours should be designed?
5. Howshoulda demo application be designed toreduce the travel hours processingtime at
Hegeman Constructions in alignment with the newly developed process?

Step 4: Demonstration

In this step, the objective is to verify the tool. This will be achieved by utilizing control data,
encompassing various scenarios and outcomes. To ensure consistency, the input into the tool
should yield the same output asthe controldata. This stepis pivotal asthe tool's accuracy directly
impacts employee payments, demanding utmost validity. To generate the control data,
collaboration with HRM will be sought to cover all exceptions and scenarios. Their input will be
invaluable in verifying the validity of the outputs across different possibilities. When the output
differs from the control data it means that there is a mistake in the tool, and it needs to be
improved.

The sub-question for this step:

6. How effectively does the tool process the travelling hours?

Step 5: Evaluation

In this step, the objective isto see the effect of the tool onthe mainresearch question. During this
phase, the tool's efficacy in reducing total processing times will be assessed. This evaluation is
done by identifying stepsinthe workflow streamlined by the tool, quantifying the time saved from
their elimination, and gathering feedback from experts (The HRM team) on their expectations
regarding time savings. Despite the subjective nature of evaluating time savings, particularly
withinademo model, this approach, combined with expertinput and objective metrics, will offer
an understanding of the tool's impact on processing times.
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The sub-question for this step:
7. What will be the time required for processing traveling hours with the new process?
Step 6: Communication

In this step, the objectiveisto documentand communicate the findings. So, the entire research
will be documented and communicatedto Hegeman, CAPE Groep, and the University of Twente.
This includes the creation of a comprehensive report outlining the research process and
outcomes of the research. Additionally, a manual will be made on how the tool works for
Hegeman. Also, recommendations will be made on how to implement this tool and if additional
research is necessary.

An overview of all these questionsand theresearchdesign is visiblein Appendix 9.1 inTable 9.1.
In this table the research questions are made specific with the research type, key construct,
variables, research group, data gathering, and data analysis methods per question.

2.3 Deliverables

Atthe end of the thesis, a new processfor the processing of travelling hours will be made. This will
have all the steps/choicesin itto generate the travelling hours that should be paid per employee.
The second deliveryis a demo model of the new process. The new process and allthe steps will
be inthe model, but it will not work with the live data and output. To get to a fully functionaltool
the time of 10 weeks for the thesis is too short, but a demo tool is possible in the timeframe.
Finally, a report and presentation will be made for the different stakeholders: CAPE Groep,
Hegeman, and the University of Twente.

2.4 Limitations

Timeis alimitation of thisresearch. To make an entire working model to implement for Hegeman
is not realisticin 10 weeks with making two new process models. To tackle this problem, a demo
tool willbe developed instead of a fully working tool. This creates more time to fully focus on the
implementation of the new model and less on the live input and output.

Another limitation could be the change for construction workersto use the tag system. It will need
time for every worker to get used to this system and to give each workers their own tag. In this
researchthisadjusting timeisnot measured, but itwill happen. In the demo model, a possibility
will be added to change the driver and passenger in the trip and to change times so it could be
changed when mistakes were made.

2.5 Validity and Reliability

Most of the data gatheringis happening inthe first two steps of this research. Thiswill be done by
interviews and observation. To make sure the datawill be reliable, the data will first be processed
and later reviewed with Hegeman.

Tomake sure the tooliscreatingvaliddata, a control data setwillbe made with Hegeman to check
the outcomeswith them on allthe different possible outcomes. When the control set is perfect,
the output of the toolcan be checked with the controldata. If the output differs, itisclearthat the
tool is not working properly yet. The tool is only valid when all the outputs are the same as the
control set.
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To improve the reliability, triangulation will be used, through interviewing multiple members of the
HRM team regarding the processing of travelling hours. This approach improves the reliability in
several ways. Firstly, it is used to check for consistency in their stories. Secondly, interviewing
diverse individuals facilitates the gathering of varied perspectives and insights related to the
problem, to create a better understanding of the current situation and the requirements. Finally,
whentheintervieweesindependently corroborate each other story, it validates the information as
well.

2.6 Theoretical framework

In this thesis, a majorcomponentis to thoroughly understand the current process and developa
new process to reduce the administrative time associated with processing travel hours. To
achieve this, itis essential to use process modelling methodologies.

Process mapping is a widely used technique across various disciplines to visualize the entire
process clearly and better understand it. Lean Sigma, as described by Tsentserensky (2023),
focuses on the continuous improvement of processes and the elimination of waste. Although
Lean Sigma is typically associated with these principles, in this research, we will utilize process
mapping as a fundamental tool within BPM (Business Process Modelling) to enhance efficiency
and accuracy in process understanding and redesign.

In the initial steps of this research, such as “problem identification and motivation” and “define
objectivesforasolution,”the SIPOCframework (Suppliers, Inputs, Process, Outputs, Customers)
will serve as a fundamental tool for understanding and documenting the current state of the
process. The SIPOC diagram, as described by Tsentserensky (2023), will provide a high-level
overview of the process. This aligns with the approach suggested by Pyzdek & Keller (2010), which
helps identify key stakeholders, define inputs and outputs, and clarify process boundaries.

To gain a detailed understanding of the process, BPM will be employed, specifically using swim
lane diagrams to visualize the process flow. Swim lane diagrams are a common technique used
in process modelling, particularly within the BPMN (Business Process Modelling Notation)
framework (White, 2024). During the studies in Industrial Engineering and Management,
experience hasbeengainedinapplying BPMtechniques, includingthe use of swim lanediagrams,
to make complex processesvisible and understandable. In this research, draw.io will be used to
create BPM swim lane models. BPMN includes four basic categories of elements: Flow objects,
connecting objects, swimlanes, and artifacts. An explanation of these elementsis provided in
Appendix 9.2.

By using SIPOC and BPM, combined with the principles of Lean Sigma for continuous
improvement and waste reduction, this research aims to create a comprehensive and efficient
process modelthat addressesthe identified problems andimproves the overallefficiency of travel
hour processing at Hegeman Constructions.
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2.7 Conclusion

In this chapter, the research methodology for addressing the problem at Hegeman Constructions
has been outlined. The analysis began witha problem cluster analysis, identifyingthe coreissue
as the existing system'sinability to processtravel hoursaccordingto Hegeman's standards. This
highlighted the necessity for an improved solution thatis feasible withinthe scope of a bachelor
thesis, aligns with CAPE Groep's expertise, and has the potential for a broader impact.

The chosen framework for this research is the Design Science Research Method (DSRM), which
includes a structured six-step approachto develop a digital artifactaimed atimprovingthe travel
hours processing system. Each step of the DSRM process is guided by specific sub-questions,
ensuring a focused and systematic approachto solving the problem. The researchaimsto deliver
a new process model for travel hours processing and a demo tool to demonstrate its feasibility
and effectiveness within the 10-week timeframe. However, due to time constraints and the
complexity of fully implementing a live tool, the developmentwillfocus on creatinga demo model
that can be validated for accuracy and efficiency.

To ensure the reliability and validity of the research findings, triangulation through multiple
interviews and the use of control data are employed. The theoretical framework integrates
process modelling methodologies, specifically SIPOC and BPM, with Lean Sigma principles for
continuous improvement and waste reduction. This combined approach aims to create a
comprehensive and efficient process model that addresses the identified problems and
significantly improves the efficiency of travel hour processing at Hegeman Constructions. By
followingthis structured methodology, the research not only meetsacademic standards but also
ensures practical applicability and relevance to the industry.
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3 Problem Identification and Motivation

In Chapter 3, an in-depth analysisis conducted to explore how Hegeman currently managesthe
recording and processing of travel hours. Utilizing the problem-solving methodology outlined
previously, the existing workflow within the company is closely examined. Insights are gathered
through observations andinterviews with boththe HRM teamand executors at construction sites.
These interactions provide valuable understanding of the operational procedures and their
underlying rationale. Findings are presented using a SIPOC diagram and a BPM model, offeringa
comprehensive overview of the current process. This sets the foundation for identifying potential
areas for improvement.

3.1 Current situation

In this section, the current processfor recordingand processingtravel hours within Hegeman will
be thoroughly explained and investigated. This analysis aligns with the problem-solving method
outlined in Section 2.2 and aims to answer the following sub-question: "How are travel hours
currently recorded and processed within the company?" Understanding the existing process is
crucial for identifying areas of improvement and effectively enhancing the workflow.

To gaininsightinto the current situation, observations and interviews were conducted. Aday was
spent with the HRM team to observe how they execute each step in the process. During these
observations, numerous questions were asked to understand why the process is structured the
way it is and to uncoverthe rationale behind key decisions and important aspects. This provided
a comprehensive view of the weekly checks performed by the HRM team. Additionally, a day was
scheduled with an executorfrom Hegeman at a construction site to observe the other side of the
process, specifically the entry of travel hours. This allowed for a detailed understanding of all
related activities.

After mappingthe process, it wasverified withthe initialinput providersto ensure that everything
was understood and documented correctly. Subsequently, the process was also verified with
other stakeholdersinvolvedwho had not providedinitialinput. They confirmed that this depiction
of the process aligns with how they carry it out.

S]I1JPJOJC

Suppliers. Inputs Process Outputs Customers

Travelling hours Administration
per person per department
project Construction
Payment workers

Executors
Construction Trips driven
workers

Control by HRM Put travelling
by calculating hours into
each for every Payment system

employee by HRM

Construction
worker drives to
site

Travelling hours Travelling hours
calculated by — filled in by
executor executor

Travelling hours
will be paid

Trips registration
by executor

Figure 3.1 SIPOC of current process.
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Figure 3.1 presents a SIPOC diagram outlining the workflow for registering and compensating
travel hoursforconstructionworkers. This diagram provides a global overview of the process, with
the suppliers, inputs, process steps, outputs, and consumers. The key suppliers are construction
workerswhotraveltothe constructionsites and the executors who registers this, with the primary
input being the trips driven by these workers. The process involves several critical steps: workers
driving to the site, registering trips, calculating travelling hours, filling in travelling hours by
executors, HRM controlling and verifyingthese hours by calculatingthem, and finally, entering the
verified hours into the payment system.

The outputs of this processinclude recordedtravel hours per person per project and subsequent
payments to the construction workers. The main customers of these outputs are the
administration department, which handles the financial transactions, and the construction
workers who receive their travel compensation. This SIPOC diagram effectively maps out the
entire processfrom a high-levelview, ensuring understandingthe process from inputs to outputs.
This global overview of the SIPOC diagram will be further detailed in a BPM model.

The BPM model, whichis visible in Figure 9.1in Appendix 9.3, outlines the processfor registering
and controlling travel hours for construction workers, involving various roles such as HRM, the
executor, and the employee. The process beginswiththe executorregistering travel hours based
on worked hours and known routes. These registered travel hours are then reviewed and verified
by HRM, with any uncertainties clarified through communication between the executor and
HRM.

Notably, the process involves a considerable number of manual verification steps. During the
verification, HRM must open and search through four different files per person, which are all
stored on different locations and resultsin extensive lookup time for each individual construction
worker. Additionally, it was observed that the executor determines travel hours from work hours
based on prior weeks, without input from the constructionworkers on theiractualtravel, leading
to a lack of knowledge on the actual trips undertaken.

Once the travel hours are verified and confirmed, they are entered into the payment system to
compensate the construction workers for their travel time. The BPM model highlights the
collaborationand communication between the differentrolesto ensure accurateregistration and
timely payment. The process is then exported to the HR2day system for final processing.

Reflecting on the investigation process, it becomes evident that a deep understanding of the
current workflow for recording and processing travel hours within Hegeman was crucial for
identifying potential areas of improvement. By closely observing the activities of both the HRM
team and the executors, as well as verifying the mapped process with the individual HRM
members and the executor, an overview of the existing system was achieved. This examination
aligns with the problem-solving method outlined in Section 2.2 and directly addresses the sub-
question: 'How are travel hours currently recorded and processed within the company?'

To understand the potential for improvement, a gap analysis was conducted comparing the
current process with the desired requirements outlined by Hegeman. This analysis revealed
several key discrepancies:

e Datalntegration: The current system relies heavily on manual data entry, which is time-
consumingand error prone. The desired system should facilitate better data integration to
streamline this process.
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e Centralized Overview Pages: Currently, data is stored in different locations, making it
difficult to access and find all the data. The desired solution should centralize data into
one comprehensive overview page to reduce the time necessary to find the right
document.

e Automatic Calculations: The existing process requires manual calculationstoaccount for
different regulations and exceptions, which takes a lot of time and has inaccuracies.

These gaps highlight specific areas where the process can be optimized. Lean principles, focusing
on the elimination of waste and continuous improvement, were applied to identify inefficiencies
such asunnecessary steps, delays, and errors. Forexample, integrating data systems canreduce
the need for manual entry, while centralized overview pages can improve data accessibility and
management. Automatic calculations can ensure that all regulations are consistently applied
without manual intervention.

The insights gathered from thisinvestigation, alongwiththe gap analysis and Lean principles, will
serve as a foundation for the rest of the research. These issues, and their potential solutions, will
be further exploredin Section 4.3, ensuring that the proposed improvements are targeted and
effective.

3.2 Previous attempts to solve this problem

In the past, attempts have been made to automate the processing of travel hours. For this
purpose, Hegeman acquired the service of InSeeGo, a company specializingin fleet management
software. Theyinstalled blackbox devicesineachvehicle tofacilitate tripregistration. Employees
could check in with an RFID chip through a tag system, allowing for the registration of trips. This
system is still used today to manage all Hegeman's company vehicles.

InSeeGo also offers the option to process travel hours if all passengers check in. This capability
was one of the reasons Hegemaninitially chose InSeeGo. However, Hegeman quickly realized that
this system only works if you strictly adhere tothe CLA, and there were no customization options
within InSeeGo when deviations occurred. Several issues emerged:

e Everyone was required to first come to a central point from where the vehicle departed,
instead of being picked up from home, which is Hegeman's usual practice.

e AtHegeman, there is a distinction between the payment for executors and construction
workers, which the system could not accommodate.

e If an employee forgot to check in, there was no way to add them later, leading to
discrepancies in calculating the driver's and passengers' travel hours.

e If anemployee drives with their own car/ a car without tag system, there is no possibility
to determine the travel hours.

Theseissuescould not be resolved with InSeeGo, so Hegeman decided not to use it for processing
travelhoursandrevertedtothe system they had always used. The failure of thisattempt led to the
creation of this assignment, as there remained a belief that, in theory, it should be possible to
automate this process effectively. This ties back to the problem context outlined in Section 1.4.
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4 Requirements for a solution

In Chapter 4, the requirements for a solution are outlined, drawing upon a comprehensive
analysis of the current situation as detailed in Chapter 3. These requirements stem from
numerous interactions with the HRM team and the executors. Through observations and
interviews, crucial insights have been gained, leading to the identification of key aspects that
need to be addressed. This chapter presents the requirementsbased on the CLA in Section4.1,
regulations from the Works Council in Section 4.2, and observations from collecting data in
Section 4.3. By identifying these requirements, a solid foundation is laid for developing an
effective solution that can significantly enhance the workflow for processing travel hours within
Hegeman.

4.1 Collective Labour Agreement

Forthe solutionto be effective,itiscrucialthatitcomplieswiththe CLA Bouw & Infraagreements,
which are set by employers'and employees' organizations for the period from January 1, 2024, to
December 31, 2024. The solution must incorporate the following requirements from the CLA:

e Construction site workers who work outside their city are entitled to travel time
compensation, which are called travelling hours.

e Thedriverofthevehicleispaidforthe entire trip, while passengers are not paid for the first
hour.

e The employer must record the number of kilometres travelled and the travel hour
compensation.

e Travellinghourscompensation is only for construction workers and assistant executors.

e The calculation of travel hours must use the standard for the fastest route.

e Speedstandards for different modes of transportation must be applied: 60 km/h for cars,
40 km/h for motorcycles, 25 km/h for mopeds, 15 km/h for bicycles, and 5 km/h for
walking.

e Table5.10.3 of the CLA specifiesthe payment per kilometre for a one-way tripwhen using
a car, and this is the guiding rate.

These requirements must be integrated into the solution to ensure compliance with the CLA
agreements.

4.2 Regulation Working Council

According to Article 5.10.5 of the CLA, an alternative arrangement can be agreed upon with the
working council. This is the case for Hegeman. Agreements have been madeinthe interest of the
employees. Here are the agreements listed:

e Constructionworkers do not have to go to a central point. They are picked up and brought
back to home.
e |fthe distance exceeds 106 kilometres, traveltimeiscalculated basedonthe actualtime
taken,with a standard time based on the fastest route rather than the actual travel time.
e Together with the management, agreements are made on whether a project is prone to
traffic congestion. Whenthe project gets the label prone to trafficcongestion the following
rules apply:
o Construction workers and executors are allowed to leave a quarter-hour earlier,
and this time is deducted from the travel hours.

21



o Executors receive half of the travel hours for a passenger. According to the CLA
they would receive none.

For a tailored solution for Hegeman, itis important that it meetsthese requirements. Otherwise,
it would be a solution that, like with InSeeGo, they cannot use.

4.3 Requirements based on observations

Based on the observations made in Chapter 3, specifically the gap analysisin Section 3.1, several
important aspects have become clear that should be considered when developing a solution. This
resulted in three aspects: data integration, overview pages and automatic calculations which
could all lead to significant reductions in the processing time. With the HRM department and
executors also a list of scenarios is made which could occur for a solution.

4.3.1 Data Integration

The process for recording and processing travel hours involves multiple steps, starting when
construction workers begin their journey and ending when the HRM department logs the hours
into the payroll system. For an automated solution to be successful, it must streamline both the
input and output aspects of this process. Specifically, raw datafrom InSeeGo can be used as the
input, and the travel hours data needs to be formatted for exporttothe 4PS system. InSeeGo could
be used because of theirtagging system with GPSdata. This dual approach ensures that datais
accurately captured and easily integrated into the existing payroll system.

Currently, a significant amount of time is spent manually entering data and filling in trip
registration forms. Automating this process would save considerable time and reduce the
potential for human error. By integrating the raw data from InSeeGo and ensuring it is formatted
correctly for the 4PS system, the entire process can become more efficient. This data can serve
as the foundation for a tailor-made solution for the traveling hours process.

To explore the data available from InSeeGo, several meetings were held with the equipment
manager at Hegeman. During these meetings, tables containinginformation like thatin Table 4.1
were found, but they only included a Driverld. Currently, only the driver is tagged, because
InNSeeGo emits a sound like the warning for not wearing a seatbelt that is the only reason why
tagging is used at the moment. Passengers are not tagged as this data is not utilized currently.
Together with the equipment manager, a one-week test was conducted where two construction
workers tagged in and out. The data in the table from InSeeGo did not change as a result.
Subsequently, a meeting was held with InSeeGo representatives, who demonstrated the master
data. It was confirmed that tags are indeed registered with the information from that table, but
this datais currently not exportable. Accessto the APl,which can processthis data,is available.
It was discussed that the input from Table 4.1 could be exported, but the data needs to be
processed through the API. This was confirmed by an integration expert from CAPE Groep, who
verifiedthatit is feasible, though it falls outside the scope of this thesis. Therefore, it is assumed
that the data will be handled in the manner outlined in Table 4.1.

A major advantage of InSeeGo is that Hegeman can create Points of Interest (POI) within the
system for specific locations. For example, they can create a polygon around a project site so that
all carsthat stop or depart from the project location are marked with the projectindication instead
of various addresses based on GPS. This is particularly useful when Hegeman is building a new
residential area; this way, all cars parking there are recognized as being at the same project
instead of different addresses within the neighbourhood, which also simplifies billing.
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Column Name Format Explanation

Noteid 191158 Unique code of the vehicle.

MobileReg AA-123-A Registration number of vehicle.

StartMTime 01-01-2024 07:00 In check time.

StopMTime 01-01-2024 08:00 Timewhenthetagwas tagged out orwhere
the car stopped.

DriveTime 01:00 Time between start time and stop.

Distance 50 KM'’s driven in the trip.

TaglD Jan Jansen Name of the employee who uses a RFID in
the car

TripAddresStart Cape Group POl in InSeeGo where the tag was used
first.

TripAddressFinish | Project: Groningen POl in InSeeGo where the tag was tagged
out or where the car stopped.

Table 4.1 Output ofInSeeGo

Theraw datavisiblein Table 4.1 from InSeeGo should be used toimprove the process by providing
accurate and detailedtripinformation. It will serve as the essentialinput data for the system that
tracks and processes travel hours.

Column name Format Explanation

Jaar 2024 Year

Week 1 Week number

Werknemer 00000 Employee Number

Documentnr. Uren 2024-1 Export file

Boekingsdatum 01-01-2024 Date of the input

Ontvangend 01 Hegeman Company of the employee

bedrijf

Projectnr. PR20000000 Number of the project

Element 00.00.00 Component for finance

Kostendrager 100000 Type of employee. Difference between
executors and construction workers

Looncomponent 141 Component for the salary

Omschrijving Reisuren Description of the payment component

Maandag till 0,75 Travel hours per day of the week

Zondag

Totaal regel 1,5 Total travel hours in week

Table 4.2 Input for 4PS

The valuesvisible in Table 4.2 needed by the 4PS system should be used as the output format for
the travel hours data. By ensuring that the travel hours data is formatted correctly, it can be
directly imported into the 4PS system, streamlining the entire process from data collection to
payroll.

The need for a clear and organized overview arises from the current inefficiencies in accessing
relevantinformation. Presently, both HRM personnel and executors are burdened with the task of
siftingthrough numerous documents andfilesto locate the required data. This processis not only
time-consuming but also prone to errors and inconsistencies.
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4.3.2 Overview Pages

By implementinga comprehensive overview page as second requirement of the solution, the time
used for searchingtheright document can be effectively addressed. Such a page would serve as
a centralized hub where all essentialinformation pertinenttoeach role is readily accessible. For
example, itwould provide executorswithan overview of the trips driven, based on the data input
from InSeeGo. Additionally, it would offerthe HRM department the ability to access data from all
different executors in one consolidated overview, eliminating the need to search for individual
projects per employee.

This centralized overview not only saves time by streamlining data retrieval but also enhances
accuracy and consistency by presentinginformationinaclearand organized manner. Executives
can quickly assess trip details, while HRM personnel can efficiently manage and verify travel
hours for multiple employees simultaneously. The implementation of such an overview page
improves workflow efficiencyand contributesto a more effective travel hours processing system.

Moreover, the overview page grants executors the capability to review and validate all recorded
trips efficiently. Previously, they relied on last week's trips and roster modifications, leading to
potentialinaccuracies. With thisenhanced overview, theycan swiftly verifythe correctness of trip
data without the need for exhaustive manual entries. This streamlined approach ensures
reliability and expedites the validation process, enhancing operational efficiency and data
accuracy.

4.3.3 Automatic Calculations

Currently, the calculationsfor travel hours are initially conducted by the site manager, and later,
all filled travel hours are reviewed and recalculated by the HRM department. An improvement
opportunity liesin makingthe sole task of site managersto verify the hours. Once the trip datais
accurately inputted into the system, the solution should facilitate automatic calculations for all
projects simultaneously. Therefore, the solution must provide a means totransitionfrom verified
input to processed travel hours that can be directly imported into 4PS. This would result in time
savings.

To conduct these calculations effectively, it is crucial to ensure that the system can manage a
wide range of trip scenarios. Allconceivable calculations should be thoroughly outlined, and the
system should be able to clearly delineate which scenarios it cannot accommodate. This pre-
emptive identification enables any necessary manual interventions.

4.3.4 Scenarios

The potential scenariosto be considered for incorporationinto the solution are varied, reflecting
the diverse nature of travel situations encountered by Hegeman's workforce. These scenarios
have been carefully developed in collaboration with the HRM team to cover all situations
encounteredin their operations. By addressing each scenarioin detail, the solution can be finely
tuned to manage a wide array of circumstances efficiently. These scenarios encompass:

e Solo driver commute: In instances where a construction worker travels alone to the
construction site, the solution must accurately calculate travel hours based on the fastest
route for a single occupant vehicle.

e Passenger transport: For scenarios involving a driver transporting multiple passengersto
the construction site, the solution should differentiate compensation between the driver
and passengers, adhering to the CLA.
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e Projectis labelled prone to traffic congestions: Journeys to construction sites notorious
for traffic congestion necessitate special consideration. There fifteen minutes are
withheld from the travelling hours, because the construction workers can leave earlier.

e Carpooling dynamics: Travelingto a designated carpool location before boarding the pool
car, both with and without passengers.

e Executor commute: For executors commuting to construction sites prone to traffic
congestion, the solution must account for potential delays and ensure fair compensation,
considering both travel time and actual working hours.

e Roundtriprotation: Scenarios where the driver and passengers alternate inthe round-trip
journey require meticulous handling. The solution should accurately track individual
contributions to the travel time and adjust compensation accordingly.

e Tripexceedsdistancetable: Scenario where the driver and passenger need to travel more
thanthe maximum kilometres from the table ofthe CLA, so it needs to be the actual travel
time.

By using these diverse scenarios, the solution can effectively address the complexities inherent
in travel hour processing, ensuring fairness, accuracy, and efficiency across all situations
encountered within Hegeman's operations.
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5 Design and Development

This chapter outlines the process of designing and developing a solution to improve the travel
hours processing system at Hegeman Constructions. Building on the analysis of the current
process and the identification of key issues presented in previous chapters, a generic process
modelwas developed and subsequently tailoredto meet Hegeman's specific requirements. This
chapter is structured to provide a comprehensive overview of the methodologies used for the
design, the requirements for the solution, and the implementation steps taken to create and
validate the proposed solution.

The chapter begins with an overview of the generic process model, including a detailed SIPOC
analysis and the use of swim lane diagrams to visually represent the processes. Following this,
the specific processtailored for Hegemanis described, highlightingthe unique requirements and
adaptations made to address the company’s operational needs. The development of the
applicationisthendetailed, includingthe dataintegration steps, the entity-relationship diagrams
(ERD), and the implementation of filtering steps to accurately process travel data. Additionally,
the chapterdiscussesthe automatic calculation algorithms used to compute travel hours based
on predefined rules and scenarios.

5.1 Generic process

This section delves into the development of a generic model for processing travel hours,
leveraging GPS technology. The premise of this research is centred around the assumption that
car trips can be accurately recorded through GPS tracking. The envisioned output of this model
aligns with the format presented in Table 4.1, transitioning towards the format specified in Table
4.2, which serves as output for this process and input for the payroll processing system.

Basedon the requirementsoutlinedin Chapter 4, excludingthe specifics concerning agreements
with the Works Council of Hegeman, the design of the generic process is approached in a
structured manner. First, a new SIPOC diagram provides an overview of the new process,
alongside a detailed BPMN swimlanes diagram like those in Section 3.1. Next, the general
functionality and requirements for the application will be specified. Finally, a comprehensive
flowchart will be developed to illustrate the calculations, integrating all scenarios to accurately
determinethe travelhours per person. This generic processis intended to serve as a solution for
other construction companies that use similar input variables and face comparable challenges
in processing travel hours.
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5.1.1 SIPOC

S C
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Construction by executor
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application

Export travel Control the travel
hours into 4PS hours by HRM

Travelling hours
will be paid

site

Figure 5.1 SIPOC new process.

The new process is outlined in Figure 5.1 using the SIPOC methodology from a high-level view.
Several major differences withthe current process from Chapter 3 areimmediately apparent (cf.
inFigure 3.1). Forinstance, the executors are no longer considered suppliers because the data for
processing comes all from the tag of the construction worker. Consequently, the executors now
have a controlling role instead of a data entry or calculating role. This change alone results in
significant time savings. Additionally, travel hours will be calculated by an application, whereas
previously this was done by both the executor during data entry and the HRM team during
verification. The customer of this process will now also be the HRM team, as they will put the
output into the system for further processing.

5.1.2 Swimlane

InFigure 9.2in Appendix 9.4, the swim lane diagram of the newgeneric processis shown, detailing
the steps performed by each role. This time, the process starts with the HRM. It can only begin
once all trips have been completed and closed. Then, HRM retrieves the data from the vehicle
registration system to import it into the application. As explained in the SIPOC, a significant
difference for the executor is that they now only need to review and correct the trips instead of
fillinginand calculatingeverything. Itis essential thatif something occursthat the system cannot
manage, the executor notesthis and sends ittothe HRMteam so they can manually add it to 4PS
later.

In the new process, the HRM team does not need to perform the calculations, but they are still
responsible for ensuring that the referenced tables are correctly populated with information.
Currently, thisresponsibility isalready in place, andit only matterswhen new situations arise. For
instance, if someone goes to a specific project for the first time, the information might not yetbe
inthe table for passengers. Inthe current system, this must also be looked up and communicated
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to the executor. Now, it only needs to be entered into the table, allowing the system to always
perform the calculations for that scenario.

It remains important that there is some form of verification on the HRM side to ensure that the
correctsalaries are being paid. This will now take place after exportingto 4PS. Here, the HRMteam
can check that travel hours are only listed for days worked. This is a quick and straightforward
check, and if discrepancies arise, they can investigate which of the two entries is incorrect. The
primary consideration in the new process is to make it more organized, reducing the need to
search through various documents, automating the calculations, and integrating the data.

5.1.3 Application design

In Figure 9.3 in Appendix 9.4, the flowchartfor the applicationis shown. The steps performed by
the application can also be found in the steps described above, but there are some differences
and important aspects that the application must meet, which do not necessarily impact the
stakeholders' steps.

The first important aspect is sorting the data. When the data is imported from the vehicle
registration system, itisstill a large pile of information. This data must be sorted so that the trips
are grouped by person, and the connectionto a project isalso important. This ensures that later
the executor of a project has a clear overview. Additionally, the system must determine who the
driver and passengers are. Thiswill be done based on the check-intime. The first person to check
inwill be designated as the driver, and those who checkin later will be passengers. If there are no
passengers, the driver is designated as a passenger. This is because the payment applicable is
that for a passenger.

Another important aspect is that during the calculations, there willbe a check to ensure that all
necessary informationis present. If somethingis missing, an errorwillappear, andthe HRM team
must add the missing information.

Oncethe calculationsare complete, it is important for the application to sort the dataaccording
to Table 4.2 so that 4PS or another accounting program can import it. The process for the
application is complete once the data is downloaded.

5.1.4 Calculations

An important aspect of the new process is the calculations. The calculations need to be
structuredto accurately determine the travel hours. To address this, the scenariosin Section4.3
were reviewedtoidentifywhich ones are specific toHegeman andwhich can be used generically.
For each scenario, a method is first developed to perform the calculation, and then these
methods are combinedinto one comprehensive calculation. The scenarios are explained below:

Solo driver commute

Find the distance Determine travellmg
from home to the hours by distance in
construction site table for passenger

Table distance to construction site CAO table 5.10.3

Start End

Figure 5.2 Calculations Solo driver commute.
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The calculationsarevisiblein Figure5.2. Forsomeone who drives alone, the rules for a passenger
apply. The distance from home to the project (stored in a table in the application)is considered,
and then the CLA table is used with this distance to determine the final travel hours.

Passenger transport

Table distance to construstion sneD DCAD table 5.10.3
-~ ¥ ¥ ~
Find the distance Determine travelling
from home to the hours by distance in
construction site table for passenger
Start Driver

Passenger |_ L Y, End
~ Vs ~
Find the distance of Determing travelling
the tri hours by distance in
°tp table for driver
\ ~ . J End

A

DCAO table 5.10.3

Figure 5.3 Calculation passenger transport.

The calculationsarevisible in Figure 5.3. For a tripwith multiple people inthe car, a distinctionis
first made betweenthe passengers and the driver. The calculationfor passengersis the same as
in Figure 5.2. However, for the driver, the distance travelled is important, and this is entered into
the same CLA table, but in the column for driver payment.

Round trip rotation

Find the distance ) Determine travelling
Determine travelling ’ ’ Determine travelling hours by adding time
from home to the ) ) Find the distance of ! p . 2
S D Ee hours by distance in the tr hours by distance in as driver and time as
table for passenger P table for driver passenger and divide
passenger itby 2

A A A

Start End

Table distance to construction site CAO table 5.10.3 CAOQ table 5.10.3

Figure 5.4 Calculation round trip rotation.

The calculations arevisible in Figure 5.4. There are also tripswhere driversrotate so employee A
drivestothe projectand employee B drivesbacktohome.To calculate this, separate calculations
are made forthetime spent asapassengerandforthetripasadriver. These values are then added
togetherand divided by twoto determine the travel hours. Adistinctionis made betweenthe trip
from and to work.
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Carpooling dynamics

Table distance to construction sileD Dcm table 5.10.3
. ¥ ¥
™ I ™
Find the distance Determine travelling
from home ta the hours by distance In
construction site table for passenger

~ 4 End
— —
Determine travelling Determine traveling
Stat  is passenger hours first part by hours second part by
the entire trip? distanca in table far distance in table for
passenger passenger
No .‘ J \ J
A 'y
Passanger ] Passenger ;
P H H
Find the distance of (CAO table Find the distance of CAO table Determine travelling
first pan of the trip 5.10.3 lsecond part of the trip 5103 (LS ) 5 ) e
part and second part
e : ;
Driver | ver |
v ] , ¥

-~ ~ ~
Determine travelling Determine traveling
L, hours first part by hours second part by
distance in table for distance in table for
driver driver
h ~ A /S

Figure 5.5 Calculations carpooling dynamics.

The calculations are visible in Figure 5.5. This scenario accounts for situations where someone
might first drive to a carpool location or another person’s house before continuingthe journey in
a different vehicle to the destination. Initially, it is determined whether someone is a passenger
for the entire trip, in which case the same rules as previously described apply. If this is not the
case, the trip is divided into different segments. For each segment, it is determined whether the
individualisadriver or passenger based on whotaggedin first. Once all segments are calculated,
the total travel hours are obtained by summing these segments.

Trip exceeds distance table.

Change to 1.8

Ty

Determine the Yes \
A travelling hours by
Tatzlﬁrgip: i extracting one hour
P from the actual drive
F‘assenger ~ @@/ " s Value less
than 1.87
Driver R ¢
Start Determine the
Take DriveTime of travelling hours by x
both the trips adding these drive |
times
e ™
| — Value less 1o
than 2.87
Change to 2.8
e /

Figure 5.6 Calculation trip exceeds distance table.

There is also a scenario where the distance to a project exceeds 106 km. According to the CLA,
the actualdrivingtime must be consideredin this case. There is also a minimum traveltime that
must be accounted for, as illustrated in Figure 5.6.
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Calculations for all scenarios

Vs ™

Calculate travel time
for trip to work
~ .
—_—
I

Determine Travelling
hours by adding the
two variables

Start e | — End

Calculate travel time
for trip from work
\ [+] )

Figure 5.7 Calculation all scenarios generic process.

The calculationsarevisibleinFigure 5.7. Now thatall scenarios have been detailed, itisimportant
to integrate them. A model has been created that uses choices and tables to call upon
calculations. During the scenarios, the round-trip rotation was calculated, indicating that
scenarios can switch between the trip to and from work. To address this, it was decided to
calculate boththe trips separately using all scenarios, then halve those values and sum them up.
This is because the calculations and the CLA table are based on a return trip, so it needs to be
averaged. The advantage for calculating the trips separately is that every combination of
scenarios can be made. For example, anemployee drives alone to the construction site and goes
back to home via a carpool site. Thenit is still calculated correctly.

The calculations are done in a subprocess, which can be found in Figure 9.4 in Appendix 9.4. Itis
important that the trip to and from work are calculated in the same way but only using the
parameters of each individual trip. The result is desighed so that they receive half the value
comparedto the normal calculation,where the entire tripis considered. This process can occur
in parallel since there is no overlap. Once both are calculated, the values can be summed up to
yield the correct travel hours.
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5.2 Process for Hegeman

Now thatthe generic process has beencreated, itisimportant totailorit specifically for Hegeman,
as described in Section 2.2. For Hegeman, the SIPOC, the swimlanes, and the application
functionality will remain the same, but additional scenarios will need to be incorporated as
outlined in Chapter 3.

When analysingthe scenariosin Section 5.1.4, all scenarios can remain unchanged. However, for
the "tripexceeds distance table" scenario, anew calculationwillneedto be implemented due to
agreements Hegeman has made with the working council. Additionally, the scenarios "projectis
labelled prone to traffic congestion" and "executor commute" must be added to the calculations
to make the process customized for Hegeman.

Trip exceeds distance table.

Long distance )
to project ( )
! H Change to 1.8

¥

- ~

Y . Yes L
Find travel time in lm%:}ﬁ;m';:utgeb ‘
table to project ng Y > x No: > x
extracting one hour

LT 7187 2 from the travel time

Passenger |\ J o\ Value less

than 1.8?

. Yy
Start St Find travel time with o
passengers in trip in x No x
table to project |
multiply by 2 Y ——
~ Value less Yes [

: than 2.87

! Change to 2.8
Long distance _
to project driver

Figure 5.8 Calculations Trip exceeds distance table for Hegeman.

The calculations arevisible in Figure 5.8. The major difference with the generic solutionisthat the
timethereisbased on the actualtraveltime driven. ForHegeman, thisis different. Hegeman has
an agreement that everyone can always be picked up from their home. However, as a counter-
agreement withthe work council, ithas been decidedthat for distances longer than 106 km, the
travel time is based on the time it would take according to the ANWB route planner. This time is
stored in the "long distance to project" and "Long distance to projectdriver" table by HRM and is
used to retrieve the information when the trip exceeds 106 km. In the table "Long distance to
projectdriver” also the passengers are inthere because the driverwill get paid for the route with
picking up the passengers. This will be multiplied by two, because the time that is in the table is
only for one trip. The minimum of 1.8 hours as a passengerand 2.8 hours as a driver are according
to the CLA regulations.
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Projectis labelled prone to traffic congestion.

Do calculations
travelling hours for
their scenario

Take travelling hours
and extract 0.25

Start End

Figure 5.9 Calculations Project is prone to traffic congestion.

The calculations are visible in Figure 5.9. At Hegeman, when a new project begins, it is checked
whether the route to the location is prone to traffic congestion. If so, there is an agreement that
employees canworkfifteen minutes less and leave earlier. They still get paid for 8 hours, although
they work 7.75 hours. This fifteen-minute deduction is then subtracted from the travel hours to
prevent double payment for that quarter hour. This is because the hourly wage for travel time
differs from that for working time. To perform this calculation, fifteen minutes will be subtracted
aftertheinitial calculation. Inthe overall calculation, it will be indicated whether thisis applicable
basedon projectinformation, whichwillinclude whetherthe route tothe projectis prone to traffic
congestion.

Executor commute

Project
information

No travelling hours

Start Is project prone os [ - - ~ Is project prone End
to congestion? el e CleERED e to congestion?
from home to the ! '9 Divide the travelling Take travelling hours
) ) hours by distance in
construction site as a hours by 2 and extract 0.25
table for passenger
passenger
. A

N L

Table distance to construction site CAO table 5.10.3

Figure 5.10 Calculations executor commute for Hegeman.

The calculations are visible in Figure 5.10. Another part of the agreement for when a projectis
pronetocongestionisthat, unlike the standard CLA, executorswillget paid travel hours. However,
they only receive half of the travel hours comparedto those of a passenger. This isa gesture from
Hegeman, agreed upon with the work council. To calculate this, a check will be performed for
executors to see if the project is applicable. If it is not, they will not receive any travel hours. At
Hegemanwhenthe projectis prone to congestion, they are allowedto leave 15 minutesearly and
they stillget paidtheir normal salary so 0,25 is extracted from the travelling hours, otherwise they
would be paid double.
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Calculations for all scenarios

Table distance CAO table
to construction site 5.10.3
Project v
information ( Find the d 3 (
ind the distance
T from home to the Determme i Divide the travelling Take travelling hours
| o v hours by distance in
: construction site as a table f hours by 2 and extract 0.25
s e e able for passenger
% ) ! L
o
Prone to traffic
Employee Congestion
information
Executor

End
— Extract 0.25 hours
Project] from travelling hours
Calculate travel time information
for trip to work
Construction worker N L

Determine Travelling
Y hours by adding the N g ——————
two variables.
Caleulate travel time |

for trip from work S Prone to traffic End

Congestion
\ [ J

Start

Figure 5.11 Calculations for all the scenarios of Hegeman.

The calculations are visible in Figure 5.11. Now that all scenarios have been detailed, they need
tobeintegratedinto a single process. There is a subprocess for calculating travel hours for a single
trip, like the generic solution. However, the part of the calculation for trips longer than 106 km has
been changed. The other scenarios do not affect the calculation of travel hours per trip but are
adjustments that occur after the calculation. Therefore, as shown in Figure 5.10, these are
processed afterward. First, the employee's role is checked to apply the executor commute
scenario. For constructionworkers, after determiningthe travel hours, it is checked whether the
projectis prone totraffic congestionto see if fifteen minutes needto be subtracted, as described
in the scenario "Project is labelled prone to traffic congestion".

5.3 Tool (Demo application)

Based on the findings in Sections 5.1 and 5.2, an application has been developed in Mendix to
process travel hours. This chapter will explain how this application was built to answer the
research question: How should a demo application be designed to reduce the travel hours
processing time at Hegeman Constructions in alignment with the newly developed process? Four
key elements will be covered: data input for the application, data filtering, the calculations
performed by the application on the travel hours, and how the output is generated. Additionally,
the chapter will include a detailed explanation of the entity-relationship diagram (ERD), which
illustrates the relationships between different data entities within the system. It is important to
note that this application functions as a demo model and serves as a proof of concept.

5.3.1 Data Input

One of the maingoals of the applicationisdataintegration, ensuringthat datafrom InSeeGo can
be importedintothe application for processing. In the long term, thisintegration will be managed
via an API. However, since this falls outside the scope of the demo version, a representative
dataset was created. This dataset aligns with the input requirements detailed in Table 4.1 and
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must be anonymous, containing no real employee data from Hegeman. The advantage of this
created datasetis that it contains every scenario so all the scenarios can be tested afterwards.

To ensure anonymity, the names of PEC Zwolle football players were used, makingit clear that the
dataset does not represent actual employees. This choice maintains privacy and avoids any
confusion.

When creatingthe dataset, itwas crucialto address all potential scenariosthe application might
encounter. This comprehensive approach ensures that all scenarios are tested and verified, as
outlined in Chapter 6. Through iterative programming, each scenario can be individually
programmed and refined. Table 5.1 lists all the scenarios associated with employees in the
dataset, corresponding to those described in Section 4.3.4.

Scenario Employees

Executor writes to construction site, Project is not labelled prone to traffic congestion Van Polen en Boer

Solo commute Reijnders

Passenger transport McNultyenLam

Round trip rotation + Executor commute + Project is labelled prone to traffic congestion Schendelaar en Kersten

Carpooling dynamics Van den berg, Krastev, Thy en Velios
Trip exceeds distance table Velanas en Namli

Table 5.1 Scenarios peremployee in data set

To convert the scenarios from Table 5.1 into the data format required by Table 4.1, the tag
moments of the employees over an entire week were analysed, following the structure in Table
5.2. Given that this is an anonymous dataset and InSeeGo works with POls, addresses were
simplified to general locations.

Nodeld MobileReg DriveDate StartMTime StopMTime DriveTime Distance Tagld TripAddress start TripAddress Finish
000001 AA-001-A 10-06-24  06:00:00 07:00:00 1:00 80 Bramvan Polen Van Polen huis Project1

000001 AA-001-A 10-06-24  06:01:00  07:00:00 0:59 80 Diederik Boer Boer huis Project 1

000001 AA-001-A 10-06-24 16:00:00 17:35:00 1:35 85 Bramvan Polen Projectl1 Van Polen huis
000001 AA-001-A 10-06-24  16:00:00 17:35:00 1:35 85 Diederik Boer Project1 Boer huis

000001 AA-001-A 11-06-24  06:00:00 07:00:00 1:00 82 Bramvan Polen Van Polen huis Project1

Table 5.2 Part ofthe data set

The calculations in Section 5.2 necessitate several tables for accurate computations. These
tables were also created for data integration purposes. An example is Table 5.3, which contains
project information, such as whether a project is prone to traffic congestion. This data is crucial
for the application's output and serves as input for the 4PS accounting system.

Projectnr. Naam Adres/POI Ontvangend bedrijf Element Prone to traffic congestion
PR20000000 Projectl Projectl 01Hegeman 00.00.00 No
PR20000001 Project2 Project2 01Hegeman 00.00.00 Yes

Table 5.3 Project information

Allthese tableswere created inthe applicationand canbe filled and adjusted on theirrespective
pages. The data imported corresponds to the format in Table 5.2. An Excel importer was built in
Mendix to facilitate loading this data into the application efficiently.
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5.3.2 Entity-relationship diagram

An essential part of the application is understanding the relationships between different data
entities. The entity-relationship diagram (ERD) illustrates these relationships, providing a clear
picture of how data from various sources is interconnected and managedwithinthe system. The
ERD for this application is visible in Figure 5.12.

LongDistanceToC SPassenger LongDistancePassenger LongDistanceDriver
pK | LongDistanceToProjeciPassengeriD PK %nf‘ D pK | LongDistaceDriverlD
]
Employee (String) Empiloyee po—od TravelTime (Decimal
Project (String) Employee (String)
TravelTime (Decimal
Project
DistanceToConstruction Site
——7———— PK | ProjectNr (string)
pi | DistanceToConstructionSite
(A Name (String)

Employee (String

,_, Adress (String
Project (String

ReceivingCompany (String

Distance (Integer)

Element (String]

ProneToTrafficCongestion (Boolean)

———

Employee DrivenTrips
PK | EmployeeNR (Integer) PK | DrivenTripiD (Autonumber)
Name (String) MobileReg (String)
Adress (Siring) StarfTime (Date and Time;
Function (Enumeration) StopTime (Date and Time
CostUnit (Integer] ToWorkFromWork (Enumeration)
TravellingHoursPerWeek Trip
PK | TriplD (Autonumber}

PK [ It ursPerWeeklD (AutoNumber)

NodelD (Integer)
EmployeeName (string)
MobileReg (String
Year (String)

Week (String) StariMTime (Date and Time}
Week (String

StopMTime (Date and Time)  po——oooooo———!
DocumentNR (String:

DriveTime (Decimal)
BookingsDate (Date and Time]
X Distance (Inieger)
ReceivingCompany (String)

TaglD (String) CAOTable5.1
ProjectNR (String

TripAdressStart (String PK | Distance (Integer)
Element (String)

TripAdressFinish (String) Passenger (Decimal)
Costunit (Integer)

Role (Enumeration) Driver (Decima:
PaymentComponent (Integer]

Description (String
Monday (Decimal
Tuesday (Decimal
Wednesday (Decimal
Thursday (Decimal
Friday (Decimal
Saturday (Decimal

Sunday (Decimal;

Total (Decimal)

Figure 5.12 Entity-Relationship Diagram for the application.

The ERD helps to visualize the structure of the database, making it easier to understand how
different entities interact with each other. This diagram is crucial for designing the database
schema and ensuring efficient data handling within the application.

The entitiesatthe top of the diagram represent the tablesthat are usedinthe calculations. These
include:

e LongDistanceToCSPassenger: Contains data for long-distance travel to construction
sites.
e LongDistancePassenger: Stores information about passengers on long-distance trips.
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e LongDistanceDriver: Stores information about drivers on long-distance trips.

e DistanceloConstructionSite: Records the distance between employees' homes and
construction sites.

e Project: Contains details about various projects, including if they are prone to traffic
congestion.

The Trip entity is used for inputting data into the application, capturing details about each trip
made by the employees, such as start and stop times, distances, and roles (driver or passenger).
The roles are not in it with the import but are determined later as explained in Section 5.3.3.

The TravellingHoursPerWeek entity is used for output, summarizingthe travel hours per week for
each employee. This data is the same as the input for 4PS.

Allthese entities are connected through the Employee entity, ensuring that the data is linked per
employee. This linkage is essential as the travel data is imported and processed on a per-
employee basis.

The CAO Table5.1 entity is not linked to any other entity, but it is essential for the calculations.
When a table provides a distance, this distance is used to reference the correct payment in the
CAOTable 5.1. This table ensures that the appropriate compensationis calculated based on the
specified distances.

The data for entities such as Employee, Project, and the calculation-related tables are pre-filled
in the dataset and maintained by the HRM department. This ensures that the application has
accessto accurate and up-to-date information necessary for processingtravel hours efficiently.

5.3.3 Transforming the data

In the previous Section 5.3.2, the Entity-Relationship Diagram (ERD) was thoroughly explained.
However, whenimporting the dataintothe application, the connections betweenthe entities are
not yet established. This is where data transformation comes into play. This section provides an
overview of how data is transformed for each component, with detailed steps available in the
Appendix 9.6.

The transformation process involves several key steps to ensure that the data is accurately
categorized and linked for precise calculations and billing:

e Creatingthe Driven Trips: All individual trip entries are scanned and grouped based on
matching license plates within overlapping times to form complete driven trips. This
ensures each trip correctly reflects the passengers and driver involved.

e DeterminingRoles (Driver or Passenger): Foreach driventrip, the starttimes are analysed
to assign roles. The first person to enter the vehicle is designated as the driver, and
subsequent individuals are assigned as passengers. Special cases where only one person
isin the trip are also handled.

e Linking to Projects: Trips are linked to specific projects by comparing the trip start and
finish addresses with project addresses. This ensures accurate billing and proper
application of project-specific rules, such as those for traffic congestion.

e Processing Carpool Trips: When carpoolingis involved, trips are linked based on transfer
times between vehicles. This step ensures that all segments of the trip are properly
associated with the relevant project and calculated correctly.
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e CreatingTo Work and From Work Trips: Trips are categorized as either "To Work" or "From
Work" based on their start and end addresses. This distinctionis crucial for handling
different travel scenarios and ensuring accurate calculations.

These transformation steps are crucialfor preparing the data for accurate and efficient processing
of travel hours. Each step is designed to ensure that all necessary information is correctly
organized and linked, enabling precise calculations, and reducing manual intervention.

To provide a clear understanding of how the data looksinthe application after the transformation,
itis visible in Figure 5.13. This illustration shows the organized and linked data ready for further
processing.

= (e Reisuren Applicatie Aannemingsmaats

Bewegingen overzicht

Hier worden alle tagdata opgeslagen
Trip 1D 1 Werkne... 1 Kenteken I starttijd 1 Eind tijd 1 Afstand 1 Adresbe... 1 Adresei.. T RitID 1 Role 1 Project 1 HeenritT... 1
7817 Bram van Polen AA-001-A 10-06-2024 06... 10-06-2024 07: 80 van Polen huis Project 1 5026 Chauffeur Project Amster... Heenrit
7818 Diederik Boer AA-001-A 10-06-2024 06... 10-06-2024 07: 80 Boer huis Project 1 5026 Inzittende Project Amster... Heenrit
7819 Bram van Polen AA-001-A 10-06-2024 16... 10-06-2024 17: 85 Project 1 Van Polen huis 5044 Chauffeur Project Amster... Terugrit
7820 Diederik Boer AA-001-A 10-06-2024 16.... 10-06-2024 17.... 85 Project 1 Boer huis 5044 Inzittende Project Amster... Terugrit
7821 Bram van Polen AA-001-A 11-06-2024 06... 11-06-2024 07: 82 Van Polen huis Project 1 5037 Chauffeur Project Amster... Heenrit
7822 Diederik Boer AA-001-A 11-06-2024 06... 11-06-2024 07.. 82 Boer huis Project 1 5037 Inzittende Project Amster... Heenrit
7823 Bram van Polen AA-001-A 11-06-2024 16:.. 11-06-2024 17: 92 Project 1 Van Polen huis 5078 Chauffeur Project Amster... Terugrit
7824 Diederik Boer AA-001-A 11-06-2024 16... 11-06-2024 17 92 Project 1 Boer huis 5078 Inzittende Project Amster... Terugrit
7825 Bramvan Polen AA-001-A 12-06-2024 06... 12-06-2024 07: 75 Van Polen huis Project 1 5014 Chauffeur Project Amster... Heenrit
7826 Diederik Boer AA-001-A 12-06-2024 06... 12-06-2024 07: 75 Boer huis Project 1 5014 Inzittende Project Amster... Heenrit

Figure 5.13 Imported and transformed data in the application.

For a detailed explanation of each transformation step, including specific procedures and
considerations, please refer to Appendix 9.6.

5.3.4 Calculations

The calculations in this section are based on previous research detailed in Section 5.2. This
section provides a high-level overview of the calculation process, with specific steps and
procedures detailed in Appendix 9.7.

The calculation process involves several key steps to ensure accurate determination of travel
hours:

e Filtering Trips: Selecting trips from each day for the calculation. This involves identifying
all trips made by each employee on a given day and filtering out irrelevant trips.

e Categorizing Trips: Dividing trips into "To Work" and "From Work" lists. Each trip is
categorized based on its start and end addresses to ensure the correct application of
calculation rules.

e Carpooling Dynamics: Calculating travel times considering carpooling scenarios. This
includes checking if an employee is an executor, determining the role (driver or
passenger), summing distances, and looking up values in the CAO Table 5.1.
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e Executor Commute: Handling specific rules for executors, including checking for traffic
congestion, consulting the DistanceToProjectlist, and looking up valuesin the CAO Table
5.1.

e Trips exceeds distance table: Applying different flows for passengers and drivers,
consulting the LongDistanceToCSPassenger and LongDistanceDriver tables, and
ensuring minimum travel times are met.

e Passenger Transport: Calculating travel times for trips less than 106 km by entering
distances into the CAO Table 5.1 and consulting the DistanceToConstructionSite table.

e Projectisprone to traffic congestion: Averaging daily travel times and adjusting for traffic
congestion scenarios, such as subtracting 0.25 hours from the daily travel time for
projects prone to traffic congestion.

For a detailed explanation of each calculation step, including specific procedures and
considerations, please refer to Appendix 9.7.

5.3.5 Output

The final output table for 4PS integrationis populated using data from previous calculations and
transformations (Sections 5.3.3 and 5.3.4), as wellasemployee and projectinformation from the
respective tablesdefinedinthe ERD. The travel hours data, categorizedinto "To Work" and "From
Work" trips, is derived from the transformation processes, while calculated travel times and
necessary adjustments are sourcedfrom the detailed calculation steps. Employee details, such
as employee ID, name, and department, are retrieved from the Employee table, ensuringthat the
travel data is correctly associated with each relevant employee. Similarly, project details,
including project D, name, and specific attributes like traffic congestion status, are sourced from
the Projecttable. Each entryin the final output table represents a unique record for an employee
on a specific day, includingtheirtravel data and associated project details. If anemployee works
on different projects on different days, a new entryis created for each day with the relevant project
details.

This table serves as the final output of the application and is formatted according to the
specifications required by the 4PS system to ensure seamless data transfer and integration. By
consolidating travel data, employee information, and project details into a single table, the
application meets the integration and reporting requirements for 4PS. The structured format
allows for efficient and accurate processing of travel hours, providing a comprehensive solution
for managing travel hour payments.
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5.4 Conclusion

In this chapter, the process of designing and developing a solution to improve the travel hour
processing system at Hegeman Constructions has been outlined. The findings are based on a
detailed analysis of the current situation and the specific requirements of Hegeman.

A generic process model was developed to serve as the foundation for processing travel hours
using GPS technology. This model is broadly applicable within the construction sector,
incorporating all necessary steps and calculationsto accurately recordtravel hours. The research
question "How should a process for travel hours be designed?" is addressed by integrating GPS
technology to automatically capture travel data, including steps for data collection, filtering,
automatic calculations, and standardized output generation. Subsequently, this generic model
was tailored to meet the specific requirements of Hegeman, as stipulatedinthe Collective Labour
Agreement (CLA) and agreements with the Works Council. This customized model accounts for
exceptions such as traffic congestion and the different compensations for drivers and
passengers.

A demo application was developed in Mendix to support the new process. The application
integrates data from the InSeeGo fleet management system and automates the calculations of
travel hours. Functionalities for efficient data input, data filtering, automatic calculations, and
generating output compatible with the 4PS system were implemented. The application's design
includes centralized overview pages and ensures accurate data management through a well-
defined Entity-Relationship Diagram (ERD), illustrating the relationships between different data
entities. This approach answers the research question "How should a demo application be
designed to reduce the travel hours processing time at Hegeman Constructions in alignment with
the newly developed process?" by providing a user-friendly interface that automates data entry
and calculations, streamlining the workflow and enhancing efficiency.
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6 Demonstration and Evaluation

This chapterexploresthe impact of the new process and accompanying applicationonthe main
research question: “How to reduce the processing time of travelling hours from 40 hours to 8
hours per period for the human research team of Hegeman Constructions?” Additionally, it
examines the implementation in the application of the data integration, overview pages and
automatic calculations. Also, the verification of the application is discussed to ensure its
accuracy and effectiveness.

6.1 Data integration

Current Process

In the current process, data is entered by the supervisors. They create the trip records based on
the previous week's data and fill in the details using their knowledge and the recorded working
hours. HRMisresponsible for trackingthe distances to projects. They maintain records of the time
it takes each construction worker to reach a project, calculating this using the ANWB route
plannerand the CAO table as a standard. Each time adrivertravels with a new group, HRM had to
calculate the kilometres driven to establish the proper records.

New process

In the new process, trips are no longer created by the supervisor based on their knowledge.
Instead, the datais sourced from the fleet managementtool InSeeGo. HRM exports thisdata and
importsitintothe application. This change saves supervisors a significant amount of time, as they
no longer need to manually input times. However, supervisors still receive an overview of the
recorded tripsto verify the data, ensuring that tagging was done correctly, and the correctdriver
is assighed. They can also create trips for instances where someone drove without a tag.

HRM still needs to create records for trips to projects when someone travels there for the first
time. This only applies to passengers, and for drivers, only if the distanceis greaterthan 106 km.
For drivers, the calculation is based on the kilometres driven, so no manual record creation is
necessary. These calculations now occur during the data processing phase rather than during
data integration.

Differences

In the current process, HRM staff are responsible for manually findingemployee addresses, using
the ANWB route planner to determine routes, and calculating distances, which they then enter
various documents and send to executors for verification. In the new process, these tasks are
automated through the InSeeGo fleet management system. HRM staff now simply exportthe trip
dataand importitintothe application, which performsthe necessary calculations and storesthe
data in a centralized location. This shift significantly reduces the manual workload and potential
for errors.

Additionally, executors manually reviewand enter travelhoursinto 4PS, relying on previous weeks'
data and making necessary adjustments based on their knowledge. This involves extensive
manual effort and frequent consultations with construction workers to resolve uncertainties. In
the new process, executors review and confirm automatically imported trip data within the
application. The system managesthe calculations and adjustments, allowing executorsto focus
on verification and addressing any uncertainties directly within the application, greatly reducing
their manual workload. These differences are illustrated in Figure 9.6 in Appendix 9.8
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Benefits

Forexecutors, the time savings are substantial, asthey only need to verifydata instead of entering
and researchingall details. This can save up to half an hourto 45 minutes per week per supervisor.

For HRM, the time savings in this part are not as significant. Importing data takes approximately
15 minutes, and filling in new data in tables also takes about 15 minutes, according to HRM.
Therefore, there is no notable time savings for HRM in this area.

The new system’s automated data input from the InSeeGo fleet management system, combined
with a verification step, enhances accuracy by minimizing human error, ensuring consistency.
Automated data capture provides real-time, standardized input, eliminating variability and the
risk of manual entry mistakes. The verification step allows executors to catch discrepancies,
adding an extra layer of review that was missing in the manual process.

Implementation in the App

In the application, dataisimported using an importer specifically designed to manage the format
of the InSeeGo fleet management data. This importer ensures that all relevant trip data is
accurately captured andtransferredinto the system. Once the data isloaded, itis displayedin a
comprehensive overview that includes all trips. Users can then use a dedicated button to
transform the data, which processes it according to the predefined rules and calculations
established for the new travel hours process.

After the transformation, the application provides a project-specific page where all trips related
to a particular project are clearly visible. This page allows executors to filter and view trips by
project, making it easier to verify and manage the travel data for each project individually.
Executors can quickly assess the accuracy of the recorded trips, make any necessary
adjustments, and evenadd new tripsdirectly withinthe application, ensuring that alltravel data
for their projectsis up-to-date and accurate.

Screenshots of the application interface are available below in Figures 6.1 and 6.2. Figure 6.1
shows the initial data import and overview page, while Figure 6.2 illustrates the project-specific
page where alltrips are displayed, allowing executorsto manage and adjust the data as needed.

= @i Reisuren Applicatie Aannemingsmaats

Bewegingen overzicht

Hier worden alle tagdata opgeslagen

BN Tl Ververk de data | Leeg Data

Trip ID 1 Werkne... 1 Kenteken 1 starttijd 1 Eind tijd 1 Afstand 1 Adres be... 1 Adresei.. 1 RitID 1 Role 1 Project 1 HeenritT... 1
7817 Bramvan Polen AA-001-A 10-06-2024 06:..  10-06-2024 07:... 80  Van Polen huis Project 1 5026 Chauffeur Project Amster. Heenrit
7818 Diederik Boer AA-001-A 10-06-2024 06:..  10-06-2024 07:... 80  Boer huis Project 1 5026 Inzittende Project Amster. Heenrit
7819 Bramvan Polen AA-001-A 10-06-2024 16:..  10-06-2024 17:... 85 Project1 Van Polen huis 5044 Chauffeur Project Amster. Terugrit
7820  Diederik Boer AA-001-A 10-06-2024 16:..  10-06-2024 17:... 85  Project1 Boer huis 5044 Inzittende Project Amster. Terugrit
7821  Bramvan Polen AA-001-A 11-06-2024 06:..  11-06-2024 07:... 82 van Polen huis Project 1 5037 Chauffeur Project Amster. Heenrit
7822 Diederik Boer AA-001-A 11-06-2024 06:..  11-06-2024 07:... 82 Boer huis Project 1 5037 Inzittende Project Amster. Heenrit
7823 Bramvan Polen AA-001-A 11-06-2024 16:..  11-06-2024 17:... 92 Project1 Van Polen huis 5078 Chauffeur Project Amster. Terugrit
7824 Diederik Boer AA-001-A 11-06-2024 16:..  11-06-2024 17:... 92 Project1 Boer huis 5078 Inzittende Project Amster. Terugrit
7825  Bramvan Polen AA-001-A 12-06-2024 06:..  12-06-2024 07:... 75 van Polen huis Project 1 5014 Chauffeur Project Amster. Heenrit

7826  Diederik Boer AA-001-A 12-06-2024 06.... 12-06-2024 07-... 75 Boer huis Project 1 5014 Inzittende Project Amster. Heenrit

Figure 6.1 Imported and transformed data in the application.
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= i

Ritten per project

+ Nieuwe Trip
Groninger

Start Tijd Eind Tijd

Werknemer 1 Kenteken 1 Start tijd 1 Eind Tijd 1 Afstand (km) 1 Ral 1 Heen of Terugrit t

Rit 1D: 5059 Start Tijd Eind Tijd

Werknemer 1 Kenteken 1 Start tijd 1 Eind Tijd 1 Afstand (km) 1 Rol 1 Heen of Terugrit 1

Figure 6.2 Driven trips page per project for the executor.

6.2 Overview pages

Current Process

In the current process, HRM personnel must manually search through multiple tables and
documents to find and verify the travel records for each employee. This involves looking up trip
details, calculating distances, and cross-referencing various sources to ensure accuracy. Each
project has its own Excel files with distance records that must be individually accessed and
reviewedfor every employee. Additionally, executors are responsible for maintaining these tables
to perform later calculations, adding to their workload.

New Process

In the new process, allrelevant travel datais centralised in overview pages withinthe application.
These pages provide a comprehensive view of all trips for each employee, project, and executor.
HRM personnel can now easily access and review travel records in one place, significantly
simplifyingthe verification process. The application contains tableswhere allthe necessary data
isconsolidatedand canbe accessed atonce, eliminatingthe needtorefertoindividual Excelfiles
for each project.

Executors no longer need to maintain these tables for later calculations, as the application now
handles all necessary calculations automatically. While this does not significantly reduce their
time spent, it does offer some time savings and reduces the potential for errorsin manualrecord-
keeping.

Differences

In the current process, HRM staff must manually search for and verify travel records by looking up
employee addresses, using the ANWB route planner to determine routes, and calculating
distances. These steps involve accessing multiple tables and documents, cross-referencing
various sources, and entering data into several Excel files for each project. This method is time-
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consuming. Executors are also responsible for maintaining these tables for later calculations,
adding to their workload.

Inthe new process, allrelevant data is centralized in the application, eliminating the need for HRM
staff to search through various sources. Instead of manually looking up information for each
person in various locations, all data is now available in one place within the application. This
centralization reduces the time and effort required to verify travel records. Additionally, the
application manages all necessary calculations automatically, ensuring accurate records.

Executors no longer need to maintain tables for later calculations. In the previous process, they
were responsible for keeping these records updated, which added to their workload. The new
system automates this task, allowing executors to focus solely on verifying and adjusting data
directly within the system if needed.

These differencesillustrate changesin efficiency, with the centralization and automation of data
handling tasks reducingthe time associatedwiththe current manual process. These differences
are illustrated in Figure 9.7 in Appendix 9.8

Benefits
For executors, there is no significant change in time by the overview pages.

The time savings for HRM personnel are substantial, as they no longer need to manually search
through various tables, documents, and Excel files for each project. Given that it takes between
45 -60 seconds per person to look up three files, and with 150to 200 constructionworkers being
checked eachweek, this resultsin an estimatedtime savings of approximately 3 hours per week.

The implementation of overview pages in the new process not only streamlines the workflow for
HRM personnel. By centralising all relevant data in one location, the process becomes more
efficient.

Implementation in the App

In the application, allrelevant travel datais centralizedin comprehensive overview pages, which
simplifies managing andverifyingtravelrecords. These pages provide a single, consolidated view
of all trips for each employee and project, eliminating the need to search through multiple
sources.

The overview pagesinclude detailedtablesthat compile allnecessary information such as travel
times, distances, and associated project data. HRM personnel can easily access and review all
relevantrecordsinone place, reducingthe effort and time previously requiredto locate and verify
data across various Excel files and documents. This centralization ensures that all information
needed for accurate travel hour processing is readily available and organized efficiently.

This centralization also means that executors no longer need to maintain separate tables for later
calculations, as all required calculations are now handled automatically by the application. The
comprehensive design of these overviewpages ensuresthat allrelevanttravel datais centralized,
easily accessible, and accurately maintained, significantly improving the efficiency and reliability
of travel hour processing.

Screenshots of the overview pages can be seenbelowin Figures 6.3 and6.4. Figure 6.3 shows the
distance from home to projecttable, while Figure 6.4 illustratesthe long-distance table with the
time per passengerinthe trip, allowing HRM personnelto manage and adjust the data as needed.
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Tabellen

De tabellen die worden gebruikt voor berekeningen

Afstand van huis naar project Lange afstand tabel voor chauffeur

Afstand van Huis naar Project

Als inzittende

+ Nieuwe Afstand naar project

Naam ! Project

Thomas Lam Project Groningen
Sam Kersten Project Groningen
Davy van den Berg Project Amsterdam
Filip Krastev Project Amsterdam

Figure 6.3 Distance from home to project table.

eseman

Tabellen

De tabellen die worden gebruikt voor berekeningen

Afstand van huis naar project Lange afstand tabel voor chauffeur

Tabel lange afstand voor chauffeur

Hier zijn de inzittende bepaald voor de rit

Nieuwe chauffeur voor project

Project naam: Project Amsterdam

Chauffeur: Davy van den Berg
Reistijd met deze inzittende: 3.00 uur
Nieuw

Bewerken eren

Inzittende

Jasper Schendelaar

Lennart Thy

Figure 6.4 long distance table with the time per passengerin the trip.

Reisuren Applicatie Aannemingsmaatschappij Hegemal

Lange afstand inzittende CAO tabel
! Afstand 1 ®
39 2u
55 24
53 4
a8 24

Reisuren Applicatie Aannemingsmaatschappij Hegeman b.

Lange afstand inzittende CAQ tabel

Verwijder deze combinatie

1t020f2
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6.3 Automatic calculations

Current Process

In the current process, HRM personnel and executors manually calculate travel hours and
corresponding payments. This involves several steps, including determining the correct role
(driver or passenger), calculatingtraveltimes, and applyingthe appropriate CAO regulationsand
company policies. Each calculation must be individually reviewed and verified, whichis time-
consuming and prone to errors.

New Process

In the new process, the application automates the calculations for travel hours and payments.
The system determines the correct roles, calculates the travel times, and applies the relevant
regulations automatically. This eliminates the need for manual calculations, significantly
reducing the time and effort required from HRM personnel and executors.

However, when a required piece of information is missing from a table, the system generates a
notificationwith an explanation. HR must then manually fill in the missing information using the
ANWB route planner to calculate the distance. This step is a new addition in the process.

Differences

From the HRM perspective, the current process requires a significant amount of timefor reviewing
and correctingthe manually calculatedtravel hours provided by the supervisors. The HRM team
must also ensure that all travel hour calculations comply with the relevant regulations, which is
both time-consuming and prone to errors. In the new process, HRM's role shifts to a one-time
calculation setup, where they enter necessary information into the application, which then
manages all subsequent calculations automatically. This shift reduces HRM's workload.

From the executor's perspective, the current process involves manually calculating travel hours
based on working hours and estimated travel times. Executors must look at hours worked, fill in
travel hours based on prior knowledge, change trips based on working days and known changes,
and communicate with HRM to clear any uncertainties. In the new process, executors are no
longer responsible for calculating travel hours. So, this entire step is reduced.

The differences between the current and new processes, highlighting the automation of
calculations andthe reduction of manualintervention, areillustratedin Appendix 9.8 with Figure
9.8 and Figure 9.9.

Benefits

The automation of calculations saves a significant amount of time for both HRM personnel and
executors. Given that manual calculations take approximately 1.5 to 2 minutes per person and
there are 150 to 200 construction workers being checked each week, the time savings are
substantial. Automated calculations reduce this time to about 10 seconds per person, resulting
in an estimatedtime savings of 3.75 to 6.67 hours per week. Even withthe new step of manually
inputting missing information, which takes approximately 10-15 minutes per week, the overall
time savings remain considerable. To be on the safe side, this processis estimatedto save around
5 hours per week.

Additionally, executors also benefit fromthese automated calculations, saving approximately half
an hour per week as they no longer need to perform manual calculations.
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Automatic calculations also reduce the risk of human error. Manual calculations are prone to
mistakes, which canleadtoinaccurate travelrecords and payments. By automatingthis process,
the applicationensuresthat calculations are consistentandaccurate, improvingthe reliability of
travel records and reducing the need for corrections. The notification system for missing
information ensuresthat any gaps are promptly addressed, maintainingthe integrity of the data.

The implementation of automatic calculations in the new process not only streamlines the
workflow for HRM personnel and executors but also enhancesthe overallaccuracyand reliability
of travel records. By automating the calculation process and providing notifications for missing
data, the applicationreducesthe administrative burden and allows staff to focus on more critical
tasks, improving operational efficiency.

Implementation in the App

In the application, travel data is processed automatically. The system assigns the correct roles,
calculates the travel hours, and applies any necessary exceptions, such as long-distance travel
or traffic delays. If information is missing, the application generates a notification with an
explanation, prompting HR to manually input the required data using the ANWB route planner.
These automatic calculations ensure consistency and accuracy in travel records. Screenshot of
the page with the calculation and the output of the automatic calculationfeaturescanbe seenin
Figure 6.5.

= (esian
Reisuren per medewerker

Tabellen aamvullen

Functies voor de data

Figure 6.5 Calculation page.

6.4 Output and verification

As described in Section 2.5, verifying the tool is crucial. This process involves creating a control
dataset for the main dataset, where outcomes are manually calculated to match the expected
resultsin the application. This control datasetwasreviewed and confirmed by HRMto ensure its
accuracy. The control data is visible in in Table 6.1.
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Werknemer Jaar Week Document Boekingsdatum  Ontvangendbedrijf  ProjectNr Element Kostendrager Looncomponent Omschriving Maandag Dinsdag Woensdag DonderdagVriidag  Zaterdag Zondag  Totaal

BramvanPolen 2024 24 Uren2024 19-6-2024 01 Hegeman PR 200000 00.00.00 100001 141 Reisuren 0 0 0 0 0 0 0 0
Diederik Boer 2024 24 Uren 2024 19-6-2024 01Hegeman PR 200000 00.00.00 100000 141 Reisuren 14 14 14 1,4 14 0 0" 7
Eliano Reijnders 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200000 00.00.00 100000 141 Reisuren 1 1 1 1 1 0 0 5
Anselmo Mcnulty 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200001 00.00.00 100000 141 Reisuren 1,85 1,85 1,85 1,75 2,05 0 0" 9,35
Thomas Lam 2024 24 Uren 2024 19-6-2024 1 Hegeman PR 200001 00.00.00 100000 141 Reisuren 0.4 0.4 04 0.4 0.4 0 0" 2
Jasper Schendela: 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200001 00.00.00 100000 141 Reisuren 1,45 1,45 1,45 1,45 1,55 0 0" 7,35
DavyvandenBerg 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200000 00.00.00 100000 141 Reisuren 22 2.2 22 2.2 2.2 0 0" 11
Filip Krastew 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200000 00.00.00 100000 141 Reisuren 0.8 0.8 0.8 0.8 0.8 0 0" 4
Lennart Thy 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200000 00.00.00 100000 141 Reisuren 2,13 2,13 213 2,13 2,13 0 0" 1065
Apostolos Vellios 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200000 00.00.00 100000 141 Reisuren 1,2 1,2 1,2 1,2 1,2 0 0" 6
Odysseus Velanas 2024 24 Uren 2024 19-6-2024 1 Hegeman PR 200001 00.00.00 100000 141 Reisuren 375 3.75 375 375 3.75 0 0" 1875
Younes Namli 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200001 00.00.00 100000 141 Reisuren 2,45 2,45 2,45 2,45 2,45 0 0" 1225
SamKersten 2024 24 Uren 2024 19-6-2024 1Hegeman PR 200001 00.00.00 100001 141 Reisuren 0.25 0.25 0,25 0.25 0.25 0 [ 125

Table 6.1 Controldata set

During this verification process, a discrepancy was discovered regarding the calculation of
executor commutes, which are prone to congestion. It was clarified that these should be paid as
passengers, which was not initially clear. As a result, both the report and the application were
updated to reflect this correction.

Further verification of the data revealed that the application calculations were entirely accurate
except for long-distance trips. Initially, the calculationincorrectly considered a single trip for the
entire day instead of accounting for round trips. This error was identified and corrected through
iterative programming, ensuring the calculations produced the correct values.

By verifying the application's output against manually calculated results for all scenarios, it was
confirmed that the application works correctly and can be trusted for automatic calculations. If
this verification had not been successful, the application would have been invalid.

HRM initially expressed concerns about the need for ongoing verification, questioning whether
they could completely rely on the automated system. It was assured that even after the data is
loaded into 4PS, it can still be cross-checked with the workdays to ensure consistency. This
additional verification step provided HRM with greater confidence in the system, knowing that
they could still verify and correct any discrepancies if necessary.

6.5 Implementation

Successful implementation of the new processes will require thorough training and
documentation for HRM and executors. Additionally, changes in behaviour among construction
site workers and initial setup efforts will be necessary to ensure a smooth transition.

Training and documentation are essential to facilitate the adoption of the new system. Detailed
instructions and comprehensive documentation should be provided to both executors and HRM
staff. Training sessions should cover how to use the new application, including data input,
verification, and handling exceptions. Understanding the integration withthe InSeeGo APland the
4PS system, along with best practices for ensuring data accuracy and compliance with relevant
regulations, will be crucial. Clear and accessible documentation will serve as a reference for
users, helping them navigate the new process and troubleshoot any issues that may arise.

Encouraging consistent behavioural changes among construction site workers is crucial for
accurate data collection. Workers need to tag each trip consistently to ensure the system
capturesall necessary travel data and understand the importance of accurate tagging for proper
travel hour calculation and payment. Regular communication and reinforcement of these
practices will help embed these behaviours into the daily routine of the workers.

The initial setup will involve migrating all current information from disparate documents into the
new application. HRM staff will need to transfer existing datainto the applicationand address any
notifications for missing information, which may result in an initial increase in workload. Over
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time, as the system stabilizes and missinginformationis addressed, the workload will decrease,
and the process will become more efficient.

HRM staff will need to adjust their workflow to directly input personal data into the travel hours
application. This adjustment will streamline the data entry process and reduce the time spenton
manual calculations and corrections. Integrating data input directly into the application rather
than using multiple documents, utilizing the application’s automated features to verify and
calculate travel hours, and ensuring all datais up-to-date and accurate will be key to maintaining
compliance and efficiency.

6.6 Conclusion

The implementation of the new processes and the accompanying application has led to time
savings and efficiency improvements for both HRM personnel and executors. The integration of
data through the overview pages saves HRM personnel approximately 3 hours per week, while the
automation of calculations saves an additional 5 hours per week. As aresult, the totaltime spent
by HRM on these tasks is reduced from 40 hours to 8 hours per four-week period. This is even
better than the norm of 8 hours per four weeks.

For executors, the automated calculations save 1to 1.25 hours per week by eliminatingthe need
for manual calculations and the dataintegration. This enables executorsto allocate more time to
oversight and ensure the accuracy of recorded trips, thereby reducing the potential for human
error. These reductions are.

Time savings ( in hours perweek) HRM (cumalitive) For each executor

Data integration 0 0,5-0,75
Overview pages 3 0
Automatic calculation 5 0,5
Total savings 8 1-1,25

Table 6.2 Totaltime savings

The verification process, including the creation of a control dataset manually calculated and
reviewed by HRM, has further enhanced the accuracy and reliability of the application. The
identification and correction of errors during the verification process have ensured that the
application produces reliable results.

Overall, the new system not only saves time for both HRM personnel and executors but also
improvesthe accuracy andreliability of travel records. These improvements address the research
question by demonstrating the effectiveness of automating travel data calculations and
integration in reducing administrative burdens and enhancing data accuracy. The successful
implementation and validation of the application underscore its value as a dependable tool for
automatingtravel data processes, leadingto more efficient operations and greater confidence in
the system's outputs.
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7 Conclusions and recommendations

This chapter summarizes the findings and provides actionable recommendations based on the
research conducted to reduce the processing time for travel hours at Hegeman Constructions
from 40 hours to 8 hours per four-week period. Key processimprovementsinclude the shiftfrom
manualto automated data collection and calculation, significantly reducing workload and errors
for HRM personnel and executors. The demonstration of a proof-of-concept application further
validates these improvements. The chapter concludes with recommendations for both
application development and process implementation to use this thesis in practice and further
research possibilities.

7.1 Conclusion

This thesis demonstrated that the proposed solution significantly reduces the time required to
process travel hours at Hegeman Constructions from 40 hours to just 8 hours per four-week
period for HRM.

The primary objective of this research was to address the main question: “How to reduce the
processing time of travelling hours from 40 hours to 8 hours per period for the human research
team of Hegeman Constructions?” This chapter summarizes the key findings from both the
processimprovementsandthe implementation of a proof-of-concept application and discusses
the broader implications of the results.

Process Improvements

The research revealed significant process improvements. By shifting from manual data entry to
automateddata collectionthroughthe fleet managementtool InSeeGo, the process of recording
travel hours has become more efficient. Executors no longer need to manually input data,
significantly reducing their workload and the risk of errors. Additionally, the automatic calculation
of travel hours and payments has streamlined the workflow for HRM personnel. This automation
has saved around 5 hours per week, reducing the overall administrative burden, and enhancing
data accuracy. By no longer needing to search for and cross-reference multiple files, they also
save approximately 3 hours perweek. Thisallmakes areduction of 8 hours per week and reducing
the time from 40 hours to approximately 8 hours per four-week period.

Executors will also experience benefits from the process changes. The transition from manually
entering, calculating, and forwarding travel data to simply verifying and controlling the data has
simplified their tasks significantly. This shift has saved executors 1to 1.25 hours per week, as they
are now primarily focused on ensuring the correctness of pre-calculated data rather than
performing the calculations themselves.

Application Proof of Concept

The application serves as a proof of concept that demonstrates the viability of the new process.
The automated system verifies that the new process setup effectively reduces processing time.
The verification process, including the creation of a control dataset manually calculated and
reviewed by HRM, has confirmed thatthe application produces valid results. This proof of concept
shows thatthe combined processimprovementsand applicationsetup canachieve the targeted
time savings.
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Overall findings

The implications of these findings are substantial. The integration of new processes and the
application proof of concept has drastically improved operational efficiency for HRM personnel
and executors, allowingfor better allocation of resources and focus on more strategic tasks. The
combination of processimprovements and automated systems reducesthe potential for human
error in data entry and calculations, leading to more accurate and reliable travel records. The
reductionin administrative burden also aligns with the goals of the ECOLOGIC projectdiscussed
in Section 1.3.

7.2 Recommendation

Based on the findings of thisresearch, several recommendations are made to further enhance the
efficiency and effectiveness of the travel data processing system. These recommendations focus
on the development and refinement of the application, as well as the implementation of new
processes.

Application Development

To ensure the application operates effectively, several technical improvements are necessary.
These include integrating the InSeeGo API for seamless data processing, optimizing the
application code for enhanced performance, and ensuring compatibility with the 4PS system.
During the development of the proof of concept, the focus was primarily on functionality rather
than efficiency. As a result, the code contains many areas that can be improved. Optimizing the
code is essential before going live to enhance performance, reduce processing time, and ensure
the application runs smoothly in a production environment.

e APl Integration: Use the InSeeGo API to process raw data into the format required by the
application, ensuring seamless data integration.

e Code Optimization: Improve the efficiency of the proof-of-concept application to enhance
performance and reduce energy consumption, aligning with the goals of the ECOLOGIC
project.

e 4PSIntegration: Ensure the output from the applicationcanbe importedinto 4PS. The IT
specialist from Hegeman should consult with a 4PS expert to facilitate this importation.

Process Implementation

Successful implementation of the new processes will require thorough training and
documentation for HRM and executors. Additionally, changes in behaviour among construction
site workers and initial setup efforts will be necessary to ensure a smooth transition.

e Trainingand Documentation: Provide detailed instructionsto executorsand HRM on how
to implement the new process.

e Behavioural Change: Encourage construction site workersto consistently tageachtripto
ensure accurate data collection.

e |nitial Setup Effort: HRM will need to migrate all current information from disparate
documentsintothe application, which may resultininitialworkload spikes due to missing
information notifications. Over time, this will stabilize.

e Process Adjustment for HRM: HRM staff should adapt their workflow to directly input
personal data into the travel hours application, streamlining the data entry process.
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7.3 Further research

While the currentresearch ontravelhoursisdetailed, there are stillareasthat could benefit from
further investigation. Key areas for further research include:

Reliability Testing

Explanation: Conduct extensive testing during the implementation phase to ensure that
the system produces consistent andreliable results over time. Thisinvolves using the new
system alongside the old manual system for a period to compare and verify results.
Purpose: Ensuring both the validity and reliability of the system by identifying any
discrepancies and rectifying them to maintain consistent performance.

Integration of Work Hours Registration:

Explanation: Explore the integration of work hours registration to provide a more
comprehensive approach to employee time tracking. This could include integrating
systems like tourniquets that automatically logwork hours as employees enter and leave
the workplace.

Purpose: Streamliningthe process further and reducing the administrative burden on HRM
and executors by combining travel and work hour data.

Utilizing InSeeGo Data for Emissions Tracking

Explanation: Investigate the feasibility of usingthe existingInSeeGo tracking system data
to calculate the carbonfootprint for each employee's commute. By leveraging the detailed
travel data already being collected, the system can be enhanced to include emissions
tracking and compliance with the Corporate Sustainability Reporting Directive (CSRD).

Purpose: Enabling the company to monitor and reduce its environmentalimpactby using
travel datatoinform sustainability initiatives. Thiswould help identify high-emission travel
patterns, promote more eco-friendly commuting options, and ensure compliance with
CSRD requirements.

Furtherresearchinthese areaswouldvalidate and enhance the current system and open up new
possibilities for improving operational efficiency, accuracy in travel and work hours processing,
and tracking and reducing emissions per employee through existing tracking systems.
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9 Appendix

9.1 Research design table

Step of the Research questions Key construct Variables Research
DSRM type
Step 1: Problem | How are travel hours currently Learn the current N/A Exploratory

identification
and motivation

recorded and processedwithin the
company?

situation of the entire
process

What has previously been tried to
solve this issue and why did it not
succeed?

To learn from the
mistakes made in the
past and prevent it now.

Previously tried
solutions

Exploratory

Step 2: Define What are the requirements for Find out the requirements | Specific requirements Descriptive
the objectives processing the travelling hours? for the model
for asolution
Step 3: Design How does a process of travelling Create a new model The process of travelling | Design
and hours should be designed? hours
development
How should a demo applicationbe | Create a tool which Functional Design
designed to reduce the travel collaborateswiththe new | requirements, User
hours processingtime atHegeman | model Feedback
Constructions in alignment with
the newly developed process?
Step 4: How effectively does the tool Correctness of the tool’s | N/A Evaluative
Demonstration process the travelling hours? processing
Step 5: What will be the time required for Processing time New tool and Evaluative
Evaluation processingtraveling hourswith the | reduction by the tool processing time

new process?
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Table 9.1 Research design
9.2 BPMN elements
Flow objects
There are three core elements, which are the flow objects. The three flow objects are:
Object Explanation Picture
Event Itis marked by a circle and
represents something that occurs
in a business process. Events can
impact the flow of a process and
usually have a cause or animpact | StartEvent  EndEvent
Activity It is marked by a round-corner
rectangle and is a term for work Task Sub-Process
that is performed
Gateway It is marked by a diamond shape
and is used to control the
divergence and convergence of
sequence flow. Exclusive Parallel Inclusive

Table 9.2 Flow objects

Connecting objects

The flow objects are connected. There are three connecting objects:

Object

Explanation

Picture

Sequence flow

Itis marked by a solid line with a
solid arrowhead. It is used to show
the order of the activitiesin a
process

55




Message flow

It is marked by a dashed line with
an open arrowhead. It is used to
show the flow of messages
between two different process
participants

Association

It is marked by a dotted line with a
line arrowhead. It is used to
associate artifacts with flow
objects.

Table 9.3 connecting objects.

Swimlanes

Swimlanes are used to organize activities into different visual categories. There are two types of

Swimlanes:
Object Explanation Picture
Pool A pool represents a participantin
the process. It could be a g
department, functional unit, or an -
external organization
Lane A lane is a subdivision in a pool

and represents a specific role,
function, or department within the
participant of the pool

Name
Name | Name

Table 9.4 Swimlanes

Artifacts

Artifacts are used to extend the basic notation and provide extra context for specific modelling
situations. Three of these are pre-defined but there are much more possibilities.

Object

Explanation

Picture

Data object

Itis a mechanism to show how
data is required by activities. The
connection is always made by
associations.

Group

Itis marked by a rounded corner
rectangle with a dashed line. The
grouping is used for
documentation or analysis, but it
is not influencing the sequence
flow.

Annotation

This is used by the creator of the
BPMN to give more information to
the reader.

Text Annotation Allows
a Modeler to provide
additional Information

Table 9.5 artifacts
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9.3 Current process

HRM

Executor

Employee

Mail received E] <

Start

Open 4PS and look at the hours
Rl 4
worked

Gill in travelling hours based on prioﬂ 4PS

knowledge on working days

Find adress for employee J

Use ANWB routeplanner to
determine the route for this project

N

Find the distance of the fastest route]

— - Bouw & Infra
Use this distance in the CLA LA Table 5.10.3
document
Fill in document } ..... »|
Send answer to executor }- .. Iravelling hours
per person
per project
End

Open File }—-—)
travelling hours
Is emp"_’ye,e) per person
in overview? per project
No
(~ Send mail to HRM for
\travelling hours employee
Yes
) 4
--------- E Answer received
Puttravelling hoursinthe ) |
file
Y
h 4 travelling hours
Q’ut travelling hours in 4PS per person
per project

[ Open file from last week } -]

v

( Copy file to this week ]Trips per car
overview

Change the trips based on working
days and known changes

Is everything clear
of the trips? Ne

sk the construction worker)
of the unclarity

Question received @

Question received

Answer the
executor and
lear the unclari
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Hegeman

Check the travelling hours in 4PS j

v

( Open File for this project } ------

Is employee in

the file? per
per

Yes

No
v

Find adress for employee j

™

Use ANWB routeplanner to
determine the route for this project

'

-

N

Find the distance of the fastest routej

travelling hours

person
project

DN

Use this distance in the CLA Bouw
document

Fill in document } ------ »

LA Table 5.10.3

& Infra

AN

v

Send mail to executor } -------
per

per

( Look for e-mail of executor of the j
project of employee

( Open file in the attachment } ------ >

(ind employee in the file and checkT Trips
they were driver or passenger

Gontrol with file if the travelling hourﬂ
are good in 4PS

Is everything

No
clear? per

overview

person
project

S

per car

N

travelling hours

person

per project

project

( Ask the executor of the }

Yes

Y

X

. { Send the trips per car overview to)
HRM

End
] ) travelling hours
........ Mail received per person
per project

Put travelling hours in the
file

End

B R @ Question received
Answer received @ ———————————— N

[ Process the answer J

- { Answer the unclarities j

End
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Was it correct
in 4PS?

@No-}[ Change it in 4PS )
Yes

( Release for payment )
Finished all No—)[ Click next employee L
employees?
Yes
( Export to HR2day J
End

Figure 9.1 Swimming lanes current process.
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9.4 Generic process

Hegeman

HRM

Executor

Construction
Worker

Start

Export the trips registration from
last week

Import the frips registration in
Application

Travelling hours application

Mail received

Y
Send mail to the executors that)|
they can control the trips driven)

End

Received confirmation
of the data?

Received from
all the —No
executors?

Y
Ask the executor to control
it as soon as possible

End

1

A,
@pen travelling hours applicatlo% ---------

Travelling hours application

Y
Control the trips on
driver/passenger

‘SCT:::EP {zg No Ask the construction | ~
trips? worker of the unclarity

Yes

Is everything
correct
In application?

Are there
exceptions

that application
cannot handle?

Ye Change it into the correct
e
data

Explain the exception in
the e-mail for confirmation

No

- - {Comfirm the data with an e-maig

End

................. Quesﬂon received

[ Control the data

Question received

Answer the
executor and
lear the unclarit

End
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|

[Open travelling hours app\icatioa -------------

Travelling hours application

¥
Click on calculate travelling
hours

Is all the data Find employee that data is
in the app No issing for travel time t ject
o process? missing for travel time 1o projec

[ Find adress for employee

Use ANWB routeplanner to
determine the route for this project

S

B o

Bouw & Infra
LA Table 5.10.3

S

E:ind the distance of the fastest rDutj

[ Use this distance in the CLA
document

[ Fill'in Table in application } ------ »|

v

[Click on calculation travelling hours)

travelling hours
per person
per project

y

X

[ Export Data into 4PS } .............

4PS

Control the dala for working
days and travelling hours

Is it correcr?é; —)( Correct the data ]

Yes

Received exceptions Calculate the hours for this
from executors? exception for construction worker

X >«

[ Export to HR2day ]

End

Figure 9.2 Swimming lanes new generic process.
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Import data into
system

I Car registration Application

Sort all the trips

L

Determine Driver and
Passenger

Is there a ; ;

Sortthe trips for
executors to see their
projects trips

Everything filled Make changes in the
in correctly? database

Executor confirms the
data

All the data comfirmed? Wait till all
comfirmed?

HRM clicks on
calculate travelling
hours

Make driver a
passenger

fﬁ

Give error with the
missing information

Yis
Caleulate travelling HRM Fills in missing
hours information

J;j
Sort data for the
export

o

Download the export

Is all the necessary
data in the tables?

Figure 9.3 Generic tasks application.
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Calculate Travel time

Start

[Overview trips per person

Find Trip data

-

X

Trip shorter than
106 km?

- ™ s ™ Yes
Take DriveTime of trip Determine variable by x N X
to wark DriveTime - 0.5 hour
Pessengerl =/ . / Value less
than 0.97
Driver h ( h
. Determine the
Take DriveTime of trip varlable by N x
1o work .
DriveTime: 7 ——
- ~ — Value less
than 1.47

tance to constru

Passenger |_

FVA Change to 1.4
CAOtable5.103

Y

Find the distance
from homme to the
construction site

an

Determine variable by
distance in table for
passenger divided by
2

S

L

End
Determine variable by

distance in table for

driver divided by 2

J

No
e
Are there more Drivar
trips in this trip? Find the distance of
the trip
.
Table distance to
Yes construction site|

Passenger
entire trip

Find the distance of
first part of the trip

CAO table 5.10.3

Find the distance
from home to the
censtruction site

Determine variable by
distance in table
passenger divided by
2

\

e
Determine first part
by distance in ﬂmv,m
for passenger di
c< 2

mmmwm:amﬁ !

Find the distance of

ICAQ table
5.103 x second part of the trip

Driver ¥
Determine first part
by distance in table

for Driver divided by
M

|/
Determing first part
by distance in table
for passenger di

by 2
\ —/
Passenger |
CAO table,
510.3
Driver !

e
Determine first part
by distance in table
for Driver divided by

2

J

b

X

A

N - -

Find the distance of
second part of the trip

Determine variable by
adding first part and
second part

End

ime generic.

Figure 9.4 Subprocess calculate travel t
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9.5 Process for Hegeman

Calculate Travel time

Start

(Overview trips per person

Find Trip data

| Trip shorter than

106 km?

X

Passenger

Driver

Find travel time with
in trip in

table to project

Are thers more.
trips in this trip?

Long distance
ta project

¥

) Yes
Determine the
Find travel time in travi

Change to 0.9

g hours by x
table to project extracting one hour
from the travel time

- Value less

than 0.97

—

X1

Value less
than 1.47
Leng distance [Table distance CAO table
to project driver to construction site 5103
¥
- N

Determing variable by|
distance in table for
passenger divided by

Find the distance

fram home to the

construction site
Passenger |

—EE
=

Change to 1.4

No-
Driver [ [
Determine variable by|
Find _w__ﬂmusﬁ:am ) distance In table for
P driver divided by 2
~ ~
[
Table distance tol
5 construction site| CAQ table 5.10.3

¥
{ ™ {
Find the distance Dm%mﬁhnmmﬁ-ﬂm__w by
from home to the
o passenger divided by
construction site 2
g g End
Determine first part Determine first part
Passenger
el by distance in table by distance in table
far passenger divided for passenger divided
Mo by2 by 2
Passenger Passenger
p ~ ~
Find the distance of [CAO table Find the distance of (CAO table
first part of the trip 5.103 second part of the trip 5103
U 4 H -

Driver

Determine first part

by distance in table

for Driver divided by
2

~ ~

Determine first part
by distance in table

Find the distance of
lsecond part of the trip|

I Y

Determine variable by

adding first part and
second part

J

Figure 9.5 Subprocess calculate travel time for Hegeman.
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9.6 Transforming the data in detail
Creating the Driven Trips

The Tripentity contains tag data for each person. Each time anindividual uses theirtagin a car, it
createsa separate entry. Itiscrucialforfurther filtering to create complete driven trips, where the
connections between passengers and drivers are established.

To achieve this, all trips are scanned, and when license plates match during overlapping times,
they are groupedtogethertoform adriventrip. This process ensures that each driventrip correctly
reflects who was in the vehicle during that time.

Steps involved:

1. ScanTrips: Review all trip entries to identify potential groupings.

2. MatchLicense Plates: Checkfor matchinglicense plateswithin overlappingtime periods.

3. Group Trips: Combine entries with matching license plates and overlapping times into a
single driven trip.

Determining Role (driver or passenger)

Now that the driven trips are created, it is possible to determine the role of everyone in the trip.
This involves establishing a start time for each trip by identifying who was the first to enter the
vehicle. The person who entered the car first is assigned the role of the driver, and the rest are
designated as passengers.

Additionally, acheckis performedto see if there ismore than one personinthe trip. If thereisonly
one individual, that person is automatically assigned the role of passenger, as the payment for
travel hours is based on the role of a passenger.

Steps involved:

1. Establish Start Time: Identify the first person to enter the car for each trip.

2. Assign Roles: The first person is designated as the driver, and others as passengers.

3. Single Person Check: If only one person is inthetrip, they are automaticallyassignedasa
passenger.

Linking to projects

Trips must also be linked to projects. This is important not only for billing, which is done per
project, but also for calculations. For instance, a project marked as prone to traffic congestion
requires different calculations than one that is not.

To establish this link, the project address is compared with the trip start address or trip finish
address of individualsinthe trip. If thereisa match, the tripis linked to the corresponding project.
In some cases, this direct match may not occur, whichwill be explained below in the processing
carpool trips section.

Steps involved:

1. Compare Addresses: Matchthe project addresswiththe trip start or trip finish addresses.

2. Link Projects: If a match is found, link the trip to the corresponding project.

3. Manage Exceptions: Address cases where direct matches are not found, detailed in the
processing carpool trips section.
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Processing Carpool Trips

When carpooling is used, there will first be a trip to a carpool location, followed by a transfer to
another vehicle that goes to the project site. Two key elements are important here: ensuring that
trips are linked appropriately and that trips not directly heading to a project are still associated
with that project.

To linkthese trips, a transfer time of one hour betweentripsis considered. If a person switchesto
another car within one hour, the trips are linked. For the linked trip, if the subsequent trip is
associated with a project, the carpool trip also receives this project linkage. This is crucial
because the carpool trip must be paid as if it starts from the project.

Steps Involved:

1. Identify Transfers: Check for car transfers within a one-hour window.

2. LinkTrips: Group trips that involve a transfer within one hour.

3. Project Linkage: Ensure the carpool trip inherits the project linkage from the connected
trip.

Creating to work and from work trips.

For the calculations, as explained in Sections 5.1.4 and 5.2, it is necessary to differentiate
between trips to and from work for separate calculations, as scenarios may vary.

To add this distinctionto the trips, the start and end addresses are examined. If the end address
of the trip is the project address, itis marked as a "To Work" trip. If the start address of the tripis
the project address, it is marked as a "From Work" trip. For carpool trips, the linked trips are
checked against these criteria, and the linked trips are then marked accordingly.

Steps Involved:

1. Identify Trip Direction: Determineif the tripis headingto work or coming from work based
on the trip start and finish addresses.

2. Create To Work Trips: Label trips ending at the project address as "To Work".

Create From Work Trips: Label trips starting from the project address as "From Work".

4. Carpool Trips: For linked carpool trips, checkif any tripinthe group meetsthe criteria and
label all linked trips accordingly.

w
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9.7 Calculations for the tool in detail
Carpooling Dynamics

For this calculation, it is first checked if the employee is an executor, as they are paid according
to a different calculation and must be filtered out here. Next, it is determined whether the
employee was a passenger for the entire trip. If so, they are paid according to the passenger
transport scenario as a passenger. which will be explained later.

Ifthe employee was a driver for any part or all the trip, the distancestravelledasadriverand as a
passenger are summed. This total is then looked up in the CAO Table 5.1 for each role, and the
correspondingvalues are summed. This sum representsthe travel time thatthe employee is paid
for this trip.

Steps Involved:

1. Filter Executors: Identify and filter out trips made by executors.

2. Determine Role: Check if the employee was a passenger for the entire trip.

3. Calculate Solo Driver Commute: If the employee was a passenger for the entire trip, apply
the solo driver commute calculation.

4. Sum Distances: If the employee was a driver for any part of the trip, sum the distances
travelled as a driver and as a passengetr.

5. Lookupin CAO Table5.1: Use the summed distances to find the corresponding valuesin
the CAO Table 5.1 for each role.

6. SumValues: Add the valuesfrom the CAO Table 5.1 to determine the totaltraveltime the
employee is paid for.

When there is only one trip for the "To Work" or "From Work" trip, the calculation enters the sub
flow "Calculate Without Carpool." Here, the executor trips are filtered first.

Executor Commute

For executors, the calculation begins by checking whether the project is prone to traffic
congestion. If the projectis not prone to traffic congestion, the executorreceives notravel hours,
and the flow ends with a value of 0. If the project is prone to traffic congestion, the executor
receives half of the travel time as a passenger to the project.

The next stepinvolves consulting the DistanceloProject listtofind the distance to the project. This
distanceis thenused tolook up the correspondingvaluein the CAOTable5.1 as a passenger. The
resulting value is halved to determine the payable travel hours for the executor.

Steps Involved:

1. Check ProjectforTraffic Congestion: Identifyif the project is prone to traffic congestion.

2. End Flowif No Congestion: If not prone to traffic congestion, end the flow with a value of
0.

3. Consult DistanceToProject List: Find the distance to the project.

Lookup in CAOTable5.1: Use the distance to find the correspondingvalue as a passenger.

5. Calculate Payable Hours: Halve the decimalvalue fromthe CAOTable5.1 to determine the
travel time the executor is paid for.

»
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After filtering by executor, the next scenario is "the trip exceeds the distance table." Here, a
decision is made when the distance of the trip is greater than 105 km, which directs you to this
scenario.

Trip exceeds distance table.

When dealing with long-distance commutes, there are two different flows: one for passengers and
one for drivers. The passenger flow is simple, while the driver flow is more complex.

For the passenger commute, the LongDistanceToCSPassenger table is used. HRM inputs a time
value for someone traveling as a passenger. This time is used as the travel time.

For the driver commute, the LongDistanceDriver table is linked to the LongDistancePassenger
table. This table provides a value for driving to the project when certain passengers are present.
The LongDistancePassenger table is consulted to verify the passengers present for a specific
travel time to a project. The driven trip is compared with the table, and if all passengers and the
number of passengers match, the value is used.

Minimum values apply forthis scenario: 1.8 hours as a passengerand 2.8 hours as adriver.These
values are for the totaltime for the entire day. Since the tripsto and from work are averaged later,
the tables withthe times must be based on the combined trips. If the minimum time is not met, it
should be adjusted to the minimum according to the CLA.

Steps Involved:

1. Passenger commute:
a. Consult LongDistanceToCSPassenger Table: Use the time value input by HRM as
the travel time for passengers.
2. Driver Commute:
a. Consult LongDistanceDriver Table: Use the linked LongDistancePassenger table
to find the travel time based on the passengers present.
b. Compare DrivenTrip: Ensure all passengers and the number of passengers match
the table to use the value.
3. Apply minimum values:
a. Check Minimum Travel Time: Ensure the travel time meets the minimum values
(1.8 hours for passengers, 2.8 hours for drivers).
b. Adjustif Necessary: If the minimum time is not met, adjust to the minimum.

The last scenario for the calculation per trip is the passenger transport. This occurs when
someone has been assigned the role of driver or passenger in a trip less than 106 km.

Passenger transport

When an employee is a driver, the distance of the trip is entered into the CAOTable5.1, and the
value for the driver is taken as the travel time. For passengers, the DistanceToConstructionSite
tableis consulted, and the distanceisenteredintothe CAOTable5.1. The value for the passenger
is taken for this distance, representing the travel time.
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Steps Involved:

1. Driver Commute:
a. Enter Distance: Input the distance of the trip into the CAOTable5.1.
b. Lookup Driver Value: Use the value for the driver from the CAOTable5.1 as the
travel time.
2. Passenger Commute:
a. Consult DistanceToConstructionSite Table: Find the distance to the construction
site.
b. Enter Distance: Input the distance into the CAOTable5.1.
c. Lookup Passenger Value: Use the value for the passenger from the CAOTable5.1
as the travel time.

After all these calculations per trip are done, the trips to and from work are added together and
averaged to get the correct travel time per day. Then, one more scenario follows:

Projectis prone to traffic congestion.

This scenario applies when HRM and the working council designate a project as prone to traffic
congestion. In practice, this means that construction workers areallowed to leave fifteen minutes
earliertoavoidtrafficjams. They are paidfor these fifteen minutes, but not for the travel hours, to
avoid double compensation. Therefore, fifteen minutes must be subtractedfrom the travel hours.
Steps Involved:

1. Check Project Attribute: Checkifthe project hasthe boolean "prone to traffic congestion"
set toyes inthe project entity.

2. Adjust Travel Time: If the project is prone to traffic congestion, subtract 0.25 hours from
the daily travel time.

3. Finalize Calculation: The resulting value is the adjusted travel time for the day.
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9.8 Process comparison
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Figure 9.6 Old situation vs the new situation for the data integration (Red are the activities involved)
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S 2
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