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And now is the time to present with due pride my project results on micro-managing of
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Executive summary

The objective of this project is to develop
a suitable design proposal for the future
context of ASMLs Training Center,
substantiated by research and stakeholder
input. Since training demand will increase
also with the introduction of new systems,
the company entails the creation of a
product that will support this dynamic
environment by offering the possibility to
create a tailor made training journey, while
keeping certain dependencies in mind. A
combination of representative techniques,
such as Hardware (HW), Virtual Reality
(VR), Software (SW) and Theory (TH) will be
used to create the most realistic training
experience with a strong focus on hands-
on capabilities.

A supportive literature and user
research has been conducted on
training context, aiming at methods and
psychology, future trends complemented
by in-depth interviews conducted with
other technology-focused companies
to study their practices. Additionally,
the user experience was investigated
at the graduation company through a
combination of interviews, observations
and surveys.

This extensive exploration phase has
resulted in a wide diversity of possible
future training focus points such as for
example (1) improving effectiveness
and practice opportunities of hands-on
trainings targeting optimal knowledge
retention and (2) increasing on-the-job
performance support through mentor
guidance and manager evaluation.
Incorporating the input of the majority of
engineers, as part of the User-Centered
Design approach, it could be concluded
that focusing on a planning tool, while

optimizing the amount of effective hands-
on modules, was the most promising
direction.

Product requirements have been
gathered through interactive co-creation
and brainstorm sessions with users and
business stakeholders. Once the core
features were determined, the prototyping
phase was launched, consisting of two
separate sections. First a UX design was
created through wireframing and several
conducted rounds of usability testing.
Next an effective planning proposal was
defined representing a possible training
scenario. A balanced merging of these
two sections characterizes the High-NA TC
planning tool ‘MyTraining’.

MyTraining acts as a tool to micro-
manage and adapt a training to the needs
and preferences of trainees. It supports
a flexible environment, where learning
by doing is encouraged, and practice
opportunities are facilitated. It entails
three main functionalities. First, a trainee
can book training time slots according
to own preferences and availability. The
second feature offers the possibility
to self-direct the training journey while
encountering the planning guidance,
followed by the third feature to explore
other training programs for personal
development awareness. The tool can be
perceived as valuable to the users, since
it will boost their motivation through a
sense of autonomy, mastery and purpose.
Furthermore, their confidence level will be
increased through practice opportunities
and effective modular training slots.
Business benefits for the company are
improved field self-sufficiency of the
trained engineers, which will impact the

quality of service to the customers, and
decreased training and preparation time
which will free up additional capacity for
other valuable business-related purposes.

Limitations and recommendations have
been formulated for further development
and implementation. In the current
situation the company does not have
enough modules to fulfill the growing need
of hands-on practice opportunities. The
key recommendation is that the company

supply should be alighed with the hands-
on training demand to support a practice
stimulating environment.

This thesis provides a starting point
for the company to explore their way of
working in the future Training Center,
where learning by doing is crucial to
satisfy the engineer’s needs and to create
optimal field self-sufficiency.
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Figure 1: User interacting with the final design proposal in the company context (ASML Picturepark, n.d.)



List of acronyms

MVP

Minimum Viable Product

The final design proposal that contains just the
basic functions to show its use and workability with
the users

NA

Numerical Aperture

In optics, the numerical aperture (NA) of an optical
system is a dimensionless number that
characterizes the ability to focus light (Paniagua-
Dominguez et al., 2018)

oJT

On-the-Job Training

Sending a trainee immediately to the field to
execute tasks, where they learn by doing

R&D

Research & Development

Department focused on innovations in design and
products

SA

Service Actions

A service action is a sequence of system machine
states in a specific order, often intended to replace
a specific component and bring the system back to
operational state

SMS

System Machine State

A system Machine State is a defined state of the
ASML system. To bring the system from one SMS
to the next SMS, a number of actions, described in
procedures, must be performed

SMT

Skill Management Tool

A tool through which the engineers can document
the SA/CARS they have completed in training and
whether they can or cannot execute

SME

Subject Matter Experts

Person who has great knowledge in a certain field

SW

Software

One of the training methods in the new EUV
Training Center

TC

Training Center

Location where maintenance trainings are given to
engineers

TH

Theory

One of the training methods in the new EUV
Training Center

Ux

User Experience

Encounters all aspects of the end-user's interaction
with a product, service and/or system (Nelson &
Nielsen, n.d.)

ucb

User-Centered Design

A problem solving approach that focusses on the
user perspective to create products, interfaces,
services and systems (Van Boeijen, Daalhuizen, &
Zijlstra, 2020)

ViP method

Vision in Product design

Context-driven methodology, focused on
visualizing what people value, desire and believe
(Hekkert & Van Dijk, 2017)

VR

Virtual Reality

One of the training methods in the new EUV
Training Center

Acronym Meaning Explanation
BIC Brainport Industries Campus This is the location of the ASML's new Training
Center in Eindhoven, the context of the design
proposal
CARS Common Access & Recovery Represents the most occurring machine states for
State training purposes
CBL Case Based Learning Learning method that makes use of cases
representing the real context
CBT Computer Based Training E-learning that has to be completed before joining
a training, to give background information
CDP Competence Development Specific personal development that recently was
Program set-up, which engineers can request to gain a
certain expertise
CS Customer Support One of ASML'’s departments focused on providing
service to the customer
DFI Design for Interaction Master type of Industrial Design Engineering faculty
at TU Delft
DUV Deep ultraviolet Type of light used in ASML machines (NXT) that
has a wavelength of 248 and 193 nm and creates
larger features on the chips than EUV systems
EUV Extreme ultraviolet Type of light used in ASML machines (NXE) that
has a wavelength of 13.5 nm and creates smaller
features on the chips than DUV systems
GTC Global Training Center Overarching department of the new EUV Training
Center, also responsible for other training locations
HW Hardware One of the training methods in the new EUV
Training Center
HW-rigg Hardware rigg Specific module, simplified representation of the
system, on which the engineers can do hands-on
trainings
IPD Integrated Product Design Master type of Industrial Design Engineering faculty
at TU Delft
IDE Industrial Design Engineering Design faculty at the TU Delft focused on product,
service and interaction design
KXI Studio Knowledge eXchange & Department in which the graduation project finds
Innovation Studio place, which includes product and software
development
LTA Long-Term Assignment Some of the High-NA engineers are in Veldhoven
for a Long-Term Assignment to contribute to the
design and training developments

WWWWWH

Who, What, Where, When, Why
and How

This method serves as a checklist to generate the
most important values and questions and to create
a better understanding of the problem definition
(Van Boeijen, Daalhuizen, & Zijlstra, 2020)
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1. Company and project
information

In this chapter the company and project will be introduced. The
graduation assignment was created by encountering the company’s
interests, the training subject context, the student’s educational
background and personal interests.

i

Figure 2: Impression of ASML (ASML Picturepark

1.1 ASML: The world’s supplier to the industry
of semiconductors

This paragraph reflects on the profession of ASML, by explaining the importance of the
company, introducing the lithography principle, and giving examples of lithography and
metrology systems. Besides that, a summarizing overview of the history of the company is
given.

General information
A world without chips would be unimaginable today;
they are everywhere. An average car consists of 1400
of these semiconductor components that control
everything from airbags to the engine. It is expected
thatintenyearsthisnumberwill outgrow to 350 billion,
which is about 41 chips per person (ASML Academy,
n.d.). One of the companies in the semiconductor
industry producing the complex systems, that are
crucial to the production of microchips, is ASML.
The company started in 1984 and after three
decades, ASML became a global innovation leader,
producing the machines that give the world’s leading
Figure 3: Microchip (ASML, n.d.-h) chipmakers the power to mass produce patterns on
silicon. Intel, Samsung Electronics and TSMC are the
world’s largest semiconductor companies, and ASML's greatest customers (ASML, 2022). By
using the most advanced lithography technology, chipmakers are able to create microchips
that are more powerful, faster and energy efficient (ASML, n.d.-a) (ASML, n.d.-e).
The company consists of a global team of more than 32.000 people from 122 different
nationalities and counting. The headquarter is situated in Veldhoven, the Netherlands.
Besides that, the operations are spread across Europe, Asia and the US. These operations

DUV — Light EUV Reticle
source
lllumination ~ Projection
optics optics
Reticle

Projection lllumination

optics optics

Immersion Light

liquid source

Wafer Wafer

Figure 4: DUV and EUV lithography principles (ASML Academy, n.d.) (Lérondel, Kostcheev, & Plain, 2012)
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include several local offices around the
world to support the developments at the
customer (ASML, n.d.-a) (ASML, n.d.-e).

A lithography or photolithography
system is essentially a projection system,
see Figure 4. Light is projected via a
blueprint of a pattern, a reticle or mask,
and printed on a wafer. The wafer, a
silicon disk, serves as a substrate for the
microchips, which will be printed on top
of it. Lithography can be critical because
it involves precise light manipulations to
expose the desired pattern, while being
the only semiconductor production step
to process the wafer per small block of
semiconducting material (ASML Academy,
n.d.) (ASML, n.d.-g) (Techopedia, 2021).

EUV
Lithography

Using EUV light, NXE systems deliver
high-resolution lithography and make
mass production of the world’'s most
advanced microchips possible

ASML

As can be seen in Figure 4, ASML uses
two types of lithography systems: Deep
Ultraviolet (DUV) and Extreme Ultraviolet
(EUV). Their first machines only make
use of the DUV principle, in which a
combination of lenses as projection
optics, the addition of an immersion
liquid, and mirrors as illumination optics
is used to print a pattern on a wafer.
More than two decades after that, a new
unique technology was developed, having
a 14 times shorter wavelength resulting
in higher precision chips: EUV. However,
lenses are not suitable for EUV, since these
would absorb the light in the machine. A
new optical system, while encountering
the lithography principles, was developed

DUV

Lithography™

Using DUV light, NXT and XT systems
dive deep into the UV spectrum to
print the features that form the basis
of the microchip

(3

Figure 5: Lithography systems and metrology & inspection systems (ASML, n.d.-b) (ASML, n.d.-c) (ASML, n.d.-d)

by using only mirrors, in projection and
illumination optics (ASML, n.d.-b) (ASML,
n.d.-c) (ASML, n.d.-g).

System types

To improve lithography performance,
the company offers several systems,
see Figure 5. Using EUV makes scaling
more affordable for chipmakers and
allows the semiconductor industry to
continue its pursuit of Moore’s Law. This
principle states that because of technical
innovation the number of transistors
on a microchip doubles every two years,
while the cost of these is halved (Tamplin,
2022). EUV systems are used to print the
most intricate layers on a chip, with the

gy

I HMI e-beam solU 5 to locate
and analyze individual chips iz &
amid millions of printed patterns

~_—r
——

.

rest of the layers printed using various
DUV systems. Both types of technology will
be required in parallel for many years to
come and they’re continuing to advance
both technologies (ASML, n.d.-b) (ASML,

n.d.-c).
Besides the lithography systems,
machines related to metrology &

inspection are offered as well. Delivering
speed and accuracy, their metrology and
inspection portfolio covers every step of
the manufacturing process, from R&D
to mass production. The HMI e-beam
and YieldStar systems complete the chip
manufacturing loop, which can be seen in
Figure 5 (ASML, n.d.-d).

1 ‘HEEStar -

YieldStar.opf =trology solutions
can quickly and accurately measure

the quality of wafer_&a;;g&

*ﬁi—i —

YioldStar 5-3A5H
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History of ASML
In the visual below, a brief summary of the history of ASML can be read (ASML, n.d.-i).

Launch PAS 5500

During the 1990’s decade they launched
what turned out to be their breakthrough
platform, the PAS 5500. These classic
lithography systems are still in use at
customer fabs today.

EUV Lithography

Starting in the 2010s, they again changed
the face of the semiconductor industry

by introducing EUV lithography. It uses
light of a shorter wavelength to manu-
facture smaller chip features, resulting

in faster, more powerful chips.

Figure 6: History of ASML (ASML, n.d.-i)

&t

Founded

In 1984, Philips and Advanced Semi-
conductor Materials International (ASMI)
created a new company to develop DUV
lithography systems for the growing
semiconductor market. Called ASM
Lithography, they were inauspiciously
located in a leaky shed next to Philips.

TWINSCAN technology

During the 2000s they drastically improved
the systems' resolution, with immersion
technology, and productivity, with their
revolutionary dual-stage TWINSCAN
technology.

AL Launch High-NA EUV

No one could have predicted the challenges
that the world would face at the dawn of
this decade. Yet the teams persevered,
achieving several significant milestones
against the odds.

1.2 The High-NA EUV Training Center context

The company contains a wide diversity of departments, such as R&D, Manufacturing, Customer
Support, Sourcing and Supply Chain and support functions, that all contribute to building and
maintaining the systems. The graduation project finds place in between Knowledge eXchange
& Innovation (KXI) Studio, which encounters software and product development, and Global
Training Center (GTC). Overarching is the Customer Support department, which evolves around
training the engineers that will maintain the systems at customer sites (ASML, n.d.-f).

Launch of High-NA EUV platform

As can be seen in Figure 6, the next step for ASML is launching their newest EUV machine.
To enable further innovation in chip manufacturing, ASML is developing the next-generation
EUV platform, that increases the numerical aperture (NA) from 0.33 to 0.55 (‘High-NA"). This
number is associated with the light gathering ability and is related to the angle of the light
beam. By increasing a mirror’s diameter, a higher NA is reached. This stimulates non-direct
rays to enter the lens, resulting in a higher-resolution image, meaning that even more detailed
microchips can be manufactured (Rottenfusser, 2013) (ASML, n.d.-c).

The improvement of the several parts and increasing the dimensions of these parts, results in
the need of a higher volume machine. This is why the High-NA EUV machine will be greater in
size than a NXE machine (Figure 7). The developments of this new platform is ramping up, with
first shipments of these advanced lithography systems expected in 2023. These machines
will first act as R&D purposes at the customers, but are expected to be fully operational in the
customer factories by 2025 (ASML, n.d.-c).

A new and vibrant Training Center

The High-NA EUV system requires a new Training Center (TC), since their current one in
Veldhoven will be outgrown when looking at the training demand, but also taking into account
the increase in size of the machine, making the current TC not suitable. ASML offers several
training locations to engineers in the Customer Support (CS) department, in San Diego (USA),
South-Korea and Veldhoven. For this first number of years, the High-NA trainings will only be
given in Eindhoven at the Brainport Industries Campus (BIC), which should start to operate
in 2023, and will align with the shipment of the first system. In this way, the first engineers
able to maintain the system, will be ready at customer’s sites. Since the system will not

Improved imaging
— performance

Extreme atmospheres enabling
further improved imaging
performance

NXE High-NA

NA=0.33 NA=0.55

Higher optics
transmission

Obscuration enables higher
optics transmission

Increase in mirror
dimension
Big last mirror driven by High-NA

Figure 7: EUV systems and the specific improvements of High-NA compared to NXE (ASML & Zeiss, 2018)
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be physically available during training,
because this will be too cost-intensive
and the first machine will be sent out to
the customer, representative simulations
and modules have been created. In this
environment, a new way of working will be
introduced, using Theory (TH)/Hardware
(HW)/Software (SW)/Virtual Reality (VR)
activities to transfer skills to engineers. A
specific curriculum suitable for the High-
NA EUV system consists of several steps
(Figure 8); Service Actions (SA), which
include Common Access & Recovery
States (CARS).

Each SA consists of SMS’s (System
Machine States). A practical example of an
SA is for example changing the oil of a car,
where an SMS would be all the individual
steps, see Figure 8. There are some SMS’
that are reoccurring for several SA’s, these
are called Common Access and Recovery
States (CARS). It is seen as crucial to train
on these CARS scenarios, since they cover
the majority of a training, which is 75%.
The total duration to complete the High-NA
EUV curriculum, with a total of 350 SA’s
and 805 unique SMS’s, is nine weeks for
all competencies.

Demand for training slots is very high,
there is an average of 30 High-NA EUV

engineers with various roles per Quarter
from 2023 onwards. A future vision of
ASMLs TC is the following according to
the company mentor, who is a senior
curriculum architect, responsible for the
several career paths for CS in ASMLs
Global Training Center (GTC):

“The future TC will have ‘open doors’ for the
selected engineers who want to develop
themselves through a training program.
They can book the slots to preference, and
can see which trainers are in the training
center available that day. Trainers consist
of qualified coached by ASML, and fellow
engineers who have experience with the
selected training. A qualified coach by
ASML walks around in the TC to provide
feedback or offer help during training.
When an engineer needs help, and a coach
is not around, a colleague engineer who
recently has completed the training can be
approached in the TC for questions. The
future TC will be a vibrant and inspiring
environment, where flexibility and learning
by doing, will play a huge role. Besides
that, this way of working will also stimulate
practice opportunities, which currently is
not encountered the way of working.”

Service Action
Change oil SMs 1
of a car Gather tools

SMS 2
Open hood

SMS 3
Lift vehicle

SMS 4

Drain out oil

-

SMS 5

Clean oil filter

\
CARS

Common Access and
SMS 9 Repair States

Clean tools Tasks suitable for
SMS 8 multiple car main-
Close hood taining purposes

SMS 7

Lower vehicle

SMS 6 SMS

Fill with oil System Machine State
specific for SA

Tasks specific for
refreshing oil

/

Figure 8: Practical example and comparison of SA's, CARS’ and SMS’ (O’Reilly Auto Parts, 2018)

s
A 3

/ \

Figure 10: Impression of the learning environment of the BIC building (Theeuwen, 2017)
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1.3 Project background & definition

In this chapter, | will clarify the starting phase of defining the project (Appendix B1), of
which a previous internship at the company lead to this opportunity. Several meetings were
initiated with business stakeholders, to define the company problem definition. A personal
twist was given to the project by encountering a critical view on the company’s request, while
representing personal and educational interest.

Internship

In February 2022, | joined ASML for a 5-month internship, which was focused on researching
and analyzing User Experience (UX) in several departments by creating Customer Journey
Maps. | was intrigued by the company because of its complexity and endless possibilities.
This had resulted in me wanting to graduate here as well and explore other departments
where my Industrial Design Engineering knowledge could be applied, but where | will also be
challenged and develop myself as an Integrated Product Engineer. During my internship | have
approached several departments about graduation possibilities, and | have chosen the one |
found most interesting; creating a planning tool for the High-NA EUV TC to come.

Request and problem definition of company

The request of the company when looking at the graduation assignment, is to create a training
planning tool that encounters the SA dependencies and allows the users to plan in trainings
to their flexibility. The design proposal should be a Minimum Viable Product (MVP), showing
the basic planning functions. To show the functionality, it should not integrate all SA’s, to show
possible successful implementation.

Company problem

e@

definition

=
=)

Missing dependency and repetitive
occurence of SA’s for training types

The way of working for an

engineer is inefficient and

smart planning is missing. ”

Training planning and arrangements
by trainer is time intensive

Figure 11: Problem definition according to company mentor Henri Jaspers (Flaticon, n.d.)

There are two main problems when looking at ASML's current way of training, see Figure
11. Currently the TC is a static environment, lacking in innovation regarding flexibility,
personalization and smart planning. In an ideal situation, the engineer can pick when, where
and with who they want to do a training part, and create an ‘own tailor made journey’.

When looking at flexibility and personalization, all engineers currently follow the same
training program. They sign in for a training through ASML's MyLearning platform, on request
of the manager at the customer’s site, whereafter they’re informed on a daily planning by the
trainer through email. This is the first problem, because according to the company, this is
inefficient when looking at the costs of trainers and other stakeholders managing a training,
since the time spent on this, could be of great purpose for helping and educating trainees.

Initiation of
research phase

Representation of
two master types

Addition of one
unknown prototype

Figure 12: Add-ons of student to project definition of company (Flaticon, n.d.)

According to the company the training
planning tool will tackle this problem
by handing over the micro-planning
responsibility of the trainer, to the trainee.

Considering smart planning, one of
the issues is that for the current training
module all SMS’/CARS’ of a part of the
training have to be followed, even though
some steps are repeated for each SA. In
the changing oil of a car example, see
Figure 8, this means that for each training
an individual practices to lift or lower the
vehicle and to open or close the hood. The
company sees it as redundant to repeat
these common actions for each training,
and finds it important to focus on the
typical SMS’ of the SA. This means the
dependency of these repetitive SMS’ is
currently missing, and should be created to
make the training more efficient, resulting
in lower training timeframes and effective
training use. Next to that, practicing
slots on these common actions should
be offered, to make sure the majority of
topics are covered.

Student contribution and interest
Besides delivering the main interest of the
company; a planning tool representing a
tailor made journey with SA dependencies,
| have created my own personal twist to the
graduation project, see Figure 12. Three
aspects will be added to the company
assignment, which were defined after
having a critical view on the project. The
project specifics and content is defined
in this way, to make sure the final design
proposal has value for the company, while
encountering the IPD way of working
and student’s experience. This personal
addition to the project results in having two
main phases; a research and prototyping
phase. The timeframe and details of each
of these phases can be seen in Chapter
1.4.

The first addition would be adding an
extensive research phase at the beginning
of the graduation project, to make sure a
suitable design direction is chosen when
looking at the needs of the users and
business stakeholders. Several questions

19



came to my mind when discussing the
graduation subject with the company, see
Figure 13. These questions were clustered
into research topics (Figure 18).

Second, it will not be feasible for the
graduate to create a working tool when
looking at the complete amount of SA’s,
the dependencies of those, and the
amount of possible training programs.
Therefore, | aim to deliver a mock-up of the
company’s interest; a basic functioning
application where a tailor made journey
training journey can be specified for one
curriculum, while taking into account
certain SA dependencies. Besides
creating this MVP, | also want to provide
the company of useful feedback for
further development. Additionally, | want
to use the IPD perspective, by having also
a focus on the prototyping phase. Here |
want to come up with a yet unknown add-
on to the prototype, supporting the training
planning tool, that will be the outcome of
my research proposal of the 4 topics. As
an industrial design engineer | will have to
research and academically substantiate a
design to an extent. By just executing the
companies wishes, without encountering
the context and needs of all stakeholders,
the design will not be valuable, and the

ASML Is ASML's way of training in
What does a line with proven methods?
training at E
ASML look like? m Q °m
(117
At ASML

Are the trainees satisfied on the
way and qualityof training?

Are there any differences
in training when looking

at ASML?
Are there differences '
in training of tech-based
companies? : - _=
At other

What does the way of working companles
of other companies look like?

T~

Training

likelihood of success will be minimal.
Last, | want this project to be a
combination between two IDE’'s master
specializations; Integrated Product Design
(IPD), which is my master specialization,
and Design for Interaction (DFI). My
internship has resulted in an interest
in DFI, since | noticed investigating user
experience and talking to users to make
sure the service fits to their needs, became
a passion of mine. | enjoy talking to people,
and I’'m fascinated by their way of thinking
and how this relates to product or service
use. This interest and past experience, |
wanted to be reflected in this graduation
project, resulting in a focus on retrieving
user feedback by for example doing
research, interviews, having observations,
co-designing and other methods. This is in
line with the DFI master program, which is
focused on the way people and products
interact (TU Delft, n.d.-a). Besides that, an
User Experience (UX) design approach will
be encountered and the UX department
will be contacted on their standards, to
not reinvent the wheel. Regarding the IPD
aspect, | will focus on designing a user-
centered product by using methodologies,
based on a balance between users and
business challenges (TU Delft, n.d.-b).

What are psychological ®
aspects of training? '.\ Why should

J" we train?

What are common training
methods?

Methods

Are there new training
methods under development?

T

Trends

What does the future of
training look like?

What future training trends

are known amongst companies? And the future of

maintenance?

Figure 13: Possible research topics after having a critical view on company’s problem definition (Flaticon, n.d.)
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Main challenges

When looking at the complete graduation assignment, | can see multiple challenges for me as
an Industrial Designer. After talking to several colleagues and Subject Matter Expert's (SME)
on ASML and their way of working, | formulated three main challenges by having a critical view
on their comments, see Figure 14. My personal ambitions are formulated to tackle these main

challenges, and to make sure their impact is minimized.

Challenge 1 Challenge 2 Challenge 3

Define design for
a context under

Create a general
understanding of
ASML’s systems

Integrate design
in large & complex

construction company

Figure 14: Main project challenges defined by student (Flaticon, n.d.)

Personal ambitions

For this graduation project, the following learning goals were formulated, see Figure 15. The
first two learning goals relate to the main project challenges in Figure 14. The third learning
goal is related to personal interest, and is seen as great value for the company to substantiate
certain design decisions. By focusing on data visualization, the impact of the research on
training, can be shown to management, regarding the potential of further implementation
of the final design proposal. Since this project’s university mentor, is experienced in data

visualization, her expertise and feedback is seen as great value for the process.

Learn more about ASML's complex systems

to have a complete understanding of the company and the current training module, to create a
redesign that can be used in their future TC.

Improve critical skills and apply them to challenge ASML

| want to improve my critical ability to assess the company’s current way of working regarding
training, if needed. By having a critical view on the research outcomes, | will strive to propose
valuable and realistic findings.

Improve data visualization skills

| want to make an impact with my research phase by focussing on creating data visuals, that will
summarize the research outcomes in a clear way. These visuals can be used throughout the
process to substantiate design decisions and the final prototype.

Figure 15: Personal ambitions defined by student (Flaticon, n.d.)

| want to learn more about the company and their interesting technology. Besides that, it's needed
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1.4 Double Diamond & project approach

Having defined the project, | opted for the Double Diamond framework and a User-Centered
Design approach as guiding foundations. | used the Double Diamond framework as a guide to
create an initial Gannt Chart and to track and adjust the project planning when necessary. In
this section, the project set-up and the internal stakeholders of this project will be introduced.

Project set-up through the Double Diamond framework

| decided to use the Double Diamond framework in my project because of two main reasons.
First, similar graduation projects at IDE have successfully used this framework as a guide to
keep track of progress and to substantiate the project structure. Second, as an IDE student
| have experience with using this method and | have always been satisfied with the simplicity
in use alongside the potential benefits. Last, the company has shown great interest in this
method and sees value in its integration with the KXI Studio. In fact, as part of my graduation
course, | had the opportunity to present the Double Diamond framework during Dommel
Valley, which is a business event about learning and knowledge innovation. In addition,
integrating the Double Diamond into a project is beneficial, since it allows tracking project

Double Diamond
Framework

2r research

Training...
© RQ1. Methods
© RQ2. Trends

© RQ4. At ASML

Problem
definition

Figure 16: Double Diamond framework applied for graduation project

“Design the right thing”

state, prioritizing phases and overcoming
possible delays. It indicates where a broad
exploratory mindset is necessary and
where it is important to refine ideas and
come down to a solution. Besides, it serves
as a communication tool to the team and
other stakeholders (UXplained, 2019).
The Double Diamond, designhed by
the UK Design Council in 2004, is a
visual representation of a design and
innovation process. It describes the
steps, irrespective of the methods and
tools used. It is a universally accepted
design thinking concept that guides
designers through the design process. It
starts with an initial challenge or problem
statement (first diamond of Figure 16),
moves through the exact definition of the

problem in the middle, and ends with the
solution (second diamond of Figure 16).
The first diamond resembles problem
exploration and definition; design the right
thing. While the second diamond is about
exploring possible solutions and defining
a proposal; design the thing right. Each
diamond comprises an exploring divergent
phase followed by a regaining back focus
convergent phase (Design Council, 2022a,
2022b).

After setting up the project by using
the Double Diamond Method, | defined
the most important stakeholders of the
project’s context (Figure 17). Additionally,
a Gantt Chart planning has been created,
of which the initial version and several
iterations can be seen in Appendix B2.

“Design the thing right”

L EINesign

© RQ3. At companies

Design Wi
& vision

v ototyping | & evaluaxv(i]y]

© Answers to RQ's O Product explanation

© Problem definition

O Requirements gathering
O Co-creation sessions

O UX & system design

O Usability testing

O User storyboard
© Vision exploration O Business benefits
O Design evaluation
O Recommendations

O Discussion

proposal
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TU Delft

The mentor and chair
of the university have Q\
provided feedback on the ! !

process & design

Graduate
The IDE experience of the
graduate has influenced

the final design ASML

High-NA TC

Other companies
Interviews have been
conducted to research
their view on training

Software developers
will continue working
on the design proposal

Figure 17: External and internal stakeholders (Flaticon, n.d.)

User-Centered Design approach

During this graduation project, an User-
Centered Design (UCD) approach will be
taken into account to realize an optimal
final design proposal, designed to the
needs of the user; High-NA trainees. The
focus on UCD positively influences the
quality of user experience; by focusing
on the needs, design, properties and
capabilities of the projected users on a
product, interface, service or system. (Van
Boeijen, Daalhuizen, & Zijlstra, 2020)

My previous internship at ASML gave
insights regarding the human-centered
aspect of the company, regarding product
design. It indicated that in a majority of
the cases, products and services are not
designed by using end-user feedback,
since it is difficult to assess a product or
service because of the strict rules at the
customer’s site, the customer pressure,
and the responsibilities of the engineer.
This results in the majority of the products

Engineers/trainees

The User-Centered Design approach (UCD) has
resulted in mainly focussing on the needs,
expectations & pain points of these users

Trainers

Interviews have been conducted to
get an impression of the context

and their view on the users’ needs

Customer

The company mentor acted
‘ as customer during the

project

UX designers
% Brainstorming and meetings have
° been initiated to receive feedback
on the design

Subject Matter Experts

Meetings have been initiated to create a general
understanding of ASML's way of training

or services being designed by engineers,
and being tested by themselves or
colleague engineers, which points to a
higher chance of invalid feedback given by
inaccurate user representation. According
to Norman (2013), engineers design
products on how they would like a person
to use it, instead of taking into account
what’s intuitive. Testing with users will
show insights whether their needs and
preferences are represented in the
intended product or service.

Because of this observed matter, | will
strive for implementing an UCD approach.
This project shows opportunities regarding
designing for and with the users, since
some Customer Support engineers are
currently in Veldhoven on Long-Term
Assignment (LTA) being involved in the
qualification of the first High-NA systems
that will go to customers. These engineers
are also involved in the validation of the
specific High-NA training curriculums.

2.Context & userresearch

All the above is the problem definition according to the company.
When having a look at this, | was wondering if currently a ‘tunnel

vision’ is applied for this. Therefore, | want to challenge ASML's views
on training, and even go beyond it with a new future proof design
proposal, by using my IPD skills to answer the research questions in
table below. For each topic, approximately a two-week timeframe was
taken into account.

Subject

Question Input type

“What is the most
effective way of
giving a training
when looking at
proven methods?”

Research training
means and the
psychology
behind it

“What does the
future look like

Research trends
and the future of
training of all fields of training, while
and think out of also taking tech
the box (AR/VR/etc.) into
account?”

RQ3  Research training “What do the é S
modules and views training modules
on training of other of other tech-based o o

tﬁ-” Interviews

companies; companies look like,
automotive, aviation, and how do they see
medical etc. the future of training?”

“What are the

RQ4 Rese.a.rch the it |;|/ Survey
specifics and user specifics of ASML's
experience of ASML's current way of working © © .
training for NXE, since and what is the user th IEIEE
there is no High-NA experience of NXE F
training yet training?” [f] Observations

Figure 18: Visualization of research phase
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2.1 Training methods and psychology (RQ1)

In this section, | introduce the categorization of training phases (pre-training, training, and
post-training) and the relevant variables with their correlations for each phase. In addition,
| summarize the literature on training creation and evaluation, and optimal knowledge
retention. The created method in Figure 21, serves as input for the company (RQ3) and ASML
(RQ4) research.

Categorization of training phases
According to Salas, Tannenbaum, Kraiger, and Smith-Jentsch (2012), training is crucial to the
development of an organization: “Continuous learning and skill development is now a way of life
in modern organizations. To remain competitive, organizations must ensure their employees
continually learn and develop. Training and development activities allow organizations to
adapt, compete, excel, innovate, produce, be safe, improve service and reach goals.”

During a training period, three crucial phases are identified; pre-training, training, post-
training, see Figure 19. The classification of these phases was utilized to create an outline

s yle! G|

Post-training

Applying the gained knowledge

and skills in a daily job. Focus on
retainment of a sufficient level of
confidence and motivation during
Service Action (SA) execution.

Training

The actual training period,
consisting of all kinds learning
types, such as Hands-On, Theory,
Case Based Learning (CBL) and
On-the-Job Training (OJT). Focus
on an optimal confidence and
motivation level of the trainee.

Pre-training

Indicates the initial state before
the training start. It includes
mainly positive training framing,
the completion or fulfillment of
prerequisites and preparing for
the training.

Figure 19: Clarification of the three defined phases in training (Tai, 2006) (Flaticon, n.d.)

of a general understanding in training drivers and their coherence. Figure 21 represents
the relationships of several variables in training, where the variety in blue circular shapes
represent the phases specific factors and the orange circular shapes are individual related.

Pre-training

This initial phase, see Figure 21, evolves around discovery and evoking training motivation.
Several researches show that a complete and positive framing of the training beforehand,
by focusing on climate and manager support, results in an increase in self-efficacy, which
indicates the confidence of a trainee in the ability to fulfil a certain task successfully (Colquitt
et al., 2000) (Tai, 2006). The initial confidence level of an individual, is also dependent on
previous experiences and the primary set of skills (Schunk, 1995). Besides self-efficacy,
positive training framing also increases the motivation of a trainee (Tai, 2006).

Training

Motivation is necessary for a training to not only be able to commit to a task, but also get
all the benefits out of a certain learning opportunity. Being described as the willingness
of a person to adopt a certain behavior, motivation has an influence on utility reactions,

learning and transfer of motivation (Tai,
2006). However, the confidence level
impacts utility reactions and transfer of
motivation, having no correlation with
learning. In Figure 21 the statements have
been visualized.

Utility reactions, according to Ruona et
al. (2002), isanindividual’s understanding
of training usefulness to their job tasks.
Next to utility reactions, affective reactions
indicate the individual’'s emotional
reaction to a certain situation. However,
Alliger et al. (1997) emphasizes that utility
reactions are more strongly related to
learning transfer than affective reactions.

The learning variable influences the
post-training competence level and is
a performance indicator (Tai, 2006). It
is stated that even if a trainee is able to
learn a certain kind of training content,
considering the academic background, it
is likely that the trainee will not succeed
in learning without confidence (Colquitt et
al., 2000).

According to Tai (2006), transfer
motivation implies the commitment to use
the gained knowledge in the profession.
The study emphasizes that utility reactions
and learning are measures to evaluate
the effectiveness of a training. Transfer
motivation is used as a criterion variable,
of which the effectiveness relates to the
opportunity for an individual to apply the
acquired skills in practice.

Level 4

Post-training
Once a training has been completed, the
individual will apply the gained knowledge
in their profession, of which studies show
the importance of the preservation or
improvement of the confidence level in
practice (De Clercq, Haq, & Azeem, 2019).
According to Ouweneel et al. (2013),
confidence is related to task performance
over time, which means that an increase
in confidence results in a higher task
performance over time. The confidence
level of an individual can be influenced
by allowing time for repeated practice, to
master the learning points (Cole, 2008).
When looking closer at confidence, it
can be concluded that it consists of four
main drivers (see Figure 21), performance
outcomes, vicarious experiences, verbal
persuasion and physiological feedback
(Bandura, Freeman, Lightsey, 1999).
Besides maintaining and stimulating
the confidence level of an engineer on the
job, motivation should also be preserved
(Kirkpatrick & Kirkpatrick,2021).According
to Pink (2009), autonomy, mastery and
purpose, are the main factors that play a
role in creating a sense of motivation for
an individual (see Figure 21). The study
mentions that businesses still invest in
triggering their employees by using reward
systems, even though this doesn’t imply
a motivational driver. In these cases they
work the other way around, resulting in a
productivity decrease.

What benefits did the organization experience as
a result of the training when looking at KPI's?

r'd

Results

Level 3
Behavioral change 7

Could participants apply what they have learned
from the training in their job afterwards?

What did the participants learn from this training
and did their skills improve?

How did the participants experience the training
when looking at their satisfaction level?

Figure 20: Kirkpatrick’s evaluation model (Tamkin, Yarnall, & Kerrin, 2002) (NDSU, n.d.)
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Creation and evaluation of training

To make sure an organization if offering
effective trainings to their employees,
evaluationshouldfind placeforthe purpose
of improvement the content and way of
working. A well-known method according to
studies, and ASML's training department,
is Kirkpatrick’s evaluation tool (Tamkin,
Yarnall, & Kerrin, 2002). It consists of 4
levels; reaction, learning, behavior and
results, see Figure 20. It is widely used
in organizations due to its simplicity and

Pre-training

Management '@%1 Trainee % Trainer
affifa . 5

Framing and
manager

TRAINING

effectiveness, besides that it has minimal
limitations, but these risks don’t outweigh
its potential benefits (Bates, 2004). To
plan and create a training program, the
Kirkpatrick’s evaluation tool can be used
in reverse. Whereas you would start from
Level 1 to evaluate a training program,
Level 4 can be used as starting point to
first set boundary conditions encountering
the results of a training. After the goal and
target group has been formulated, program
development can be initiated (Kirkpatrick,

Training

‘Q% Trainee % Trainer
I 1

Kirkpatrick’'s Level 1 Reaction & Level 2 Learning

Training experience
Alliger et al. (1997), Colquitt et al. (2000), Ruona et al. (2002), Tai (2006)

2016). In Appendix C, the evaluation
model is further elaborated and ASML's
eight field model, derived from Kirkpatrick
tool, is introduced.

Optimal knowledge retention

The effectiveness of distributed practice
is shown by taking into account several
studies on Ebbinghaus’ forgetting curve
(Easley, 1937). One of the main findings of
Ebbinghaus’ forgetting curveisthatoptimal
knowledge retention can be achieved,

Post-training

Management (@@1 Trainee % Trainer
affifa 1 [

Job performance
Kirkpatrick & Kirkpatrick (2021)

Kirkpatrick's Level 3 Behavior

-

The trainee
perceives the

CONFIDENCE

FRAMING support impacts
confidence &

motivation

(I

Tai (2006)

Experience
influences the
confidence of
the trainee

Schunk (1995)

Size indicates frequency
of variable in research

@

Variable

training as
useful

Educational
background
and motivation
is needed to
learn

MOTIVATION

The trainee
is commited
to apply the
gained skills
in practice

-

REACTIONS

PRACTICE

N 4 N

MOMENTS

UTILITY

LEARNING

MOTIVATION

-

/

Phenomenon affected
by group of variables

O

Meaning of
variable

O

Desire of an Gaining more
TRANSFER individual to prerle_nce and
be in charge ecoming a
MOTIVATION g pecom!
/ / \
: AUTONOMY MASTERY
Left influences
Right
Pink (2009)

Figure 21: Variables and their relationships deriving from the training research of RQ1 (Flaticon, n.d.)

when revising the material again at a later
moment of time. However, finding the
sweet spot of this follow-up study moment,
is rather difficult to determine (Kamei,
2021). Several academic researches on
Ebbinghaus’ theory have tried to determine
the time in between those repetition or
practice opportunities. According to Resch
(2015), see Figure 22, three repetitions
after the initial learning moment should
find place, the first following up after a
day, the second after 1 week and the third

Most important
stakeholders

Positive and
negative
past
experiences

Comparing
yourself with
an other

individual

Encourage
or discourage
of your

surroundings

Indicating the
emotions and
state of mind
of a person

N\

Need of an
individual to
belong

Bandura, Freeman
\ & Lightsey (1999)

PURPOSE
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after one month. Akresh-Gonzales (2018) mentions that this repetitive moment should have a
10 days interval. Last, Chun & Heo (2018) mentions this is a 1-day, 2-day and 3-day interval,
see Figure 23. These examples indicate the challenge to determine a sufficient interval
between the trends of the forgetting curve. If this will be applied in practice, a suitable interval
should be chosen by taking the learning goals and timeframe of a training into account. and
timeframe of a training into account.

24 hours
later

First learned Reviewed
1 month later:
(or sooner)

1 week later
(or sooner)

/ Immediately
after class
100 - 100%
90
80
70
60 -~
50 +
40
30
20

10 1 60% 1 1 1 1

° = = = * = 0 1 2 3 4 S5 6 17
Class 10 min. 24 hrs. 1 wk. 1 mo.

Memory 90% -
retention

*)  go%

— Forgetting curve

— Review 1

cssssnssssy

— Review 2

— Review 3

70% -

Remembered %

Elapsed time (days)

Figure 22: Forgetting curve (1) (Resch, 2015) Figure 23: Forgetting curve (2) (Chun & Heo, 2018)

Optimal duration of hands-on training

Similar to the study on determining optimal intervals of the Ebbinghaus’ forgetting curve,
an optimal duration of a training, was investigated. The outcomes of this observation, are
similar to the outcomes of the interval research as well, since this is entirely dependent on
the type of training and learning goals. The study of Mahmood et al. (2022) demonstrates
that the performance of doctors increases for an ultrasound hands-on training of 90 minutes,
rather than a 30-minute or 60-minute timeframe. According to Bergeron (2006), doctors and
engineers have similarities in their way of working and professional behavior, resulting in the
assumption that this optimal 90-minute hands-on training duration could work for ASML's
service engineers as well. Even though Mahmood et al. (2022) demonstrates that a prolonged
hands-on time positively influences the performance of the engineer, a wide diversity studies
examine an optimal training duration ranging in between 15 and 30 minutes, or above
(Morgenroth, 2021).

Conclusion and reflection of RQ1

This study on training methods and psychology created a general understanding and perception
on training. The importance is demonstrated of focusing on motivation and confidence during
the training and post-training phase. Personal development stimulation can be achieved
by taking into account the motivational drivers according to Pink (2009). When looking at
confidence, practice moments are crucial to create a sense of mastery and behavior change
(Cole, 2008) (Kamei, 2021). Besides that, regular evaluation training would improve current
models, as indicators show a trend of high-technology changes for similar companies. In
this rapid change context, trainees should be able to adapt to challenges and acquire new
skills, through renewed training programs (Tai, 2006). Last, the variables of Figure 21 will be
represented throughout the interviews with companies (RQ3) and with trainees at the company
(RQ4). It is likely that the created methodology is not optimal and would not entirely fit in the
organization. However, investigating the training practices at ASML (RQ4), could possibly give
some clarity on whether this visual supports the company’s current way of working.

2.2 Future training trends (RQ2)

To make sure the design proposal fits to the current and future training context, | have done
a literature research on trends and clustered them on four subjects (Figure 24). Only the
trends that reoccur in this report, or are mentioned by stakeholders, will be elaborated in this
chapter, additional trends explanation can be seen in Appendix D1. The cluster of company
statistics, that is linked to RQ3, | see as most significant and leaning in this research.

Artificial Intelligence

According to Maity (2019), Artificial
Intelligence (Al), representing human
knowledge, can be wused in several
situations, such as non-biased recruitment
processes, personalized training course
recommendations, analysing performance,
map trainers to trainees, schedule training
programs and more. The main challenge
will be to make a system capture certain
training feedback, and Ilink trainee
information, such as performance (Maity,
2019). Currently, Al is in development for
training recommendations at ASML, and
also at other companies (RQ3).

Virtual Reality

Several researches have been done on the
use of Virtual Reality (VR) in maintenance.
According to Schomaker et al. (2019),
VR is widely used in training, actual
maintenance, on a distance and assembly.
Forexample, VR can be beneficialto asset’s
downtime, since itshows the location of the
malfunction in the system, and narrows it
down to a more detailed component level.
According to Numfu, Riel, & Noél (2019),
VR applications are now widely accepted
in training for solving complex tasks. This
study shows that simulating fine gestures
in a VR environment is challenging.

Augmented Reality

Augmented Reality (AR), can reduce
training costs and improve  the
effectiveness of training by assisting
with additional comments to a real life
situation. Unlike VR, AR is complementary

to the real environment, and is blend of
VR and context (Haritos & Macchiarella,
2005) (Schomaker et al., 2019). AR is
currently widely used in the medical field
for assistance on procedures, but also at
ASML for training and maintenance. For
the majority of the tech-based companies
(RQ3), it is still in development, because
it is challenging to keep track of the
environment due to the high speed of
technological development.

Micro-learning and byte-sized modules
Training programs should be designed
in an engaging way for a trainee, making
sure their needs are fulfilled. Micro-
learnings are small modules, for example
an E-learning, that capture the most
important take-aways of a certain learning.
Besides that micro-learning and byte-sized
modules are a great advantage for trainees
when looking at accessibility, it is also a
beneficial and efficient way of training
for the company (Maity, 2019). One of
the challenges would be to maintain the
materials, and to make sure the learnings
are regularly updated.

Learning through real-time feedback

According to Dolan et al. (2013), people
learn most and produce best when they're
with a group of people experimenting,
through On-the-Job Training (OJT) for
example, without any guidance of a trainer
or supervisor, with access to a knowledge
source. Challenges of this real-time
feedback through OJT, that these sessions
will be disturbing for the environment
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and its productivity (Vasanthi & Basariya,
2019). Next to that, a structured
competence program should be set-up,
to make sure engineers can be qualified
through OJT (Steenbakkers, 2021).

Workforce diversity

The workforce nowadays consists of
differentgenerations, culturesand genders
(Cascio, 2019), resulting in different
learning needs. It will be challenging to
create the future of training, encountering
all these interests, while reflecting the
organization’s value (Karp & Sammour,
2000). Voith Paper (RQ3) is one of the

companies who mentioned this trend as
their main future challenge to encounter.

Optimizing learning

A study by Cascio (2019) mentions that
optimizing learning through overlearning,
is a method to prevent knowledge
detention (Figure 22). Having these
practice opportunities, makes it possible
to train beyond the required. This makes
sure the individual can anticipate on stress
and can cope with infrequent situations.
However, the success depends on the
amount of overlearning, the task type, and
the retention timeframe.

Post-training

Personalized learning

The way of training has shifted from
providing a great amount of content to as
many people as possible, mass upskilling,
to personal and individual trainings
(Maity, 2019). Trainees have the need
for personalized learnings, which is also
stated by the majority of the tech-based
companies (RQ3). However, personalized
learning is easier said than done, as it is
complex to create an effective learning
system (Bulger, 2016).

Workplace communities
The increase in popularity of social media,
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Figure 24: Data visualization of company interviews (Blue colors indicate type of training phase, orange color indicates person dependency)

also takes over the workplace. Trainees
want to share their experiences and
show others what they’'re up to on their
professional level (Azourt et al., 2020).
However, similar to learning through
videos, confidentiality plays an issue
here. Besides that, having these company
communities has some constraints when
looking at security of the individual,
possible influence on productivity and
filtering data (Akram & Kumar, 2017).

Conclusion and reflection of RQ2
Limitations of this literature study could
be that some trends have not been
considered, that could be interesting for
the graduation company. Besides that,
RQ2 has been linked to RQ3, focusing
on the interviewed companies. This
could have created a tunnel vision, when
considering the trends mentioned by the
companies, potentially leaving out the
discussion of other trends that could be
valuable to ASML.

When looking at the company statistics
cluster, the majority of the companies
mentioned their focus on trends Al, VR, AR,
micro-learning and personalized learning.
Besides that, Voith Paper is currently
developing workplace communities, which
is also in development in the training
department of ASML.

All companies apply OJT or want to
apply this in the future, except for Ministry
of Defense. OJT is seen as an effective way
of emerging the training and post-training
phase, accordingtocompany NextLearning
(RQ3). However, OJT implementation
requires a great shift, having three reasons
why it is hard to realize at ASML. First,
because all manpower is needed in the
field to solve complex issues and this will
be at the expense of trainees since their
mentor is not always available. Second,
customer sites mention that they are no
training facilities. Last, machines are too
cost-intensive, mistakes can not be made.
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2.3 Training at other technology-based
companies (RQ3)

After conducting research on methodologies (RQ1l) and trends (RQ2) of training, these
insights were used to create interviews with seven technology-based companies on their
vision and strategies for the future of training. These serve as a baseline to create a thorough
understanding of the modernized way of working in training and the educational technology
resources of other companies.

Approach

The goal of this research was to find out whether the vision of the organizations align with
the answers to RQ1 and RQ2, and whether there is a relation in way of working between the
technology-based companies (Figure 25) and ASML. In order accomplish this goal, seven
organizations have been approached, by highlighting the graduation topic, research specifics
and the potential benefit of knowledge exchange. On approval of the organizations, the input
of all interviews will be provided, having the potential of contributing to their training vision.
The contact information of the organizations was obtained through the university, graduation
company and personal connections.

Method

The sample of this study consisted of seven company contact persons, of which the gender
and age were not considered. As a requirement, the participant needed to have expertise in
training or educational sciences inthe company’s learning department, of which a management
or specialist specific role is preferred.

Vocational
education in
this airline
specialization

Ministerie van Defensie

Education of
the armed
forces

Maintenance
trainings of
paper machines

\ i ] T j:[
Participating
organizations

SCIENTIFIC

Service education
of clinical
department

Service
education of
electron

microscopes

Innovation

inlearning NENT
metods& | EARNING
VA_LEY

Clinical
education
of CT scans

Figure 25: The participating organizations with a description of the effective department (KLM Dutch Royal
Airlines, n.d.) (Ministerie van Defensie, n.d.) (Next Learning Valley, 2022) (Philips, n.d.) (Siemens Healthineers,
n.d.) (Thermo Fisher Scientific, n.d.) (Voith, n.d.)

The creation of the interview script and
the protocol (Appendix E1), has been done
by taking into account the interviewing
methodology of Van Boeijen, Daalhuizen,
& Zijlstra (2020). As an IDE student, |
have experience using this typical TU Delft
method, resulting in seeing the value of it
for this research.

The measures and questions of this
interview were constructed by taking into
account the created methodology of RQ1
(Figure 21), some technological trends of
RQ2 andthe example questions of a similar
conducted research of Maity (2019). The
company representative was asked to
share information on the pre-training,
training and post-training activities and
developments. Next to that, it was asked
to reflect on the stimulation of motivation,
confidence and performance outcomes in
their current way of working. Besides that,
their insights on their current educational
technology resources and developing
resources was requested. Last, their future
vision on training, current drawbacks of
their training program and shift in behavior
of trainees was investigated (Maity, 2019).

For the protocol, a general interview
structure was createdtoimprove the quality
of the research. A 60-minute interview
timeframe was established, since this is
the time of an average company meeting,
and would require a minimum amount
of effort of the organization. Because of
the amount of organizations, considering
their busy schedules and diversity in
locations, an online meeting through
Teams was seen as the most suitable
method. If the participant gave consent
for the purpose of recording the interview,
the audio eventually was transcribed
to the Excel application. During the
interview, annotations were made of
impactful or summarizing statements.
After the interview had been successfully
transcribed, the results of the interview
were clustered through an analysis.

The quantitative data was changed into
guantitative by counting the frequency of
specific cluster subjects mentioned, to
showcase ratio’s in the visual visualization.
These clusters will be used throughout the
research to compare the interviews of RQ3
and RQ4, and support the design brief
creation process.

Results
The qualitative data of the questions
(Appendix E2) was transferred into
guantitative, and is presented in Figure
26. Besides that, a more extensive visual
has been created (Appendix E3), which
was shared with all organizations after
approval of knowledge exchange.
Considering the future vision on training
of the companies, the majority of 57%
mentions they expect full use of VR and
AR. Also, 43% of the organizations imagine
On-the-Job  Training (0OJT), personal
development focus, and the optimization
of online training will play a huge role.
Forthe specifications of the pre-training,
all organizations mention this is entirely
depended on the training type, and half
of the participants mention this is mostly
an E-learning environment. For 40% their
current pre-training developments are
focused on compliancy administration.
When looking at the training phase, 4
out of 7 companies make use of OJT, and
video- or micro-learnings. Next to that, 3
out of 7 advocate the use of a combination
in hands-on, theory and cases. The
majority of 80% mentions the integration
of VR and AR in training programs, of
which VR is already in use, yet AR is still in
development due to high investments.
The main two shifts in the behavior
of trainees are face-to-face to online
attendance and the generation of target
audience. Gen-Z have different training
expectations than for example Gen-X or
Gen-Y. The main drawbacks of their current
training programs, is mainly the training
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mindset of the trainees and company.
Regarding measuring performance
outcomes, 70% does not make use of this,
and focusses on confidence stimulation
and group feedback. The majority
mentions that they boost motivation and
confidence through focusing on personal
development stimulation, however this is
according to 86% one of the main training
developments. They would like to offer
Al training recommendations, provide
learning communities or change training

Outcomes of
training research
at seven other
companies
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Types of training
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Developments

management. Besides that, 71% mentions
they are investing in the use of new
educational technologies such as VR, AR,
Al and micro-learnings. Last, 41% would
like to focus more on training effectiveness
by doing training data analyses.

When looking at the input of the post-
training phase, half of the organizations
express that they offer on-the-job
guidance by a mentor. Besides that,
they also mention for this phase that
motivation and confidence are stimulated

Percentage indicates main
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Training
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Methods
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Size indicates frequency of
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Current main
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Developments

43%
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by personal development opportunities.
However, they also think this is person
dependent when looking at demographics
or personality. In identifying personal
development opportunities, 83% of the
organizations mention that the stimulation
of this, is currently not in their way of
working. However, this is in their scope
of developments in the post-training
phase. Besides that, all companies want
to increase the on-the-job performance
support. Last, 33% of the organizations
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Figure 26: Data visualization of company interviews (Blue colors indicate type of training phase, orange color indicates person dependency)

advocate the investment in improving
training quality and effectiveness, through
training data analyses and evaluation.
Currently, training effectiveness is
measured by 60%, of which mainly through
level 3 of Kirkpatrick’s tool (Figure 20).

Conclusion and reflection of RQ3

When looking back at the research, it is
perceived that no specific drivers of Figure
21 were mentioned for confidence and
motivation stimulation, besides a personal
development focus. Practice opportunities
for optimal knowledge retention were not
discussed with the organizations. There
is a possibility that the questions on
confidence and motivation were not clear,
that | didn’t anticipate to ask additional
questions, or that this specific information
could not be shared. These are potential
limitations of the research.

Most organizations assume the
future of training will consist of VR/AR/
Al educational technologies, personal
developmentfocusandon-the-joblearning.
Resources are investigated to promote
more personal development opportunities
and ways of personalized learning. Similar
to ASML, some of the companies also find
on-the-job learning challenging to fully
and structurally incorporate. They do want
to provide more performance support by
having mentor guidance or more manager
involvement in the post-training phase.

Voith Paper is a similar company to
ASML when looking at hands-on training on
cost-intensive machines, which acquires
alternative methods of training, such as
VR, AR and simulations. Besides that, they
also encounter a shifting training target
group, resulting in altering their training
designs to the preferences of the new
generation. Sharing knowledge on training
could be potential beneficial when looking
at their similarities, to overcome future
training challenges.
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2.4 Training at ASML (RQ4)

The way of working at the company was investigated through discussions with Subject Matter
Experts (SME), interviews on training experience, a survey on training experience, and training
observations. The main goal of this research was to create a general understanding of the
company’s training environment and specifications, but most important, to get a thorough
understanding of the needs and possible pain points of the users.

Discussion with Subject Matter Experts

Early in the project, | scheduled several meetings with SME’s on their training experiences
and expectations. These conversations allowed me to get acquainted with the company and
several business stakeholders. The topics discussed during these meetings can be seen in
Figure 27. This visual illustrates how SME’s mentioned the importance of training methods,
hands-on trainings, and personal development opportunities. During these meetings, |
noticed that SME’s not necessarily encounter trainee motivation. Yet. Motivation is important
to acquire skills and it is related to learning (Figure 21). Therefore, it can be concluded that
the SME’s see the importance of personal development, but supportive resources are limited.

NXE training experience interviews

| conducted several interviews to identify the current needs and training experience of the
intended users of the final design proposal, the trainees. Ten engineers were interviewed on
their experience with NXE training, to obtain qualitative input. | aimed for the sample size to
be diverse in gender and nationalities, to simulate the company environment. NXE trainings
have been researched, since the High-NA trainings are not in place yet and these systems
cover the generation before High-NA. Besides that, the NXE training should have been recently
(< six months) completed, to obtain valid input. Additionally, two trainers and two knowledge
managers were interviewed about their view on the NXE training experience.

“An optimum situation should be created
when looking at gaining skills in the least
time.”

+4

‘Hands-on/finger spitze gefuhl should
stay in our way of training.”

“Not only the application should work,
but also the whole system behind the
personal journey.”

+1

“Confidence is an important factor

Training methods
Personal development

Research in TC showed that people who first
did hands-on before VR, performed and

understood it better.” “It's great to create a personal journey for

the skills you want to gain, but having an advice
on forhand or a must-completion training
set is preferred.”
“Hands-on should be effective; only
learning new skKills.”
“The basics can also be taught on
each individual’s pace.”

Figure 27: Focus areas and quotes of SME’s on training

The creation of the interview script and
the protocol (Appendix F1), was done
by taking into account the interviewing
methodology of Van Boeijen, Daalhuizen,
& Zijlstra (2020). Besides that, | used
the interview script and protocol of the
company interviews (RQ3) as guidelines.
In the interview, the input on several
variables of the methodology in Figure 21,
was asked. Besides their needs and pain
points of the pre-training, training and
post-training phases. Last, an indication
of their confidence and motivation level
for these phases was requested.

Thequalitativedataoftheinterviews, see
Appendix F2, was altered into quantitative
by using similar clusters of RQ3, to
showcase ratio’s in the data visualization.
Likewise, this gives the opportunity to
compare the interviewing results of the
organizations and the graduation company
(Appendix X). The data visual in Figure 28
summarizes the most important results
out of the interviews. For the pre-training
phase, half of the participants mention it
is important to be well prepared and to
have training context. Besides that, 5 out
of 14 participants mention that Computer
Based Training (CBT), similar to E-learning,
is crucial for the pre-training phase, to
create a general understanding of the
topic. However, the CBT if often incomplete
or superficial when looking at information,
resulting in this being a pain point of the
pre-training phase.

Some participants mention they
consider the training phase as a relaxing
time, hence there is no customer pressure.
Method wise, 11 out of 14 participants find
hands-on trainings crucial and 8 out of 14
find supporting theory classes are needed
to create a deeper understanding of the
topic. Additionally, the need of purpose
and context of training is mentioned
during this phase as well, by 5 of 14
participants. Considering the importance
of confidence and motivation, mentioned

during RQ1, the participants were asked
to give an indication of these factors on
a scale. The majority of the participants
mention that practice is needed to obtain
a higher confidence level, and gives an
average score of 72% on their confidence
level. For the motivation, the average is
the same percentage, and 8 out of 14
participants mention this is personality
and mindset dependent. A repetitive
pain point, when looking back at the pre-
training phase, is the lack of purpose
and context. An inadequate amount of
Case Based Learning (CBL) trainings and
hands-on practice opportunities are other
pain points of this phase.

The main user need of the post-training
phase,accordingtob5outof 14 participants,
is having a structured mentoring program.
Additionally, 4 out of 14 mention they want
to develop themselves further through On-
the-Job Training (OJT), but opportunity of
work is needed for that. Often they can not
apply what they have learned in practice,
since it is unknown when a certain SA
should be executed. When looking at
their confidence level, it significantly
drops to 56%. One of the participants
implies that this is because of opportunity
of work: “Confidence drops when you
can not apply your skills immediately,
caused by operational schedules and
amount of systems at the customer.” The
motivation level increases slightly to 78%,
since for some of them it is motivating
to eventually work in the real context.
However, 8 out of 14 participants would
like to have more personal development
opportunities when they are in the field,
and 6 out of 14 mentions that manager
input and evaluations is needed. For the
post-training, their main pain points are
according to 30% performance support
in the field and 60% mentions personal
development stimulation is missing. One
of the engineers mentions: “My experience
is needed in the field, that’s why | can not
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do any additional training.”

NXE training experience survey

A survey was created in Microsoft Forms on
NXE training experience to obtain a large
amount of quantitative input of engineers,
by integrating the variables of Figure 21
into the questions. | found the utilization of
an b-option agree or disagree likert scale
most suitable, since using a satisfaction
scale might be limited and inaccurate,
since participants of different cultures
could consider this as too overwhelming
and honest.

The target audience of this survey, are
all engineers who have completed an NXE
training program less than 6 months ago,
to make sure their input is still valid to
experience. The calculation of the required
sample size was done to make sure valid
conclusions could be drawn of thisresearch
(Martinez-Mesa et al., 2014). According to
Bullen (2022), a sufficient sample size is
10% of the population. When | considered
the target group of 1100 engineers, a
total input of 110 would be acceptable.
The engineers were asked by email to fill
in a survey, while mentioning a significant
benefit for them; having impact on their
future way of training. Several control
variables were asked related to the training
phases, such as framing, skill-set, utility
reactions, learning, transfer, confidence,
motivation, autonomy, mastery, purpose
and performance outcomes (Figure 21).

The goal of this survey is to investigate
a higher amount of input on the training
experience of the engineers. The difference
of the survey with the interviews, is that
more input can be acquired, however no
details are given. Limitations could be that
some of the engineers do not understand
the questions due to incorrect formulation,
resulting in inaccurate answers. When
discussing the content of the survey
with one of the SME’s, it was suggested
to not ask certain questions, because

the company gives this information on
forehand. But did the trainee experience it
like that? Or did ASML communicated it in
an incorrect way? The survey is the way to
find out the gaps between ASML's way of
working, and the trainee experience.

The input of the survey shows that
the majority of 61% prefers hands-on
training and 21% OJT. Next to that, 84.5%
still thinks a supportive theory training
is needed for a hands-on training. When
looking at personal development, 88%
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of the engineers would like to have more
training opportunities besides their daily
job, and the great majority of 92% thinks
it is important to know the skills of their
colleagues. Currently, this is known
mouth-to-mouth, and the company only
offers Skill Management Tool (SMT), which
can be accessed by the individual and
management. According to 67.5% of the
engineers, management informs them on
their performances and skills.
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according to the majority of 24% , is to
increase the amount of effective hands-
on trainings. This is supported by 7% of
the participants, that would like to have
more practice opportunities of these
hands-on sessions. This could be a result
of the following root cause; 12% want
to have a the real context and common
cases integration improved. The second
main point of improvement is regarding
personal development. It is mentioned
by 21% of the engineers, that they give
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Figure 28: Data visualization of company interviews (Blue colors indicate type of training phase, orange color indicates person dependency)
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priority to more training opportunities and
recommendations available.

NXE training and High-NA validation
observations

To compare input of the interviews and
survey with practice, | have done three
observations on NXE hands-on and theory
trainings in groups of 6 engineers, but
also an additional High-NA theory training
validation. A method on user observations

by Van Boeijen,

Daalhuizen, & Zijlstra

Outcomes of NXE
training experience

survey

Training effectiveness

Training methods

Performance support

Personal development

Training

Strongly disagree Strongly agree

Training methods
Before a hands-on training, | would like to have a seperate theory training

84.5%

In general | feel most confident after a hands-on training

|

I don’t want to do a training, | want to learn| by on-the-job training
49,5% B

Technology use

A seperate theory training is not needed when having access to videos or other
micro-learnings in advance

m

(2020) was studied to improve the quality.
These trainings were also compared
amongst each other, to see whether
aspects have been changed or improved.
An alternative reason to attend High-NA
validation training, was to see the context
of the design proposal. The notes of these
observations can be seen in Appendix Fb5.
For the NXE theory training, the system
context was missing and no practical
examples were given through CBL, and it
mainly focused on procedural learning.

109 engineers

Engineers who have completed the fabready-1, fabready-2 or Advanced (
curriculum not longer than 6 months ago

Main points of improvement for training
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Also for the High-NA theory training
validation, this was mainly targeted at
comparing NXE with High-NA systems,
resulting in the purpose and context being
left out. It is important to keep in mind that
this training served as a validation, which
means the final shape of this training is
not yet determined. The NXE hands-on
training relates to the theory training in a
way, by being also focused on procedures.
Besides that, the effective hands-on time

‘ Minority of outcomes .

of an individual is limited, considering that

. . Majority training phase related
Neutral . . Majority post-training phase related

Majority person/personal
development related

More On-the-Job Learning

8%

25% 30% 35% 40%

Post-training

d Learning

Strongly disagree Strongly agree

Performance support

In the field there is a sense of teamwork and | get encouraged by my environment

84.5%

My manager informs me on my performances and skills in the field

|

Personal development

| want ASML to offer me more additional trainings besides my job

—

| find it important to know the skills of my teammates

Figure 29: Data visualization of survey on NXE training experience (Blue colors indicate type of training phase, orange color indicates person dependency)

this training mostly consists of groups of 6
engineers.

Conclusions and reflection of RQ4

Possible limitations of the research are
the following; inaccurate answers of
survey could be given because it was
misunderstood because | did not formulate
it optimally. Besides that, it captured the
moment, emotions could have played a role
and other types of input could be given at
another moment. Last, information could
have been left out, because they didn’t
want to give open input because of the risk
of sharing information with management.

When comparing the data visuals of
the companies and ASML, see Appendix
F3, it can be concluded that there are
overlapping interests in developments
for training effectiveness, post-training
personal development and post-training
performance support. There are also some
significant differences in way of working.
It is important to keep in mind that the
graduation company is a niche, when
looking at their cost-intensive machines,
resulting in alternative learning methods
and less OJT.

The SME meetings express the cruciality
of hands-on trainings, and the interest of
personal development opportunities at
ASML. The engineer’s interest in these
opportunities, results from the interviews
as well, indicating that they would like to
have additional training opportunities for
personal development purposes, besides
having more performance support when
working in the field through manager
evaluation and a suitable mentoring
program. Next to that, the survey shows
the needs for these personal development
opportunities as well, besides the demand
of more practice opportunities and
effective hands-on trainings. This need is
supported by the training observations,
which show that the context and purpose
of training is often missing.
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3. Design brief & vision

After doing an extensive research on training in theory and practice,
| have formulated the design brief of this graduation project. In this
chapter, the problem definition and supportive design vision will
be introduced and explained. The project is scoped by prioritizing a
selection of user needs, considering the input of business stakeholders

and the supervisory team, and aligning on business goals.

Focus on the system behind the tool
while optimizing hands-on opportunities

“l, as an engineer, want to be able to focus
on hands-on trainings by planning them in
to my preferences in a flexible Training
Center environment.”

Make sure the tool supports and
fits in a flexible TC context.

Focus on the UX design of the tool and make sure it’s
intuitive by making use of co-creation and usability tests

Figure 30: Chosen vision direction
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3.2 Problem statement according to graduate

The context & user research resulted in having a wide diversity of possible future training
focus points for the company. In this chapter, | will elaborate on the main problems resulting
from the research phase. The outcomes and conclusions of Chapter 2, have been summarized
and visualized through the clusters, see Figure 31.

Main problems resulting from research phase

When encountering the conclusions RQ3 and RQ4, supported by the findings of RQ1 and RQ2,
the three problems are the following. First, the graduation company does not offer a frequent
or sufficient amount of personal development opportunities, since engineers have the need
for more learnings. This is substantiated by the company SME’s (RQ4) and the majority of the
organizations (RQ3), since 6 out of 7 companies are not able to provide personal development
opportunities to trainees yet. Second, the effectiveness and amount of hands-on trainings to
create a sufficient field confidence level, is not optimal. Engineers feel the need to have more
practice opportunities for knowledge retention according to the input of the survey and the
observations (RQ4). The majority of the SME’s also mention that a future hands-on focus is
crucial for ASML. Last, performance support after training is not structured and often missing
according to user interviews (RQ4), there should be more manager evaluation sessions or
mentor guidance. This is also mentioned by the majority of the organizations (RQ3), that are
developing suitable mentoring programs or manager sessions.

Reflection on company problem statement

Considering the company problem definition, see Chapter 1.3, encountering training
effectiveness and smart planning technology, this is mainly a business approach. The problem
definition, that | have formulated after doing an extensive research, is from the user’s point of
view and taking into account the User-Centered Design (UCD) approach. It can be concluded
that both problem definitions, do not relate to each other. However, it could be a challenge to
create a final design proposal that can be supportive of both. The defined problems of this
project, do support the future vision of the TC; a vibrant environment where the engineer can
create an own tailor made journey, while focusing on increasing confidence through practice.

Training Performance Personal
methods support development
Engineers Provide practice
| % & effective hands-on
D Survey (109) training

Give practical

Observations (3) examples

= Engineers &
Ok Trainers
- - Interviews (14)

990\ SME’s Hands-on training
Meetings (12) focus

Manager evaluation
& mentor guidance

Companies Manager evaluation
- Interviews (7)

& mentor guidance

Figure 31: Cluster visualization of main improvement opportunities according to the results of RQ3 and RQ4
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3.2 Design Vision

To define the design direction, the ViP method was used to create a vision statement. In
this chapter, the ViP method will be introduced, vision possibilities will be proposed and the
chosen statement will be clarified. Besides that, the project was further scoped by defining

the meaning of effectiveness and determining the vision success.

ViP method and vision exploration

The Vision in Product design (ViP) approach
is a context-driven methodology, focused
on visualizing what people value, desire
and believe. It offers a simple and unique
way to come up with a design that adds
new value or meaning to people (Hekkert
& Van Dijk, 2017). ViP was chosen for three
reasons. First, it is suitable for innovation
processes in a future context, which is the
case for the High-NA TC. Second, it helps
to face and translate complex systems into
suitable design starting points. Last, as an
IDE student, | have experience with using
this method, and acknowledged the value
of it for this research.

By focusing on the formulated problem
definition, a dimensional set-up has been
created by encountering the clusters with
most potentials, see Figure 31 and Figure
32. The four possible focus areas indicate
mentor guidance and manager evaluation
of the performance support cluster, and
hands-on quality and effectiveness of the
trainings methods cluster. Since one of
the requirements of the company was to
create a training planning tool, to enable
the creation of a tailor made journey and
a sense of personalization, the cluster
related to personal development has
been placed central. Indicating that all
vision directions will be somehow related
to creating a training planning tool for
personal development purposes.

Chosen vision statement

A vision had been chosen, even though all
directions have potential when looking at
the improvement opportunities resulting

from the research. Some reasoning on why
the vision in Figure 30 was selected:

e First, the fact that a UCD approach is
encountered for this project, see Chapter
1.4, results in representing the needs of
the majority of the engineers. From the
survey, it can be concluded that engineers
want to practice on effective hands-on
trainings. However, due to the limited time
of this project, and the limited knowledge
on training content, it was not chosen to
encounter quality of hands-on training.
Therefore, | have focused on enabling an
optimal amount of practice opportunities.
e Second, focusing on the effectiveness
of hands-on training by focusing on
the structure of the High-NA TC, also
contributes to having more timeslots and
therefore training opportunities available

"l, as an engineer, want to be able to plan
in hands-on trainings in the TC, that will
represent an accurate context"

"l, as an engineer, want to be able focus on
hands-on trainings by planning them in to
my preferences in a flexible TC environment.”

g methods

rainin

T

for the engineer to practice. Hands-on training is the best method according to the engineers,
to improve their confidence. Optimizing the amount of timeslots also contributes to the amount
of hands-on trainings.

* Last, there are several business strategies covered by this vision focus. ASML strives for
field self-sufficiency, by making sure the engineer feels confident to execute SA’s in the field,
which refers to practice. Besides that, the strive for optimal knowledge retention is one of the
global themes, visualized in Figure 22, which is in line with offering practice moments.

Project scoping

When discussingthe final vision with the supervisory team and business stakeholders, the main
question that came up was: “What does effectiveness mean?” For the project, effectiveness
had to be defined, to make sure the project could be scoped for the interest of the student,
and expectations could be given to the company.

What | considered as ‘effectiveness’ for this project, was creating a planning proposal by
integrating a High-NA training curriculum into the training planning tool. Variables should be
stated for this scenario, such as the amount of trainees and trainers, amount of CARS/SA’s/
SMS’ for that training, the specific training types such as VR/AR/HW/TH, and the capacity of the
trainings rooms or modules (HW-riggs). Through the creation of modular slots, encountering the
research of RQ1 to calculate the effective time and timeframe in between, recommendations
can be done on how to achieve a sufficient amount of practice opportunities. For the next
Chapter, requirements have to be set-up, to tackle the unknown variables.

The effectiveness of the final design can not be measured yet, since it is not possible
to test this because of TC that is still under development. The design proposal will act as
a recommendation on how to operate the environment. In accordance with the company,
the success will be determined by the assessment and feedback of business stakeholders,
since this is seen as valuable when looking at their experience. Second, the feedback of the
engineers on the intuitiveness of the tool, will be leading.

Personal development

"I, as an engineer, want to have more
performance support through mentor
feedback in the TC planning tool."

Give an engineer the possibility to
plan in their own learning journey

"I, as an engineer, want to have supportive
personal development guidance by my
manager through the TC planning tool."

poddns asuew.iojiad

Figure 32: ViP process of creating a suitable vision for the project, see Appendix G for supporting quotes (Hekkert & Van Dijk, 2017)
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4. ldeation & prototyping

The midterm presentation marked the end of the research phase, and
the start of the ideation and prototyping phase. A new project planning
was made (Appendix B2), encountering the focus on the UX design
of the training planning tool, and creating an effective scenario. The
ideation phase of this project, consisted of exploration of features in
the training planning tool, but also gathering requirements through co-
designing and brainstorming with users and business stakeholders.

Figure 33: Information structure of interactive UX design prototype (Figma, n.d.)
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4.1 Structuring the prototyping phase

Considering the initial requirement (1) by the company, see Appendix Al for the complete
list, a tool should be created that enables the possibility to plan in High-NA trainings in the
TC. Because of this, | had chosen to create an interactive User Experience (UX) design of the
tool to showcase the Minimum Viable Product (MVP). In this UX design, a training curriculum
has been integrated by encountering a scenario given by the company, the effective system.

Combining the UX design with a training planning scenario

The two separate prototypes; the UX design and the effective system of the tool, have been
generated through the design process in Figure 34, and will establish the final design
proposal. As inspiration, studies on application design processes have been used to set-up
this structure of the prototyping phase. For the ideation, requirements were gathered through
brainstorm and co-creation sessions with users and business stakeholders. After that, rough
layouts of the screens have been created, wireframes, of which validation found place through
usability testing. This feedback will be used to layout the detailed design composites and to
add possible functionalities, whereafter a second round of usability tests finds place. At the
end, the effective system will be created as part to determine practice opprtunities, taking
into account several context variables to propose a specific planning. Especially this last step,
will be time intensive, since the High-NA TC is in development (Challenge 2 of Chapter 1.3).

Figma as medium to create the prototype

The medium that was used to build the design, is the web application Figma (Figma, n.d.),
because of two main reasons. First, considering the data visualization learning goal, | was
eager to consider a new mediums, which | had no experience with yet. As an IDE student, |
have used the similar application Axure several times to set-up UX designs, but have never
experimented with Figma. Besides that, this application is in the way of working in the UX
design department of the company. Using this platform, would also be beneficial for possible
future implementation and storage purposes.

Design
Requirements Wireframes Composites Effective system

e Gather requirements of e Create a rough layout of e Create a detailed design e Improve design by using
users and business the screens; visualizing by taking user experience the feedback of usability
stakeholders location of controls and and branding into account testing round 2

data

e Organize co-creation e Create new usability testing e Create a scenario by
sessions to determine e Create set-up of usability set-up, depended on the encountering the BODY
requirements testing by focussing on the additional functionalities curriculum of High-NA

main tasks resulting from round 1
® Retrieve TC context e Define the weekly
variables e Use interactive prototype e Use improved interactive planning integrating the
for usability testing prototype for usability testing TC context and all the
specific training modules
(HW/VR/SW/TH)

Figure 34: Prototyping phase process and focus points (CodeWithChris, 2018)

49



50

4.2 Ideation through brainstorm and co-
creation sessions

Requirements were gathered, through several creative sessions with users and business
stakeholders. First a user co-creation session was initiated on the tools’ core features, followed
by a similar brainstorm session with the company mentor. The outcomes were clustered to see
overlap in needs and values. Additionally, a brainstorm session was held with three business
stakeholders, representing the KXI Studio and GTC department, to scope effectiveness.

Definition of co-creation and its benefits
According to Van Boeijen, Daalhuizen &
Zijlstra (2020), co-creation refers to having
a collaborative effort on design, together
with users, and other stakeholders. There
are three main reasons to make use this
method during a design process. The
first one is that it is seen as valuable to
encounter the needs of the user or others
affected by the solution. Besides that, the
session will give insight in the needs of the
users, to create the best possible solution
(UCD approach). Last, the stakeholders
need to gain support of relevant parties.
In this project, the outcomes of this co-
creation session, will not only be used to
gather a total set of requirements for the
product, but also to prioritize the tool's
feature considering the project timeframe.
Additional requirements resulting from the
co-creation session, can be considered as
recommendations for future focus points.

Co-creation with users on core features
A co-creation session was initiated to find
the requirements of the planning tool, and
to make sure it is completely designed
to the needs of the user, while also
encountering the needs of the business
stakeholders. In an ideal situation their
requirements will align to a certain extend.
Making sure these two are on one line, is
seen as a challenge, but also the most
favorable outcome when looking at the
product value.

The target audience, 5 future High-NA
engineers who are currently in the BIC

for training validations, were invited for a
face-to-face brainstorm session. Several
business stakeholders were invited to this
session as well, however, in the end only
the engineers attended the session. This
could’ve influenced the outcomes, since
no validation and discussion with both
stakeholders found place. In Appendix
H1 the preparation and set-up of the
session can be seen, which was done in
collaboration with an UX designer at the
company. The requirements, core features
of the tool, will be selected by considering
the top 3 most voted inputs on the ideal

' Input of user

As is situation

How do you currently plan your trainings?

Hydrogen
training; no
slots available
when all came
here

Plan in through
myLearning;
non technical
trainings

Search of
trainings is
long

way of training and features. Additionally, the engineers were asked to give their preference on
possible planning focus points, which | have explored through an ideation session (Appendix
H2).

Since there was some unexpected delay in the training class, the brainstorm session was
splitin two groups. Having these separate sessions could’ve resulted in non-optimal outcomes,
since the discussion session didn’t find place with the whole team. Besides that, the second
group already could see the input that was given before their session. This could all have
influenced the voting and outcomes of the session. However, the outcomes are still seen as
valuable regarding requirements establishment, and user testing will indicate the accuracy.
The first topic shows that for the current situation answers were given in three clusters;
no slots available, search in MyLearning and not authorized to choose. Regarding no slots
available, the majority of the group mentioned that the slots in MyLearning are often limited
or fully booked, and the search is time intensive. Last, the engineers are not free to choose
their trainings, often their manager or Group Lead (GL) signs them through MyLearning, and
autonomy is missing. From above it can be concluded, that the engineers imply on MyLearning
when planning in their trainings, which is on macro-level. Contrary to the planning tool, which
will cover micro-planning of daily training slots. Because they have no experience yet with the
future TC way of working, it makes sense that they keep referring to the as it is situation.

It can be concluded that the brainstorm sessions was successful regarding determining
the user requirements and core features, but the usability testing will indicate the sufficiency
of this. By encountering the majority of votes, when looking at the ideal way of planning and
features, this resulted in seven requirements, see Figure 35 and Appendix Al for the complete
list of requirements. Next to that that, the majority of engineers preferred the categorization
in planning on weekly base, see Requirement 15.

Core features according to users
Top three of majority votes

Cluster of input + o

Vote of user
I_I .

To be situation

What does your ideal way of planning
a training look like?

Which features do you need in order
to plan your trainings?

List of trainings

+39 +29 +3 9
List of trainings We should .
available on know what's Categorize on
competency/ training is curriculum and
curriculum available from show
Mylearning prerequisites

+59 +32 +3 9

Show . .
criteria/basic When, time, Work in

set of trainings date, succession:

that should be instructor, Give time
+3 ro‘l +2 'Ql +1 IQI s location frame
) Basic service
Know what Trigger slots mix/most
slots are open opening up common expert
actions must
be shared

Trainings are When a slot I;aclﬂmﬁ of NXE 2|c¢:itzno;mys

often booked; opens up; system was limited and
you have to helpful! Seen full: no mis-expecta-

find a slot as amiracle available slot tion from CS

+2° +29 +1°

Do trainings Content of Management
based on training; what trainings:
onboarding can | learn Journey

One training a gaps from it towards goal

year; request of
GL to join
training session.
Dislike!

Use

Problem; in GL just assigns )
competencies Once CBT's are

HBO manager you to training; d it sh Plan training
and curriculum ONE:ILSTIoWs based on tools

combinations the slots

doesn't want happens all
to give you up the time

Figure 35: Outcomes of co-creation session with users (High-NA engineers)
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Brainstorm with business stakeholder on core features

Besides having a co-creation session on the main requirements with the user, | have had a
discussion with the company mentor, on what should be the first focus points regarding the
planning tool. This online session was structured by discussing the expectations and problem
definition of the company. Besides that, some insights and variables were shared on the TC
context, which created a base for the chosen requirements. Generating requirements was
done by using the structure of the WWWWWH method of Van Boeijen, Daalhuizen, & Zijlstra
(2020). This abbreviation of Who, What, Where, When, Why and How, serves as a checklist to
generate the most important values and questions. The requirements resulting from this can
be seen in Figure 36 and Appendix Al.

Clustering of user and stakeholder requirements

The outcomes of the co-creation session with the users was utilized to set-up requirements.
Besides that, also business stakeholders gave some core features examples that should be
integrated in the application, see Figure 36 and Appendix Al. To see similarities between
the needs of the users and business stakeholders all these requirements were put together
in one visual for clustering purposes, through using the same WWWWWH method of Van
Boeijen, Daalhuizen, & Zijlstra (2020). This clustering counted as an alternative mean to

. Requirement of users

What Why

Indicate the modules that need to be completed

. Requirement of business stakeholders

“In an ideal way of training, the tool will show the
list of trainings available on competency.”

“When looking at the features, the tool should
show the criteria/amount of Service Actions that
needs to be completed to fulfill the training
program.”

“It should integrate the possibility to plan in
High-NA HW/VR/SW/TH trainings.”

“In the tool the engineer can see why this learning

) method should be done at this moment.”
“In the tool the engineer can see the amount of

learning methods that can be booked for the
coming 2 days.”

which slots are open.”

Where

Show location of specific learning method

Who

“When looking at the features, the tool should
show the location.”

“In the tool the engineer can see who they can
ask help in case of any questions problems;
1st trainee who has completed this, 2nd line
engineer of TC, 3rd trainer/coach.”

“In the tool the engineer can see the location of
the chosen learning method.”

Figure 36: Clusters of user and business stakeholder requirements on the tool’s core features

“When looking at the features, the tool should
show the instructor/trainer of the chosen module.”

“In an ideal way of training, the trainee can see

align the input of the users and business
stakeholders, which was the intention
of the co-creation session, of which the
business stakeholders were not present.
Clustering all these requirements,
resulted in seeing three main points of
agreement. The first one is that the users
and business stakeholders agree that the
tool should give somehow an indication of
the mandatory modules, and why a certain
module has to be completed when looking
at the training program or competences.
Besides that, both groups find that the
tool should include the location in the TC,
where a training method will find place.
Last, they think that before joining a
training action, the needed materials and
prerequisites should be given in advance.

Overlap and cluster of stakeholder requirements

When

Show date and timeframe of module
“When looking at the features, the tool should

show the time(frame) and date.”

“In the tool the engineer can see the timeframe,
2 hours, of each possible learning method.”

How

Give materials regarding prerequisites

“In an ideal way of training, the training tool shows
the prerequisites for each competency/curriculum”

“In the tool the engineer can see how the learning
method should be used by having access to
videos/pdf/ppt/etc.”

“When looking at the features, the tool should
show the timeframe of completing the training
program and its corresponding modules.”

Brainstorm with business stakeholders
on system effectiveness scoping

A brainstorm meeting was held with three
business stakeholders to determine how
to scope effectiveness. The company
manager, mentor and High-NA curriculum
lead, represented the interest of the
KXI Studio and GTC department. During
this meeting | gave a short summary of
the project, using partly the midterm
presentation, and gave a demo of the
planning tool until now, which were
the design composites in progress.
Additionally, we had a lively discussion on
how effectiveness could be specified for
this project, making sure it has value for
the company. See the visual in Appendix
H3 for all the comments.

When having a critical look on the
outcomes, | noticed that there was
no specific direction given, but this
could also be the result not leading the
brainstorm, since the enthusiasm and
the different interests of the stakeholders
led the conversation. This meeting acted
more as an inspiration to determine the
direction. The forgetting curve was often
recalled, since this is a leading method
when looking at practice opportunities.
What if | could imply effectiveness by
using Ebbinghaus’ forgetting curve and
determine the timeframe to obtain optimal
knowledge retention and the moments of
rest in between? By taking into account
the context factors of the TC, a curriculum
and the forgetting curve, a scenario can
be created to showcase the feasibility.

Additionally, the possible connection
to the Skill Management Tool (SMT) was
mentioned, which is a platform through
which the engineer indicates which SA
they have completed after a training, and
whether they feel confident to execute. A
meeting was initiated with the business
owner of SMT, see Appendix L3 for the
notes, to share thoughts on how these
tools could be intertwined.
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4.3 Prototyping wireframes

After gathering the requirements, an initial set of wireframes was created. According to Bruton
(2022), creating the outline of your UX design is an essential step of the product design
process. It is used to have a clear understanding of page structure, layout and functionalities.
The interactive prototype of wireframes will be validated through usability testing.

Methods and main functionalities

The goal of the wireframes creation was to translate the requirements of the users and
business stakeholders into an intuitive information structure. It was chosen to create mid-
fidelity wireframes to explore design ideas, establish spacings and buttons, and to create
a user flow (Bruton, 2022). The frames did not include any images or detailed content,
consisted of grey tones and represented the focus on the main functionalities. Based on the
requirements of the core features resulting from Chapter 4.2, four main functions in the tool
were established (Figure 37):
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123459

ASML =

e Check training criteria (Task 1): This
function gives additional information to
the user on the training timeframe, and
gives a planning guidance on planning the
training slots, encountering SA/SMS/CARS
dependencies (tackling Requirement 14).

e Book a slot (Task 2): The main feature
of the tool is to book a training slot, on the
book a slot page. Book a slot by clicking
on the training type of preference in the
weekly planning. The booking page shows
the specific training information, purpose,
prerequisites and materials (tackling
Requirements 5, 7, 8, 9, 10, 11, 13, 15).

* Cancel a slot (Task 3): An alternative
option is to cancel a slot by clicking on

FabRoady 2SCANNER

FabRoady 2SCANNER

Figure 37: Wireframes of the training planning tool, of which the numbers indicate the tasks and main features (due to confidential reasons some information is blurred)

the training type in the dashboard. By
doing this, the user can also revise the
location of the training, and the materials
for preparation purposes on forehand
(tackling Requirements 8, 10, 11, 13).

* Explore available trainings (Task 4): The
engineers have the possibility to browse
through other training programs, for
exploration purposes. They can access the
planning guidance of these curriculums as
well, to investigate the typical SA’'s/SMS’/
CARS'’ (tackling Requirements 13).

For the sake of the simplicity of the
wireframes, training slots of 2 hours
will be encountered, of which the exact
timeframe was determined in Chapter
4.5. Having several constraints and
requirements, initial sketches were made
of the set-up, before creating the design
in Figma (Appendix H4). Since Figma is
in the way of working at the company,
several standard examples are given in
line with the branding style guide. These
examples were used as a base to create
the wireframes, since it is important for
ASML to work in a similar design language
for integration according to the company
UX designers, see Requirement 21. The
dashboard on the left, navigating bar at
the top and search bar are examples of
what’s already included in the company
set-ups.

Usability testing of wireframes

After the wireframes were created,
they have been presented to the users
and business stakeholders to retrieve
feedback for design iteration. Considering
Requirement 4, one of the goals is to make
the design and its operation intuitive for
users when looking at the UCD approach.
The product usability evaluation method,
typical at the IDE faculty at TU Delft (Van
Boeijen, Daalhuizen & Zijlstra, 2020),
served as inspiration to set-up the testing.
Designers could make assumptions on
how the intended users will operate and
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see the product, however, validations
are necessary to have an optimal user
representation in the design.

A total of 4 participants contributed
to this research, consisting of 3 High-
NA engineers and the company mentor.
This was an sufficient amount when
encountering the product usability
evaluation (Van Boeijen, Daalhuizen &
Zijlstra, 2020), which states that for a
simple and qualitative evaluation, 1 to 4
participants will be sufficient.

The script and the protocol of the
usability testing can be seenin Appendix 1.
Open research questions were formulated,
for each of the four tasks mentioned in
Figure 37. Additionally, the NASA Task Load
Index (TLX) method, is integrated into the
end of the testing (Appendix 12). The multi-
dimensional scale from O to 20, measures
the workload demand, for several variables
(Hart, 2006). This methodology was
recommended by the university mentor, to
add as extra dimension to the research.
Besides that, according to Hart (2006),
the method is proven to be easy in use
and to have considerable value. Last, this
quantitative data gives the opportunity to
compare the NASA TLX of the wireframes
and design composites, to see possible
improvements.

Conclusion and reflection of wireframes
The usability testing resulted in a wide
diversity of  possible improvement
points, and also some overlapping
recommendations between users and the
business stakeholders, see Figure 38 and
Appendix 13. The outcomes of the NASATLX
concerning the wireframes, can be seen in
Appendix 13, which will be discussed and
compared with the outcomes of the design
composites in the next Chapter.

All participants mentioned, that they
prefer to see the subject in the training
slots. Since a great amount of SA’s/
CARS’'/SMS’ are covered in a training

program, the codes without the definition
are often considered as meaningless
(Requirement 17). Next to that, 3 out of
4 participants want to perceive the type
of training, aiming at a group, paired or
individual context (Requirement 18). This
could influence their choice of training,
because of their preference and state at
that moment.

Moreover, all users indicated the benefit
of a link to MyLearning prerequisites on
the training slot information page. This
comment is not chosen to implement in
the design, since the MyLearning tool is
on macro-level when looking at training
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registration. It will give the prerequisites to join the training as a whole, in contrary to the
this tool that will show the SA/SMS/CARS dependencies of that training slot, derived from
the company problem definition (Requirement 2). An incorrect introduction of the tool by the
graduate, could have led to this miscommunication, impacting the feedback. Related to the
SA/SMS/CARS dependencies, the business stakeholder declared the value of focusing on the
CARS scenarios during phase 1 of the planning guidance, since these cover the majority of a
SA (Figure 8). This is followed by phase 2, which will concern the SA’s (Requirement 19).

In addition, 3 out of 4 participants mentioned, the use of colors is crucial to indicate
completion in the planning guidance (Requirement 20). A limitation of this research, was
that the participants commented on colors and icons, that would be covered in the usability
testing of the design composites. It could have been possible, that | was not clear during the
introduction, about the focus on information structure for this first round of usability testing.

All comments in Figure 38, except for the link to the MyLearning prerequisites, were seen
as valuable and have been integrated in the design composites. The impactful changes
mentioned above, have been translated into requirements (Appendix Al).
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Figure 38: Feedback of usability testing (1) on wireframes (due to confidential reasons some information is blurred)
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4.4 Prototyping design composites

In this chapter, the final design composites will be presented, besides the insights of the
second round of usability testing. The new requirements resulting from the first usability tests
and the other slight changes proposed, were encountered in the redesign. In addition, the

design composites were made more detailed by color and icon integration.

Methods and additional features

As it was mentioned by the user that they
prefer to see progress in completion of
trainings through colors, a research was
done on color meaning in ASML tools, see
Figure 39. By doing this, | wanted to create
a sense of familiarity and intuitiveness
for the engineers when using the tool.
Since blue indicates ready, this color was
linked to the completion of a training
type. The green had been referred to the
‘in planning’ stage of a training, meaning
that it was scheduled. Last, the yellow
color indicated that a training had not
been planned yet, and therefore has not
been completed. Intentionally, | had not
chosen to integrate the red color, since
this could be experienced as alarming and
intimidating, and there are no issues when
a SA/SMS/CARS has not been planned
yet. The user testing will give insights on
how to engineer’s interpret the meaning.
To make an accessible design for all users,
color blindness is taken into account.
Especially when considering a majority of

Ready

Received

Not Accepted

Figure 39: Meaning of colors in existing applica-
tions of the company related to profile updates

male engineers, of which 1 out of 12 is
color-blind according to a study of Rogers
(2020). Using suitable color palettes is
crucial to make sure these engineers can
easily access the tool. According to Cravit
(2023), there is a diversity in suitable
color schemes, of which grey tones is one

amongst them. Therefore, it was chosen to use several opacities in grey tones (Requirement
22), to make sure a color-blind engineer can see the difference between training slots and
to maintain simplicity in the design. Suitable color combinations were taken into account
throughout the design process. However, no validation testing was done with these users.

Several prototype demonstrations were given to other business stakeholders. They
commented on the capacity of slots, since there could be a chance considering the amount
of trainees and the supply, that full bookings will occur. This was also mentioned by one of
the engineers during the first round of usability testing. These insights were used to establish
Requirement 23, indicating that the engineer can be notified when there is a cancellation of
a full booking.

Usability testing of design composites

The same set-up of the wireframes usability testing, had been used for the design composites,
see Appendix 14. However, in the protocol can be seen that one additional task had been
added, which refers to the new notification function. Next to that, encountering the limitations
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Figure 40: Design composites of the training planning tool, of which the numbers indicate the tasks and main features (due to confidential reasons some information is blurred)
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of the first round, this resulted in an increase in attentiveness regarding complete introduction.
During the first round, the insufficient information, resulted in inaccurate feedback. This was
prevented in the second round, by making sure the design context is explained thoroughly.

A total of 7 participants contributed to this research, consisting of 4 High-NA engineers and 3
business stakeholders. According to the product usability evaluation (Van Boeijen, Daalhuizen
& Zijlstra, 2020), 1 to 4 participants will be sufficient, meaning this can be considered a large
amount. However, too many participants could overcomplex the results according to Martinez-
Mesa et al. (2014). The outcomes will indicate whether the information is scattered, which
could impact the conclusions.

Conclusion and reflection of design composites

The second round of usability gave insights on possible points of improvement and overlapping
interests between users and business stakeholders, see Figure 41 and Appendix I15. Therefore,
scattered feedback due to a high number of participants, was not applicable for this research.
When comparing the outcomes of the NASA TLX of both tests (Appendix I3 & 15), a significant
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Figure 41: Feedback of usability testing (2) on wireframes (due to confidential reasons some information is blurred)

difference can be seen regarding the
increase of performance. The mean of
the performance variable went from 10 to
almost 20. Next to that, the effort it took to
execute the tasks, also decreased from 7
to 4. However, it can be concluded that the
temporal demand, indicating how hurried
the participant considered the task, and
the frustration increased slightly. The non-
consistent participant attendance due to
availability, implying that different users
attended round 1 and 2, can be considered
as a limitation but also an advantage,
since they’re not familiar yet with the tool.

First, the majority of participants

20 8

This training

exploring
option makes
us feel more
involved

Planning guidance

Define what is Define

meant by point timeslots for

of contact half year or
year

+19 W +2Q +29

Phase 2 needs Switch

to have color completed and

of planning planning
colors

+3,Q|‘

Add click
function on
CARS/SA for
more info

mentioned they experience the intended
meaning of the green and blue color in the
planning guidance the other way around.
Since this was also mentioned by a
companyUXdesigner,itwill be encountered
for the redesign. Besides that, 3 out of
7 participants would like to personalize
the notification time of a fully booked
slot. They mentioned timeframes ranging
from 1 day to 1 month, which should be
encountered when creating the planning
tool’s data set-up, as it will be out of scope.
Therefore, this point of improvement will
act as a recommendation. Third, 2 out
of 7 participants find a link to the CARS
prerequisites in the booking page useful,
since they want to be informed on the
subject. To avoid over complexing the tool,
| have chosen to implement the subject to
these CARS scenarios for the final design
proposal first, before adding new features
to the tool. Next, 3 out of 4 users mention
they want to click on SA’s/CARS’/SMS’ in
the planning guidance, to retrieve more
information. Because of the same reason
mentioned above, the corresponding
subject will be integrated into the planning
guidance, to maintain a simple design.
The design validation could possibly give
insights on whether these were effective
solutions. Additionally, 2 out of 4 users
mention they find a zoom-in function of the
map useful to determine the location. Last,
2 out of 4 users share their enthusiasm on
the possibility to explore other trainings,
because of an increased involvement in
the training registration process.

In Figure 41 it can be seen that
several other comments were given by
stakeholders, which were translated
into the final design, without becoming
requirements. The fact that the participant
attendance was not consistent, could
also have influenced the outcomes of the
feedback. Nevertheless, are the comments
seen as valuable and leading for making
certain decisions for iteration.
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4.5 Prototyping system by curriculum

integration

After the UX design had nearly been finished, a proposal on a possible planning was created.
The specifics of one of the training curriculums was analysed, for tool integration. Requirements
and TC context variables were gathered trough meetings with business stakeholders.

Requirements gathering of training
types and the High-NA TC context
Setting up the requirements was seen as
challenging, since several variables are not
known yet of the TC. This resulted in taking
initiative to approach several business
stakeholders of the GTC to determine the
unknown variables. In Appendix A2, all the
system and context related requirements
can be seen, which are elaborated
below. Together with the company
mentor, a scenario was determined. A
planning proposal has been created, by
encountering a first target audience of 30
engineers, 5 trainers, one curriculum, and
one Hardware module (HW-rigg) for the
hands-on trainings of that curriculum.

Based on a confidential Excel file with
detailed curriculum training information,
consisting of specific SA/SMS/CARS
subjects and timeframe estimations of the
represented training types HW/VR/SW/
TH, modular slots were made by rounding
up or down the estimations. Besides that,
the capacity of the HW/VR/SW/TH training
types was calculated by considering the
number of rooms or modules and the
occupation, see Figure 42.

Timeframe of training slots

Based on the estimated times in the
confidential Excel file with detailed training
information, several training timeframes
were taken into account. When looking at
the optimal duration of hands-on trainings
in Chapter 2.1, a study by Mahmood et
al. (2022) demonstrated that 90-minute
hands-on training resulted in the highest

performance, compared to 30- and
60-minutes. However, booking separate
one and a half hour slots for several
hands-on training of 5 or more hours,
might overcomplex the tool. Therefore, it
will be recommended to have breaks in the
hands-on sessions after 90-minutes, to
have optimal performance of the engineer.

Number of slots per
SA/SMS/CARS
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Figure 42: Planning prototype of the BODY curriculum, encountering generic subjects for the SA’/SMS’/CARS’

Conclusion and reflection of practice
opportunities

A proposal on a schedule of the BODY
curriculum had been created by
encountering the training content and the
requirements mentioned above. Since
there is 1 HW-rigg available in the TC for
this curriculum, this resulted in a 4-week
timeframe of for alle engineers to complete
the required HW slots. Because SW slots
have to be planned after HW trainings,
this type also extends to 4 weeks, see
Figure 42. Since the BODY curriculum also
requires a 4-week timeframe, according
to the company, this means no additional
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B s B s B s
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hands-on practice opportunities can be
provided with 1 HW-rigg, indicating that
supply is not equal to demand of more
practice opportunities. One additional HW-
rigg should be implemented in the TC for
the BODY curriculum, to provide 3 practice
moments for 30% of HW trainings. Taking
into account that 30% of the HW trainings
can be completed in approximately 1
week (Figure 42), multiplied by 3 practice
opportunities, is equal to a full 4-week
occupation of 1 HW-rigg. See Chapter 6.2
for further elaboration.

(based on Requirements 24 to 29 in Appendix A2)
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5. Final desigh &
evaluation

The final design marks the ending stage of the graduation project,
and contains the most important outcomes of all Chapters. First, the
meaning and functionalities will be elaborated, followed by a user
storyboard to showcase the intended product interaction. Additionally,
the business benefits are demonstrated, before evaluating the design.

5.1 Design meaning and functionalities

The UX design, that was iterated through two rounds of usability testing, and the training
planning proposal had been emerged to establish the final design. The TC training planning
tool is called ‘My Training’, resulting from the majority of stakeholder votes (See Appendix 16),
and supports the micro-management of the tailor made training journey of the engineer.

Core features

MyTraining contains three main features,
that support the High-NA TC environment.
It offers the possibility to book preferred
trainings in a weekly schedule, focusing
on Hardware, Virtual Reality, Software
and Theory methodologies. Besides that,
a planning guidance can be accessed,
acting as a guideline to go back to when
the user will plan in their training. This
will lead the engineers through their
tailor made journey, to prevent that they
will feel lost in this sense of autonomy,
Requirement 14. Last, it enables the
trainee to investigate other curriculums as
well, through the explore training function.
In this way, they are stimulated to focus on
personal development, by exploring and
defining the continuation of their learning
journey.

Represented motivational drivers

The motivation theory of Pink (2009), see
Chapter 2.1, has been incorporated into
the tool and its meaning. The final design
offers engineers a sense of autonomy,
by self-directing their training planning
to their preferences and needs, while
encountering the required timeframe. They
feel in control when using the tool. Second,

it enables the mastery motivational driver,
considering the tool supports a flexible
environment where practice opportunities
are incorporated. Improving their skills
through practice, results in greater
confidence and knowledge retention. Last,
it gives purpose to the engineer by making
them feel more involved in the process.
Engineers would like to be in involved in
the training process while being in charge
of their path, which is a result of the fact
that a GL or manager mostly assigns them
for a training. This is a reoccurring need,
mentioned in the interviews, co-creation
session and prototype usability testing.
In the next pages, quotes of users from
the usability tests that support these
statements, can be perceived. Due to
confidentiality reasons, some information
in the figures of the final design has been
left out or blurred.

Logo

A suitable logo of MyTraining was explored
by encountering existing company logos,
see Appendix J. It was mentioned by 3 out
of 3 users, that the logo in Figure 43, is
most suitable and complimenting to the
tool, see Appendix K.

MY Training

Figure 44: Logo of the High-NA TC training planning tool
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5.2 User storyboard

To communicate the design and its context with stakeholders, a user storyboard has been
created through drawings. It demonstrates the interaction of the product, by showing how
the tool is used in a given scenario (Van Boeijen, Daalhuizen & Zijlstra, 2020. In Figure 53,
readers can experience the intended activities, and how MyTraining supports that.

“Hi, I'm Jake! It is 9 a.m. and | have just arrived

at the BIC to join several High-NA trainings.” room, for which | have booked a seat”

“After the preparation, | join the Theory class on

a CARS scenario together with colleagues.” Hardware training. Let’'s go!”

“To start, | check my schedule in the preparation

“After that, | have planned the complementary

Persona

A simple persona of the user was created,
based on the participants of RQ4. He is
a 1st-line engineer from the US, that
registered for the new High-NA training in
accordance with his manager. For quite
some time he has been looking forward to

“Let me see the overview of toda);'s planning in
Outlook. That’s a tight schedule!”

“Together with 2 other engineers, we discuss
how to tackle this CARS scenario.”

learning more on this new system. There
were several arrangements that had to
be done before going to the Netherlands,
such as booking accommodation, flights
and more. He started the training one
week ago, and uses MyTraining as planning
guidance to schedule trainings.

“The first training starts in 1 hour, | will study
the materials beforehand through MyTraining.”

“Since we’re with a small group, there is plenty
of time to practice on the Hardware.”

“I have booked a seat in the preparation room for “l see | still have to finish two SA’s to fulfill
the end of the day to check my training progress.” phase two.”

Figure 53: User storyboard of MyTraining

“I will book the slots by encountering my
schedule and my preferences.”

“That wraps up my day! See you tomorrow BIC,
for again another training day.”
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5.3 Business benefits

In addition to the value of MyTraining for the users of the tool, complimentary business benefits
have been determined in close consultation with stakeholders, such as trainers, SME’s and
the company mentor. The training planning tool for the High-NA TC context, offers following 4
main advantages, stimulating further development and implementation.

* First, the integration of modular slots and minimizing hands-on activities will result in an
increase of training effectiveness. The current effective hands-on time is estimated maximum
20% considering the limited hands-on time of an individual in a group of 6 or more engineers.
A rough and indicative calculation performed has demonstrated a possible further increase
to a level of approximately 80%, implying an increase of the effectiveness by a factor of 2. For
calculation details see Appendix L1.

* Next, the tool provides a solid support to high-quality engineers. More autonomy regarding
training planning will increase the motivation of an individual (Pink, 2009). Next to that,
MyTraining facilitates practice opportunities, aiming at higher confidence levels and solving
power of the engineer. Optimizing this field self-sufficiency, is one of the company’s key service
strategies in delivering more value to customers.

* Furthermore, trainers currently spend approximately one hour per training on preparations,
which includes sending updates, reservation of the meeting location and studying training
material (Appendix L2). Assuming a yearly quantity of 50 NXE training sessions would save a
trainer 50 hours on training management, which is a considerable amount of time freeing up,
that can be used for other valuable business related purposes.

* Finally, several documentation related benefits of this tool will apply when considering the
fact that completion of training sessions will be captured in the system. Storing of this specific
data will provide spin-off opportunities related to other training applications, such as the Skill
Management Tool (SMT) and to registering training progress and capabilities (Appendix L3).
Currently each trainee is allowed 15-minute documentation time in SMT after each training
day to enroll the finished training types. This documentation time can be avoided if MyTraining
will be implemented and used.

Increase in training effectiveness

Stimulation of high-quality engineers

Decrease in training preparation time of trainer

Elimation of engineer’s training documentation time

Figure 54: Business benefits of MyTraining (Flaticon, n.d.)

5.4 Design evaluation

This Chapter evaluates the final design, by encountering the comments and feedback of the
users, business stakeholders and an external software company. The desirability, feasibility
and viability of the design is emphasized, while also remaining critical and indicating the
points of improvement. Several constraints should be considered, if the company has the
intention to implement the training planning tool.

Validation with users

For the final design evaluation test with
the users, the same protocol has been
used of the usability testing (see Appendix
14), which was established by using the
typical IDE methodology of Van Boeijen,
Daalhuizen & Zijlstra (2020). Open
research questions were interrogated
during a 30-minute online meeting,
aiming at the execution of the five tasks
mentioned in the protocol. This final design
evaluation with the users, is seen as
crucial to understand their interpretation
of the design, and how its value can be
improved. This was done by inviting users
to the evaluation that already tested or
experienced the design during a previous
session, to make sure they have sufficient
knowledge of the context and product.
A total of 3 participants contributed
to this research, consisting of High-NA
engineers. This was a sufficient amount
when encountering the product usability
evaluation (Van Boeijen, Daalhuizen &
Zijlstra, 2020), which states that for a
simple and qualitative evaluation, 1 to 4
participants will be sufficient.

It can be concluded that the majority of
the engineers are enthusiastic on the tool,
especially when they compared it on own
initiative to MyLearning, it significantly
increased in wusability considering the
layout and the interaction. All participants
find it simple and intuitive to navigate
around, because of the accessible design,
intended use in color, the provided
subjects of the SA/SMS/CARS types
and the appealing graphics. A single

engineer mentions that using the tool
has a low stress factor, considering the
straightforward features. Additionally, 1
participant advocates the transparency
of the curriculums towards the trainees,
and finds the possibility to explore other
programs enjoyable. This comment
originates from the customer pressure
they experience, meaning they currently
have minimal input on their trainings,
since often their manager assigns them in
to a suitable training that fits to the needs
of the company at that moment

However, some users mention
limitations, implying on the system and
content of the tool. First they would prefer
to have a clickable function on the training
modules in the planning guidance, to
access additional information on the
SA/SMS/CARS type. Next to that, it was
mentioned that they find the notification
option useful, but question what would be
the impact on training progress if there
will be a consistent amount of fully booked
slots. This should be further determined.

“What to do if a training
slot is fully booked, when
assuming the completion
timeframe is fixed?”

- User quote

It can be concluded that the design is
desirable according to the users, when
looking atthe benefitsitwill bring, aiming at
practice opportunities, the transparency in
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Desirability

“Do we want this?”

= mgm
Viability
“Should we do this?”
- Engineers - Business stakeholders

Figure 55: Desirability, feasibility and viability

other training programs and the possibility
to self-direct their training journey to their
likings. However, they encounter some
limitations in the design feasibility. This
will be elaborated in the next paragraphs.

Validation with business stakeholders
The viability of MyTraining was evaluated
with business stakeholders, amongst
SME’s, trainers, curriculum architects,
and the company mentor. Considering
Challenge 3 of Figure 14, company
alignment is crucial to spread the word
on the creation and potential benefits
of this tool. A 30-minute online or face-
to-face meeting was initiated, to discuss
the concept and business benefits, and
to give a demonstration of the tool. A
complementary PowerPoint presentation
was used for this purpose.

Regarding the created planning system,
several business stakeholders of the EUV
TC department mention that it shows
feasible for the scenario. The department
lead mentions it is an effective way of
training, and assumes one trainer per room
would be sufficient to provide the needed
support. However, what will be the system
behind the support? Can you just approach
them or will it be integrated into the
system? These questions by one of the TC

“A correct balance should
be found between supply &
demand for implementation.”

- Business stakeholder quote

leads should be further investigated, and
relates to the yet unfulfilled Requirement
12. An additional stakeholder mentions
that supply needs to be matched with the
demand, and an ideal balance should be
found. However, this is still unknown and
difficult to determine in the relatively
unknown TC context.

According to the company mentor, it
can not be demonstrated yet if the EUV
curriculum complexity could be integrated
into the tool. In addition, the design’s
scalability has to be further researched,
nexttotheintegration of OJT and additional
training methods, which are for now out of
scope.Thetoolwillbedifficulttoimplement,
since change in ways of working and
training management would be necessary.
However, the implementation should still
be considered, when encountering that the
TC will be booming in a few years because
of the increase in training demand. This
tool will help to structure the future TC,
through efficient planning and training
slot modularity.

The TC planning department finds the
initial research multi-leveled, and therefore
supportive of the design. Besides that, the
multiple verification rounds with the end-
user, add great value to the result. The
created scenario of one of the curriculums
shows the feasibility of the design in this
particular context. The variables, modular
slots and calculations seem to add up.
However, pilot testing should show whether
this is feasible also in a greater context
with more than 30 engineers, which will
be the TC of the future.

From the evaluation with the business
stakeholders, it can be concluded that the

product is viable and that it would benefit
them in multiple ways. However, it seems
feasible, but there are several challenges
when looking at if it is possible to integrate
the complexity and make it scalability and
also integrated OJT. To investigate the
feasibility, the external software company
of the graduation department, has been
interrogated on the possible challenges
when developing MyTraining.

Validation with external company

To determine the feasibility of the design,
a meeting was organized with several
business stakeholders and an external
software developing company. A similar
PowerPoint  presentation was given
including the goals of the project, as well as
the functionalities of the tool. Additionally,
an extensive demo was provided, to give an
impression of the needed data structure.

“It seems feasible, however,
there are questions in
terms of business logic and
retrieving data.”

- External stakeholder quote

MyTraining seems feasible to establish,
especially when looking at the simplicity
of the layout and design. The software
developers referred to the dependence
of data from other systems, as main
obstacle. It will be challenging to make
sure the correct information is given and
is represented in all company specific
tools. Next to that, there are still several
guestions in terms of business logic, and
how everything will be established in the
context and in the data base, by giving a
correct representation of the availability

Conclusion and reflection of evaluation
It can be concluded that the concept has a
sense of desirability, viability of feasibility.

The engineers find it intuitive and easy to
work with, while it offer opportunities to
plan in practice moments. Next to that, it
seems viable to the company, and they can
see the benefits that MyTraining brings to
the organization. However, the information
structure and the optimal TC supply should
still be established. The external software
highlights the challenge of gathering the
data and making sure the data represents
the real-time situation.

Furthermore, the wusability testing
protocol of the previous set-up, has not
been changed. It should have been focused
on the product meaning and the benefits
in general for the engineers. Eventually, it
was mainly targeted at the features, which
should not have been the entire focus of
the final evaluation test. However, | still
managed to get detailed and valuable
input by interrogating the engineers.

Third, the created planning system
for in the tool, hasn’t been tested
separately. The use and structure has
been demonstrated, but no feedback
was given on the distribution of slots.
However, since this is a specific and
detailed matter, it makes sense that it is
difficult to understand for the users and
some business stakeholders, when seeing
it for the first time. Therefore, there were
not questioned on the value of the training
planning tool, except for a single business
stakeholders.

When revising the defined scope and
the determination of product success
in Chapter 3.2, it can be concluded that
the final design proposal succeeds the
assessment, while offering several points
of improvement. However, measuring the
success and effectiveness of the design is
critical. A combination of pilot testing and
evaluation of implementation through level
4 of Kirkpatrick’s tool (Figure 20), should
indicate whether the design is valuable to
the company.
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6. Discussion &
limitations

In this Chapter, the outcomes of the graduation project will be
discussed, and opportunities of implementation will be elaborated.
This was done by comparing the research results with the final design,
to find out whether these are related. Additionally, several limitations
are acknowledged to demonstrate the credibility.
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6.1 Discussion

The discussion consists of a repetitive analysis of the research phase, while linking the main
outcomes to the meaning and features of the final design proposal. Additionally, the impact
of MyTraining on the company’s way of working is explained.

It can be concluded that the title of this
Master’s thesis, including efficiency and
effectiveness, is reflected in MyTraining to
acertain extent. Considering effectiveness,
it provides modular hands-on training
slots, having a minimal capacity compared
to their current way of working, resulting
in an increase in effective hands-on time.
Considering efficiency, this tool benefits
the trainee and the planning management,
by making use of an automated system
to provide modular slots, tackling the
company problem statement. Related to
second part of this statement, it takes
into account dependencies when looking
at CARS scenarios, making sure these are
first introduced to and completed by the
trainee.

For RQ1 the effectiveness of distributed
practice is demonstrated, influencing
the individual’s confidence level and
optimal knowledge retention (Tai 2006)
(Easley, 2017). MyTraining supports an
environment where practice opportunities
of hands-on trainings are stimulated.
Additionally, motivation is needed for
an individual’'s capability to learn and
gain skills (Tai, 2006). According to Pink
(2009), autonomy, mastery and purpose
are the main motivational drivers, which
are represented in the design. An engineer
is able to self-direct their training journey,
gain more experience by having moments
of practice, and to feel involved because of
the transparency in training opportunities
and the ability to be in charge of their
training path.

When looking at the represented trends
(RQ2) in MyTraining, it includes optimized
learning, by stimulating overlearning and

repetition (Cascio, 2019). In addition, the
training planning tool could be steering
towards workplace communities, by
focusing on trainee relationships (Azourt
et al.,, 2020). A sense of personalized
learning is covered, considering the fact
that the engineers are able to plan in
their trainings to preferences (Maity,
2019). Being able to plan these learnings
according to the user’s needs, influenced
by generation or demographics, tackles
the challenge of workforce diversity
(Cascio, 2019).

The outcomes of the interviews with
the organizations (RQ3) demonstrate an
increased focus on training quality and
effectiveness developments for 43% of
the companies. The use of modular slots
in MyTraining and decreasing the capacity
of hands-on slots, aims at improving
training effectiveness as well. Next to that,
all companies tend to focus on providing
personal development opportunities.
Which is in line with the purpose of
MyTraining, since it will promote personal
development through the creation of a
tailor made training journey, while having
opportunities regarding composing a
training to the individual’s needs.

Furthermore, the majority of the
engineers mentions during the wuser
research at ASML (R4), that the amount
of effective hands-on trainings should
increase. Besides that, they have the need
for more learnings when looking at practice
and personal development opportunities.
Their decrease in confidence level when
going to the field, is a result of having a
minimal hands-on time considering the
training group size, and procedural focused
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sessions with superficial reasoning and
representation of the context. MyTraining
anticipates on this matter, by supporting an
environment where practice opportunities
are encouraged, and by providing hands-
on slots with a minimized occupation for
improved effective individual training time.
The needs and preferences of the
engineers have been reflected in the tool
by encountering the User-Centered Design
(UCD) approach (Van Boeijen, Daalhuizen,
& Zijlstra, 2020) for interviews, usability
testing and co-creation sessions. The
UCD approach has been applied since
the graduate’s internship experience
resulted in insights on the involvement
of the user in design processes, which
could be improved. Next to that, the
company advocates the increase of
user representation in their products
and services for the future. Creating
the planning tool by encountering this
human-centered mindset, has resulted
in an interface in which the user’'s needs
and preferences are reflected. Engineers
mentioned the increase in usability when
comparing MyTrainingtothe current macro-
planning tool MyLearning, therefore, it
can be said the UCD approach did have a
positive impact on the intuitiveness of the
tool. This indicates that focusing on a UCD
approach has significant benefits for ASML
when looking at the succession timeframe
when using a product or service, but
also the general employee satisfaction.
However, testing the tool will indicate
whether it is complimentary and still
straightforward in use for the engineers
in the TC context. Additionally, when
implementing the tool there is a possibility
that the design of the tool will change
when business stakeholders will prioritize
certain requirements, which could be at
expense of the user representation.
During this project, other company
typical tools were explored to define
possible connections. MyTraining relates to

MyLearning when considering the fact that
they align on planning a training, whereas
MyLearning is focused on assigning
to trainings and planning on a macro-
level. However, MyTraining is focused
on creating a day-to-day planning, and
therefore relates to micro-management of
the training. A link of MyTraining should
therefore be integrated into MyLearning,
when the engineer has been assigned
to the complete curriculum. Next to that,
the Service Action (SA) completion data
should be linked to Skill Management Tool
(SMT), to improve the documentation of
completed training. However, the link to the
Competence Development Program (CDP),
which is a personal development program
that the engineer can request to gain a
requested expertise, is not established
and should be further investigated to
enable further company alignment.

To fit the tool in ASMLs company
structure, the way of working in the
training planning management should
change, since an automated system
will be introduced that will run by the
engineer’s input, instead of a pre-defined
complete training planning by the TC
department. Next to that, alignment with
other departments and tools has to be
explored, making sure data exchange
is achievable and in place. Additionally,
the complete High-NA curriculum content
needs to be captured and modularized
in the tool, since currently only the BODY
curriculum has been considered. As well
as how to achieve the hands-on practice
opportunities, by making sure the supply of
modules, rooms and trainers in the TCis in
line with the training demand of engineers.
The forgetting curve by Ebbinghaus (Chun
& Heo, 2018) can be used as a guideline to
determine the time in between trainings,
when three practice opportunities are
allowed for each engineer. However, pilot
testing should indicate the preferred
timeframe.

6.2 Limitations and recommendations

A critical look will be given on the design process of the project, by taking possible constraints
and improvement opportunities into account. Additionally, recommendations are given for the
development and implementation of MyTraining in the TC context.

Limitations

This thesis includes limitations regarding
the sample size of the project’s target
audience, which are approximately 8 High-
NA engineers. A total of 6 engineers were
taken into the process of designing the
tool through co-designing, usability testing
etc. Even though this number represents
almost the complete target group, the
number is not that large to draw definite
conclusions of their beliefs and reasoning.
If there would be a greater target audience,
a higher amount of input would result
in more valuable outcomes. However,
a sample size of 8 participants is also
considered as meaningful when taking
into account the number of qualitative
evaluation sessions done for the task-
driven user testing.

Furthermore, the consistency in the
same participants, could have resulted
in  monotonous feedback, but also in
profound feedback because they became
familiar with the tool. Besides that, the
preference of some engineers for a training
planning tool, could also have resulted in
not entirely objective feedback. This could
also be considered for the input of the
company mentor, considering his initiation
of the graduation assignment.

Third, some of the engineers were having
reserved attitudes when interrogating
them on their training experiences. It could
be possible that incorrect or superficial
information is given during the user
interviews, considering their assumption
that their manager or Group Lead (GL)
could be informed on their input.

Next to that, several requirements
resulted from the co-creation session with

users. However, only a selection of 6 core
features were considered (Figure 35),
when encountering the project timeframe,
resulting in the likelihood of leaving out
other complementary core features.
Since the integrated features were seen
as most valuable by the engineers, it can
be assumed that supplementary input is
seen as less significant to implement in
this first design proposal. Additionally, it
was aimed that both users and business
stakeholders would attend this session,
to obtain alignment in their needs when
looking at the tool's core features. In
the end, the business stakeholders were
not present, due to other high-priority
meetings. The impact of thiswas minimized
by having separate co-creation sessions,
and seeing where their values overlapped
by clustering the outcomes.

Lastly, no specific usability testing was
carried out effectively for the curriculum
specific planning, that was integrated into
the tool. This was demonstrated during
the final evaluation usability testing with
users, and the demonstration to the
business stakeholders. The method and
requirements on creating the planning was
shared, however, it was not tested if this
was done correctly. Nevertheless, most
business stakeholders and especially
users have no experience with the content
and exact classification of the curriculum,
except for the specific curriculum
architects. In addition to that, only one
curriculum is represented in the planning
proposal, which will not be sufficient to
determine the complete supply when
looking at the training demand.
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Recommendations
For development and implementation,
the final design should be further
defined through company alignment,
an implementation plan, software
programming and the complete training
program integration. For the scenario of
one curriculum, a single HW-rigg is taken
into account, which entails the supply
of the context. The created planning
demonstrates, that the curriculum specific
HW-rigg is utilized for the complete
4-weeks, to complete the required training
elements, implying that no hands-on
practice opportunities can be offered tothe
engineers. Therefore, itis recommended to
reconsider the supply, since implementing
one more HW-rigg, would already result
in having three practice opportunities for
30% of the Hardware trainings.

Nexttothat, | wantto emphasize thatthe
curriculum can be optimized to 3 weeks,
if additional HW-riggs would be provided
in the TC, encountering the unoccupied
schedules of the other training types, such
as Virtual Reality, Software and Theory.
Also, the amount of cranes in the TC
should be increased, to prevent inefficient
waiting lines, when upscaling the capacity.

Pilot testing should be executed during
the implementation and development
process. This will serve as validation of the
complete tool and the TC context. | would
advocate taking into account the optimal
hands-on training performance timeframe
of 90-minutes (Mahmood et al. 2022), by
including a reasonable amount of breaks,
see Chapter 2.1. Besides that, the support
system should be further investigated,
aiming at determining the exact amount of
trainers per training type. Requirement 12,
on the automation of referring a trainee to
a fellow who recently completed a training
slot, has not been considered for this
design and is recommended to examine
further.

The value and benefits of MyTraining in

the TC context can be perceived, through
evaluating level 4 (results) of Kirkpatrick’s
evaluation model (Figure 20), to see the
effect of this tool on certain KPI’s.

A connection to OneNote could be
established for communication purposes
between the trainee and trainer, and to
fulfill the engineer’'s need of an increase
in  performance support. Currently,
OneNote is already used by engineers as a
separate tool to write down comments on
trainings. This additional dimension to the
tool’s functionalities, could be beneficial
when considering the documentation of
learnings.

Encountering the amount of features
and functionalities in MyTraining, it is
recommended to apply the five moments
of need methodology, for optimal use and
information structure of the tool (Appendix
L4). Several specific functions should
be considered, amongst an acceptable
cancellation timeframe, notification time
of an available training, the sequence in
interaction, and possible exceptions.

Virtual Reality (VR) can be beneficial
as additional learning method for optimal
knowledge retention. According to a study
on the effects of VR on learning and
retention by Smith et al. (2016), it will be
valuable to integrate this technology into
the way of working, as complementary
and supportive to Hardware hands-on
trainings. Therefore, investigating this
alternative method to stimulate remote
practice, is recommended to the company.

As can be perceived, there are several
points of improvement for further research
and testing, when considering the
MyTraining concept. However, this thesis
provides a starting point for the company
to explore their way of working, while
encountering the rise in training demand
for the future TC, where learning by doing
is crucial to satisfy the engineer’'s needs
and to create optimal field self-sufficiency.
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Appendices

Appendix Al: List of requirements (1)

Number | WWWWWH Requirement Initiative of
clustering (if
applied)
Company User TU Delft Graduate
1. The MVP should The initial The initial The initial
integrate the possibility | graduation graduation | graduation
to plan in High-NA assignment assignment | assignment
Theory & Hands-on
trainings
2 The planning tool The initial
should show the graduation
SA/SMS/CARS assignment
dependencies and company
problem
definition
3 The add-on resulting Graduate:
from the research One
should link to the complete
planning tool design
proposal
4 The tool is intuitive in Value for
use according to users users and
by testing the encountering
interactive prototype an UCD
approach
5 What In the tool the engineer | According to
can see the amount of business
learning methods that stakeholders
can be booked for at
least the coming at
least 2 days
6 What In an ideal way of According
training, the tool will to the
show the list of users
trainings available on during co-
competency creation
session
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7 Why In an ideal way of According
training, the trainee can to the
see which slots are users
open during co-

creation
session

8 Why In the tool the engineer | Accordingto | According
can see why this business to the
learning method should | stakeholders users
be done at this moment during co-
by showing the criteria creation
and must-completion session
modules of the training
program

9 When In the tool the engineer | Accordingto | According
can see the time, business to the
timeframe, and date of | stakeholders users
each possible learning during co-
method creation

session

10 Where In the tool the engineer | Accordingto | According
can see the location of business to the
the chosen learning stakeholders users
method during co-

creation
session

11 Who When looking at the According
features, the tool to the
should show the users
trainer/instructor of the during co-
chosen module creation

session

12 Who In the tool the engineer | According to
can see who they can business
ask help in case of any stakeholders
questions problems; 1%
trainee who has
completed this, 2" line
engineer of TC, 3™
trainer/coach.

13 How In an ideal way of According to According
training, the training business to the
tool shows the stakeholders users
prerequisites for each during co-
competency/curriculum creation
and gives access to session
preparation materials
such as
videos/pdf/ppt/etc.

14 How When looking at the According
features, the tool to the

should be guiding by users
giving the timeframe of during co-
completing the training creation
program and its session
corresponding modules

15 How When considering the According
layout of the planning to the
tool, it should focus on users
weekly schedules with during co-
the possibility to book creation
training slots session

16 For the first prototype According to Accessibility
of the tool, it will be business for all users
accessed only by stakeholders
computer

17 The subjects of the According to | According
specific SA/SMS/CARS company to the
should be given in the mentor after | users after
training slots usability usability

testing (1) testing (1)

18 The type of training According to | According
when looking at company to the
individual, paired and mentor after | users after
group context should usability usability
be provided testing (1) testing (1)

19 Emphasize the focus on | According to
CARS scenarios for company
phase 1 of the planning | mentor after
guidance, which is usability
followed by a focus on testing (1)
SA’s in phase 2

20 Use suitable colors in According to | According
the planning guidance company to the
to show completion of mentor after | users after
SA/SMS/CARS usability usability

testing (1) testing (1)

21 The tool is in the ASML | According to
branding style and UX designers
meets the guidelines of company

22 The HW/VR/SW/TH Accessibility
training slots are for all users
represented in grey
tones for accessibility of
color blind users

23 The training planning Result from According
tool shows the fully alignment to a user
booked slots, and a meetings during
notification can be with business | usability
requested when there stakeholders | testing (1)

is a cancellation
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Appendix A2: List of context & system

requirements (2)

Number Requirement Initiative of
Company User TU Delft Graduate
24 A scenario of 30 Context
engineers, 5 trainers variables
and one HW-rigg will be | stated by
taken into account to company
create an initial
planning
25 A planning will be Determined
created for the BODY by student
curriculum when
considering
project
timeframe
26 For a TH training there Context
can be max 10 persons, | variables
for a HW around 4, for stated by
VR around 3, and for company
SW around 10
27 Prioritize CARS Context
scenarios first in the variables
schedule, and after that | stated by
the SA’/SMS’, of which company
the sequence doesn’t
matter (Related to
requirement 19)
28 The TC consists of 3 Context
HW-riggs, 5 VR rooms, variables
1SW room, 3 THrooms | stated by
and 1 preparation room | company
29 Since an ideal ucb
timeframe of hands-on approach
trainings is 90-minutes, and study by
breaks should be taken Mahmood et
every 90-minutes, if a al. (2022)
HW training requires
longer than that

Appendix B1: Project brief of kick-off meeting

&
TUDelft
Personal Project Brief - IDE Master Graduation

Optimize Efficiency & Effectiveness of Training in ASML's TC project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

startdate 12 - 09 - 2022 10 - 02 - 2023 end date

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet

complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money....), technology, ...).

ASML is starting up a new training-center (TC) for its newest system platform. A new way of working will be
introduced, using Theory/Hardware/Software/Virtual Reality activities to transfer skills to engineers. A specific
curriculum (CS-Maintenance Fab-Ready Delta) consists of several stepts; Service Actions (SA). Each SA consists of SMS's
(System Machine States). An practical example of an SA is for example changing a car's tire, where an SMS would be all
the individual steps. Such as lift the vehicle of the ground, remove the lug nutts, take the tire off etc. The total duration
to complete the curriculum, with a total of 350 SA's and 805 unique SMS's, is nine weeks (all competencies). Demand
for training slots is very high, there is an average of sixty engineers with various roles per Quarter from 2023 onwards.

A future vision of ASML's TC is the following: The future training center will have 'open doors' for the selected
engineers who want to develop themselves and follow certain trainings. They can book the slots they want, and can
see which trainers are in the training center available that day. Trainers consist of qualified coached by ASML, and
fellow engineers who have experience with the selected training. A qualified coach by ASML doesn't stick to one
training for an hour, but walks around in the training center to help multiple engineers in slots. When an engineer
needs help, and a coach is not around, he/she can also select an engineer who is located in the training center at that
moment, who has done the same training previously. The future TC will be a vibrant and inspiring environment, where
flexibility and learning by doing, will play a huge role.

1

1

1

1

1

1

1

1

1

1

\

3 When looking at the context and future vision formulated by the company from a critical point of view as an Industrial
© Designer, four main research topics were formulated:

' -The assignment is about creating a redesign of the current training module, which means | should investigate the

. TC scurrent way of working.

. -Iwant to compare training modules of other technology-based companies to ASML s, to see where they are doing
. good and where they can improve.

. - ASML mentions their future vision of a training center, but | want to go beyond that and look at predictions of future
. training trends.

3 - Last, | want to find out how to give the most effective training, and compare this to their current one.

1

1

1

1

1

1

1

1

1

Stakeholders in this project will be the following;

- Training Center (BIC); This will be the context of the design.

- Engineers (1st line/2nd line/Install/GSC with NXE-FR/DUV/New Hire experiences); They will use the design that | will
create. Interviews will be done to find out their needs, expectations and current pain points.

- Qualified trainers; they will use the design that | will create. Interviews will be done to find out their needs, ,
expectations and current pain points.

- Customer/mentor Henri Jaspers; He will assess the design and findings during the graduation process

- TU Delft (mentor/chair); They will assess the design and findings during the graduation process.

- Software team; They will continue on working on the design proposal, and possibly help me inbetween.

space available for images / figures on next page
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Title of Project ~ Optimize Efficiency & Effectiveness of Training in ASML's TC

91



Personal Project Brief - IDE Master Graduation

introduction (continued): space for images

The IDE
experience of
the graduate
should be
applied in the
project

Critical thinking

Project experience

Graduate
Skills

3
TUDelft

A future-proof and academically
substantiated design tool or
proposal for ASML

By keeping the company’s
m interest in mind

“Create a Journey
and show dependency of the SA's”

Research topics
related to
effectiveness

“The assignment is about creating a redesign of the
current training module. How can | create a redesign,
without knowing the specifics of the current one?”

“What do the maintenance training modules of other
technology based companies look like? Is this the
ideal way of training?”

“What does the future look like of training? Are there
any trends when looking at technologies (for example

“What is the most effective way of giving a training
when looking at theory and practice? How can an
engineer learn the most in a certain given time?”

5
TUDelft

Personal Project Brief - IDE Master Graduation

PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASML's current way of training doesn't correspond to the innovative company they are. The TC is a static environment,
where a certain amount of flexibility, personalisation and smart planning is missing. When looking at flexibility and
personalisation, all engineers currently follow the same training program. This should be changed into a situation,
where the engineer can pick when, where and with who they want to do a certain part of their training, and create his
or her 'own tailor made journey'. When looking at smart planning, one of the issues is that for the current training
module all SMS's of a part of the training have to be followed, even though some steps are repeated for each SA. This
means the dependency of these SMS's is currently missing, and should be created to make the training more efficient.

All the above is the problem definition according to the company. When having a look at this, | was wondering if
currently a 'tunnel vision' is applied for this. Therefore, | want to extend the research to come up with the best solution
for this problem definition, and even go beyond it with a new future proof design proposal, by using my IPD skills to
answer the following subquestions:

1. What s the most effective way of giving a training when looking at theory and practice?

2."What does the future look like of training, while also taking technologies (AR/VR/etc.) into account?

3. What do the maintenance training modules of other technology-based companies look like, and is their current
module the ideal way of training?

4. What are the specifics of current way of working in the TC and their current training module?

This results in the following general problem statement: "How to Optimize Efficiency and Effectiveness of Training for

AR/VR) and structures?” . . . ;
) different engineers in the TC?".

:\ Haseamh ; givmanainfngahdha

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

image / figure 1:  Input and output of graduate; research topics

The final prototype will be determined during the process

tailor made journey and SA dependenoes

Double diamond

For the graduation assignment, | aim to deliver a mock-up of the company's interest; a tailor made journey with SA
dependencies. It should be a MVP, with basic functions. Besides that, | want to use the IPD perspective, by having also
a focus on the prototyping phase. Here | want to come up with a yet uknown prototype, that will be the outcome of
my research proposal of the 4 topics, besides the prototype of the main interest of the company;

1. Research ways of giving a training and the psychology behind it

2. Research trends and the future of training of all fields and think out of the box

3. Research other existing training modules; automotive/aviation/medical applications/etc.
4. Research the specifics of the current module and interview users

Discover Define Develop Deliver

Journey with SA dependencies

During researching these topics, I will focus on the factor effectiveness. Data visualisations will be created, using
variables related to this, to make an impact of the research and to substantiate a vision. When looking at training and
education, a lot of variables are available to measure effectiveness. Examples of variables are time to complete a
training, time to complete a SA after a training, the amount of SA's completed in a x amount of time (Productivity),
Confidence and Transfer. However, it's likely that during the research other impactful variables will be found.

Design the right thing Design it right
10 weeks 10 weeks

image / figure 2. _ Double diamond as driver for the graduation project
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z
TUDelft
Personal Project Brief - IDE Master Graduation

PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 12 -9 - 2022 10- 2 - 2023 end date
922 10122 11722 1222 1123 2723
R TR T 1 FT e I VI ? T L 28 [ 5 e |2 o ECR TR Y g}
Graduation project start  end
Research phase 091222 1101722 P 1
Kick-off session & onboarding 0912 09/12
Research question 1 091322 09/22/22  —
Research the psychology behind tr... ~ 09/13  09/16
Create data visualisation 09/19 09,22
Research question 2 0912322 10/04722 w—
Research trends and future of train... 0923 0928
Create data visualisation 0929 10/04
Research question 4 10/0522 1027722
Research trainings at other techno... 1005  10/10
Create data visualisation 1001 1044
Research question 1 1011822 102722 —
Research current training medule... 1018 10/21
Create data visualisation 1024 1027
Create vision of findings 10028 1101
Ideation & Conceptualization 11/02/22 111722
Ideation 11/0222 11/09/22
Generate ideas 10z 107 L
Choose idea (by using methods & ... 11/08 11/09 B
Midterm evaluation w0 1110
Conceptualization nayz 1Rz
ASML required prototype wn s
Unknown add-on prototype (outco... 116 1117
Prototyping 11/18/22 02/09/23 L 1
Prototype ASML required prototype 108 1219 FI:
Prototype unknown add-on 112 1220 1226 &I-‘
Prototype uknown add-on 2/2 ou0s  ouz7
Prepare presentation oy30 009
Graduation 02/10/23 02/10/23
Graduation presentation 010 0210 ¢

On the top the Gantt Chart of my graduation period is visualized from 09/12/22 to 02/10/23 (20 weeks). The project is
divided in 4 phases; research, ideation & conceptualization, prototyping ASML's interest and prototyping outcome
research. The first 10 weeks will be spent on research, ideation and conceptualization. The last 10 weeks will be spent
on making the prototype (MVP). During the graduation period, | will have a 2-weeks holiday for Christmas.
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TUDelft
Personal Project Brief - IDE Master Graduation

MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

The past half-year | did an internship at ASML, which was focused on researching user experience in several
departments by creating a Customer Journey Map. | find the company and its complexity very interesting, which has
resulted in me wanting to graduate here as well and to explore other departments. During my internship I've
approached several departments about graduation possibilities, and I've chosen the one | found most interesting;
creating a new module for the training of ASML's newest machine.

During this project, | will have 3 learning goals.

1. Learn more about ASML's machines by investigating its current training module

| want to learn more about the company and their interesting technology. Besides that, it's needed to have a complete
understanding of the company and the current training module, to create a redesign that can be used in their future
TC.

2. Improve my critical skills and apply them to challenge ASML's current views on training, if needed
I'want to offer the company a critical view on findings during the project, to make the outcome valuable and realistic.

3. Improve my data visualisation skills
I want to make an impact with my research phase by focussing on data visualisation. These visuals can be used
throughout the process to substantiate the prototype.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.
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Appendix Bz: EVOI“tiO“ Of Gantt Charts Update after midterm meeting, since conceptualization might be not entirely necessary when

looking at the applied prototyping method; gather requirements, create wireframes, create
design composites and integrate a scenario as an effective system. The conceptualization
is seen as redundant, and therefore | had chosen to continue directly with the prototyping

Initial Gantt Chart of kick-off, encountering the following phases: research, ideation, phase, also since the company requested to create a training planning tool.
conceptualization and prototyping. All are typical design phases when looking at methodologies
applied for the faculty of Industrial Design Engineering (IDE) at TU Delft. | . |

Graduation project start end
Research phase 09/12/22 111422 1
Kick-off session & onboarding 091z 0912
Research question 1 09/13/22 0972222 n—
Research the psychology behind t. 0913 09716 [ H
Create data visualisation 09/19 09722 ‘
Research question 2 09/23/22 10/04/22
t [ 3 P Research trends and future of train... ~ 0923 09728
Create data visualisation 09/29 10704
Graduation project start end Research question 3 10/05/22 11/03/22
Research trainings at other techno... 10/05 1019
09/12/22 11/01/22
Research phase - il el ¥ 1 Create data visualisation 1020 11/03
Kick-off session & onboarding 09/12 09/12 Research question 4 10/05/22 1170322
Research question 1 08/12/22 1 00/22/22 | | NE— Research current training modul... ~ 10/05 1019
Research the psychology behind tr... 09/13 09/16 1 Create data visualisation 1020 11/03
Create data visualisation 09/19 09/22 Dommel Valley preparations 11/04 11/08
Research question 2 09/23/22 10/04/22 F Create vision of findings 1109/22 11114722
Research trends and future of train... 09/23 09/28 '-l Create vision of findings 11/09 111
Create data visualisation 09729 10/04 [ Midterm cvaliadon HOd S AL
Research question 4 10/05/22 10/27/22 Ideation & Conceptualization 111522 11121422
o o P!
Research trainings at other techno... 10/05 10/10 L }] Ideation 1115/22 1172122
Create data visualisation 10/11 10114 Generate ideas s 117
Research question 1 10/18/22 1027722 1_ Choose idea (by using methods & ... 1118 1121
Research current training module...  10/18 10721 { N Prototyping 122122 012723
e A et | aum B i B =
reate vision of findings o
Prototype effectiveness 2/2 oles 01727
Ideation & Conceptualization 11/02/22 11/17/22 (—— User-testing ou23 0127
Ideation 11/02/22 11/09/22 2]
L i Graduation 01/30/23 02/10/23
Generate ideas 11/02 11/07 al Finish report o130 02103
Fhouse idea (by using methods & ... 11/08 11/09 -] Brepare presenitation 02106 02108
Midterm evaluation 110 1110 Graduation presentation 0210 0210
Conceptualization 11/11/22 11/17/22
ASML required prototype 111 115 |
Unknown add-on prototype (outco... 1116 117 -I
Prototyping 11/18/22 02/09/23 L 1
Prototype ASML required prototype 1718 12119 [ il
Prototype unknown add-on 1/2 1220 12126 [ W
Prototype uknown add-on 2/2 01/09 o127 P—
Prepare presentation 01/30 02/09
Graduation ozn0m 021023 Update after second progress meeting, since usability testing is done during the prototyping
Graduation presentation 02/10 02/10

process, this single focus point can be deleted at the end of the prototyping phase. Instead
of this, the business benefits will be determined, to emphasize the value of the design for the
company.

1 H H H Graduation project start end
Update after first progress meeting, since the timeframe of RQ3 and RQ4 took longer than i S o :
. . . . Kick-off session & onboarding 09/12 0912
expected. This was mainly because of the analyses, and dependency on the availability of Ressarhassesiond = jswveses evies | | et
Research the psychology behind t... 0913 09/16
H . . Create data visualisation 09/19 09722
participants. Because of that, both researches found place simultaneously. Research question 2 —
Research trends and future of train... 0923 0928 I
Create data visualisation 0929 1004 E:'ﬂ
Research question 3 10/05/22 11/03/22
Research trainings at other techno... 10/05 1019
Create data visualisation 10/20 11/03 3
Research question 4 10/05/22 11/03/22 T
Research current training modul... 10/05 1019 {1 |
Create data visualisation 1020 11/03 o — —H
Dommel Valley preparations 11/04 11/08
Create vision of findings 11/09/22 11/14/22
Create vision of findings 11/00 1m
Graduation project T it Midterm evaluation 114 1104
o s - e
Kick-off session & onboarding oonz ooz )
Research question 1 091322 0922127  C— Gensiate ideas SasN AT
Research the psychology behind t... 0913 09/16 I ).‘ Choose idea (on customer prefere... 1118 1121
Create data visualisation o9 ooz I Prototyping 12222 0127723
Research question 2 0972322 10104722 F— Prototype application up2 1208
Research trends and future of train... 0323 09/28 [ Prototype effectiveness 1/2 1219 1223
Create data visualisation 09/29 10/04 A Prototype effectiveness 2/2 01/09 0127
Research question 3 10/08/22 | 10/28/22 Determine business case o123 | o127
Research trainings at other techno... 10/05 1014
i Graduation 01/30/23 02/10/23
Create data visualisation 1017 10/26 Firishy report e o
Research question 4 10/05/22 10/26/22
Research current training modul... 1005 1014 IR Lol |
. Graduation presentation 02/10 0210
Create data visualisation 1017 10/26
Create vision of findings w21 10 )
Ideation & Conceptualization 10222 11717722
Ideation 1102/22 11/09/22 b
Generate ideas 1102 1107 1
Choose idea (by using methods & 1wes 1109
Midterm evaluation n o u4
Conceptualization 1110/22 11/17/22
ASML required prototype w104 4
Unknown add-on prototype (outc... ups | uar
Prototyping 111822 0209723 = 1
Prototype ASML required prototype 1118 12719 h
Prototype unknown add-on 1/2 220 1203 I
Prototype uknown add-on 2/2 01/09 0127 1_— L
Prepare presentation 0130 02/09
Graduation 02/10/23 02/10/23
Graduation presentation 02/10 02/10




Appendix C: Kirkpatrick’s evaluation tool

Extensive explanation of Kirkpatrick’s evaluation tool levels according to NDSU (n.d.)

Evaluation level | Description and characteristics Example questions Examples of evaluation tools and methods

1. Reaction Reaction evaluation is about the | Did the trainees like and enjoy the - Feedback forms based on personal
feelings of the delegates during | training? Did they consider the response to the training experience
the training, and their personal | training relevant and engaging? Was - Analyze and note verbal reaction
reactions to the training the training a comfortable - Post-training surveys or
program or learning experience | experience? questionnaires (‘happy sheets’)

2. Learning Learning evaluation can be Did the trainees learn what was - Typically assessments or tests
measured by the increase in intended to be taught? Did the before and after the training
knowledge or intellectual trainee gain the skills and attitude - Methods of assessment need to be
capability from before to after that is necessary to start the job? closely related to the learning aims
completing the training Does the trainee now have the - Both online and F2F assessment
program required level of confidence and interview assessments are possible

commitment to do the job?

3. Behavior Behavior evaluation is the Did the trainees put their learning - Observation and interview (physical)
extent to which the trainees into effect when back on the job? over time are required to assess
applied the learning after an x Were the relevant skills and change, and its relevance
period of time and whether it knowledge used? Was there - Snapshot assessments are not
changed their behavior noticeable and measurable change in reliable because people change

the activity and performance of the constantly

trainees when back in their roles? - Assessments need to be subtle and
Would the trainee be able to transfer ongoing, and then transferred to a
their learning to another person? suitable analysis tool

4. Results Results evaluation is the effect What are the effects on volumes, - The challenge is to identify the
on the business or environment | values, percentages, timescales, RO, relation between a certain input of
resulting from the performance | and other quantifiable aspects of a trainee and KPI
of the trainee by looking at organizational performance (for - Good management practice is
organizational KPI’s —the instance; turnover — quality ratings — needed for this process —only
ultimate test attrition — failures — numbers of linking to training input is necessary

complaints — non-compliance — - Failure to link change in KPI to

achievement — wastage — growth — training input type and timing, will

retention, etc.) reduce the ease to adapt the
training

Both methods of using Kirkpatrick’s model,
evaluation and creation of a training program,
are combined by Kessels, Smit, & Keursten
(1996) into the eight fields model. This is \Vi
the model used by ASML to evaluate, and to
design trainings. From top to bottom covers the
training creation, from bottom to top coverts

training evaluation.
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Appendix D1: Additional elaboration on trends

Cybernetic maintenance-related decision processes

According to Schomaker et al. (2019), the amount of logged in decision processing data when
looking at knowledge management is quite impressive. During maintenance actions, this data
can be used to make certain decisions, since human-to-human interaction when selecting the
correct data can sometimes be time consuming. At this point, it is not needed to only rely on
cyber-physical systems, but a reduction in human labor and improvement in the quality and
time of decisions can be beneficial in the maintenance field (Schomaker et al., 2019).

Real-time machine communication

During condition maintenance, several signals occur, some specific to normal operation and
others related to maintenance requirements. For several errors, a deadline for reporting the
issue is specified. Real-time operating systems in combination with an analysis tool can be
beneficial to identify the issue in a short time-frame. However, having real-time operating
systems is the easy task, and connecting it to a data-analysis tool is the difficult point
(Schomaker et al., 2019).

Learning through videos

The way of learning has also evolved during the last three decades, where someone would
first put a CD-ROM in a computer to watch a video on a certain topic, nowadays everything
can be watched through YouTube. Video training is currently a well-used medium, and offers
trainers a free platform to share their thoughts and methods. However, with YouTube content
management is getting more and more important (Maity, 2019). Sharing company specific
information on a platform, such as YouTube, can be a great threat to companies (Seidenberg,
2009).

Virtual maintenance

According to Rao et al. (2017), virtual maintenance is the evolution of maintainability, where
you would maintain a system from a distance in a virtual environment. It improves the accuracy
of a maintenance action, by creating a virtual assembly environment, and is widely used in
aerospace, automobile and military fields. It will be challenging to keep up with these virtual
environments, and making sure real-time machine data is up to date.

Design for maintainability

Transformations in a system are time-consuming and expensive, but can be efficient when a
certain machine is build for maintenance. If one maintenance action, for example swapping
a certain tube, takes 5 minutes, a domino effect can occur. However, if other actions can be
done in around the same amount of time, the total process is more efficient and better to
manage. This all can be done by selecting the proper granularity in the management of parts
(Schomaker et al., 2019).

Data driven pragmatics
Human analysis of modelling maintenance processes by using interpretable models (white
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boxing), is time-consuming. Besides that, it is not always necessary for a company to
understand all the details and causes of a certain relationship. New machine-learning tools
can analyze certain mappings in an accurate and reliable way, focusing on economic yield and
not scientific understanding. However, investing in human-based research can be beneficial
for understanding important costly maintenance issues (Schomaker et al., 2019).

Service robotics

There is need for expedience, programming and man-machine collaboration in a working place.
Industrial robotics are often used in these environments, while they're still mechatronics
based, but difficult to program and expensive when looking at costs. Robotics can be a solution
in maintenance for diversed application areas in maintenance, such as occasional removal
of dirt and providing oil; routine tasks. However, human operators still are of great value to
solve unknown or problematical issues, and replace complex parts in certain procedures
(Schomaker et al., 2019).

SIP method

According to a research of Maity (2019), the future of training can be displayed through a SIP
model; Seamless, Intuitive and Personalized. Seamless has to do with knowledge management,
and making sure there is a suitable platform that everyone can access. Intuitive indicates the
shift from classrooms to mobile application where physical attendance of the trainer is not
necessary. Personalized indicated training programs that are specifically designed for each
individual, where Al has potential to identify suitable trainers, the learning program, a location
and modules.

Appendix D2: Reasoning trends clustering

1. Training phase

2. Category (Technology, Learning methods, Maintenance)

- Technology: Al, VR, AR.

- Learning methods: SIP, Workplace communities, Personalized learning, Optimize learning,
Design for workforce diversity, Micro-learning and byte-sized modules, Learning through
videos, Learning through real-time feedback.

- Maintenance: Virtual maintenance, Design for maintainability, Service robotics, Data driven
pragmatics, cybernetic decisions.

3. Motivation (Autonomy, Master, Purpose)

- Al; Autonomy, Mastery and Purpose. Offer personalized trainings programs by having
input of trainee, giving additional information whenever to improve knowledge. Measuring
performance, indicating that someone did a good job (human look-a-like).

- VR; Mastery. Tool to become better at something.

- AR; Mastery. Tool to become better at something.

- SIP; Autonomy. Intuitive, seamless and personalized training program.

- Workplace communities; Autonomy, Mastery & purpose. Engineer is in charge of posts, likes
etc. Engineer is able to exchange knowledge with fellow engineers. Engineer feels like he/she
belongs to a large community.

- Personalized learning; autonomy, Purpose. Autonomy because someone is in charge of their
learning journey. Purpose because someone can feel special that a specialized plan is made.
- Optimize learning; mastery; investigating methods to become more experienced and better
in your job

- Design for workforce diversity; purpose, a designed training program, taking everyone’s
needs into account

- Virtual maintenance; Mastery. Gaining more experience.

- Micro-learning and byte-sized modules; Mastery. Gaining more experience, just in another
way.

- Learning through videos; mastery. Gaining more experience.

- Learning through real-time feedback; Mastery and Purpose. Gaining experience, but also
feeling that they belong once they are in contact with an other engineer and they’re helping
out.

- Design for maintainability; Mastery and Purpose. When the machine is designed well, the
engineer can work better and more efficient on it, meaning more time to gain more skills. The
product is designed in an efficient way, making sure the engineer can work efficiently and
well.

- Service robotics; Mastery. By having service robots who take over routine tasks, engineers
have more time to master the more difficult tasks.

- Data driven pragmatics; Mastery. Mainly mastery of machine but because the machine can
create certain models, an engineer can use it as input for learning or to work further on and
avoid unnecessary spending of time on calculations.
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- Cybernetic decisions; Mastery. Retrieves data and makes certain automatic decisions. Appendix E1. company interView script

Possibility for engineer to look into data and learn.

4. Statistics of companies; this one is seen as the most important cluster. You can see on
which trends the companies intend to focus, and on which ones they don’t. See Appendix E2

: _ _ Training optimization brief for technology-based company
on the transcripts of the interviews.

RQ: What does the technology-based company contribute to all phases and what is their
future vision on training?

Introduction

- Introduce yourself: My name is Eline and | am a master student Integrated Product
Design at TU Delft. For the next five months | will be working on a graduation project about
training and its optimization at ASML.

- Explain the goal of the meeting and the benefit for the company: Understand the current
way of training at other technology-based companies, their training developments and their
future view on training. If you are interested, findings and conclusions of the research can be
shared.

- Clarify the amount of time: 60 minutes.

- Make sure the conversation is either recorded, or notes are made: Can this conversation
be recorded?

Initial questions

1. Can you briefly explain your role and main responsibilities?
2. Can you give an indication on the amount of trainees per year at your company?
3. How do you envision training and development practices in your organization to evolve

in the next years?

Pre-training phase

With the pre-training phase, the initial state before the training starts is meant. It includes
positive training framing, selecting trainees, prerequisites, preparing the training etc.

4. Can you tell me what the pre-training phase at your company currently looks like?

5. Can you tell me about your current pre-training developments?

Training phase
With the training phase, the actual training period is meant, with a focus on the confidence
and motivation level of the trainee.

6. Can you tell me about the methods you use during training programs? (Ratio Hands-
On/Theory/Cases)

7. Can you tell me about the technologies you use during training programs? (AR/VR/AI
etc.)

8. What has been the shift in the behavior of trainees toward your training programs?

9. Could you elaborate on measuring performance outcomes during training programs?

10. How do you boost the confidence and motivation of a trainee during training programs?
11. What is the major drawback in your existing training and development model?
12. Can you tell me about your current training developments?
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Post-training phase

With the post-training phase, the start of the employee’s job is meant, with a focus on keeping
a certain level of confidence and motivation throughout the tasks.
Can you elaborate on whether there is guidance of the employee when they are starting

13.
their job?
14.
15.
16.
17.

18.

How do you boost the confidence and motivation of an employee during their job?
Could you elaborate on whether you measure the effectiveness and accuracy of the
training once the employee has started working?

What does your company contribute in terms of continuing the learning journey of the
employee during their job?

Can you tell me about your current post-training developments?

General conclusion

Can | share your answers anonymously with the other companies (7) in a complete

overview? If yes, we can grant you access to the answers of these other companies as well.

A structural process was set-up to improve the quality of the company

Look back at previous
interview documentation

Research DDG interview
methods

Invite companies and share
interview script as preparation
for them

Read into company and their
main focus (possible
additional questions)

Notebook to make notes of
most important comments

Laptop to do online
interviews and to record the
audio

Interview script to use as a
guideline and to share in the
meeting

Casual chat; Make sure the
participant feels comfortable

Introduction: Explain goal of
graduation assignment and
ask for record permission

Interview: Go through the
script together and create a
discussion

Closure; Show gratitude, ask
permission for company
data sharing initiative

Type most important o
comments that were noted
in Excel
Listen to recording and add
additional information to
comments Companys
Create data visualization of
the input
Companys
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Appendix E3: Extensive visual of company
interviews

Outcomes of
training research
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Appendix F1: ASML interview script

Training optimization brief for an engineer/trainer/knowledge
manager

RQ: How did the trainee experience all three phases? (pre-training, training, post-training)

Introduction (5 min)

- Introduce yourself: My name is Eline and | am a master student Integrated Product
Design at TU Delft. For the next six months | will be working on a graduation project about
training and its optimization at ASML.

- Explain the goal of the interview: Understand the experience of the engineer of the pre-
training/training/post-training phases, with a focus on the confidence and motivation level.

- Clarify the amount of time or the interview: 30 minutes.

- Create a safe space: This is a safe environment where you can share your opinion.
This is an opportunity for you to generate positive impact in the way the High-NA training will
be designed in the future. The input of this interview will be used for my master thesis, the
research team at TU Delft and the KXI department at ASML, and there is no risk for sharing
your data with us.

- Make sure the conversation is either recorded, or notes are made: Can this interview
be recorded?

Initial questions (5 min)

1. Can you briefly explain your role?

2. What are your main responsibilities?

3. For how long do you already work at ASML?

4. What NXE training program did you complete last and when? (fabready-1, fabready-2 or
advanced)

Pre-training phase (5 min)
With the pre-training phase, the initial state before the training starts is meant. It includes
positive training framing, prerequisites, preparing for the training etc.

5. What are your needs and expectations during the pre-training phase when looking at
framing and previous experience?
6. Can you think of any improvements for ASML's current process regarding this phase?

Training phase (7.5 min)
With the training phase, the actual training period is meant, with a focus on the confidence
and motivation level of the trainee.

7. What are your main needs and expectations during the training phase?
8. Can you tell me about your confidence level during training? (on a scale of 1-5)
0. Can you tell me about your motivation level during training? (on a scale of 1-5)

10. Can you think of any improvements for ASML's current process regarding this phase?

Post-training phase (7.5 min)

With the post-training phase, the start of the employee’s job is meant, with a focus on keeping
a certain level of confidence and motivation throughout the tasks.

11. What are your main needs and expectations during the post-training phase?

12. Can you tell me about your level of confidence in practice, after finishing the training?
(on a scale of 1-5) What does ASML do to keep you confident?

13. Can you tell me about your level of motivation in practice, after finishing the training?
(on a scale of 1-5) What does ASML do to keep you motivated?

14. Do you have the opportunity to continue your learning journey by following trainings
during your job? Are you able to personalize it?

15. Can you think of any improvements for ASML's current process regarding this phase?

Closure
16. Are you open to also fill in an online 5-minute survey related to NXE experience?
17. Can | contact you in January again to test the design proposal | came up with?

Extra questions (when there is time left)

- Can you tell me about the contact you had with your fellow trainees? Did you help each
other out? Did you have a platform to reach out to each other when needed?

- Can you explain me whether you think the training is useful to your job task? Can you
explain me how you've experienced the guidance of ASML of you as a trainee putting all that
you’'ve learned into practice?

- Can you tell me about your experience with performance outcomes? Can you explain
me whether you think it is valuable to know your performance in the end? Can you tell me to
which extent ASML informs you about your performance outcomes?

- Can you explain me whether you are informed about the skills of your engineer
colleagues? Would you like to know the skills and/or the amount of experience your colleague
has?

- Can you explain me whether ASML showed you your purpose in the company? Do you
feel that you belong?

A structural process was set-up to improve the quality of interviews
with the engineers, trainers and knowledge managers

Meet with SME'’s to have a
better understanding of
training at ASML

Casual chat; Make sure the
participant feels comfortable
Type most important
comments that were noted
in Excel

Notebook to make notes of
most important comments

Introduction: Explain goal of
graduation ass