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Abbreviations Abstract

This thesis explores the design of instructional materials for the independent fabrication of a
vesicovaginal fistula (VVF) repair clinical task trainer in low-resource settings. The clinical task trainer,
developed by Biomedical Engineering for Global Health at TU Delft, aims to support surgical
education by enabling local and affordable production through 3D printing, silicone casting, and
assembly techniques. However, the existing instructional materials were found to be complex and
difficult to follow independently.

BME = Biomedical Engineering
LMICs = Low- and Middle- Income Countries
MOOC = Massive Open Onine Course

VVF = vesicovagina fistula To better understand the challenges makers experience during fabrication, the existing fabrication

process was analyzed through user research and process evaluation. From this analysis, four key
themes were identified, forming the starting point for the design phase. These themes focused
on improving guidance throughout the fabrication process, reducing complexity, supporting
independent fabrication, and creating clearer and more accessible instructional materials.

Based on these findings, three iterative design sprints were conducted. The first sprint focused on
designing the overall maker journey, mapping how makers interact with the fabrication process
from preparation to completion. The second sprint focused on redesigning the silicone casting
instructions, while the third sprint addressed the assembly instructions. Throughout the design
process, principles from instructional design and human-centered design were applied to improve
clarity, usability, and engagement.

The developed concepts and prototypes were evaluated with users to assess comprehensibility,
usability, and the level of support provided during fabrication. Insights from these evaluations
informed the final design. The resulting solution consists of a website containing step-by-step
instructional materials that guide makers throughout the complete fabrication process, including
sourcing materials, preparing components, silicone casting, and assembly.

The final design supports makers in fabricating the VVF clinical task trainer more independently
and confidently. In addition, this thesis contributes broader insights into the design of instructional
materials for fabricating the clinical task trainer where accessibility, and usability are essential.
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Introduction

This chapter introduces the context and scope of the project. It outlines the global challenge of
vesicovaginal fistulas (VVF) and the need for accessible surgical training. In addition, it introduces
BME for Global Health, the client of this project. The chapter further defines the problem addressed
in this project, presents the research question and describes the project approach.

1.1 Background

1.2 BME for Global Health
1.3 Problem Definition
1.4 Project Approach

1.1 Background

Globally, at least 3 million women, predominantly in Africa and South Asia, live with untreated
vesicovaginal fistulas (VVF), with an estimated 30,000 to 130,000 new cases arising annually in
Africa alone (El-Azab et al., 2019). A VVF is an abnormal connection between the bladder and
vagina, typically caused by obstructed labour. This condition can result in urine leakage and lead
to significant physical and psychological consequences; a more detailed description is provided

in Chapter 2.2.1. Most cases require surgical repair; however, many medical professionals in low-
resource settings lack both the experience and the necessary tools to perform or practice the
procedure (Chinthakanan et al., 2023). Consequently, patients often must travel to specialized
clinics for treatment, even though many cases could be successfully addressed with relatively simple
surgical interventions. To address this issue, a clinical task trainer was developed by Tink Voskamp
in collaboration with BME for Global Health (Voskamp et al., 2022). This clinical task trainer enables
medical professionals to practice the surgical procedure, improve their skills, and provide effective
treatment despite resource constraints (Voskamp et al., 2022).

1.2 BME for Global Health

Biomedical Engineering for Global Health Lab is a global initiative within TU Delft that focuses

on developing medical innovations to improve global health and increase universal healthcare.

The initiative is part of the Biomechanical Engineering department at TU Delft and functions as a
research laboratory dedicated to tackling challenges in the field of access to medical technology
worldwide. Through research and design projects, BME for Global Health aims to increase the
availability of medical devices, collaborating with international partners to investigate current usage
patterns and barriers in hospitals around the world. In addition to developing new solutions, the
laboratory offers education and training both within TU Delft and to external stakeholders, thereby
promoting global capacity building in the field of healthcare innovation.

This graduation opportunity was framed by BME for Global Health as a contribution to the
development of an online platform for creating DIY 3D-printed and silicone clinical task trainers for
surgical procedures. These task trainers are designed to support medical professionals in low- and
middle-income countries in performing surgical procedures. The platform aimed to disseminate
designs for three specific training phantoms: vesicovaginal fistula (VVF) repair surgery, vacuum
delivery and caesarean section. The goal of this project was to define the fabrication process of the
VVF clinical task trainer and to design the instruction materials.
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1.3 Problem Definition

BME for Global Health develops clinical task trainers and phantoms to enhance surgical education in
low-resource settings. The vesicovaginal fistula (VVF) repair clinical task trainer, as seen in Figure 1, is
designed to train medical professionals in the transvaginal approach to VVF repair. This task trainer
is constructed using 3D-printed PLA components and silicone parts, allowing for local production

in low resource settings at a low cost. It enables the practice of all procedural steps involved in VVF
repair, addressing the scarcity of training opportunities in regions where the condition is prevalent.

R

\

Figure 1: Vesicovaginal Clinical Task Trainer. Left: three-quarter view. Middle: front view. Right: side
view.

The primary objective of this project is to ensure that the VVF clinical task trainer can be successfully
fabricated by the maker. Through this project, two key factors have been identified as essential to
achieving this goal:

1 clear and comprehensive fabrication instructions, and
2 access to the appropriate equipment, tools, and materials.

The focus of this project is the development of clear and complete instructions, enabling the maker
to successfully fabricate the VVF clinical task trainer. Although the main focus of the project is on the
development of the instruction materials, the project also introduces an approach for accessing the

necessary materials.

The following main question was formulated to guide the project:

"How should instructional materials be designed to enable independent fabrication of the VVF
clinical task trainer in low-resource settings?”

To provide clarity, it is important to distinguish between the individual who fabricates the task
trainer and the individual who uses it for surgical training. In this project, the first user referred to the
‘Maker’ is the person responsible for fabricating the task trainer. While the end user, referred to as
the ‘Trainee’ is the person who uses the clinical task trainer to practice surgical procedures (e.g. the
surgeon in training).

In the overall scenario, the task trainer is fabricated by the maker using 3D printing, silicone casting
and assembly. The maker operates the 3D printer and works with printing materials, silicone, and

the associated tools throughout the process. Fabrication takes place locally in a low- to middle-
income country, which is not specifically defined. Once the task trainer has been produced, it is

used by the trainee to perform the surgical procedure. After use, the task trainer may be reused

until the degradation of the silicone’s properties becomes unacceptable (Voskamp et al., 2022),

with the number of potential reuse cycles to be determined through further investigation. When

the task trainer is no longer usable, it is returned to the maker for repair or the fabrication of new
components. This implies that the maker is not only responsible for the initial fabrication, but also for
the maintenance and repair of the task trainer throughout its lifecycle.

The scope of this project focused on the development of the silicone casting and assembly
instructions. Instructions for 3D printing and repair were not developed within this project. However,
recommendations for these instructions were formulated. Figure 2 provides a visual overview of

the first user and the end user in relation to the clinical task trainer and highlights the scope of the
project.

First user End user
(Maker) (Trainee)

project scope

o — &

Assembled Clinical  +

Used Clinical Task
Trainer

First user (Maker)

Fabricates and repairs
the clinical task trainer.

End user (Trainee)

Uses the clinical task
trainer to practice
surgical procedures.

[
"s\ # & The maker (first user) and the trainee (end user)

are different individuals with different roles.

Figure 2: Visual overview of the first user, end user, and project scope

11
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1.4 Project Approach

This project adopts a Research through Design (RtD) approach, in which knowledge is generated
through the iterative process of designing, prototyping and evaluating (Godin & Zahedi, 2014).

To structure this process, the Double Diamond design framework is employed, consisting of four
phases: Discover, Define, Develop and Deliver. This framework supports guiding the exploration of
the problem space and the development of solutions by diverging and converging.

The main research question guiding this project is: “How should the instruction materials be
designed to enable fabrication of the VVF clinical task trainer in low-resource settings?”

Discover

The first phase is Discover, which focuses on diverging, aiming to explore and understand the
problem space. The context is explored through hands-on fabrication of the task trainer using
the existing instructional materials, complemented by desk research and interviews with experts
involved in the design of the task trainer. In addition, the following sub question is addressed:
“What challenges occur when using the current instruction materials to fabricate the VVF clinical
task trainer?”

Define

The second phase is Define, which focuses on converging. Insights gathered during the Discover
phase are analysed and translated into a set of requirements. Based on these findings, a design
goal is formulated, and interaction qualities are defined to describe the intended experience of the
maker and guide the design process.

The design goal is defined as:
“Develop an instruction manual that enables users to successfully fabricate the clinical task trainer
for vesicovaginal fistula repair while feeling guided and confident throughout the process.”

Develop
In the Develop phase, the process diverges again to generate potential solutions. This phase is
structured into three design sprints. The design sprints are performed sequential from each other.

Through iterative cycles of ideation, prototyping and user-testing and co-creation, new insights are
generated. These insights lead to the refinement of existing requirements and the formulation of
new ones, which inform the subsequent iterations.

Deliver

The final phase is Deliver, which focuses on refining and presenting the final design. The final design
integrates the insights from the previous phases into a design that guides an independent and
successful fabrication process of the clinical task trainer. The final design is evaluated against the
requirements and interaction qualities.

Figure 3 provides a visual overview of the project structure, indicating how each chapter
corresponds to the phases of the design process.

Ch.1
Introduction

Figure 3: Visualisation of project approach

~—

Design
Sprint1

~—

Design
Sprint 2

Design

)

Sprint3 i

Ch. 6
Evaluation
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Discover

This chapter presents the Discover phase of the project. The aim of this phase is to gain a

clear understanding of the clinical task trainer and its context. First, the medical background

of vesicovaginal fistula and the role of medical training is discussed. Next, the anatomy of the
clinical task trainer is explained, followed by its use in surgical training. Subsequently, the existing
fabrication workflow is presented and analysed to answer the sub question: “What challenges
occur when using the current instruction materials to fabricate the clinical task trainer?”. The four
leading themes that emerged from this analysis are presented and combined with insights from the
literature.

2.1 Medical Background
2.1.1 Vesicovaginal Fistula
2.1.2 Medical Training
2.1.2.1 Simulation-Based training
2.1.2.2 Simulation- Based Training in Low-Resource Settings
2.2 Introducing the Vesicovaginal Clinical Task Trainer
2.2.1 Relevant Anatomy
2.2.2 Use of Clinical Task Trainer
2.3 Fabrication Process
2.4 Insights from the Fabrication Process
2.4.1 Theme 1: Fabrication Process as a Learning Journey
2.4.1.1 Instructional Design and Learning Experience Design
2.4.1.2 Contemporary Applications of Learning Experiences
2.4.1.3 Challenges of E-learning in LRS
2.4.1.4 Onboarding
2.4.2 Theme 2: Content is Incomplete
2.4.3 Theme 3: Content is Unclear
2.4.3.1 3D Printing Stage
2.4.3.2 Silicone Casting Stage
2.4.3.3 Assembly and Repair Stage
2.4.4 Theme 4: Level of Experience
2.5 Key Takeaways

2.1 Medical Background

This section provides context on a vesicovaginal fistula and its impact, highlighting the relevance
of simulation-based training. It then introduces medical training and the role of task trainers, with a
focus on application in low-resource settings.

2.1.1 Vesicovaginal Fistula

A vesicovaginal fistula (VVF) is an abnormal connection between the bladder (vesico) and the vagina,
resulting in continuous urinary leakage through the vagina (Wall, 2006).

VVF occurs most frequently in low-and middle-income countries (LMICs), primarily due to obstructed
childbirth, especially in parts of Africa, where early marriage and poor socioeconomic conditions are
major contributing factors (Lee & Zimmern, 2019).

Obstructed labour occurs when the fetus cannot pass through the birth canal due to a mismatch
between fetal size and the mother’s pelvic dimensions. This condition is more common in regions

where girls experience malnutrition, early marriage, and pregnancy before full pelvic development
(Wall, 2006).

VVF caused by obstructed labour develops when the fetal head puts prolonged pressure on the
soft tissue between the bladder and the vagina, cutting off blood flow. Without enough oxygen,
the tissue becomes damaged, breaks down, and eventually forms a hole (fistula) between the two
organs (Wall, 2006). Figure 4 shows the fistula between the bladder and vagina.

Bladder

\

Vagina
Vesicovaginal Fistula

Figure 4: Female reproductive organs with typical location of a vesicovaginal fistula.

The consequences for women living with a VVF are not only physical but also psychological and
social. Chronic incontinence often leads to social isolation, loss of social support, divorce, worsening
poverty, malnutrition, and other illnesses, especially in traditional cultural settings (Wall, 2006). These
severe consequences highlight the importance of treatment.
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The high prevalence of VVF in LMICs is linked to poor access to quality healthcare and inadequate
obstetric services (Wall, 2006). Although rare, VVF can also occur in high-income countries, usually
because of surgical complications, radiation therapy or cancer (Wall, 2006).

VVFs can be simple or complex, and the surgical approach depends on the type of fistula.
Repair can be performed either through a transvaginal or abdominal approach, depending on
the complexity of the fistula. Complex fistulas may require an abdominal approach. However, the
transvaginal approach is preferred for simpler cases, as it is minimally invasive, causes less blood
loss, and allows for a shorter recovery time. (Lee & Zimmern, 2019).

2.1.2 Medical Training

Medlical training is the structured educational process designed to develop the knowledge, skills,
and professional competencies required to provide effective and safe medical care. A component

of this training involves practical surgical procedures. Those often rely on specialized models to
simulate the human body and clinical conditions to practice. Among these models, simulation-based
training is a way to train surgical procedures. Such training utilizes a variety of tools, ranging from
virtual reality systems to physical anatomical models. The following sections describe simulation-
based models, including phantoms and task trainers and discusses the challenges of implementing
simulation-based training in low-resource settings.

2.1.2.1 Simulation-Based Training

Simulation-based medical training refers to the use of engineered models and technologies that
recreate clinical scenarios for hands-on practice. This approach allows learners to repeatedly perform
surgical techniques, make decisions, and refine their skills without posing any risk to real patients.
A category within simulation models includes task trainers and phantoms. A phantom is a physical
model that replicates human anatomy and tissue properties, primarily used for imaging training and
procedural practice. Phantoms range from simple tissue-mimicking blocks to complex anatomical
replicas utilized in ultrasound, MRI, or CT imaging training (Keenan et al., 2024). Task trainers,

in contrast, are designed to represent a particular body part or task, allowing learners to focus

on practicing a specific surgical skill. They enable repeated, hands-on practice, which enhances
confidence and proficiency for real-world application. The primary advantage of task trainers lies

in providing opportunities for deliberate, focused repetition, supporting the development of both
competence and assurance (Task Trainers, n.d.).

2.1.2.2 Simulation- Based Training in Low-Resource Settings

Simulation-based training in low-resource settings encounters several barriers, including limited
infrastructure, time constraints, and the absence of an established simulation culture (Del Castillo
Miranda et al., 2025). The high cost of commercial manikins, software, and high-fidelity models
further limits accessibility, as many low-resource settings lack the financial resources to acquire these
tools. Alternatives such as task trainers and low-tech manikins have proven effective in addressing
these cost-related challenges (Del Castillo Miranda et al., 2025)

In addition, challenges such as limited access to commercial models and scarce training
infrastructure hinder the widespread adoption of simulation-based training in low-resource contexts.
Practical solutions include constructing task trainers locally from affordable materials and adapting
them to meet regional healthcare needs (Del Castillo Miranda et al., 2025). These innovations allow
surgical skills to be acquired despite resource constraints, thereby improving the quality and safety
of healthcare. Consequently, it is advantageous that the VVF clinical task trainer is designed to be
fabricated locally and independently. When producing the clinical task trainer locally, dependence
on international supply chains is reduced. These supply chains may be unreliable, slow, or
inaccessible in low-resource settings, so local production also facilitates easier maintenance and
replacement.

2.2 Introducing the vesicovaginal clinical task
trainer

This section introduces the vesicovaginal clinical task trainer used in this project. First, the relevant
anatomy is outlined. Finally, the use of the task trainer in surgical training is explained.

2.2.1 Relevant Anatomy

The vesicovaginal clinical task trainer used in this project was originally developed as part of a
thesis project by Tink Voskamp (Voskamp et al., 2022). Aiming to provide an accessible and locally
reproducible surgical training tool in low-resource settings.

The vesicovaginal clinical task trainer is a simplified simulation model designed to train the surgical
repair of simple vesicovaginal fistulas, defined as singular fistulas with a diameter smaller than 4
cm and performed through a transvaginal approach (Voskamp et al., 2022). During training, users
practice identifying the fistula and performing suturing techniques, including watertightness of the
closure.

The task trainer mimics pelvic anatomical structures relevant to the surgical procedure. This includes,

the vulva, vaginal canal, bladder, urethra, and cervix, as well as the pelvic bone and a part of the
pubic bone (see figure 5).

Urethra

Urethra

Vagina

Vagina

Vulva
Vulva

Pelvic floor

muscles Pelvic floor

muscles

front view

Pubic bone Pubic bone
Vulva

Bladder

> 4 v Cervix

Bladder

Cervix

Pelvis Pelvis

side view

Figure 5: Representation of female anatomy and its corresponding components of the clinical task
trainer.
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The vulva component is intentionally simplified and does not aim to be fully anatomically realistic, \Estulsdsntiication; il Rlsce traction sutures g o g

as detailed external anatomy is not essential for training objectives of the surgical procedure. The
vulva is presented in an opened position, representing the situation in which a vaginal speculum has
already been inserted, allowing direct access to the vaginal canal during training.

The fistula itself is represented by a small circular opening in both the bladder wall and the vaginal
wall. During the assembly of the model, these openings are aligned forming the fistula. The fistula
opening in the vaginal wall features a thickened edge, which mimics the presence of scar tissue.

IV. Excision of fistula

The task trainer was designed to enable local production in low- and middle-income countries
(LMICs). For this reason, simple materials and simplified components are used in the design,
allowing the task trainer to remain affordable and reproducible in local contexts.

2.2.2 Use of Clinical Task Trainer

Several techniques exist for performing a vesicovaginal fistula (VVF) repair using a transvaginal
approach. Figure 6 illustrates one possible method of performing the surgical procedure on the
clinical task trainer. V. Bladderrepair
The procedure starts with identifying the fistula through the vagina and placing traction sutures. An
incision is then made around the fistula in the vaginal wall. The fibrous ring, representing scar tissue
obstructing the area, is excised and removed, exposing the bladder wall. The defect in the bladder
is subsequently closed with a suture. The closure is tested for watertightness by inserting a catheter
through the urethra and filling the bladder with liquid. Inside the vagina, a gauze is used to check for
any leakage. Once the suture in the bladder wall is performed correctly, the vaginal wall is sutured
and closed, thereby completing the procedure (Voskamp et al., 2022).

The photographs used in the figure were originally taken from the report by Tink Voskamp. The task
trainer depicted in these images is one of the earlier versions, which is why its appearance differs
from the most recent version introduced in this project.

The demonstrated surgical procedure shows that incision and suturing take place within the vaginal
wall and the bladder wall, in an area of approximately 2 cm surrounding the fistula. In addition, a
watertightness test is performed, highlighting the importance of a secure connection between the
urethra and the bladder cup. Ensuring the suture in the bladder wall can be assessed accurately.

VII. Vagina wall repair END RESULT

Figure é6: Demonstration of performed surgery on the task trainer.
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2.3 Fabrication Process

This section presents the fabrication process of the clinical task trainer. The fabrication of the task
trainer consists of a multi-stage process. This process includes 3D printing, silicone casting and
assembly. After use by the trainee, the task trainer can be returned to the maker for repair. Figure 7
provides a visual overview of the stages the maker goes through.

In the 3D printing stage, all structural components of the task trainer are produced, along with the
moulds required for silicone casting. After printing, the parts require post-processing, including the
removal of support material and clearing of ventholes and injection holes.

In the silicone casting stage, the printed moulds are used to produce the silicone components.
First, the parts of the mould are assembled and secured using bolts and nuts, after which the
liquid silicone is injected into the mould. After curing of several hours, the mould components are
removed resulting in a silicone component.

During the assembly stage, all 3D-printed and silicone components are combined to fabricate

the task trainer. In addition to the fabricated components, the urethra (rubber tube) is necessary

as well. The 3D-printed parts that form the framework are assembled using superglue, while
silicone components are assembled using silicone glue. The urethra is attached to the silicone with
superglue, and the silicone components are secured to the framework using a needle and thread.

After assembly, the task trainer is ready for use by trainees. After use, the fistula hole is closed
with sutures, making the vagina and bladder cup components unusable. These components must
therefore be replaced during the repair stage. The used silicone components are removed and

reproduced in the silicone casting phase. The remaining components can be reused, after which the

task trainer can be reassembled and used again.

3D printing

" Xo) 7
& m =

-9

Download files Print parts

..... - E—— @
TS By N R A

Finishing of parts

Preparation Make mixture Release from mould

Assembly Repair
{
e @ USE , N
6 ~ b (by trainee) e
5 = s
Silicone to silicone Assemble framework Stitch to framework Disassemble

Figure 7: Fabrication Process

Fill syringe Vacuum mixture Fill mould

To provide a more detailed overview of the fabrication outputs of each stage, Figure 8 illustrates the
components produced during the 3D printing, silicone casting and assembly stages.

The 3D printed framework components and the 3D printed moulds are produced during the 3D
printing stage. During the silicone stage, the silicone components are made using the 3D printed
moulds. The urethra is a component which is not made but necessary to fabricate the task trainer.

3D printed framework

d

.

Pelvic bone Bladder support

3D printed moulds

= X |
J’./\ ~

Bladder Cup mould

Bladder Top mould

Silicone components

Bladder Cup Bladder plate

Frame support

o)
{

\ |

Cervix mould

Cervix

Other components

Urethra

Vulva mould

Vagina mould

Vagina Vulva

Figure 8 - Overview of the produced and necessary components to fabricate the task trainer
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2.4 Insights from the Fabrication Process

This chapter provides an in-depth analysis of the fabrication process of the clinical task trainer. The
insights presented are based on a first-hand exploration of the process, in which the researcher
performed each stage of the fabrication. From this exploration, four key themes emerged. The first
theme addresses the fabrication process, focusing on the overall journey of the maker. The second
and third themes relate to the content and quality of the provided instructions. The final theme
explores the differences between experienced makers and first-time makers.

Within each theme, specific issues that encountered during the process are discussed and
supported with relevant literature. Together, these insights contribute to answering sub-question 1:
What challenges occur when using the current instruction materials to fabricate the VVF clinical task
trainer?

2.4.1 Theme 1: Fabrication Process as a Learning Journey

Based on practical experience, the fabrication process can be understood as a time-intensive
procedure consisting of numerous stages and substages that must be executed in a specific
sequence. In addition, the actions involved represent practical skills that the maker develops

over time. This suggests that the fabrication process can be approached as a structured learning
experience for the maker. To better understand this, the process is analysed using principles from
instructional design and learning experience design, supported by relevant theoretical frameworks
and practical applications.

2.4.1.1 Instructional Design and Learning Experience Design

It was observed that the fabrication process is extensive, with waiting periods between the different
stages and numerous components involved. Completing the process cannot be achieved in a single
day. Consequently, it is essential that the maker remains motivated throughout, receives appropriate
guidance, and is aware of what to expect during the process. Adequate preparation in advance
regarding the workflow is important. Due to the prolonged and complex process, it is beneficial

to structure it. Approaches such as Instructional Design and Learning Experience Design provide
established frameworks for organizing learning processes, which can be applied to support the
maker throughout the fabrication journey.

Instructional Design (ID) and Learning Experience Design (LXD) are often regarded as two related
yet distinct approaches to the design of learning environments. ID focuses on the systematic design

of instruction with an emphasis on measurable learning objectives, effectiveness, and reproducibility.

Historically, it has been associated with a teacher-centered paradigm, emphasizing the transmission
of knowledge and the control of learning outcomes. In contrast, learning experience design
emerged from the design domain and focuses on creating meaningful, human-centered, and
experiential learning processes that begin from the learner’s perspective (Reigeluth & An, 2023).
From the perspective of ID, classical models such as those developed by Robert Gagné and David
Merrill form an important foundation. Gagné developed the Nine Events of Instruction, a framework
describing the sequence in which information should best be presented to support effective
learning. Each of these nine steps corresponds to internal cognitive processes that occur during
learning (Kruse, 2008). The steps include gaining attention, informing the learner of the objective,
activating prior knowledge, presenting new information, providing guidance, practice, feedback,
assessing performance and promoting transfer to real-world contexts. This systematic approach,
derived from behaviourism, emphasizes that learning builds on repetition, feedback, and the
development of skills toward an autonomous, error-free level (Lin et al., 2024).

Another influential theory within ID is Merrill’s First Principles of Instruction. Merrill (1966) argues
that effective instruction is based on five fundamental principles: activation of prior knowledge,

demonstration of new knowledge, application by the learner, integration of what has been learned
into realistic contexts, and a task-centered approach to learning (Truong et al., 2019). These
principles emphasize that learning is most effective when learners are actively engaged in solving
meaningful tasks and when new knowledge can be applied immediately.

Whereas ID provides structure, clarity, and measurability, LXD introduces an empathetic and
experiential dimension to the design process. LXD is described as a human-centered, iterative
design approach that focuses not only on what must be learned but also on how that learning is
experienced (Reigeluth & An, 2023).

According to Reigeluth and An (2023), a well-designed learning experience is characterized by
several recurring principles. These include a learner-centered approach, goal-oriented design, the
creation of cognitive dissonance and aha moments, and the use of multi-sensory and contextual
elements. In this context, cognitive dissonance refers to the moment when the learner is confronted
with a situation that does not immediately align with existing knowledge or expectations. It
represents a temporary sense of confusion or tension that arises when new information does not fit
within an existing mental framework. This tension stimulates the learner to think critically, reconsider
assumptions, and integrate new knowledge (Miller et al., 2015). When the learner subsequently
understands how the new information complements or corrects previous understanding, an
epiphany occurs, a sudden sense of insight or comprehension that results in a meaningful change in
knowledge (Reigeluth & An, 2023).

By deliberately integrating such moments of confusion and insight into the design process, learning
becomes more active, meaningful, and enduring. This aligns with Kolb's (1984) experiential learning
cycle, in which learning occurs through a continuous interaction between concrete experience,
reflective observation, abstract conceptualization, and active experimentation. Instructions that allow
room for mistakes, exploration, and reflection promote this cycle and enhance the learners” intrinsic
motivation.

For the design of a learning experience that guides users through the fabrication of the phantom,
this means that not only the what and how of the process should be defined, but also the why and
how it feels to learn through making. The principles of ID and LXD therefore provide both structure
and inspiration for the design process.

2.4.1.2 Contemporary Applications of Learning Experiences

The frameworks of Gagné and Merrill are still applied today in modern contexts such as Massive
Open Online Courses (MOOCs) and e-learning. Such approaches could also be considered for
guiding the fabrication process of the phantom, presenting the process on an online platform.
Contemporary applications of learning experiences are e-learning and MOOCs. E-learning involves
the use of information and communication technology (ICT) tools to facilitate, support, and improve
the processes of teaching and learning (Gachanja et al., 2021).

A MOOC is a form of technology-supported learning that offers large-scale, freely accessible
education via online platforms. MOOC:s are typically developed by universities or academic
institutions and enable participants to engage with structured educational content, such as lectures,
readings, assessments and discussion forums, without restrictions on time or location. In healthcare,
MOOCs have become increasingly relevant as a means of supporting the continuing professional
development of doctors by offering flexible, cost-effective and scalable training opportunities
(Schettino & Capone, 2022).

The main advantages of MOOC:s are their accessibility, affordability, and ability to provide high-
quality education to a global audience, thereby promoting lifelong learning and professional growth
(Schettino & Capone, 2022). This makes them an interesting tool to integrate into the fabrication
process of clinical task trainers, particularly in low-resource settings, where access to traditional
training opportunities may be limited. However, several limitations have also been identified,
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including high dropout rates, limited opportunities for interaction between learners and instructors,
language and digital literacy barriers, and inconsistencies in pedagogical quality. Despite these
challenges, MOOCs represent a promising educational model with the potential to enhance
knowledge dissemination and skill development across diverse professional contexts.

Since the maker’s journey in the current fabrication process begins online, by downloading 3D print
files, this presents an opportunity to implement e-learning or MOOC:s.

Challenges of E-learning in LRS

However, e-learning implementation in low-resource settings reveal several challenges that need to
be addressed.

O'Flynn et al. (2024) emphasize that no two low-resource settings (LRSs) are the same. Each context
differs in terms of healthcare infrastructure, available resources, disease patterns, and training
systems. Nevertheless, they note that many shared challenges exist across these diverse settings,
which broadly shape the effectiveness of e-learning.

Common challenges identified include limited internet connectivity, high data costs, and insufficient
access to appropriate digital devices. Learners often face difficulties in finding suitable resources
due to the overwhelming and scattered nature of available materials. The quality of e-learning
content also varies widely, with frequent issues such as a lack of peer review, limited transparency
regarding authorship and reliability, and insufficient use of learner-centered educational principles.
Additionally, the content is often incomplete or repetitive, with some topics being overrepresented
while others receive little to no coverage. Many materials are not adapted to the local context or
integrated into formal training curricula, reducing their practical relevance. Finally, sustainability
remains a major issue, as developing and maintaining high-quality e-learning platforms requires
substantial time, funding, and ongoing administrative support, which are often lacking (O'Flynn et
al., 2024).

O'Flynn et al. (2024) conclude that while local contexts differ, the focus for improving e-learning in
LRSs should be on enhancing the findability, quality, and contextual appropriateness of resources,
with a strong emphasis on sustainability and local ownership.

Although these challenges relate to e-learning, several aspects are relevant for the fabrication
journey. Firstly, issues concerning incomplete content are apparent, which will be further addressed
in Section 2.4.2. To account for limited internet connectivity, providing instructions is a practical
solution, as it ensures that the process is not interrupted by connectivity issues. Furthermore,

it highlights the importance of presenting the process and instruction material in a clear and
manageable way, and available in one central location.

2.4.1.3 Onboarding

Observations during the fabrication process revealed that makers are not properly introduced,
indicating a lack of preparatory guidance. In literature, this type of introduction is commonly referred
to as onboarding.

The term onboarding is mostly used in a business context, where it refers to the process through
which new employees transition from being external to the organization to becoming integrated
and effective members, acquiring the knowledge, skills, and behaviors necessary for success (Bauer
& Erdogan, 2011). In this project, the concept of onboarding is adapted to introduce the maker and
provide them with the knowledge and skills required to successfully fabricate the clinical task trainer.
Similarly, in the context of online applications, user onboarding is understood as the process of
increasing the likelihood that new users become successful when adopting a product (Chiappetta,
2020). During the fabrication of the clinical task trainer, the maker is not properly introduced to the
process they are about to face. From a holistic learning journey perspective, the fabrication journey
currently begins when the maker downloads the 3D print files and instructions, leaving an important
gap in preparation.

Implementing a structured onboarding step could address this gap by providing clear guidance,
contextual explanations, and step-by-step support before the maker begins the fabrication process.
This could include checklists, illustrative examples, or short tutorials that help the maker understand
the purpose of each component, the overall workflow, and potential challenges. Based on insights
from customer onboarding software (Dock, 2025), such an approach would make the process more
repeatable, reduce uncertainty, and increase the likelihood of a successful outcome. By guiding
makers through an initial orientation phase, similar to how digital products guide new users through
complex features, the overall learning journey becomes smoother, more engaging, and better
aligned with the goal of independent and confident fabrication.
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2.4.2 Theme 2 : Content is Incomplete

Another theme identified from the insights is that the instructional materials are not comprehensive,
with multiple stages of the fabrication process incompletely covered.

This insight concerns the entire fabrication process, which starts with 3D printing, followed by
silicone moulding, and finally assembly. However, the provided instruction manual only includes
information about the silicone moulding and assembly stages.

A first-time user, however, also requires information regarding the 3D printing process. Although this
project assumes that the maker has basic knowledge of 3D printing, printer operation, and general
printing procedures, it is still important to specify which print settings are used and what the optimal
orientation of the parts on the print bed is.

The quality of the printed moulds directly influences both the surface texture of the silicone
components and the durability and reusability of the moulds.

An important advantage of the VVF task trainer is that it can be used multiple times to train the
surgical procedure. However, after a certain number of uses, some components, specifically the
bladder cup and the vagina, need to be remade, while the remaining components can still be used
if they are not damaged, as they are not directly involved in the surgical training. Therefore, it is
essential for a first-time user to understand how to successfully disassemble the clinical task trainer
to replace these components. Therefore, instead of consisting of three stages, the fabrication
process should be described as consisting of four stages.

Another observation is that the instructions were designed for general use and are not tailored to
each individual mould. From personal experience, it was found that each mould for the silicone
components differs sufficiently to require separate instructions. While the preparation of the silicone
mixture is largely consistent across the silicone components, the processes of filling the mould and
demoulding vary for each mould.

2.4.3 Theme 3: Content is Unclear

In addition to ensuring that all instructions are complete for makers, it is equally important that the
instructions for each stage are clear, enabling the maker to successfully complete the tasks. Based
on personal experience, several aspects of the fabrication process were identified as unclear. These
issues can be discussed for each fabrication stage.

To begin, there is no clear overview of the steps that need to be taken. It is essential that the
information is presented to the maker in manageable, well-structured segments. According to the
cognitive load theory of Sweller (1994), the working memory has a limited capacity, meaning that
processing new information can quickly overwhelm cognitive resources. Cognitive load refers to the
amount of mental effort required to process information within the working memory. High cognitive
load can impede learning and performance, especially when a task is complex or unfamiliar. When

the maker fabricates the task trainer for the first time, detailed, step-by-step instruction are essential.

These instructions help manage the intrinsic cognitive load, which is determined by the complexity
of the task itself, and reduce extraneous load, which arises from poorly organized or unnecessary
information (Sweller, 2010). By following structured guidance, the learner can focus on the critical
elements of the fabrication process without overloading the working memory.

Based on personal experience during the fabrication process, findings were identified for each
stage, and opportunities were developed, partly informed by expert input and literature. Figure

X maps the stages and substages that the maker progresses through. Using this overview, each
substage is briefly described in terms of the activities the maker is expected to perform, followed
by the questions and uncertainties that arose. Finally, potential opportunities to address these
uncertainties are presented.

2.4.3.1 3D Printing Stage
The process begins with the 3D printing stage, as shown in in Figure 9.

3D printing
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Figure 9 — Map of 3D printing stage

* mention best ways to

orientate the parts on
the printer plate

« mention preferred

settings

27



28

Most uncertainties arose during the fabrication of the components, particularly regarding the
required print settings and the optimal orientation of each part on the print plate. On the website
where the files are downloaded, a brief text is provided. This text includes a short introduction
mentioning the necessary 3D printing material and explains that some prints serve as a framework
for the 3D printed bone structure, while others function as moulds for silicone moulding. The
required materials for silicone moulding are also briefly listed, but the instructions use technical
jargon, which may make the information less accessible and reduce its likelihood of being read
thoroughly. Once the maker begins the silicone moulding process, they rely primarily on the paper
instructions and no longer refer to the website. As a result, any information about silicone moulding
available online is often overlooked. Therefore, it is important to include all relevant information
directly within the silicone instructions for that stage. Presenting information at the point of use
aligns with a principle from the cognitive load theory, the split attention effect. Consequently, this
information would be more effective if presented at the point in the process where it is relevant to
the maker.

2.4.3.2 Silicone Casting Stage

Figure 10 shows the second stage, the silicone casting stage. Photographs illustrating this process
are provided in Appendix A. The figure presents the substages along with the questions that arose,
followed by potential opportunities to address these issues.

After the silicone casting process, it was observed that this stage can be divided into six substages.
Silicone casting is the most time-consuming and demanding stage, as it must be performed for all
five silicone components: the bladder cup, bladder plate, cervix, vagina, and vulva. Furthermore, it
is a technique that involves numerous steps that must be executed in a specific sequence and within
a limited timeframe, since the silicone hardens after a certain time. Without prior knowledge or
experience, this process can be complex to perform. Therefore, it is useful to divide this stage into
manageable substages and to provide clear instructions to guide the maker effectively.

Silicone moulding
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Figure 10 — Map of silicone moulding stage

What can be concluded from this stage is that the maker needs a list of necessary materials and
tools prior to each substage. They also need images or illustrations and explanations of the function
of materials such as silicone, additives, and syringes, as well as clear images or video tutorials
demonstrating complex procedures, combined with opportunities to receive feedback. However,
adding more steps and information can increase cognitive load for the maker. According to Sweller's
cognitive load theory, it is important to avoid overloading the learner’s working memory. Therefore,
a minimalist instruction approach could be considered. According to Carroll and Van der Meij
(1996), the most important principle of this approach is task orientation. Task orientation refers to
the degree to which a learner understands a task and focuses on performing the correct steps in the
right order to complete it successfully.

To minimize unnecessary information when conveying instructions, it is important to consider the
cognitive load that a person can handle. The concept of minimalist instruction emerged from
empirical research conducted by Carroll et al. (1987), in which they observed word processor
trainees to identify common issues with traditional training manuals. They found that learners

often experienced information overload, felt overwhelmed, and preferred hands-on engagement
over lengthy explanations. Many skipped between sections rather than following the prescribed
sequence, guided by their own goals. Learners also tended to rely on personal assumptions,
disregarding information that conflicted with their mental models, and sometimes focused too
heavily on the manual instead of interacting with the system itself. Additionally, traditional manuals
failed to account for user errors or unexpected system behaviour, leaving trainees struggling to
recover. Finally, many learners demonstrated impatience, desiring to engage in meaningful, real
tasks as quickly as possible.

Additionally, the readability of the current instructions for tasks such as filling the syringe and
applying the vacuum is overwhelming. While the steps are explained correctly during performance,
a first-time user is faced with a large amount of information and must remember to repeat these
steps accurately (Figure 11). In the literature on cognitive load theory, this challenge is referred to as
the split-attention effect. The split-attention effect occurs when learners must divide their attention
between multiple sources of information, which can increase cognitive load and reduce learning
efficiency.

| diameter about 7 mm)

NOTE: For the bladder, first fill the syringe with halve of the silicone mixture, perform step
7, 8 and 9 and repeat when the syringe is empty with the other halve of the mixture. For
the cervix, if there are multiple moulds available and step 1 to 3 are performed on all
moulds, it is easier to mix the amount for 2, 3 or 4 cervixes at the same time, this amount
still fits in the syringe.

A

Figure 11 - Example of split attention effect in current instructions.
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Another observation is that each step in the instructions consists of multiple sub steps, resulting in
long blocks of text (Figure 12). This presentation is overwhelming, making the instructions difficult
to read and execute. Literature on cognitive load theory also highlights that excessive information
within a single instructional unit can increase cognitive load, reduce comprehension, and impair task
performance.

Step 7: Put the plunger back in, turn the syringe upside down and open the hub of the
barrel. Release the air and then put your finger on the tip (hub) of the barrel and apply
vacuum by pulling the plunger down in a pumping motion, until most bubbles are gone.

Figure 12: Example of too many activities described in 1 step

According to Norman (2013), well-designed products should be intuitive to use, making manuals
unnecessary. When a manual is needed, it should be short, clear, visual, and support the user

step by step. Norman also introduces the concept of affordances, which means that the design
should communicate function through the object itself, minimizing reliance on manuals or external
instructions. In a later study, he presents the concept of signifiers, which are visual or physical cues
that indicate where and how actions should take place. For all substages of the silicone moulding
process, the actions are too complex to fully apply Norman'’s principles. However, there is an
opportunity to redesign the 3D printed moulds to make them more intuitive.

After interviews with one of the founders of the clinical task trainer, it was suggested standardizing
the sizes of holes for bolts and nuts, which ensures consistency and reduces the amount of
information required in the instructions. Additionally, a PhD researcher at UMC, mentioned adding
markings and labels on the prints. This leads to more intuitive use, as Norman describes, and allows
less redundant information to be included in the instructions.

2.4.3.3 Assembly and Repair Stage

Figure 13 illustrates the assembly and repair stage.
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Figure 13 - Map of assembly and repair stage

The assembly stage requires clear explanations of the materials used, such as the glue and the
urethra, as well as explicit guidance on which silicone and 3D-printed components should be used.
In addition, technical terminology, such as continuous suture technique, may need to be clarified to
support users without prior knowledge.

Most importantly, at the end of the assembly stage, the maker requires feedback to determine
whether the task trainer has been assembled correctly and is suitable for successful use by trainees.
As described in the nine events of Gagné, feedback reinforces learning by providing learners with
immediate corrections and evaluations, along with advice and explanations to make their actions
more accurate (Higgins et al., 1982). This emphasizes the need for feedback to the maker.

The repair stage is important to provide the maker with information regarding which silicone or 3D
printed components need to be remade and the correct procedure for disassembling. It should
specify when components are no longer in the right condition and require replacement.
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2.4.4 Theme 4: Level of experience

The fourth finding relates to the varying levels of experience among makers. There is a noticeable
difference between a first-time user and someone who has produced a silicone component multiple
time. As makers gain experience, the amount of guidance required to successfully complete the
process gradually decreases.

Based on personal experience, it is evident that creating the task trainer can be an overwhelming
process without having prior knowledge, as many aspects of the fabrication are unfamiliar. The
current manual provides insufficient information and guidance for first-time users, which can increase
cognitive load and make the initial process more challenging.

In contrast, for experienced makers, the instructions on silicone moulding provided in the manual
are generally adequate. After repeatedly producing a silicone component, the procedures become
familiar, and only specific details remain necessary.

For example, experienced users primarily need information regarding the precise quantities of
silicone and additives, as well as specific mould-related procedures.

These observations illustrate that different guidance is required depending on the user’s experience,
with the first-time maker benefiting from detailed, step-by-step instructions, while frequent users can
operate effectively with concise, targeted guidance.

According to the cognitive load theory of Sweller (1994), with repeated practice, learners begin

to develop schemas, which are organized mental structures stored in the long-term memory that
represent the key steps and relationships involved in the task. Schemas allow learners to chunk
information, reducing the number of separate elements that the working memory must handle at
any given moment. As a result, the fabrication process becomes more automated, and learners can
execute the procedure with less reliance on explicit instructions.

This has practical implications for designing the instructions, first-time makers require comprehensive
guidance, whereas experienced makers can rely on abbreviated instructions. Therefore, tailoring
instruction materials to the learner’s level of experience, ensures that cognitive resources are used
efficiently.

One way to achieve this is by applying the principles of adaptive learning, in which instructions

can be tailored to the maker’s level of experience and personal preferences. Adaptivity recognizes
that not all learners have the same background or prior knowledge (Martin et al., 2020). For
example, makers can be offered different option for how to proceed with their learning experience,
depending on their experience level and individual preferences.

2.5 Key Takeaways
The key takeaways from the Discover phase are summarized in the following bullet points:

— In healthcare, MOOCs have become increasingly relevant by offering flexible, cost-effective, and
scalable training opportunities (Schettino & Capone, 2022).

— Common challenges regarding the effectiveness of e-learning have been identified. Learners
often face difficulties due to the overwhelming and scattered nature of available materials.
Content is frequently incomplete or repetitive, and many materials are not adapted to the local
context, reducing their practical relevance (O'Flynn et al., 2024)

— The study by Carroll et al. (1987) identified common issues with traditional manuals. Learners
often experienced information overload, felt overwhelmed, and preferred hands-on engagement
over lengthy explanations. Many skipped between sections rather than following the prescribed
sequence, guided instead by their own goals.

- In addition, the study by Carroll et al. (1987) found that learners tended to rely on personal
assumptions and sometimes focused too heavily on the manual instead of interacting with the
system itself. Furthermore, manuals failed to account for user errors, leaving learners struggling
to recover from mistakes.

— According to Norman (2013), well-designed products should be intuitive to use, making manuals
unnecessary. The use of affordances, which communicate function through design, should
minimize reliance on manuals.

— As described in Gagné’s Nine Events of Instruction, feedback reinforces learning by providing
learners with immediate corrections and evaluations (Higgins et al., 1982).

- According to Sweller’s Cognitive Load Theory (1994), repeated practice enables learners to
develop schemas, which are organized mental structures stored in long-term memory. Schemas
allow learners to chunk information, reducing the number of separate elements that working
memory must process.
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This phase defines the design direction and forms the start for the Develop phase. During the
analysis in the Discover phase, many insights were gathered. In this chapter, the target group is
presented, followed by the requirements derived from these insights, the design goal, and the
interaction qualities.

3.1 Requirements
3.2 Target Group
3.3 Design Goal

3.4 Interaction Qualities

3.1 Requirements

The requirements are gathered throughout the Discover phase and the MoSCoW method was used
to prioritize the requirements. This method categorizes requirements into four groups: Must have,
Should have, Could have, and Won't have, providing a structured approach to determine which

elements are essential and which are optional or lower priority.

The requirements can be grouped into five clusters and are listed below: fundamental requirement,
requirements for the maker’s journey, requirements for the content of the instructions, general
requirements for instructional materials, including specific requirements for silicone casting and

assembly, and requirements for the 3D-printed parts.

Fundamental Requirements Requirement
The maker must have clear and comprehensive fabrication instructions to 0.1
successfully fabricate the VVF clincal task trainer.

The maker should have access to the appropriate equipment, tools, and materials. 0.2

Maker's Journey Requirement
The maker should be feeling guided throughout the entire fabrication process. 1.1

The maker must feel invited to start and continue the fabrication process. 1.2

An instructional design framework must be used to structure the fabrication 1.3

process.

The instructional materials must not feel overwhelming. 1.4

At the start of the fabrication process, the maker should go through an onboarding 1.5

step.

The maker must receive feedback during the process. 1.6

For experienced makers, only information on precise quantities and specific 1.7
mould-related procedures could be provided.

The instructions could be adaptable to the maker’s level of experience. 1.8

Content of Instructions Requirement
The maker must be provided with an overview of the process in advance, including 1.9

time indications.

All stages of the fabrication process must be covered. 1.10

3D printing information must be included in the content. 1.11

Repair information must be included in the content. 1.12

The instructions could be modular. 1.13
Instruction material Requirement
General

The instructions must be presented in manageable, well-structured segments. 1.14

The instructions must be presented in detail, with step-by-step instructions. 1.15
Technical jargon should be avoided or clearly explained when used. 1.16

A list of items necessary to perform each step must be provided. 1.17
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The function of all materials and tools should be explained.1.18 3 2 Ta rg et Grou p

The instructions should follow the principle of task orientation. 1.19
The split-attention principle should be considered in the design of the instructional 1.120 The target group of the final design are first-time makers of the clinical task trainer, referred to as
materials. “novice makers”. These are individuals with no experience in fabricating the task trainer or working
_ , . . . with silicone casting techniques. However, it is assumed that novice makers are familiar with 3D
Each step in the instructions must require only one activity. 1.21 printing
The manual must be concise and not contain unnecessary information. 1.22
The manual must be clear and easy to understand. 1.23 H
v 3.3 Design Goal
The manual must combine text with visual representations. 1.24

Based on the requirements and the gathered insights during the Discover phase, the following

Silicone casting design was developed:

Instructions for demoulding silicone must be available. 1.25 “Develop an instruction manual that enables novice makers to successfully fabricate the

Separate instruction materials must be provided for each silicone component. 1.26 clinical task trainer for vesicovaginal fistula repair while feeling guided and confident
throughout the process.”

3D printed parts 3.3 Interaction Qualities
The 3D parts should be intuitive to use. 1.29
The 3D printed parts could include visual or physical cues to support usability. 130 To support this design goal, the desired interaction between the maker and the final design is

defined with interaction qualities. Interaction qualities originate from the Vision in Product Design
The 3D printed mould parts could have consistent hole sizes for bolts and nuts. 1.31 method (ViP), which is a design approach that translates a future-oriented vision into design
decisions (Hekkert & Van, 2016).

The ViP method focuses on the interaction between the user and the product, based on a
formulated future vision. Within this method, interaction qualities are used to describe how this
interaction should be experienced by the user and to support design decisions during the design
process.

In this project, interaction qualities are used to define and guide the desired interaction between
the maker and the final design. For the client, BME for Global Health, it is important that makers
can fabricate the clinical task trainer independently. Therefore, the design should not only be
functional, but also accessible. The fabrication process should feel inviting to start, be clear and
understandable, and support the maker in feeling guided and confident throughout the process.

While the ViP method typically derives interaction qualities from a formulated interaction vision, the
full method is not applied in this project, as this project primarily follows a Research through Design
approach. Instead, only interaction qualities were used to guide the design process towards the
desired interaction.

Based on these considerations, the following interaction qualities were defined. These qualities
are used to guide design decisions during the design process and help shape how the interaction

between the maker and the final design should feel:

e Accessible

* Inviting
¢ Guiding
e Clear

e Understandable



Develop

This phase explores the solution space based on the Define phase and is structured into three
sequential design sprints. The first design sprint focuses on designing the overall fabrication journey,
based on the requirements gathered during the Define phase, and concludes of with an updated
set of requirements that serve as input for the subsequent sprints. The second design sprint focuses
on the design of the silicone instructions. It builds on both the requirements from the Define phase
and the insights gained from the first sprint. The third design sprint uses the requirements from

the Define phase, along with the updated requirements and insights from the previous sprints, to
develop the final assembly instructions.

4.1 Design Sprint 1 - Design the Maker’s Journey
4.1.1 Design the Journey
4.1.2 Concept Development
4.1.3 New Requirements

4.2 Design Sprint 2 - Development of Silicone Casting Instructions

4.2.1 Determine the Content

4.2.2 Design the Silicone Casting Instructions
4.2.2.1 Silicone Casting Instructions 1.0
4.2.2.2 Silicone Casting Instructions 2.0
4.2.2.3 Silicone Casting Instructions 3.0
4.2.2.4 Silicone Casting Instructions 4.0

4.2.3 New Requirements

4.3 Design Sprint 3 - Development of Assembly Instructions

4.3.1 Determine the Content

4.3.2 Design the Assembly Instructions
4.3.2.1 Assembly Instructions 1.0
4.3.2.2 Assembly Instructions 2.0

4.3.3 New Requirements

4.1 Design sprint 1 — Design the Maker’s Journey

This design sprint focuses on the maker’s journey, interpreted as a learning process based on Theme
1 identified during the discover phase.

Two key factors are essential to successfully fabricate the task trainer:
1. Clear and comprehensive fabrication instructions tailored to the needs of a novice maker.
2. Access to the appropriate equipment, tools, and materials

During this sprint, multiple ideas and design decisions are made, resulting in a final concept and
updated requirements.

4.1.1 Design the Journey

Given that the fabrication process can be understood as a learning journey, contemporary learning
approaches such as e-learning platforms and MOOCs were explored as initial design directions.

To structure this learning journey, an instructional framework was required (Requirement 1.3).
Therefore, the choice was made between the five principles of Merrill or Gagné’s Nine Events

of Instruction. The principles of Merrill are more focused on open and explorative learning,

whereas Gagné’s nine events are more structured and guided. For the task trainer it is important
that everyone makes the same final product, there is no room for self-exploring. Therefore, the
instructional framework of Gagné was selected to structure the maker’s journey.

The framework consists of the following nine events and a visual overview can be found in Figure 14:

Gain attention

Inform about objective
Stimulate prior knowledge
Present content

Provide guidance

Practice

Provide feedback

Assess performance

Enhance retention and transfer
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Figure 14 - Visualisation of Gagné’s Nine Events of Instruction (CourseArc, n.d.)
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After selecting the instructional framework, the maker’s journey was visualised, and it was examined
how the nine events are distributed throughout the fabrication process. This journey is visualised in
Figure 15.

1.Gain attention

2.Inform about 3d printing
objective Start

3.Stimulate or recall 1. 2. 3.
prior knowledge

4.Present content
5.Provide guidance
6.Elicit performance

7.Provide feedback

.5.

/)

8.Assess performance

H “ :U a

L / assembly

Finish

9.Enhance retention and
transfer

silicone casting

Clear introduction or overview of the process

Opportunity to printed manual and digital
manual / videos

Feedback or validation moments after each
stage

Figure 15 - Visualised journey including the nine events of instruction.

This visualisation led to one key insight: the instructions must be portable. The visualisation showed
that the different stages do not take place while working at a computer, as 3D printing and silicone
casting typically occur in workshop environments or laboratory settings.

Therefore, it was concluded that the instructions and guidance should be portable, allowing the
maker to carry them throughout the process, either digitally or physically. If digital instructions are
used, it was agreed with the client that these should be optimized for a phone screen, since a phone
is most accessible in LMICs, rather than a laptop or tablet.

To continue the design process, a decision had to made between digital or paper-based
instructions. Analysis of the fabrication process showed that working with silicone takes place in a
laboratory setting where gloves are likely to be worn. The process can be messy, and silicone often
spills, making the use of a phone possible but inconvenient, as devices can become dirty and are
harder to operate with gloves or messy hands.

Therefore, the design choice was made to develop physical paper-based instructions, which will be
further developed in sprint 2 and 3.

To retain the benefits of a digital platform, makers will be able to download and print the
instructions as PDFs. Based on a conversation with the client, it is assumed that in low- and middle-
income countries printing is often limited to black-and-white ink. This constraint should therefore
be considered in the development of the instructions to ensure they remain clear and easy to follow
when printed in grayscale.

Although the instructions are intended for physical use, a digital platform remains essential. This is
necessary not only for downloading STL files for 3D printing but also because a website provides
accessible distribution to a wide audience.

This led to the concept of an online platform featuring a landing page with all relevant information
and downloadable instruction manuals, to meet the requirement of providing a central location for
all necessary information.

4.1.2 Concept Development

To improve the design and the features of the landing page, a set of interaction qualities was
defined to guide the design process towards developing the desired interaction between the maker
and the final design. As stated in Chapter 3.2, the interaction between the maker and the design
should be accessible, inviting, clear, understandable, and guiding.

Ideation was conducted for each interaction quality to generate possible features for the website.
Several ideas were generated using “How Might We"” questions, such as How might we make the
platform inviting?.

Combined with Requirements 0.1 and 0.2, which focus on providing clear instructions and
supporting access to materials, this resulted in website features. These features include guidance for
sourcing materials through either self-sourcing or an optional starter kit, as well as an introductory
onboarding to prepare makers before starting the fabrication process.

4.1.3 New Requirements

This design sprint resulted in the refinement of existing requirements as well as the formulation of
new ones.

The requirement “the maker must receive feedback during the process (1.6)” has been revised to:
“the maker must perform a self-check after each substage (1.6).”

The following new requirements have been established:

- Instruction materials must be usable when printed in grayscale. (2.1)

- A website must be provided that contains all necessary instructional materials, information
and material specifications required to fabricate the clinical task trainer. (2.2)

- Instructional materials must be designed for paper-based use. (2.3)

Key takeaways

- The instructional materials should be portable and paper-based.

- The website should provide onboarding, support material sourcing, and offer
printable instructional materials.
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4.2 Design sprint 2 — Development of Silicone
Casting Instructions

This design sprint focuses on the development of the instructional materials for producing the
silicone components: the vagina, vulva, bladder cup, bladder top and cervix. Gagne’s events 4-8
from the instructional framework will be incorporated in the design of the instructional materials for
silicone casting.

The goal of this sprint is to further develop and refine the instructional content by defining the
required content (Theme 2), improving clarity and structure (Theme 3), and addressing varying levels
of makers experience (Theme 4). In addition, insights from sprint 1 highlighted the need for a self-
check after each substage, requiring clear definitions of quality criteria for the silicone components.

Four versions of the silicone casting instructions were developed, of which three versions were
evaluated with participants. Through a research-through-design approach, prototypes were
iteratively developed and evaluated. Key insights were identified leading to the final version of the
silicone instructions. The design sprint concludes with a set of gathered requirements.

4.2.1 Determine the Content

To address Theme 2, which emphasized the importance of complete instructional content for novice
makers, the design sprint started with a detailed documentation of the silicone casting procedure.
This was conducted by maintaining a logbook during self-fabrication and by consulting the
designers of the clinical task trainer to gather additional explanations of the required steps.

The content was determined using the current instructions (see Appendix A for the full instructions).
An important insight was that each step contained many different actions, making it overwhelming
for a maker. To address this and meet the requirement that each step requires only one activity
(req. 1.12), the process for making the silicone parts was broken down into single-action steps. An
example is shown in Figure 16, illustrating a step from the current instruction manual.

Step 7: Put the plunger back in, turn the syringe upside down and open the hub of the
barrel. Release the air and then put your finger on the tip (hub) of the barrel and apply
vacuum by pulling the plunger down in a pumping motion, until most bubbles are gone.

!

Figure 16 - Example of step 7 of current instructions

Step 7; Changed into:

- Put the plunger back in

- Turn the syringe upside down

- Open the hub of the barrel

- Release the air

- Put your finger on the tip (hub) of the barrel

- Apply vacuum by pulling the plunger down in a pumping motion, until most bubbles are
gone.

In addition, an insight was found that the production of a silicone part can be divided into six
substages. Structuring the information by organizing it into these substages and smaller steps
contributes to requirement 1.14: the instructions must be presented in manageable, well-structured
segments. The substages are as followed:

Prepare the mould
Make the mixture
Fill the syringe
Vacuum the syringe
Fill the mould
Release from mould

cnkrwh =

Another insight that emerged during the detailed documentation of the silicone casting process is
that all silicone components follow the same six substages. While there is significant overlap in the
techniques used within these substages, differences arise in how their application due to variations
in required quantities and additives. However, the primary source of variation lies in the difference
between the moulds. This indicates that a single set of general instructions is insufficient to support
the production of all silicone components effectively for novice makers. Therefore, a design choice
was made to develop separate instructions for each silicone component.

Key takeaways

- The steps in the current instruction manual can be broken down into smaller, single-
action steps to reduce cognitive load for novice makers.

- The silicone casting process can be structured into six recurring substages to create a
more manageable and organized fabrication workflow.

- Although the silicone components share similar fabrication techniques, variations
between the moulds require component-specific instructions for novice makers.
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4.2.2 Design the Silicone Casting Instructions

With the content clear, the translation was made to the development of the instructions. The
following sections describe the iterative design process, in which each prototype is presented,
followed by its evaluation results and the resulting improvements. This phase specifically addresses
Theme 3 from the Discover phase, which highlights that the content is not presented clearly.

The main challenge is to balance cognitive load by providing sufficient information without
overwhelming the maker.

4.2.2.1 Silicone Casting Instructions 1.0

The first prototype, Silicone Casting Instructions 1.0, is designed as a single, comprehensive
instruction booklet that covers all stages of the fabrication process: 3D printing, silicone casting,
assembly, and disassembly (repair) (req. 1.10).

For this prototype, only the silicone casting chapter was developed in detail. This chapter is
structured into multiple subchapters. Within the prototype, Chapter 2 provides information on how
to work with silicone, including an explanation of different additives and their functions (req.1.18).
Chapter 3 contains step-by-step instructions for producing each individual silicone component,
divided into Sections 3.1 to 3.5, covering the bladder cup, bladder top, cervix, vagina, and vulva.

During the discovery phase, it became clear that certain steps, particularly vacuuming the mixture
(removing air bubbles by hand) and filling the syringe, were perceived as difficult and required
additional explanation. Therefore, these techniques are explained separately in Chapter 2. For these
specific steps, supporting visual illustrations were included to enhance understanding.

Figure 17 illustrates a section of the instructional materials describing the vacuuming process of the
silicone mixture. The complete instructions are provided in Appendix B.1.

4 N\
2.3 Vacuum mixture )

Goal: This step explains how to minimise air bubbles in the mixture and how to remove
them withcut using a machine.

Step6
You will now see bubbles everywhere. To remmove the largest bubbles, use the syringe to
create avacuum.

You do this by closing the tip with your finger so that no air can enter. You hold the
Syringe with the finger you Use to close the tip and the PIUNGEr with your other hand.

Step 7
Move the plunger up and dewn by pulling it (do not pull too hard, as you do not want to
pull the plunger eut of the syringe, ctherwise you will have to start again to remove the
air)

Step1
Take the plunger and the filled syringe.

Step 2

Insert the plunger as minimally as possible; do not push the plunger upwards yet. Turn
itvertically as sShown in the photo and remave the tip cap, allowing the air to siowly
escape from the syringe:

Step8
Once you have done this a few times, you should see bubbles forming at the top and
Most of the bubbles disappearing at the bottorn. This is a good Sign because it means
that you have pushed the air to the top. You can then push the plunger a little to release

Step3 thealr

While this is happening, some of the mixture will come out through the tip due to the

Pressure of the plunger. Wipe this off with a cloth Tip: I you have done this but still see bubbles forming, it may help to tap the

@ syringe against the edge of the table or hold something that vibrates against
it, such as an electric toothbrush. Do this Until Most of the bubbles have

Wait until the mixture has seftled disappeared. This should not take oo long, as the silicone may start to harden.

Step 5

©Once the mixture has settled, you will see a separation between the mixture and the air.
Now you can push the plunger upwards to release the air. The syringe is now ready.

- J - J

Figure 17: Section 2.3 from silicone instructions 1.0, explaining vacuum pumping by hand

Evaluation

The prototype was printed in grayscale and tested with two participants who were novices in silicone
casting. The full test plan can be found in Appendix B.2 The evaluation focused on the interaction of
the participant with the prototype and whether the steps were performed correctly.

Each participant was asked to produce the bladder cup silicone component using the instructions.
The results showed that several requirements were not met.

Most important findings of the test were that participants experienced the material as
overwhelming, containing too much text and unnecessary information. They did not follow the
booklet sequentially, which resulted in missed information. When opening the booklet both
participants felt overwhelmed, indicating the interaction of the maker with the instructions did not
feel inviting.

Additionally, having the techniques of filling the syringe and vacuuming the mixture were explained
in a different chapter, participants had to flip through the booklet. This increased the split-attention
effect, as participants had to divide their attention between their current page and the pages where
the techniques were explained. The increase of the split-attention effect increases the cognitive
load, making the instructions harder to follow.

The vacuuming step was by both participants not performed as intended. This step took the most
time, the researcher provided a hint about the time left before the mixture started to cure.

Both participants showed signs of stress during this step as they felt the silicone was already starting
to cure.

The requirement of combining text with visual representations was not fully met, as visuals were only
used to explain more complex techniques such as filling the syringe and vacuuming the mixture.
Within these explanations, the split-attention still occurred since the images were spatially distant
from the corresponding explanation, as can be seen in Figure 17..

Both participants frequently questioned whether they were performing steps correctly, indicating
that the requirement for providing feedback to the maker was not met (req. 1.6).

These findings indicate that the interaction between the maker and the instructions should be
improved through making less overwhelming, a clearer structure, better integration of visuals, and
more feedback during production. Nevertheless, both participants succeeded in producing a usable
final product, suggesting that the written procedural steps were understandable.

Key Takeaways

- The written procedural steps were sufficiently clear for novice makers to successfully
produce the bladder cup component.

- The instructional materials were experienced as overwhelming and insufficiently
guiding, indicating that the interaction between the maker and the instructions should
be improved.

- Separating technique explanations from the procedural steps increased the split-
attention effect and cognitive load, making the instructions harder to follow.
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4.2.2.2 Silicone Casting Instructions 2.0

Based on the insights gained from testing instruction manual 1.0, an ideation was conducted
to explore how to make the instructions less overwhelming, reduce split-attention effect, and
incorporate a self-check. This resulted in the following improvements:

Make instructions less overwhelming

The initial idea was to reduce the number of pages to make the manual less overwhelming and more
structured, while still using the six stages to segment the information. Therefore, the concept shifted

from a single comprehensive book to separate sheets for each silicone component, with the aim of
physically segmenting the instructions and reducing their perceived complexity. Figure 18 shows an
overview of the ideation. However, in practice, it became evident that the amount of information
for novice makers did not fit on a single sheet. This resulted in information-dense pages, which,
according to cognitive load theory, may increase cognitive load rather than reduce it.

Therefore, a trade-off was made: instead of loose sheets, the silicone instructions 2.0 consists

of separate booklets for each silicone component. This maintains the benefit of segmenting

the instructions into manageable parts, while allowing to present the necessary information in a
clear and structured way. Reducing cognitive load by presenting information in smaller, and well-
structured segments.

100 mucA info
10 present
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Figure 18: Ideation for making instructions less overwhelming

Reduce the split-attention effect

To minimize the split-attention effect, instructions for techniques such as filling the syringe and
vacuuming the silicone mixture are not placed on separate pages. Instead, they are integrated into
each individual instruction booklet for each silicone component, allowing the maker to access all
necessary information in one place without needing to switch between pages.

Additionally, to meet the requirement of combining text with visual representation and to further
minimize the split-attention effect, each step includes both an illustration and text (Figure 19).

2.3 Vacuum mixture

Goal: This step explains how to minimise air bubbles in the mixture and how to remove
thermn without using a machine.

Fill the syringe

10. N
Grabthe X syringe and Close the hub of the Slowly pour the mixturs

remove the plunger. syringe af with something intothe syringe
like abolt

.

12,

Ifit b 1 can lean the
yrin nething so
P17 you have your hands free!

13. 14. 3
Insert the plunger slightly Turn around the syringe Wait for the rixture to
intothe syringe and rermove the tip cap, settle

and hold syringe vertically.

Step1
Take the plunger and the filled syringe.

Step 2
Insert the plunger as minimally as possible; do not push the plunger upwards yet. Turn
itwvertically as shown in the photo and remove the tip cap, allowing the air to slowly
escape from the syringe.
Step 3 V
X.

While this is happening, some of the mixture will come out through the tip due to the
pressure of the plunger. Wipe this off with a cloth.

Step 4
Wait until the mixture has settled. 16.

Push the plunger further

Step 5 up urtil all air is reroved

Once the mixture has settled, you will see a separation between the mixture and the air.
Now you can push the plunger upwards to release the air. The syringe is now ready.

Silicone instructions 1.0 Silicone instructions 2.0

Figure 19: Improvement of split-attention effect instructions 1.0 vs instructions 2.0

Feedback during process
To increase the maker’s confidence and provide feedback during the process, self-checks were

incorporated throughout the instructions (Figure 20). These include checks after each substage (e.g.

after preparation, after making mixture, etc), as well as a final quality check to assess the produced
silicone component (Figure 21).

v Y

19.

9, Repeat until most bubbles
Leave the cup to stand for a are gone, then remove
moment so that the largest 16. your finger and push the

Push the plunger further
up until all airis rernoved

air bubbles disappear plunger to release the air

from the syringe

Figure 20: Added self-check after each substage
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Final Check

Once all checkboxes can be ticked, your silicone part is complete.
[m] Mold Separation — The mold parts came apart without tearing the silicone

0 No Air Bubbles — Most visible air bubbles have been removed
[m] Complete Fill - Silicone has reached all vent holes and filled the mold completely.

B
¥
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Figure 21: Added quality check to assess produced silicone part

Evaluation

The instruction manual for producing the cervix component was evaluated with nine participants at
the faculty of Industrial Design. The goal was to evaluate whether the instructions were perceived as
overwhelming and whether the text and illustrations were understanded correctly. Participants were
asked to think aloud while explaining what they believed they needed to do, while observations
were made by the researcher if the steps were explained correctly. The full silicone instructions 2.0
and the test-setup can be found in Appendix C.2.

A limitation of this test is that participants did not actually produce a silicone component. As a
result, their responses are based on expectations rather than hands-on experience. Therefore, no
conclusions can be drawn about the effectiveness of the instructions in when producing the silicone
part. However, perceptions of clarity, structure and presentation could be evaluated.

The results show that the overall presentation of the instructions is clear and well-structured. Eight
out of nine participant rated the presentation with a score of 4 or higher (on a 5-point scale), and
none of the participants experienced the instructions as visually overwhelming. Appendix C.2 shows
more results of the test.

However, several areas for improvement were identified. Participants indicated that the illustrations
were visually appealing but lack sufficient detail and consistency with the actual components,
making some steps harder to interpret. In addition, some textual instructions require better
explanation on specific actions and terminology.

Furthermore, multiple participants found the self-check for assessing the quality of the silicone
component unclear. Participants mentioned they were unsure how to evaluate a produced part.

Key takeaways

- The segmented booklet structure and step-by-step presentation were perceived as
clear and not visually overwhelming.

- The self-checks required more detailed explanations to support participants in
assessing the quality of the produced silicone component.

- The illustrations should contain more detail and better correspond visually to the
actual silicone components to improve interpretation of the steps.

4.2.2.3 Silicone Casting Instructions 3.0

Based on the insights from the evaluation of silicone casting instructions 2.0, the main focus of the
improvements was on clarifying the self-check by defining clear boundary conditions for the final
silicone component. In addition, the illustrations were redesigned into more realistic and detailed
visuals to improve clarity.

Determination of quality of silicone components

To establish the boundary conditions for the quality check, it is important that each silicone part is
fully filled. Ideally, when producing silicone parts, it is required that no air bubbles are present. To
ensure this, a vacuum chamber is used to remove air bubbles from the mixture.

However, since this task trainer is intended for fabrication in LMICs, it is assumed that not all makers
have access to a vacuum chamber. Instead, air removal is performed manually using pumping
movements. This method is less effective, meaning that some air bubbles may remain after curing.
Therefore, it is necessary to define the acceptable boundary conditions under which a silicone
component is considered usable.

As discussed in chapter 2.2, the surgery is performed within approximately 2 cm around the fistula.
In this area, incisions and sutures are made. Therefore, this region is critical for the functionality. The
other silicone parts, cervix, bladder top and vulva are not directly involved in surgery.

This information led to the following boundary conditions:

- All silicone components must be completely filled.

= The vulva, cervix and bladder plate may contain air bubbles

- The vagina and bladder cup must not contain air bubbles larger than 1 mm within an area of
2 cm around the fistula (see Figure 21)

No air bubbles larger than 1 mm within the marked areas:

Bladder cup Vagina

Figure 22: Indication of boundary conditions of airbubbles on bladder cup and vagina.
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While the previous iteration focused on the cervix component, this iteration shifts to the silicone
vagina component. This decision was made to better evaluate the self-check and because self-
production showed that the vagina component is the most challenging part to produce, particularly
in filling the mould and releasing it after curing, making it important to evaluate whether these
instructions are clear.

This is how the final check is incorporated in the instructions 3.0, compared to 2.0.

4 ) 4
Release silicone from mould 000000 Final Check
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Silicone instructions 2.0 Silicone instructions 3.0
Figure 23: Improvement of final check in instructions.

lllustrations
In addition, all illustrations were redesigned into more realistic and detailed visuals. Figure 24 shows
an example of an improved illustration compared to the previous version.
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Figure 24: Improvement of illustrations of filling the mould

Additional improvements

In addition to the main changes, several smaller improvements were implemented in this version. A
process overview was added to the front page to address requirement 1.9, which had not yet been
met. Furthermore, the term ‘pot life’ was introduced and explained, referring to the time available
to work with the silicone before it starts curing. This was done to increase the maker's awareness

of time constraints and to reduce stress observed in earlier tests, where participants experienced
unexpected time pressure.

Evaluation

Based on the improvements, the silicone casting instructions 3.0 were developed (see Appendix
D.1). A usability test was conducted with two novice participants. The evaluation focused on how
clearly each step was understood and executed, and whether the self-check supported them in
assessing the quality of the produced component. The full evaluation plan can be found in Appendix
D.2)

Several issues occurred during the production of the silicone vagina component. All observations of
the test can be found in Appendix D.2.

The most important issues are discussed below:

In Step 2, where the maker must apply a thin layer of release agent to the moulds, the term “thin
layer” was not clearly defined. Both participants were unsure how much release agent should be
sprayed. This issue was also identified during the evaluation of Silicone Instructions 1.0, indicating
that the required amount should be explained more clearly.

In Step 17 (Figure 25) makers were instructed to set a timer for 20 minutes. This timer indicated

the remaining working time before the silicone would become too thick to pour. However, both
participants misinterpreted this instruction and believed they had to wait 20 minutes before
continuing with the next steps. The researcher provided a hint to clarify that the 20 minutes referred
to the time available to complete the remaining steps, rather than a waiting period. After this
clarification, both participants shifted from a calm working pace to a more stressed and hurried

approach.

This is a crucial step in the process, as waiting for 20 minutes would have caused the silicone to
thicken too much. This indicates that this step should be revised.

4 )

@ ’
20 min pot life

17.

Set a timer for 20 min.
(This is the time you have
until Dragon Skin 10 Slow
thickens).

- i/

Figure 25: Step 17 of silicone instructions 3.0



Another issue was identified in the step describing how to release air bubbles from the silicone
mixture. Both participants struggled to execute the step correctly and expressed uncertainty about
whether they had performed the process properly.

Through observations and the think-aloud method, it became clear that the amount of information
on the page was overwhelming for the participants. During the post-test discussion, both
participants mentioned that they had skipped or overlooked parts of the page because the
information lacked visual hierarchy and contained too much text. This indicates that the section
should be redesigned with less information and a more structured layout.

Both participants proceeded to fill the mould while large air bubbles were still visibly present in the
syringe. However, very few air bubbles were observed in the final silicone parts. This suggests that
the presence of these air bubbles during the filling process did not significantly affect the final result.
Therefore, this may indicate that the air bubble removal step is unnecessary or less critical than
initially expected.

Figure 26: Left: fill mould with large amount of air. Right: produced silicone part

During Step V, Filling the Mould, Participant 1 did not observe the silicone mixture coming out of
the air vents. This made her feel uncertain and gave her the impression that she had failed. However,
after releasing the silicone part from the mould the next day, she was surprised by how well the final
result turned out.

Figuur 27: Left: no silicone out of air vents. Right: produced silicone part

According to the final self-check, the part was considered not completely filled. However, both
the participant and the researcher agreed that the silicone part was usable. This indicated that the
self-check instructions did not clearly define when a part should be considered sufficiently filled.
Therefore, more precise boundaries should be described in the self-check section.

Additional Insight

An additional observation emerged after the usability test of Silicone Instructions 3.0. After
completing the test, one participant independently produced another silicone component, the
vulva, without using the detailed instructions. Before starting, she only requested a limited set of
information, including the required moulds, material quantities, syringe size, bolt and nut sizes,
and the locations of the air vents and injection opening. The participant also indicated that most
fabrication steps, including the vacuum pumping process, could now be performed without
additional guidance.

A similar observation was previously made during the evaluation of Silicone Instructions 1.0, where
another participant independently produced a silicone component after the usability test and
indicated that only limited information, such as quantities and dimensions, was still necessary.
Although these observations are too limited to draw definitive conclusions, they do align with
Theme 4: Level of Experience, identified during the Discover phase, which described how the
amount of guidance required decreases as makers gain familiarity with the fabrication process.

Key takeaways

- Overall, the fabrication steps and actions were understood clearly; however, several
minor adjustments are needed to further improve clarity.

- The self-check criteria and quality boundaries should be described in more detail.

- The visual hierarchy of the instructions in ‘Section V." should be improved to better
emphasize important information and feedback moments.

- After gaining hands-on experience with the fabrication process, makers required less
detailed instructional guidance and primarily relied on concise reference information.
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4.2.2.4 Silicone Casting Instructions 4.0

Based on the insights from the evaluation of silicone casting instructions 3.0, the following

improvements are made, leading to the final instructions for producing the vagina part (Appendix
G.1)

Clarity of steps

Step 2 was revised by replacing the unclear description “thin layer” with a more specific description
of the required amount of release agent. Instead of using the term “thin layer,” the instruction now
specifies applying 2-3 sprays to each highlighted mould area.

Step 17 was revised by changing both the wording and the timer icon. The original static timer icon
unintentionally suggested that participants had to wait for 20 minutes. Therefore, it was replaced
with a more dynamic timer icon to better communicate that the timer represents the remaining
working time available to complete the next steps.

4 I ) 4 )

N ®

~20 min remaining
20 min pot life

3 18.

17.

Set a timer for 20 min.
(This is the time you have
until Dragon Skin 10 Slow
thickens).

You now have approx.

20 min to complete the
following steps before the
silicone becomes too thick
to pour.

- J - “J

Figure 28: Improvement of step 17

Improvement of page
Section |V was revised with a calmer and more structured layout to reduce information overload. In
addition, the description of several steps was adjusted to improve clarity (Figure 29)

IV. Remove air bubbles

Items you'll need

Filled syringe

IV. Remove air bubbles

Items you'll need
- Filled syringe
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. 26.
Close the tip of the syringe. Push the plunger back
with your thumb or finger with the tip closed.
and use the other hand to
pull the plunger.

Repeat this pumping
. motion 15 times.
Push the plunger back Repea
with tre tip closed. motion 15 ti

q }j
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30.
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most bubbles larger than

Release the air thal movec!
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Observe e zirb

3mm are gone.
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Example for observing:
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Silicone instructions 3.0 Silicone instructions 4.0

Figure 29: Improvement of Section IV.

The final self-check was revised to provide clearer definitions and a more structured layout with
improved visual hierarchy (Figure 30). In addition, tips were added to explain what makers can do
when a silicone part is considered unusable.

For this version, a height deviation greater than 1 cm is defined as unacceptable, and air bubbles
larger than 0.5 cm. However, these boundaries are not yet based on material or assembly research,
but rather on assumptions of what appears acceptable in practice. Therefore, further research is
required to determine the actual impact of these deviations on the performance of the silicone
parts.
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Check the height of the
part

Check for large air bubbles

- Smallair bubbles (small d

O Isthemold damaged after opening?

 the three alignment pins ar b0
e tightened securely du T
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Silicone instructions 3.0 Silicone instructions 4.0

Figure 30: Improved final check section
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Based on the insight that experienced makers require less detailed guidance, quick-reference sheets
were developed for the vulva, bladder cup, bladder plate, and cervix components as an exploration

of how instructional support could be adapted for more experienced makers (Figure 31). Full-size
versions can be found in Appendix G.2.
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Prepare the mould

Silicone Casting
Instructions

Bolts and nuts size
Mé4x40 mm

Produce the vulva silicone component
Make the mixture

o

6Xx ‘

Brown liquid
colour pigment

Fill the syringe

==

Syringe SOmL
catheter tip

Fill the mould airvents

) vill be working with silicones; ensure produc
performed in a well-ventilated area

Production Stages (30-60 min)

0 Remove air bubbles

@ Curing time = 8 hours

VI. Release silicone from mould

N JAN “ Y

Figure 31: Quick-reference sheet of vulva

All insights gained throughout the iterative design sprint informed the development of the final
silicone instructional design. The final instructions were no longer evaluated within this project and
are presented in Chapter 5.

4.2.2 New requirements
This design sprint resulted in the refinement of existing requirements as well as the formulation of
new ones.

The requirement “Separate instruction materials must be provided for each silicone component
(1.26)" has been refined to: “Separate instruction materials must be provided in the form of
individual booklets for each silicone component (1.26)".

The requirement “The manual must combine text with visual representations (1.24)" has been
revised to: “The manual must include visual representations for each step, accompanied by
explanatory text (1.24)"

The following new requirements have been established for the quality of the silicone components:

- All silicone components must be completely filled to be usable. (2.4)

- The vulva, cervix, and bladder plate may contain air bubbles (2.5)

- The vagina and bladder cup must not contain air bubbles larger than 1 mm within a 2-cm
radius around the fistula. (2.6)
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4.3 Design Sprint 3 — Development of Assembly
Instructions

This design sprint focuses on the development of the instructional materials for the assembly of all
components into the final clinical task trainer. Design sprint 2 already gave a starting point in how
the instruction manual will be structured in ways of formatting and created new requirements.

Two versions of the assembly instructions were developed, which were both tested with participants.
The prototypes were iteratively developed and evaluated. Key insights were identified leading

to the final version of the assembly instructions. The sprint concludes with an updated list of
requirements. The final design of the assembly instructions will be presented in Chapter 5.

4.3.1 Determine the Content

Similar to the approach used for the silicone instructions, it was necessary to determine what
information novice makers require for the assembly instructions as well (Theme 2). To achieve this,
the steps of the existing assembly instruction were broken down into smaller actions. Like the
production of the silicone parts, the assembly can be divided into substages as well:

l. Assemble Framework

1. Assemble Blader Cup to Vagina

. Assemble Cervix to Vagina

V. Assemble Urethra

V. Assemble Bladder Top to Bladder Cup
VI. Assemble Vulva to Framework

VIl.  Assemble Vagina to Vulva

This provided a strong starting point for presenting the instructions in manageable and well-
structured segments, supporting Requirement 1.14.

4.3.2 Design the Assembly Instructions

With the content clear, the translation was made to the development of the instructions. The
following sections describe the iterative design process, in which each prototype is presented,
followed by its evaluation results and the resulting improvements. This phase specifically addresses
Theme 3 from the Discover phase, which highlights that the content is not presented clearly.

The main challenge is to balance cognitive load by providing sufficient information without
overwhelming the maker.

4.3.2.1 Assembly Instructions 1.0

Based on insights gained during Design Sprint 2, the assembly instructions 1.0 used the same visual
layout of text and images as the silicone casting instructions. The assembly instructions 1.0 can be
found in Appendix E.1.

Before developing the first version of the assembly instructions, a conversation was held with one of
the designers of the task trainer. During this conversation, it became clear that correctly assembling
the bladder cup to the vagina component, as well as connecting the urethra to the bladder cup, is
essential for the task trainer to function properly during surgical training.

Therefore, it was important to determine the specific requirements for assembling these critical
connections. Chapter 2.2.2 describes how the surgical procedure is performed on the task trainer
and provided insight into the functional requirements of the assembly. Based on this information,
it was established that the bladder cup and vagina components must have at least 2 cm of contact
area surrounding the fistula connection. In addition, it can be concluded that the connection of the
urethra with the bladder cup must be assembled in a watertight manner.

To standardize the assembly of the bladder cup and vagina during the gluing process, the designer
introduced a simple solution: a 3D-printed cylinder, further referred to as the ‘glue support’. This
component is placed inside the vagina part and indicates the surface area where the glue should be
applied and where the bladder component should be attached (Figure 32)

Figure 32: Left: Silicone vagina and glue support. Right: Glue support in vagina

Test set-up

A user test was conducted with three participants. The participants assembled the clinical task
training using the provided assembly instruction 1.0 to evaluate the usability and clarity. In addition,
the assembled task trainers were evaluated based on predefined criteria. After the assembly, a co-
creation session was conducted to identify and prioritize the issues and generate improvements.
These improvements included rewriting steps, adjusting images and improving layouts. Finally, the
participant listed the issues on priority, to emphasize what had the biggest priority to improve. A
detailed description of the test setup and evaluation criteria can be found in Appendix E.2.

The instructions are designed in colour but were given in grayscale. To test whether the illustrations
remain understandable without colour, in accordance to requirement 2.1: instruction materials must
be usable when printed in grayscale. Each assembly took about 2,5 to 3 hours.

The goal of the test was to evaluate both the product quality, referring to the quality of the
assembled task trainer, and the process quality, referring to how participants experienced the
assembly process and interpreted the instructions.

Since the design goal focuses on supporting maker confidence, participants were also asked to rate
how well they believed they had assembled the task trainer on a 5-point Likert scale, referred to

as the confidence score. These scores were later compared to the actual quality assessment of the
assembled task trainers to explore whether the instructions supported both successful assembly and
maker’s confidence. Appendix E.2 shows the predefined criteria. If all criteria were met per section,
the task trainer was marked as usable for a trainee.
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Product quality evaluation results
Each criterion per substage was assessed for each participant. The participants received a score of 1
when their assembled part did not meet a criterion and a score of 5 when the criterion was met.

None of the participants met all predefined criteria, meaning that all assembled task trainers were
classified as unusable. Figure 33 provides an overview of the product scores and the confidence
scores.

Section P1 P2 P3
l. Assemble framework - - -
Il. Bladder cup to vagina 5 1 1
1. Cervix to vagina 1 5 5
V. Urethra into bladder hole 5 5 5
V. Bladder top to cup 5 5 1
VI. Vulva to framework 5 1 5
VII.  Vagina to vulva 5 1 5
Means (product score) 4.3 3 3.7
Confidence score 4 2 3
Usable task trainer No No No

Figure 33: Results of the assembled task trainer of each participant.

Although all participants recognized that errors had occurred during the assembly process, they
continued with the subsequent steps instead of correcting these mistakes.

product
result

example of
unsuccessful
assembly

o

bladder assembled in
the wrong orientation

cervix not fully vagina not properly
assembled assembled

Figure 34: Errors of all participants in assembled task trainer

The low product score and the fact that no participant assembled a usable task trainer indicates that
the instructions contain errors and should be improved.

Process quality evaluation results

During the assembly process, multiple issues, uncertainties, and frustrations were observed, even

in cases where the final assembly outcome was considered usable. The complete overview of all
observations, impacts, priorities, and co-creation outcomes can be found in Appendix X.X. The most
important findings observed during the usability test are discussed below and formed the starting
point for the next iteration of the assembly manual.

General Observations

All participants indicated that several illustrations were difficult to read in grayscale. All participants
experienced frustration with the waiting times required for glue curing. Participants often relied
more heavily on illustrations than on textual explanations.

Assemble Bladder Cup to Vagina

Two out of three participants did not assemble the bladder cup to the vagina correctly because the
glue was not spread evenly and the components were positioned at an angle. The third participant
assembled the bladder cup in the wrong orientation, see Figure X. These findings indicated that
the instructions did not sufficiently communicate the correct positioning and alignment of the
components.

Assemble Cervix to Vagina

All participants struggled with the assembly of the cervix to the vagina. The instructions showed to
keep the glue support in the cervix and glue the cervix to the vagina. However, this glue support
made the action way more complex than it actually is. Therefore, the step to remove the glue
support was replaced to an earlier step.

Assemble Urethra
All participants struggled with gluing the urethra. The rubber tube did not fit properly making it
difficult to glue in the right position. It was also observed that participants struggles with this step.

Assemble vulva to framework and vulva to vagina

All participants mentioned that too little explanation about the sewing steps were present and that it
was assumed that the user had sewing experience. P2 and P3 felt really frustrated while sewing. P2
rushed the task, lost patience, and therefore did not perform the sewing correctly.

The main reason P2 and P3 felt inconfident is because of the sewing steps. It was clear that P1 had
prior sewing experience, in contrast to the other two participants.

An additional observation was that all participants experienced moments of impatience or frustration
during the process. Participants indicated that the assembly took long, which negatively affected
their motivation. Two participants reported increased frustration during the assembly of the vulva to
the framework and the vagina to the vulva, as these steps involved sewing techniques with which
they were not familiar. The third participant experienced frustration during the gluing process,
expressing impatience with required drying time, which led to components detaching.

A full overview of all results from the test can be found in Appendix E.2.
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The results indicate that the current instructions are insufficient to guide makers to successfully
fabricate the task trainer. Based on the test results, five key insights emerged.

Error Prevention

First, there is a clear need to emphasize error recovery and improvements of the self-checks. The
maker should receive clear guidance on how to correct the mistakes that were made. A possible
explanation for why makers continued the assembly despite recognizing errors may be related to the
testing context, in which participants were aware that the task trainer would not be used by a trainee
after completion. However, this observation still emphasizes the need to provide clear guiding and
incorporating error-recovery.

In addition, the self-checks should be highlighted more clearly, as these steps were not recognized
as self-check and the accompanying text was not read. This can be done by visually emphasizing the
self-check to grab the attention.

Assume Prior Knowledge on Sewing

Second, the instructions assume prior knowledge on sewing. Not all participants had experience
with sewing. Therefore additional explanation is necessary to make the instructions understandable
to makers.

lllustrations

Third, some illustrations require improvements. As all participants mostly relied on the illustrations
rather than the text, icons should be added. Such like time indications to know how long to apply
pressure and let glue dry. Some steps are not visually clear enough, resulting in doubt and incorrect
assembly. Including close-up and more realistic illustrations would enhance clarity. In addition, for
some illustrations the contrast should be higher to make it more clear when printed in grayscale.

Efficient Workflow

Finally, since the assembly currently takes up to 2,5-3 hours, the workflow can be made more
efficient by organizing the sequence of the steps differently. This will reduce the waiting times and
improves the maker's experience.

Urethra Self-check

Another insight is that the self-check for verifying whether the urethra connection is watertight, is
currently based on visual inspection. However, this method does not technically confirm whether the
connection is watertight. Therefore, an addition watertightness test should be introduced in the self-
check to ensure quality.

Key takeaways

- Assembly Instructions 1.0 did not provide sufficient guidance and support for novice
makers to successfully assemble the clinical task trainer. Improvements are needed
regarding error prevention and recovery, sewing guidance, illustration clarity, and self-
checks.

- The assembly sequence for attaching the cervix to the vagina should be revised to
simplify the assembly process.

- The assembly of the urethra and bladder cup should be improved to ensure correct
positioning and a watertight connection.
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4.3.2.2 Assembly Instructions 2.0 Assembly of Urethra

For the assembly of the urethra, a rubber tube with a wider diameter was used to make the

Based on the insights, improvements are made. The final Assembly Instructions 2.0 can be found in connection more firm.
Appendix F.1. The main improvements are shown below.

Assemble vulva to framework Product quality evaluation results

The steps for this assembly are broken down into smaller substeps and presented on two pages. In The Assembly Instructions 2.0 were evaluated with two participants using the same test setup as

addition, a QR code to a video for providing help with tying a knot. for the evaluation of Assembly Instructions 1.0. A complete overview of all results can be found in
Appendix F.2; the most important findings are discussed below.

4 VI Assemble Vulva to Framework ) f\ "““""“"’""”"‘“""““" 1) None of the participants assembled a clinical task trainer that was assessed as usable for training

according to the predefined criteria. Figure 37 presents the scores per assembly section for each
participant, including the participants’ self-reported confidence scores.
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V. Urethra into bladder hole 5 5
V. Bladder top to cup 5 5
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, , _ . VII. Vagina to vulva 5 5
Assembly instructions 1.0 Assembly instructions 2.0
Means (product score) 4.3 4,3
Figure 35: Improved sewing instructions Confidence score 4 3
Usable task trainer No No
Assembly of cervix Figure 37 - Product scores and confidence scores per participant for Assembly Instructions 2.0.
The sequence of the steps is improved (Figure 36). The glue support is taken out of the vagina
before assembling the cervix part. Participant 4 rated the assembly performance with a confidence score of 4 out of 5. This
corresponded relatively well with the product assessment, as most assembly sections were
/“I_Assemblecwxmvﬁgina ) f considered usable. However, the assembly of the bladder cup to the vagina did not meet the
. L predefined criteria. Although only one section failed, this connection is one of the most critical
@ m“ ‘ & i} . ) @/3{@\ requirements for the functionality of the task trainer. This suggests that the importance of this

assembly step was not sufficiently communicated to the maker.

Participant 5 rated the assembly performance with a score of 3 out of 5 and stated: “It is not
completely correct, but | think it will still work.” However, the urethra was assembled in the wrong
orientation, resulting in incorrect anatomy and limited accessibility of the vaginal fistula during
surgical training. This indicates that participants struggled to assess the actual usability of the
assembled task trainer, despite the inclusion of self-checks within the instructions.

\,‘1‘_; A AT oo o / \ j

Assembly instructions 1.0 Assembly instructions 2.0

Figure 36: Improved instructions for assembly of cervix
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Process quality evaluation results
Appendix F.2 provides a complete overview of all results from the assembly process. The most
important findings are summarized below.

Assemble bladder cup to vagina

Both participants incorrectly assembled the bladder cup to the vagina during the early assembly
steps. The mistake only became visible later when the assembled components were placed into the
framework and the urethra no longer aligned correctly.

Figure 38: Incorrect orientation of the bladder cup assembly for both participants.

In addition, both participants became impatient during the curing process and continued with the
next assembly steps before the glue had sufficiently cured. This resulted in a loose connection
between the bladder fistula opening and the vaginal fistula opening. This connection is the most
critical assembly of the task trainer, as it directly forms the surgical area on which the fistula repair
procedure is performed. Therefore, it is essential that this connection is firmly bonded.

Figure 39: Incorrect assembly of bladder cup to vagina

Assemble cervix

The revised assembly sequence for attaching the cervix to the vagina significantly reduced
participant struggles compared to Assembly Instructions 1.0, where all participants experienced
major difficulties during this step. During the evaluation of Assembly Instructions 2.0, no major
struggles were observed, indicating that the revised sequence of instructions improved the assembly
process.

Assemble urethra

Replacing the urethra tube with a rubber tube with a larger diameter improved the watertight
connection and simplified the assembly process. The larger diameter created tension within the
urethra opening, helping the tube remain in position more easily. In the previous evaluation, the
urethra tube was too narrow, making it difficult to fill the remaining gaps with superglue and achieve
a watertight connection. As a result, creating a watertight assembly became significantly easier in
Assembly Instructions 2.0.

Assemble vulva to framework

Sewing the vulva to the framework was experienced as highly time-intensive by both participants.
Although additional sewing explanations and intermediate steps were added in Assembly
Instructions 2.0 compared to Assembly Instructions 1.0, both participants still struggled with sewing
techniques.

On average, sewing the vulva to the framework required approximately 50 minutes across all
usability tests, indicating that sewing forms a substantial part of the total assembly time for novice
makers.

These findings provide important directions for further improvements of the instructional materials
and will be further discussed in the Recommendations section.

Key takeaways

- Makers were not aware of the functional importance of critical assembly steps or the
consequences of incorrect assembly for the usability of the task trainer.

- Participants struggled to assess whether the assembled task trainer was actually
usable, despite the inclusion of self-checks in the instructions.

- Sewing the vulva to the framework was experienced as highly time-intensive and still
difficult for novice makers.
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3.3.2 New requirements

This design sprint resulted in new requirements for the assembly instructions. The following new
requirements have been established:

- The self-check must be visually emphasized to attract attention to ensure makers notice
them. (2.7)

- The instructions must provide clear instructions on how to correct errors during assembly.
(2.8)

- All assembly steps must clearly communicate orientation, alignment, insertion depth, and
positioning through both text and visuals. (2.9)

- Material application (e.g. glue) must clearly specify type, placement, amount, and timing.
(2.10)

- lllustrations must accurately represent real components and include hand positioning where
relevant. (2.11)

- The assembly sequence should be organized to create an efficient workflow. (2.12)

- The manual could provide additional support (e.g. video) for makers without prior sewing
knowledge. (2.13)

- A watertightness test should be included in a self-check to verify the connection between the
urethra, and the bladder cup is watertight. (2.14)

- The bladder cup and vagina components must be assembled to each other with
approximately 2 cm of contact area around the fistula. (2.15)

Deliver

This chapter presents the final design of the instructional materials for fabricating the VVF clinical
task trainer. The final design consists of evaluated and non-evaluated components. The silicone
casting and assembly instructions were iteratively developed and evaluated throughout the project,
although the final refinements of the silicone instructions were not re-evaluated. The website, starter
kit concept, sourcing flow, and quick-reference sheets were developed as research-informed design
proposals but were not evaluated with users within the scope of this project.

5.1 Final Design
5.2 Website
5.3 Instructions
5.3.1 Silicone Casting Instructions
5.2.1.1 Quick Reference Sheets
5.3.2 Assembly Instructions
5.4 Maker's Journey
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5.1 Final Design

The final design consists of two main elements (Figure 40). A website (A) and a set of printable
instructional materials (B). These elements support novice makers throughout the fabrication process
of the vesicovaginal fistula (VVF) clinical task trainer. The design aims to reduce cognitive load, guide
makers during fabrication, support preparation and provide quality control during the process.

The website functions as a central location where makers can access all necessary information
related to the fabrication of the clinical task trainer. The printable instructional materials support
makers during the hands-on fabrication process in laboratory or workshop environments.

Appendix | provides an overview of which requirements were met, partially met, or not met within
the final design.

A

INSTRUCTIONS
Do you want to make an impact
in surgical training?

Fabricate the viscovaginal fistula repair clinical task
trainer.

VIEW INSTRUCTIONS

Silicone Casting
Instructions

Produce the vagina silicone component

ABOUT THE MODEL

What is the viscovaginal fistula
clinical task trainer?

Aviscovaginal fistula is an abnormal connection between the
vagina and the rectum, often caused by prolonged otistructed

Figure 40: Screenshots of the information presented in the introduction

5.2 Website

The website consists of four main sections: Introduction, Materials, Fabricate, and Repair. The
website will be accessible through a link provided on the BME for Global Health website.

Introduction

The introduction page functions as onboarding for novice makers. Figure 41, shows screenshots of
the introduction, full size images of the website can be found in Appendix H. The design captures
the maker’s attention through the use of an inviting sentence: Do you want to make an impact in
surgical training? (A). It explains the purpose of the VVF clinical task trainer (B), it shows who this
project is intended for and what skills are required (C). In addition, it introduces the fabrication
process, and provides an overview of the required skills and estimated fabrication time (D).

What is the vesicovaginal fistula
clinical task trainer?

Do you want to make an impact
in surgical training?

What is the vesicovaginal fistula
clinical task trainer?

Assembly

Figure 41: Screenshots of the information presented in the introduction
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Fabricate

The fabricate section supports makers when the correct materials and tools are sourced. The
fabrication process is divided into three substages; 3D printing (A), silicone casting (B) and
assembly (C). For each stage a short introduction is provided (D), including supporting images and
a download section (E) to download STL-files or the instructions. Figure 42, shows screenshots, full

size images of the website can be found in Appendix H.
The self-sourcing option (A) provides an overview of the required materials per fabrication
stage. Each material includes a ‘details’ section (B) with additional information about its function, M 0 S i ™l
specifications, possible alternatives, and supplier links. 63”"“"9 . Iy % N O

Materials

The materials section supports makers in preparing for fabrication by guiding the sourcing of
required materials and tools (Figure 42). Two sourcing options are provided: self-sourcing materials
and ordering a starter kit. Figure 42, shows screenshots, full size images of the website can be found
in Appendix H.

structural framework and the silicone mouds.

VAGINA MOULD VoA mouL BLADDER cUP MOULD

The second option is ordering a starter kit (C). The starter kit includes the necessary materials

to fabricate one complete clinical task trainer and perform nine repairs of the bladder cup and
vagina component. Providing a starter kit aims to lower the barrier to start the fabrication process
by reducing the need and time to source materials from multiple suppliers. The starter kit can be
ordered through an order portal by pressing the button (D)
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Slacker Needle
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® Thread v
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© EXcLUDED
Stirring rods DETAILS
To et tho elimuna iiine WWF CLINGAL TASK TRAMER

(D)
AR
Figure 42: Screenshots of the materials sourcing options presented © Friwirman

The estimated cost of the starter kit is approximately €286.50. This estimation is based on producing
one complete clinical task trainer and performing nine repairs. Assuming the task trainer can be
used for ten training sessions in total, the estimated material cost per training is approximately
€28.65. A complete overview of the estimated costs can be found in Appendix J.

Figure 43: Screenshots of fabrication process information
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Repair

The repair section provides guidance and printable instructions for replacing the used silicone
components after training. Figure 42, shows screenshots, full size images of the website can be
found in Appendix H. An overview of the repair process is provided including time indications (A)
and downloadable instructions are presented (B). Although repair instructions were not developed
within the scope of this project, the website structure proposes the idea.

VVF CLINICAL TASK TRAINER INTRODUCTION  MATERIALS  FAGRICATE  REPAIR

Repair

After each use, following a surgical training procedure, the following components must be
replaced: the bladder cup and the vagina,

o1 02 03

Disassembly Silicone Casting of 2 Parts Assembly

15 min 30-60 min por part <8 hours curing. 1.5 hours

Download the detailed instructions below.

REPAIR INSTRUCTIONS
& Repair Manual POF

Figure 44: Screenshots of repair information

5.3 Instructions

The printable instructional materials were designed for use during fabrication in laboratory or
workshop settings. The instructions combine visuals and explanatory text to guide novice makers
throughout the fabrication process.

5.3.1 Silicone Casting Instructions

The silicone casting instructions consist of separate instructions for each silicone component. This
segmentation reduces information density and supports novice makers by presenting the process
in smaller and more manageable sections. The instructinos are designed in a way that it is also
readable and understandable when printed in grayscale.

The detailed instruction of the vagina silicone component starts with an overview of the required
materials and tools. Followed by step-by-step instructions supported by illustrations and explanatory
text. In addition, a final quality check is included to support makers in evaluating the produced
silicone components.

The instructions for the vagina component are the most detailed, indicating that novice makers
should start with this booklet. The full set of silicone instructions can be found in Appendix G. Figure
45 shows a mock-up of these instructions.

Figure 45: Mock-up of silicone casting instructions



5.3.1.1 Quick-Reference Sheets

The instructional materials were developed for novice makers. However, throughout the process of
producing the silicone components, makers gradually become more experienced and require less
guidance. Based on this insight, quick-reference sheets were developed for the vulva, bladder cup,
bladder plate, and cervix components.

These sheets provide a compact overview of the six silicone casting substages, including the
required materials and quantities, assuming that the maker is already familiar with the fabrication
techniques. Figure 46 shows an example of a quick-reference sheet for the vulva component.

Silicone Casting
Instructions

Produce the vulva silicone component

@ Youviibevd @ Youwilbewor @ You ! be working with slicones; ensure production s
performed in performed in a performed in a well-ventilated area

Production Stages ( Production Stages (30 Production Stages (30-60 min)

1. Prepare the mould| 1. Prepare the mould I. Prepare the mould

1. Make the mixture Il. Make the mixture Il. Make the mixture

1Il. Fill the syringe Il Fill the syringe. 11l. Fill the syringe.

IV. Remove air bubbi IV. Remove air bubbles IV. Remove air bubbles from the mixture
V. Fill the mould V. Fill the mould V. Fill the mould

@ Curing time = @ Curing time =8| @ Curing time = 8 hours

VI. Rel ilicone fi wi. fro| VI Rels il from mould

Prepare the mould

Bolts and nuts size Vulva 3D printed
M6x40 mm parts

Make the mixture

g’:i}’:‘x 0
5

25g J\:‘J“l 6x ‘

Dragon Skin 10 Brown liquid
colour pigment

Fill the syringe

==y

Syringe 50mL.
catheter tip

Remove air bubbles

Fill thi Fill the mould air vents

Hy/"’\,j 4 l d
N Rl A
2injection holes

Rele% Release silicone from mould

Figure 46: Mock-up of vulva quick reference sheet

5.3.2 Assembly Instructions

The assembly instructions are designed as a printable booklet
divided into substages. Similar to the silicone instructions, the
assembly instructions combine visuals with explanatory text to
guide makers through the assembly process.

Critical assembly steps are highlighted visually using warning
indicators and color accents (Figure 48) to attract attention and
support error prevention. In addition, self-checks are integrated
throughout the assembly process to support makers in assessing
the quality of the assembled task trainer.

The complete assembly instructions can be found in Appendix
F1.

2.

Insert the glue support
vertically into the vagina.

Ensure the fistula hole is
positioned at the center

of the glue support.

- J

Figure 48: Example of warning
indicators
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5.4 Maker's Journey

The maker’s journey consists of two possible routes:
1. self-sourcing materials and printing the instructions, or
2. ordering a starter kit with the required materials and printed instructions.

Figure 49 visualizes the starter kit journey. The journey starts with the website, which aims to attract
the maker’s attention and introduce the fabrication process, corresponding to Gagne's first event
of instruction. The website supports the preparation phase by providing onboarding information.
Including, material guidance, and access to the instructional materials, corresponding to Events 2
and 3 of Gagné’s Nine Events of Instruction.

After this introduction, the maker proceeds through the different fabrication stages: 3D printing,
silicone casting, and assembly. Throughout these stages, the maker is guided using printable
instructions supported by self-check moments, corresponding to events 4-8 of Gagné.

After completing the assembly process, the fabricated clinical task trainer can be used for surgical
training. When components become damaged through repeated use, the maker can return to the
repair stage to replace silicone components.

The journey in which the maker self-sources the materials is largely similar. The main difference
occurs in the preparation phase, where the maker must collect the materials and print the
instructions themselves instead of receiving a box containing materials and printed instructions.

1.Gain attention

2.Inform about
objective

3.Stimulate or recall
prior knowledge

4.Present content
S.Provide guidance
6.Elicit performance
7.Provide feedback
8.Assess performance

9.Enhance retention and
transfer

Figure 49: Maker's journey using a starter kit, structured according to Gagné’s Nine Events of
Instruction

ATETEY ST ]y

This chapter concludes the project by answering the research question and reflecting on the extent
to which the design goal was achieved. The findings are further discussed in the Discussion section,
including the limitations of the project and recommendations for future research.

In addition, the Recommendations section presents design directions and insights that emerged
during the project but fell outside the scope of this graduation project, while still being relevant for
the further development of the clinical task trainer and its instructional materials.

Finally, the chapter concludes with a personal reflection on the project process, including notable
experiences, challenges, and personal learning outcomes encountered throughout this project.

6.1 Conclusion
6.2 Discussion
6.2.1 Limitations
6.2.2 Future Research
6.3 Recommendations

6.4 Personal Reflection
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6.1 Conclusion

This project investigated how the instructional materials should be designed to enable the
fabrication of the vesicovaginal fistula clinical task trainer in low-resource settings. The project was
conducted using a Research through Design approach, structured according to the Double Diamond
framework. Through hands-on fabrication, desk research, expert input, the current fabrication
process was analyzed and translated through iterative prototyping and user evaluations into a set of
instructional materials.

The research question guiding this project was:
“How should the instruction materials be designed to enable fabrication of the VVF clinical task
trainer in low-resource settings?”

The findings show that the instructional materials should not only explain the steps of fabrication,
but should guide the maker through the fabrication process as a structured learning journey.

The fabrication of the VVF clinical task trainer consists of multiple stages, including 3D printing,
silicone casting, assembly and repair. For novice makers, this process can be overwhelming when
instructions are incomplete, unclear or not supporting.

The Discover phase identified challenges that were clustered into four themes. First, the fabrication
process is a long and multi-stage journey that requires structure and preparation. Second, the
content of the existing instructions is incomplete for novice makers who require information about
the full workflow, materials, tools and quality criteria. Third, the content is unclear in several places,
due to missing visuals, unclear terminology and insufficient guidance during critical steps. Fourth,
the level of experience of the maker strongly influences the type and amount of guidance required.
Novice makers need detailed step-by-step support, while experienced makers can work with more
concise information. Within the silicone production, the maker produces five components and with
each production gets more experienced and needs less guidance.

Based on these insights, the final design proposes instruction materials that are portable, printable,
visually supported and divided into manageable sections. The silicone casting instructions were
redesigned into separate booklets of which only the silicone casting instructions of the vagina is fully
developed and evaluated. The booklets should follow the same six substages: preparing the mould,
making the mixture, filling the syringe, vacuuming the syringe, filling the mould and releasing the
component from the mould. This structure helps makers process the information in manageable
steps.

The assembly instructions were also redesigned. The evaluation of the assembly process showed
that certain steps, such as attaching the bladder cup to the vagina, attaching and orienting the
urethra and sewing the vulva to the framework, are critical for the final functionality of the task
trainer. These steps require clear communication of orientation, alignment and quality criteria.

The design goal was partially achieved: the silicone casting instructions for the vagina component
successfully supported novice maker in independently producing the part, while the assembly
instructions still require further refinement and validation.

Overall, this project concludes that instructional materials for the VVF clinical task trainer should be
designed for novice makers as guided, step-by-step instructions that include feedback moments.
These instructional materials should not only provide clear and complete procedural information,
but also support the maker experience throughout the fabrication process.

6.2 Discussion

A central insight from this project is that the fabrication process can be approached as a learning
journey. The use of Gagne’s Nine Events of Instruction helped structure this journey by emphasizing
the importance of preparation, guidance, practice, feedback and assessment. In the context of the
VVF clinical task trainer, this means that makers should be introduced to the overall workflow before
starting and supported during each fabrication stage. In addition, makers should be provided with
quality criteria and self-check moments to enhance correct reproducibility.

The iterative development of the silicone casting instructions illustrates the importance of balancing
completeness of the information and cognitive load. The silicone casting instructions 1.0 contained
much of the necessary information, but were experienced as overwhelming by participants. This
showed that providing more information does not automatically lead to better support. Instead, the
information should be divided into smaller, task-oriented steps. Segmenting the instructions into
separate booklets for each silicone component contributes to reducing information density, making
the fabrication process more manageable for novice makers.

The evaluations also showed that visual instructions are essential, but that visuals alone are not
always sufficient. In several tests, participants relied on illustrations and skipped explanatory texts.
This led to mistakes in critical silicone casting and assembly steps. This especially highlights that
instructions should use both text and visuals. Visuals can quickly communicate shape, position and
sequence but text remains necessary to emphasize critical details.

Another important insight is the role of feedback. During both silicone casting and assembly, makers
frequently questioned whether they were performing steps correctly. This indicates that self-checks
are necessary design elements. However, the project also showed that self-checks must be clearly
visible and specific. When feedback moments were subtly integrated into the steps, participant
sometimes overlooked them which negatively influenced the quality of the assembled task trainer.

The evaluations further showed that novice makers were not always aware of the functional
importance of critical assembly steps. Several participants believed their assembled task trainer was
still usable, while critical assembly mistakes were present that made the trainer unusable for surgical
training. This indicates that the maker’s perception of quality does not necessarily correspond to
the actual functional quality of the task trainer. Self-check moments were integrated throughout

the instructions, but participants sometimes overlooked these checks or underestimated the
consequences of incorrect assembly. At the same time, providing extensive quality criteria upfront
may increase cognitive load for novice makers. Therefore, a balance is needed between supporting
quality control and maintaining a manageable instruction flow. One possible direction could be to
better explain the function and importance of critical assembly connections before the assembly
process starts.

The assembly evaluations revealed that some fabrication problems cannot be solved through
instructional design alone. For example, attaching the bladder cup to the vagina requires patience
and stable positioning while the glue cures. Participants struggled with this step even when they
understood what they were supposed to do. Similarly, sewing the vulva to the framework was time-
consuming and required practical skill. These findings suggest that there is a limit to what instruction
materials can achieve when the design of the clinical task trainer remains difficult to fabricate and be
reproducible by a wider audience.

The results of this project show that the usability of fabricating the VVF clinical task trainer not only
depends on the quality of the instructional materials but also on the design of the task trainer itself.
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The VVF clinical task trainer was designed to be affordable, locally producible, and suitable for
low-resource settings. However, this project showed that local reproducibility cannot be achieved
through accessible instructional materials alone. Makers also require support in accessing the correct
tools, materials, and components necessary for fabrication.

Throughout the project, it became clear that the large number of required materials, tools, and
separately sourced components can form a barrier for novice makers to start the fabrication process.
With the final design the maker has the opportunity to self-source the materials or to order a starter
kit. A conversation with a student who completed an internship in Eldoret, Kenya, highlighted
practical challenges related to ordering and transporting materials in low-resource settings. These
challenges included long delivery times and uncertainty regarding whether materials arrive at

the correct location. Since the fabrication process requires many different materials sourced from
multiple suppliers, a starter kit could provide a more convenient solution by supplying the required
materials in one package. However, this insight was based on one shared experience and should
therefore be further investigated across different low-resource contexts.

At the same time, implementing a starter kit introduces logistical challenges related to storage,
transportation, distribution, and production. Assuming that starter kits would initially be distributed
from the Netherlands, several approaches for transportation could be explored. One possible
approach could involve collaboration with international volunteer, educational, or global health
organizations that already organize training activities or travel to low-resource settings. These
existing travel networks could potentially support the transportation of starter kits or material
packages to the correct locations.

Another possible direction could involve investigating whether transporting starter kits as personal
luggage during travel would reduce shipping times and improve delivery reliability compared

to conventional shipping methods. However, further research is needed regarding logistics,
regulations, costs, and scalability.

6.2.1 Limitations

Although the project provided valuable insights into the design of instructional materials for the
VVF clinical task trainer, several limitations should be considered when interpreting the findings and
evaluating the outcomes of the project.

— Avrelatively small sample size was used throughout the evaluations. Although the findings
provided valuable insights into the usability and clarity of the instructional materials, the results
cannot be generalized.

- Not all components of the final design were evaluated. The website, sourcing flow, starter
kit concept, and experienced-maker support were developed as research-informed design
proposals but were not tested with users.

— Small adjustments were made to the final instructional materials after the last evaluations to
improve clarity and consistency. However, these final refinements were not evaluated anymore.

- Within the silicone casting instructions, only the instructions for the vagina component were
extensively developed and evaluated. The remaining silicone components were not fully
developed or validated within this project.

— Variations in materials influenced parts of the evaluation process. For example, different types
of silicone glue with different curing times were used during the evaluations of assembly
instructions 1.0 and 2.0, which may have affected participant experiences and assembly
outcomes.

— The self-check criteria and quality boundaries for both silicone casting and assembly were
practically determined within the context of this project, but were not clinically or materially
validated.

6.2.2 Future Research

Although this project provided valuable insights into the design of instructional materials for the VVF
clinical task trainer, several aspects require further investigation in future research.

During the develop phase, the design choice was made to create paper-based instructions rather
than digital instructions. This decision was based on practical considerations, as silicone fabrication
takes place in a laboratory setting where makers are likely to wear gloves, making interaction with

a phone inconvenient. However, when makers do not order the proposed starter kit, they are
dependent on printing the instructions themselves. This assumes the availability of a printer, which
may not be the case in all low-resource contexts. Therefore, further research is needed to investigate
whether the instructional materials could also be adapted for mobile phone use.

One possible direction could involve voice-guided interaction to reduce the need for physical
interaction with the screen during fabrication. However, further research is needed to determine how
complex fabrication instructions can be effectively communicated on small screens while maintaining
manageable cognitive load.

Although initial ideas were explored regarding the logistics and distribution of starter kits, further
research is needed to investigate how starter kits could be practically organized, transported, and
distributed within low-resource contexts.
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In addition, the assembly evaluations assessed the quality of the assembled clinical task trainer
using predefined criteria developed within the context of this project. These criteria were based on
insights gathered throughout the design process but were not clinically or materially validated by
medical professionals or surgical trainees. As a result, the influence of incorrect assembly on actual
surgical performance is unknown. Future research should therefore investigate which assembly
criteria are clinically relevant for surgical training and how these criteria influence the reproducibility
and functional quality of the task trainer.

The estimated cost price of the starter kit currently assumes sufficient materials to fabricate one
complete clinical task trainer and perform nine repairs. However, additional research is needed to
determine how often the task trainer can realistically be repaired and how durable the remaining
components, such as the cervix, bladder plate, and vulva, are over repeated use.

Finally, future research should investigate how air bubbles in silicone component influence the

final functionality of the clinical task trainer. For example, it is unclear how incomplete filled vagina
components influence the final assembly and usability of the task trainer. In addition, the effect of air
bubbles within silicone components on surgical performance should be further explored.

6.3 Recommendations

Based on the outcomes, limitations and future research of this project, several recommendations can
be made for the further development of the instructional materials and the VVF clinical task trainer.

Instructional Materials

Future work should focus on evaluating the complete fabrication journey as one continuous process.
This project primarily focused on the silicone casting and assembly stages, while 3D printing and
repair instructions were not developed or evaluated. Since 3D print quality, part orientation on

the 3D printer, and repair procedures are important parts of the fabrication workflow, these stages
should also be further developed and tested.

In addition, onboarding materials are recommended to prepare makers before starting the
fabrication process. Such onboarding could explain the purpose and functionality of the clinical task
trainer, introduce critical assembly connections, and clarify why specific assembly steps are important
for the final usability of the task trainer.

The latest version of the silicone casting instructions (Version 4.0) included several final adjustments
to improve clarity. These refinements should still be evaluated to determine whether the intended
improvements were achieved. Furthermore, the quick-reference sheets developed for more
experienced makers should be tested to determine whether they provide sufficient information
while reducing unnecessary guidance.

For the assembly instructions, several additional improvements are recommended. During the
evaluation of Assembly Instructions 2.0, both participants assembled the bladder cup in the wrong
orientation. Therefore, clearer emphasis should be added stating that the urethra opening must
remain parallel to the long side of the vagina. In addition, a practical solution should be explored to
stabilize the bladder cup and vagina assembly during glue curing.

The evaluations also showed that integrating self-checks throughout the instructions was insufficient
to fully support quality assessment. Therefore, it is recommended to introduce a final checklist
containing critical assembly and quality criteria. This checklist could help makers better understand
which connections and assembly steps are essential for the final functionality of the task trainer and
what the consequences are of incorrect assembly.

Although the instructional materials were designed for novice makers rather than specifically for
makers in low-resource settings, future evaluations should investigate how the instructions function
within the intended context of use. Factors such as language, cultural context, material availability,
and working conditions may influence usability and accessibility.

In addition, the website currently exists as an interactive mockup and has not yet been evaluated
with users. Future work should therefore investigate whether the navigation, onboarding, and
material sourcing support are effective for makers.
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Clinical Task Trainer and Mould Design

The assembly evaluations showed that sewing the vulva to the framework was experienced as
difficult and highly time-intensive, especially for participants without sewing experience. On
average, this step required approximately 40-50 minutes.

In addition, repeated sewing caused tearing of the vulva component over time. Therefore, future
development should investigate alternative connection methods that are more user-friendly,
durable, and less dependent on sewing skills.

The project currently provides makers with the option to self-source materials using specified
material references. However, future versions should also include validated alternative materials

to reduce dependency on specific suppliers or brands. Additionally, opportunities should be
explored to reduce the total number of required materials and assembly actions. For example,
some connections that currently require sewing or gluing could potentially be redesigned as single
integrated silicone parts.

The connection between the urethra and bladder cup is especially important, as creating a
watertight glued connection was sometimes difficult during the evaluations.

Since the task trainer is intended for low-resource settings, reducing material waste and consumable
costs is also recommended. Currently, new syringes are required during silicone fabrication. Future
development could investigate mould designs that eliminate the need for syringe injection or allow
multiple components to be produced simultaneously.

Several improvements to the mould design itself are also recommended. The use of many bolts and
nuts increases preparation time and having different sizes for each mould is inconvenient. Making
consistent bolt sizes in each mould or replacing them with clamps could simplify mould preparation
and improve usability.

In addition, removing silicone components from the moulds sometimes required significant force,
negatively affecting the user experience and increasing the risk of damaging the moulds. The vulva
mould already contains an indentation that allows a screwdriver to be inserted for easier release of
the silicone component. Applying similar release features to the other moulds is recommended.

The air vent openings within the moulds should also be enlarged to improve airflow during silicone
injection. Furthermore, the vulva mould currently lacks an air vent and should be redesigned to
include one.

The opening for the urethra tube in the bladder cup mould could be reduced in diameter to
increase tension when the urethra tube is inserted. This may improve the watertightness of the
connection between the urethra and bladder cup.

Finally, physical signifiers should be added directly onto the 3D-printed moulds, such as labels,
arrows, top/bottom indicators, and markings for injection and vent holes. These additions could
improve orientation and reduce instruction steps.

6.4 Personal Reflection

This section reflects on the project from a personal perspective, including both reflections on the
design process and personal development throughout the graduation project.

Reflection on the project

One of the main challenges during this project was defining the target group. At the start of the
project, the focus was strongly placed on low-resource settings. However, throughout the process

it became clear that low-resource settings are highly diverse and cannot be approached as one
uniform context. Therefore, the focus shifted toward designing for novice makers instead. Even this
remained a broad target group, since people differ greatly in prior knowledge, learning preferences,
and ways of interpreting instructions. This became visible throughout the usability tests, where
participants approached the instructions and fabrication process in very different ways.

Another challenge was maintaining focus within the scope of the project. During the process, several
side directions emerged, which sometimes made it difficult to prioritize. Especially during the final
phase of the project, | learned the importance of narrowing focus and accepting that not every idea
can be fully explored within the available time.

The project also highlighted how subjective instructional design can be. Actions that seemed
clear from my perspective were sometimes interpreted completely differently by participants. It
was particularly interesting to observe how one misunderstood step early in the process could
significantly influence the final fabricated result.

At the same time, working on instructional materials for a medical training device for low-resource
settings made the project feel meaningful. | especially enjoyed designing the instructional materials
and creating the illustrations. In addition, gaining hands-on experience with silicone fabrication and
working in the phantom lab provided valuable practical experience throughout the project.

Personal development

Besides the design outcomes, this project also contributed to my personal development. At the
start of the project, academic writing, independently leading a project, and communicating with
stakeholders felt challenging and unfamiliar. Throughout the graduation process, | learned how
to structure and manage a long-term project more independently and gained more confidence in
presenting my work and trusting my own decisions.

Although the process was sometimes difficult and overwhelming, this graduation project provided
valuable experience in both design practice and independent project management.
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A d' Appendix A - Current Instruction Materials
p p e n l ces The fabrication journey starts on a website including a short introduction and a place where all ST

files for 3D printing and the instruction manual is presented and can be downloaded.

A.1 Platform

Currently the information needed is presented on the website 4TU Research data. Figure A.1
provides an image of the website and the information it provides.

It provides a short introduction and a list of STL-files for 3d printing and an instruction manual, which
is presented in Appendix A.2.

U.ResearchData Search... Q

SCIENCE « ENGINEERING « DESIGN
About your Data ~ 4TU.ResearchData ~ Our Community = Training =~ Collaborations = News & Resources = Login & Upload D

Data underlying the publication: A training phantom for a vesicovaginal fistula repair with the transvaginal appr¢
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printed PLA parts for the bony structures and the frame, and for moulds to prepare the silicone parts that
mimick the soft tissues. Usage statistics
Materials required:
PLA for the bone structures
Dragon Skin 10 and two different additives, 11% silicone oil and Slacker, for the bladder and vaginal tissue 158 538
Dragon Skin 10 without an additive for the cervix, vulva, and a plate that closes off the bladder views downloads
Natural rubber to mimic the urethra
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Files (21)

MD5:5a75b315732866615b5f5bd905¢69250 Bladder cover part 1.STL
MD5: ce05b7206d4e4507d21ec791f7a3a3bf Bladder cover part 2.STL
MD5:50383d0b24877caddb6923844d2d920 Bladder cover pin.STL
MD5:7b34c8da215427c8cfe57caf7b624467 Bladder inner mold.STL
MD5:bc12a7a7a261baadaaabe3aafaz31afd  Bladder outer mold.STL
MD5:0fc616fc4d9a77d7d26bBee5734f31a8 Bladder support frame.stl
MD5: caa7e8edc62efec8aad5099622f9b0d9 Bladder urethra loclking pin.STL
MD5:03c63162cddbf1d0cda7ed37c50f81eb Cervix locking pin.STL
MD5:6f8a245ad31036000f5830f82eadb60 Cervix mold 1.STL
MD5:€97d4c7781228851dddeBecoe61954fe Cervix mold 2.STL
MD5: edbSbe946009780ac607d9cf48Tef52e Frame support dorsal.stl
MD5:2a5bc6b887ec2315305e641 f5e9d6881 Hatch bladder support.stl
MD5: f09d5dcd144a0e0498dbo25elaabefd  Moulding instructions April 2024.pdf
MD5: ee3bfcaf3b22128171627299a69f164c Pelvic bone vesicovaginal fistula.stl
MD5:30da678fcc86d6816f9da69abac15fe Vagina inner mold 1.STL
MD5: fdf33bde6ced6ag92foch652ce7963b4 Vagina innner mold 2.STL
MD5:dofc3fde7d9f3ad57ba74c0219b99b2 Vagina locking pin.STL
MD5:eda217ef9f1162c7e5b0f243ad51e2d3 Vagina outer mold 1.STL
MD5:d2c0f368e2c7b4c697223b7d1c52e6a9 Vagina outer mold 2.STL
MD5:bdf3816e8c0b446f9cb9f73bc255bc35 Vulva mold L.stl

138,584 bytes  MD5:3c7ec9489a1a15832a48440118671411 Vulva mold 2.stl

download all files (zip)
19,277,798 bytes unzipped
UNIVERSITY
fupeirt  TUle  gimente

Getting started | Contact | Data Collection Policy | Privacy Policy | Terms of Use | Source code

Figure A.1: Website where instructional materials are currently placed
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A.1 Silicone and Assembly Instructions 0.0

MOULDING STEPS

Step 1: Make sure the parts of the mould are clean. If not, clean with soap and let it dry.

Step 2: Spray release agent on the surfaces that will be in contact with the silicone.

Step 5: Stir the silicone mixture for about 2-3 minutes.

Step 3: Connect the parts of the mould with bolts and nuts.

O,

= 7

Step 4: Pour the silicone in the paper cup according to the required ratio and amount as
given in the table.

Part Amount
Bladder 34 g Dragon Skin 10 part A

34 g Dragon Skin 10 part B

17 g Slacker

App. 6 drops of yellow liguid pigment
Bladder plate 20 g Dragon Skin 10 part A

20 g Dragon Skin 10 part B

App. 4 drops of yellow liquid pigment
Vagina 25 g Dragon Skin 10 part A

25 g Dragon Skin 10 part B

5.5 gsilicone oil

App. 6 drops of mauve liquid pigment
Cervix 5.5 g Dragon Skin 10 part A

5.5 g Dragon Skin 10 part B

App. 1 drop of mauve liquid pigment

Vulva 25 g Dragon Skin 10 part A

25 g Dragon Skin 10 part B

App. 6 drops of brown liguid pigment

NOTE: For the vagina, first stir the A and B parts a few times before adding the silicone oil
and the colour pigment.

Step 6: Pull the plunger out of the syringe and close off the hub of the barrel, then fill the
syringe with the silicone mixture where the plunger is normally placed. The table provides
an overview of the used syringe for each mould.

Part Used syringe

Bladder 50 mL catheter tip (tip
diameter about 7 mm)

Bladder plate 50 mL catheter tip (tip
diameter about 7 mm)

Vagina 50 mL catheter tip (tip
diameter about 7 mm)

Cervix 20 mL Luer tip (tip diameter
about 4 mm)

Vulva 50 mL catheter tip (tip
diameter about 7 mm)

NOTE: For the bladder, first fill the syringe with halve of the silicone mixture, perform step
7, 8 and 9 and repeat when the syringe is empty with the other halve of the mixture. For
the cervix, if there are multiple moulds available and step 1 to 3 are performed on all
moulds, it is easier to mix the amount for 2, 3 or 4 cervixes at the same time, this amount
still fits in the syringe.
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Step 7: Put the plunger back in, turn the syringe upside down and open the hub of the
barrel. Release the air and then put your finger on the tip (hub) of the barrel and apply
vacuum by pulling the plunger down in a pumping motion, until most bubbles are gone.

|

FABRICATION STEPS SILICONE PARTS

Step 8: Remove the finger and release the air out of syringe by pushing the plunger.

Step 9: Put the syringe in the indicated hole in the mould and slowly push the plunger to

fill the mould with silicone.
&

<4 1 'n,.

Step 10: Make sure to fill the mould entirely, keep pushing after the silicone comes out of
the air holes, to make sure when trapped air is released there is still enough silicone inside
the mould, so there will be no air bubbles present in the silicone.

a8

~

Step 1: Apply a thin layer of silicone glue over the entire area about 2 cm around the
fistulas hole, at the thickened edge the glue layer must be a bit thicker.

Step 2: Evert the bladder and stretch the bladder’s hole for the fistula over the thickened
edge of the vagina and apply pressure. Keep the orientation of the urethra opening
parallel to the length direction of the most lengthy part of the vaging

Step 11: Close off the hole for the syringe in the mould and pound the bottom of the
mould on the table a few times to rglease air bubbles.

Step 3: Fold the vagina in the everted bladder { keep it if necessary in position using an
elastic band). Let it dry for a few hours and unfold the bladder.

Step 12: Let the silicone cure for at least 8 hours and release the silicone parts out of the
moulds.
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Step 4: Apply silicone glue in the edge of the cervix and place the vagina in the edge. Let it
dry for a few hours.

Step 5: Cut the urethra to 5 cm and apply a layer of cyanoacrylate glue around it, then
place in the indicated location in the bladder. Add a bit more glue around the inner and
outer edges, and let it dry for 10 minutes.

urethra

Step 6: Apply glue on the circular edge of the bladder, place the bladder plate on top of
this and lay it flat on the side of the plate to be able to apply pressure for about 10
minutes. Let it dry for a few hours.

FABRICATION STEPS FRAMEWORK
Step 1: Clamp dorsal frame part of the framework at the table and apply hard PVC glue.

Step 2: Push the 3D printed bone part against dorsal frame part and apply pressure for 10
minutes.
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PLACING SILICONE PARTS IN FRAMEWORK

Step 1: Stich the vulva to the pelvic fram using the preprinted holes.

Step 2: Place the bladder with the urethra and vagina in the framework and push the
urethra through the indicated hole in the vulva.

Step 3: Stich the vagina to the vulva using a continuous suture.

END RESULT:

Appendix B - Silicone Casting Instructions 1.0

B1 Silicone Casting Instructions 1.0

The first version of the instruction manual was a book with multiple chapters for; 3D printing, silicone
moulding basics and silicone instructions per part, assembly and disassembly (repair). The basics of
the silicone moulding were worked out in detail as well as the instructions of the bladder cup, those
are shown in this appendix.

Figure B.1 shows an overview of all chapters in the instruction book.
Silicone Silicone

moulding moulding
per part

02

Disassembly

Figure B.1: Overview of all chapters covered in the instruction book.
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Introduction
What are silicones and why do you use them?

Silicones consist of two components:

Part & the silicone itself

Part B: the hardensr

These twio must be mixed in the correct ratio so that the mixture hardens into a flexible,
rubber-like form.

For this phantorm, you will use Dragon Skin 10, sometimes additional sulbstances are
added:

- Slacker: makes the silicone softer and more flesh-like =+ used for the bladder.
- Silicone oil; makes the mixture more fluid and flexible + used for the vagina.
- Pigrment colours: to give the material a realistic shade.

These additives allow the silicone material to better mirmic human tissues.

What do you need?
Chapter 21 shows the iterms and materials you will need when casting this phantom in

silicone,

What steps do you take?

1. Make the silicone mixture

2. Fill a syringe with the mixture

A Remove air from the filled syringe
&, Fill the 20 printed mould

This chapter will elaborate on the techniques you need to practice step 2. fill the syringe,
and step 3, remove air from the syringe,

These can befound inchapter 2.2 and 2.3,

I‘!:,-""-'_'_‘_‘-""-h-- Boidt om
syringe of
ta slurten

Towel —_ . Towel

Syringe SOml catheter

Glowas Syringe 20mL Luer tip tip {tip diarreter sbout
{tip disrreter about Yrnm) Trrirn)
MATERIALS

Silicone Dragon Skin
IO part A and B Liquid pigrment Release agant

(03]
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2.2 Fill syringe

Coal Im this step, you will Till the syringe with the silicone mixture, because you will ulti-
ratehly uss this syringe to inject the mixture into the mould via the injection point.
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ITEMS YOU NEED

- Syringe

- Bolt to close syringe

- Something to lean the syringe against so that it remains upright while Tilling the sy-

ringe

Step 1
Rermove the plunger from the syringe

Step 2
Insert the bolt into the tip at the bottom to close it Place the syringe vertically with the
tip pointing downwards against something so that you can Till it

Step 3
Pour the mixture into the syringe, holding the container slightly higher so that the mix-
ture can fall in properly and does not spill out. A high, thin stream also reduces the risk

of air bubbles

@ Tip: pour slowly, otherwise the syringe will overflow.

2.3 Vacuum mixture

Coal: This step explains how to minimise air bubbles in the mixture and how to remove
them without using a machine.

7 T é, *
E Al ‘
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| B 2. 3.

Step 1
Take the plunger and the filled syringe.

Step 2
Insert the plunger as minimally as possible; do not push the plunger upwards yet. Turn
it vertically as shown in the photo and remmaove the tip cap, allowing the air to slowly

escape from the syringe,

Step 3
While this is happening, some of the mixture will come out through the tip due to the
pressure of the plunger. Wipe this off with a cloth,

Step &
Wait until the mixture has settled.

Step &
Cnce the mixture has settled, yvou will see a separation between the mixture and the air,
Mow wou can push the plunger upvwards to release the air. The syringe is now ready.
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6. 7. 8.

Step 6
You will now see bubbles evenywhere, To remaove the largest bubbles, use the syringe to
create a vacuum.

You do this by closing the tip with your finger so that no air can enter. You hold the
Lyringe with the finger you use to close the tip and the plunger with your other hand.

Step 7
Mowe the plunger up and down by pulling it {(do not pull too hard, as you do not want to
pull the plunger out of the syringe, otherwise you will have to start again to remove the

air).

Step 8
once youd have done this a few times, yvou should see bubbles forming at the top and
most of the bubbles disappearing at the bottorn. This is a good sign because it means

that yvou have pushed the air to the top. You can then push the plunger a little to release
the air.

syringe against the edge of the table or hold something that vibrates against
it, such as an electric toothbrush, Do this until most of the bubbles have
disappeared. This should not take too long, as the silicone may start to harden.

@ Tip: If you have done this but still see bubbles forming, it may help to tap the

What will you make?

How will you make it?

ITEMS YOU NEED

- 2D printed parts: Bladder inner mould, bladder outer mould
- Release agent spray

- 4 bolts and nuts size M4x40mm

- Bwasherssize M4

- Spanner

- Flat screwdriver

Insert plaatje

o
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Step 1.1
Take the 20 printed parts thatwill form the mould.

Step 1.2
Spray a thin layver of release agent on the edges where the silicone will be applied.

Step 1.3

Fasten the 30 printed parts together with bolts, nuts and washers

se washers both above and below. Tighten all bolts and nuts securely with a spanner
and flat-head screwdriver.

the washers Increase the surface areq, 50 the mould Is more securely closed and you
will not damage the mould when tightening the bolts and nuts,

ITEMS YOLU NEED

-55g Dragon Skin part &
-55g Dragon Skin part B
- Tdrop of mauwve liquid pigrment

- Plastic or paper cup
- Stirring rods

-Scale

- Qloves

Step 2.1
Put on glowves,

Step 2.2
Place the cup on the scales and pour 55 g of part & into the cup, followed by the same
amount of part B.

It does not matter if you spill a little, but make sure that the ratioof Ato B is 11
(This depends onwhich silicone you are using. For dragon skin, itis 1.1)

Be careful to pour the silicone slowly into the cup, as it can sometimes corme out
very quickly in thick drops, resulting in too much,

Step 2.3

Stir the mixture thoroughby but slowhy with the stirring rod for approximately 20 seconds
to 1 minute,

Do this slowely, as stirring too quickly can create extra air bubbles, and you want as
fewy air bubbles as possible inthe mixture, because you Ultirnately want as few air
bubbles as possible invour final product.

Step 2.4
Shalke the bottle of liguid pigment briefly and then add 1 drop of mauwve pigment to the
cup. 5tir slowly again until the colour is well mixed.

Step 2.5

The mixture is now ready. Leave the cup to stand for a moment so that the largest air
bubbles disappear.

ITEMS ¥YOL NEED
- Syringe 50 mL Catheter tip (diameter about 7rnimm)

- Bolt to close syringe (diameter approx. 7 mim)
- Chapter 2.2 that shows how to fill 8 syringe

Step 3.1
G0 to chapter 2.2 to see how to fill the syringe.

ITEMS YOU NEED

- Filled syringe
- Plunger of syringe

Step 4.1
Gotochapter 2.3 to how tovacuum the mixture in the syringe.

Im this step vou will Till the mould with the syringe via the injection point in the mould.
ITEMS YOU NMEED
- Fixed mould

- Bladder cup cover pin
- Filled syringe

(8%
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Step 5.l
Place the syringe against the injection hole on the side and slowly press the plunger to
fill the mould.

e

Suggestion: fill the mould when it is horizontal, as this ensures the silicone is dis-
tributed evenly,

Step 5.2
Continue injecting the mixture until you see it coming out of the air holes on top of the
silicone, or when nothing more can fit into the mould and it comes out of the injection

point.

Step 5.3
Close the injection hole with the bladder cover pin.

Step 5.4
To rernove any remaining air bubbles, you can tap/drop the filled mould onthe table a
few times,

Step 5.t
Leave the filled mould to dry for approximately 8 hours.

In dezestap ga je het siliconen eindproduct uit de mal halen
ITEMS YOU MEED

- The filled mould

- Spanner

- Flat screwdriver

- knife (use blunt side)

Step 6.1
Loosen all bolts and nuts using a spanner and flat-head screvwdriver,

Step 6.2

Try to loosen the mould by first moving it back and forth [see picture), Turmand maove in
opposite directions until it comes loose. If necessary, use the blunt side of a knife or a flat
scrawdriver to create a lever between the two moulds and then mowve around.

picture:...

Step 6.3
Apply considerable force and create leverage

Step 6.4
once the mould is loose, carefully remicve the silicone,

Final product: ..

m
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B.2 Evaluation

B.2.1 Purpose of the test

This test evaluates whether novice makers can successfully produce the silicone component of the
bladder cup using the provided instructions, and how they experience the production process.
Therefore, the evaluation focuses on:

- Clarity of the instructions

- Perceived confidence in task performance

B.2.2 Test Objectives

- Assess clarity of the instructions
- Identify usability issues in the production workflow using the instructions

B.2.3 Participants

Two participants (aged 25-27) from TU Delft with no prior experience in silicone casting were
recruited.

This small sample size is considered sufficient for exploratory usability testing, where the goal is to
identify major usability issues.

B.2.4 Task and Context

Participants are instructed to produce the bladder cup silicone component using the provided
instructions and materials. All required materials and tools are provided. The test is conducted in a
well-ventilated lab environment for working with silicones.

B.2.5 Equipment
Instructions
- Silicone casting instructions 1.0

Materials for silicone casting
- Dragon Skin 10 (part A&B)
- Additives: Slacker

- Yellow colour pigment

- Release agent spray

Tools

- 3D printed moulds for bladder cup
- 4 Bolts and nuts to close the mould (size M4x20)
- Towels

- Gloves

- Syringe 50mL with Catheter tip

- Plastic or paper cup

- Stirring rods

- 2 Flat screwdrivers

- Wrench size 6

- Sharp knife

- Scale

B.2.6 Procedure

The test takes place in a well-ventilated lab environment suitable for silicone production.

Participants perform the production process while following the instructions (approx. 30-60 minutes).

During the task, the think-aloud method is used: participants verbalize their thoughts while
performing the task. The researcher records observations, issues and quotes. After completing the
production, a short semi-structured interview is conducted, with the researcher and participant.
During this session, the participant is asked to identify the most significant issues they encountered
during the production process.

B.2.7 Evaluation Measures
The evaluation focuses on observed performance, interpretation of instructions, and perceived
confidence. Measures are based on direct observations and post-task self-report.

Participants’ ability to correctly interpret and execute each step is assessed through observation
and think-aloud data of confusion, hesitation, frustration, questions and misinterpretation. These
observations provide insight into which steps are difficult to understand or perform.

B.3 Results

The key findings were as follows.

- Both participants managed to make a useful bladder cup component.

- The frequent need to flip through pages was inconvenient.

. The clear images were found to be helpful.

- The amount of text was sometimes overwhelming.

- Participants showed different ways of reading the instructions: one participant read ahead,
while the other did not, resulting in warnings and remarks sometimes being overlooked.

- One participant appreciated the inclusion of warnings and remarks, as they helped reduce
uncertainty. The other participant considered them unnecessary and preferred to figure things out
independently.

It does not matter if you spill a little, but make sure that the raticof Ato Bis 1.
[This depends on which silicone you are using. For dragon skin, it is11)

Be careful to pour the silicone slowly into the cup, as it can sometimes come out
very quickly in thick drops, resulting in too much.

Step 2.3
Stir the mixture thoroughly but slowby with the stirring rod for approximately 30 seconds
to ]l minute.

Do this slowly, as stirring too quickly can create extra air bubbles, and you want as

few air bubbles as possible inthe mixture, because you ultimately want as few air
bubbles as possible in your final product.

- Both participants skipped the introduction and general explanation, choosing instead to
proceed directly to the practical steps.

- The inclusion of a materials list and the division of the silicone moulding process into six
components were perceived as helpful and very clear by both participants. Allowing them to
perform the production in manageable segments.

13



Iz

Appendix C - Silicone Casting Instructions 2.0

C.1 Silicone Casting Instructions 2.0

Items you'’ll need

-

‘“ake the

Cervix

4x bolts and nuts |:| Syringe with Luer tip
size Mxomm

Silcone part A and B Liquid colour I:I Release agent spray
(Dragon Skin 10) cigment mauve

D 7

|:| Scale |:| Stirring rods |:| Plastic or paper cup

W

I\

O

|:| Cloves |:| Paper towels
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Preoare the mould

Instructions &

1'
Take the 2D printed parts.

Make the mixture

2 \\

Q)
N

Spray release agent spray
on the insides that will
touch the silicone

10
/7

3'
Fasten the parts with bolts
and nuts

Tighten all bolts and nuts
securely with a spanner
and flat-head screwdriver

&. )

Put o gloves.

<SS

7.

Stirwith a stirring rod for
approx. 30 seconds

=

Placethe cup on the scale.

Pour Xg of part Ainthe
cup.

(VAN

Y

8.

Add X drops of color
pigment into the mixture
and rmix until the color is

6.
Pour Xg of part B in the
cup.

9.

Leave the cup tostand for a
rnoment so that the largest
air bubbles disappear

Fill the syringe

10.
Grab the X syringe and
rermove the plunger

Insert the plunger slightly
into the syringe

Push the plunger further
up until all airis removed

4

1.

Closethe hub of the
syringe af with something
like a bolt

&l

Turn around the syringe
and remove the tip cap,
and haold syringe wvertically

X.

12,
Slowly pour the mixture
into the syringe

If it helps, you canlean the
syringe to something so
yvou hawve your hands freal

15.
Wait for the mixture to
settle

116
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Vacuum the mixture

Release silicone from mould

000006-0

S\

Close the tip of the syringe
with yvour thurnlbe or finger.

Fill the mould

18.

Pull the plunger to draw
the mixturs into the
syringe under vacuum,
then releass

Repeat until most bubibles
are gone, then remaove
vour finger and push the
plunger to release the air
from the syringe

0000

20.
Gral the mould and the
filled syringe

Y

23.

Close off the hole of the
mould using a cover pint or
for example a glue clamp

A

21.

Put the syringe in the
indicated hole and slowly
ush the plunger to fill the
rnould

<
——

24,

Pound the bottorn of the
rould on the table a few
time to release more air
ublles,

22.

Continue until you see the
silicone coming out of the
vent holes at the top.

oR

__}\———,TT

25.

Let thesilicone cure for at
least 8 hours, with the mold
upright and vent holes on
w0

26.

Loosen the bolts and nuts
using awrench and a
flathead screwdriver

Final Check

27.

Try to loosen the mold
parts by twisting thern in
opposite directions

If needed, use 2 sharp
ool along the edges,
such as & knife or flathead
SCrewd river,

\V\
2R) AL

28.

Create g lever with one or
two flathead screwdrivers
Work along the edges untll
the mold carts separate

Cnce all checkboxes can be ticked, yvour silicones partis complete

O Mold Separation —The mold parts came apart without tearing the silicone
O Mo Air Bubbles — Most visible air bubbles have been removed
d Complete Fill - Silicone has reached allvent holes and filled the mold completely

="

(o)
-
Oc)

N

r—-——ﬁ

=% S
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C.2 Evaluation of Siliconce Casting Instructions 2.0

C.2.1 Purpose of the test
This test evaluates whether the instructions were perceived as overwhelming and whether they were
easy to understand for novice makers.

C.2.2 Test Objectives

- Assess perceived clarity of the instructions
- Assess perceived confidence of the instructions
- Identify if instructions are perceived as overwhelming

C.2.3 Participants

Nine participants from TU Delft on the faculty Industrial Design Engineering, with no prior
experience in silicone casting were recruited.

effectiveness of the instructions. However, perceptions of clarity and presentation could be
evaluated.

C.2.4 Task and Context

Participants are asked to think aloud while explaining what they believe they need to do to produce
the cervix silicone parts, while observations are made by the researcher.

A limitation of this test is that participants do not actually produce a silicone component. As a result,
their responses are based on expectations.

C.2.5 Equipment
Instructions
- Silicone casting instruction manual 2.0

Materials for silicone casting
- 3D printed moulds
- Sheet with post-task questions

C.2.6 Procedure

During the task, the think-aloud method is used: participants verbalize their thoughts while
performing the task. The researcher records observations, issues and quotes. After completing the
production, a structured interview is conducted, with the researcher and participant. During this
session, the participant is asked to identify the most significant issues they encountered during the
production process.

C.2.7 Evaluation Measures
The evaluation focuses on observed performance, interpretation of instructions, and perceived
confidence. Measures are based on direct observations and post-task questions.

Clarity of instructions

Participants’ ability to correctly interpret and execute each step is assessed through observation
and think-aloud data of confusion, hesitation, frustration, questions and misinterpretation. These
observations provide insight into which steps are difficult to understand or perform.

C.2.3 Test Results

The key findings were as follows.

Based on the test with nine participants, the results of the post-task questions and observations are
as follows;

not clear very clear
1. How clear are the 1 2 3 4 @ 5
instructions

not structured very well-

structured

2. How well-structured 1 2 3 4 @ 5
did you find the
instructions?

not at all completely
3. To what extent do you 1 2 3 4 G 5
think these instructions
enable you to produce
the product?

not complex very

complex

4. How complex do you 1 2 @ 3 4 5
perceive this task to be?

not pleasant very

at all pleasant
5. How pleasant do 1 2 3 4 @ 5

you find the way
the information is
presented?

- Instructions are perceived as clear and well-structured

- Steps are well divided into manageable sections

- Limited amount of text improves the readability

- Visuals support understanding, but can be improved and made more clear.

- Instructions were not perceived as overwhelming, due to the short length of the booklet and
the distribution of the content.

- Some steps require more detailed explanations

- Certain illustrations are unclear (e.g.., filling the syringe, vacuum steps)

- Lack of clarity on specific terms (e.g., vent holes, air bubbles, release agent spray)

- Participants want to understand the purpose of the use of materials and steps

: The final check is unclear.

- Progress bar was received as unnecessary by some participants, while other considered it as
useful.
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Appendix D - Silicone Casting Instructions 3.0

D.1 Silicone Casting Instructions 3.0

Items you'’ll need

-

Instruction Manual
Producing the silicone vadina

Process overview

l. Prepare the mould

[l. Make the mixture

. Fill the syringe

IV. Remove air bubbles from mixture
V. Fill the mould

@ Curing time at least 8 hours

VI. Release silicone from mould
VIIl. Final Check

Silicone terms:
Pot life: time the silicone has before it thickens.
Curing time: time the silicone needs before It is fully cured

For Dragon Skin 10 Slow:
Pot life =20 min
Curing time = 8 hours

14x bolts and nuts
size M2Ax20 mm

Syringe 50rmL
catheter tip

Piece of sulfat fre
clay (lcrm x 1crm)

Silcone part Aand B Mave liauid
(Dragon Skin 10) colour pigment

|:| Paper towels Steeksleutel
size 5.5

Flat
screwdriver
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|. Prepare the mould

Items you’ll need

- 3d printed parts for vagina
- release agent spray

- 14 bolts and nuts size
MZx20mm

-spannersize 55

- flat screwdriver

Release

1.
Take the four 3D printed
rmoulds for the vagina

T o 7

4.

Connect part Ato part
B using 3 bolts and
nuts using spanner and
screwdriver

7.
Place part D onto ABC.

2,

Spray a thin layer of release
agent onto the areas
indicated in color.

Take part C and place onto
AB.

O
8.

Connect with 8 bolts
and nuts.

6.
Connect part C to AB with
3 bolts and nuts.

) 4

Items you'll need
-Dragon Skin 10 A+ B

- Silicone ol

- Towels

- Cup

- Cloves
-Scale

- Stirring rods

- Colour pigrment ‘Mauve'

Il. Make the mixture

9‘

Put on the gloves.

12,

Stir the mixture for

15'

Add 6 drops of mauve
color pigment into the
mixture.

approximately 20 seconds.

J

Y
SERT

) \

10.

Pour 30 g of part A in the
cup.

13.
Add 5.5 g of silicone oil
into the mixture.

16.

Stir the mixture until the

color is evenly distributed.

1.
Pour 30 gofpart Bin the
cup. Ratio AB 11

14.

Stir the mixture for
approxirmately 20 seconds.

@ ’
20 min pot life

17.

Set a timer for 20 min.
(This is the time you have
until Dragon Skin 16 Slow
thickens).

15
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l1l. Fill the syringe
Items you’ll need
-50mL syringe with
catheter tip.
- Mixture
syringe é;ﬂ piunger
%:N
=60
18.
Orab the syringe and Flace the syringes with the Slowly pour all of the
remove the plunger fram tip on the table, this closes mixture in the syringe.
the syringe. the tip during filling.
21. 23
Put the plunger into the Turn the syringe around ¢
. - . Push the plunger further
syringe, make sure 1o only and wait for the mixture Until 21l air is removed
put the tip in. to settle. )
5

-

~

IV. Remove air bubbles

Items you'll need
- Filled syringe

The pumping motion causes the small air bubbles to move
and merge with each other, forming larger bubbles.

These larger bubbles rise to the top and escape through the
tip of the syringe.

This helps rermove air bubbles larger than 1T mm.

26.
Repeat this pumping
rmotion 15 times.

24,

Close the tip of the syringe
with your thumb or finger
and use the other hand to
pull the plunger.

Push the plunger back
with the tip closed.

Tip:

Tap the syringe against
the edge of a table ©

release larger bubbles.

27.

Observe the airbubbles in
the syringe. When there
are still bubbles larger than
T, continue with 15

Repeat pumping motions
ancl observations until
most bubbles larger than |

mrm are gone.

puUmps.
Example:
( A
15 15 15
Stare pumps pumps \ pumps Ready!
=
\ J
6

1%
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V. Fill the mould

Items you'll need
- Filled syringe
- Prepared mould

- Piece of sulfat free clay (lcm x lem)

29.

Prepare a small piece of
clay by rolling into a small
ball to seal the injection
hole later.

30.

Place the syringe vertically
into the mould's injection
hole.

32.

Continue until you see the
mixture coming out of the
air vents at the top.

This indicates that the
rmold is full.

8 hours

35.

Let thesilicone cure for
at least 8 hours, with the
mold upright and vent
holes on top.

33.

Seal the injection hole with
the piece of clay.

31.

Push the mixture slowly
into the mould. This takes
about 5 minutes.

34,

Tap the bottom of the
mold on the table a few
times so any remaining air
can escape through the air
vents.

-

\
VI. Release silicone from mould
Items you'll need
- Filled mould
- Steeksleutel size 55
- Platte schroevendraaier
- Knife
36. 37. 38.
Loosen the bolts and nuts Cut along the edges of Use a flathead screwdriver
using a wrench and a the molds to loosen them o insert between the
flathead screwdriver. slightly. molds and create leverage
Do not cut too deep, or you
may cut into the silicone
39. 40. 41,
Once the outer parts are Peel the silicone off the Trirn off any remaining
loose, remove the outer other parts. edges.
sections.
42,
The silicone vagina is
finished! Now do the self-
check.
8
J
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Final Check

a Is the part properly filled?

The silicone part is completely filled,
with no frayed or uneven edges, (Color
iNntensity is not relevant.)

The right side is evenly fillad.

0 Arethere any large air bubbles
present? Larger than G5 cm.

Small air bubbles (small dots) are
acceptable If larger air bubbles are

present within a 2 em radius around
the hole, the part is not usable.

a I= the mold damaged after opening?

If the three alignment pins are broken, the mold can still be used, provided the parts
are tightened securely during assembly.

If the top section or the hole is broken, the mold is not usalzle and Mmust be reprinted,

D.2 Evaluation of Silicone Casting Instructions 3.0

D.2.1 Purpose of the test

This test evaluates whether novice makers can successfully produce the silicone component of the
vagina using the provided instructions, and how they experience the production process.
Therefore, the evaluation focuses on:

- Clarity of the instructions

- Ability to assess the quality of the produced silicone component

- Perceived confidence in task performance

D.2.2 Test Objectives

Assess clarity of the instructions (text and illustrations)
- Identify usability issues in the production workflow
- Assess participants’ ability to perform a quality check
- Evaluate perceived confidence during the process.

D.2.3 Participants

Two participants (aged 24-26) from TU Delft with no prior experience in silicone casting were
recruited.

This small sample size is considered sufficient for exploratory usability testing, where the goal is to
identify major usability issues.

D.2.4 Task and Context

Participants are instructed to produce the vagina silicone component using the provided instructions
and materials. All required materials and tools are provided. The test is conducted in a well-
ventilated lab environment for working with silicones.

D.2.5 Equipment
Instructions
- Silicone casting instructions 3.0 for vagina (see Appendix X for tested instructions, version X)

Materials for silicone casting
- Dragon Skin 10 (part A&B)
- Additives: silicone oil

- Mauve colour pigment

- Release agent spray

Tools

- 3D printed vagina moulds

- 14 Bolts and nuts to close the mould (size M3x20)
- Towels

- Gloves

- Syringe 50mL with Catheter tip

- Plastic or paper cup

- Stirring rods

- Flat screwdriver

- Wrench size 5,5

- Piece of sulfat free clay (1cm x 1cm)
- Sharp knife

- Scale
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D.2.6 Procedure

The test takes place in a well-ventilated lab environment suitable for silicone production.
Participants perform the production process while following the instructions (approx.. 30-60
minutes). During the task, the think-aloud method is used: participants verbalize their thoughts while
performing the task. The researcher records observations, issues and quotes,.

After completing the production, participants rate their confidence in performing the task and
evaluate the quality of the produced silicone component.After completing the production, a short
co-creation session is conducted with the researcher and the participant. During this session, the
participant is asked to identify the most significant issues they encountered during the production
process. Together with the researcher, potential solutions are generated. These include rewriting
steps, improving layouts, and adjusting images. Finally, the identified issues are prioritized by the
participant.

D.2.7 Evaluation Measures
The evaluation focuses on observed performance, interpretation of instructions, and perceived
confidence. Measures are based on direct observations and post-task self-report.

D.2.7.1 Clarity of instructions

Participants’ ability to correctly interpret and execute each step is assessed through observation
and think-aloud data of confusion, hesitation, frustration, questions and misinterpretation. These
observations provide insight into which steps are difficult to understand or perform.

Performance is evaluated per step. An issue is defined as:
- Incorrect execution of a step

- Skipping a required step

- Use of incorrect materials or tools

D.2.7.2 Perceived Performance

Participants assess the quality of their produced silicone vagina using the provided criteria in the
self-check in the instructions. This measure indicates whether participants understand what a correct
outcome is. After completing the task, participants rate how well they think they performed the task
on a scale from 1 (very poorly) to 5 (very well),and provide a short explanation. This measure serves
as an indication of perceived confidence in their performance.

D.2.8 Data processing

The collected data will be structured and analysed per section and step to identify usability issues.
The silicone casting instructions are divided into nine sections; front page, items needed, prepare
mould, make mixture, fill syringe, remove air bubbles, fill the mould, release silicone from mould,

and self-check. Each section consists of multiple steps.

D.2.9 Results

An overview of the observed issues is provided per page of the instructions. Observations and
issues are described for each page, and the blue highlighted areas indicate where the issues

occurred. The participants are referred to P1 and P2.

Both participants produced a usable silicone vagina component. Overall, the instructions were
perceived as clear, with a few critical usability issues identified in specific steps. Both participants

reported a confidence rating of 4/5.

4 Instruction Manual )

Producing the silicone vadina

Process overview

|. Prepare the mould

1. Make the mixture

1. Fill the syringe

IV. Remove air bubbles from mixture
V. Fill the mould

@ Curing time at least 8 hours

VI. Release silicone from mould
VII. Final Check

Silicone terms
Pot life: time the silicone has before it thickens
Curing time: time the silicone needs before it is fully cured

/ I. Prepare the mould \

Items you’ll need

| N
7 —
A
\

O
Ne_o”

3.
Flace part B onic part A,

s

L/

P2 appreciated the process overview, P1 did
not read it.

The term pot life was noticed but
misinterpreted

- P1 thought it referred to total production
time

- P2 initially understood it but later forgot

P1 tend to scan short text and skip longer
explanations. P2 read everything.

Pt
\T';'//
"
a9l A
&
4. 5. 6.
ect pa al < partC 2 ont “ornect part C o AB
13 bolts and AB. 3 bolts and nuts.
nuts na
R
/7 @ ==
|
o | L i - <
=LA
Tt
7. 8.
part D 1 8 bolts
and nuts.
. 2 J

List of materials was perceived as clear and

helpful

Issue step 2:
Both participants applied too much.
“Thin layer” was unclear

Assembly issues:

P1 did not use tools (not mentioned
explicitly)

Tightening bolts was unclear for P1

Both found assembly of mould parts time-
consuming

13
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T B

Items you'll need
- Dragon Skin 10 A+ B
Colour pigment ‘Mauve'

Sc
Stirring rods

)
/\7 \\i}‘ .
9

3 10. n
Put on the gloves. Pour 30 g of part Ain the Pour 30 g of part Bin the
€up. cup. Ratio AB 1.
2. ) 13. 14.
Stir the mixture for Add 5.5 g of silicone oil Stir the mixture for
approximately 20 seconds. into the mixture. approximately 20 seconds.

!

O

20 min pot life

3 16. 17.
Add 6 drops of mauve Stir the mixture until the Set 4 tirner for 20 min.
color pigment into the color is evenly distributed. (This is the time you have
mixture until Dragon Skin 10 Slow
thickens)

- 2/

Mixing ratio (1:1) helped participants recover
mistakes and stirring instructions were clear

Critical issue:

Both participants misinterpreted step 17, the
20 min pot life

Thought they had to wait 20 minutes

Intervention by researcher.

Participants felt stress and time pressure
Misinterpretation has high impact on process
success.

Items you'll need
- 50mL syringe with
catheter tip.

- Mixture

(T

syringe

18.

Grab the syringe and
remove
the syringe

i
/ st
7

Put the plunger into the
syringe, make sure to only
put the tip in.

\_

19.

Place the syringe with the
tip on the table, this closes
the tip during filling

Turn the syringe around
and wait for the mixture
to settle.

20.
Slowly pour all of tr
mixture in the syr

Push the plunger further
uniil all air is removed.

Minor issue:

P1 struggled with handling (no free hands)
Result: syringe not completely filled

Positive:

lllustrations showing spillage in step 22
increased confidence.

/ IV. Remove air bubbles \

)
Items you'll need ( The pumping motion ca

- Filled syringe and merge with each
These larger b
tip of the syring
This helps remove air bubbles larger than 1mm.

24, .

Close the tip of the syringe Push the plunger back
with your thumb or finger with the tip closed.
and use the other hand to

pull the plunger.

Perceived as most difficult and unclear.
And visually overwhelming

Key issues:
Instructions unclear on how to perform

pumping

Missing step:
Air must be released after pumping

Observation:

P1 kept syringe closed the entire time and
was unsure how to proceed

Confusion despite reading instructions (P2)

Both participants saw bubbles changing but
did not know what to do next.

Stopped due to time pressure

Layout issues:

Too much information

Lack of hierarchy (same colors, boxes,
structure)

Tips not recognized as important

15
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Items you'll need
Filled syringe
- Prepared m 1

£y

S / 7 ET

29, 30. 31

Prepare a small piece o Place the syringe vertically Push the mixture slowl
clay by rolling into a small 1o the mould's injection to the mould. This takes
ball 7o sezl the rectic hole. =b007 5 minutes.

=

33. 34.
Continue until y estne Seal " ction hole with Tap the bottorn of the
1«17 coming out of the e pl clay. nold or 1o few
airvents = (he Lop times <o Ay remE g A
is indicates that the can escape through the air

neld is fu

35.

et thesilicone cure for
at least 8 hours, it/ e
mold upright and vent
hole 1op.

VI. Release silicone from mould

- /)

[ssues:
High force required (unexpected)
Stress due to time constraint

Confusion about:

Spillage

Filling duration

P1 had too little material mould not fully
filled, felt insecure.

P2 had excess material better result, felt
confident.

Overestimating material is preferable
Recommendation: use 1.5x material

~

Items you'll need
Filled rr Il

36. 37. 38.

oosen th olts and nut along the edges © Use a flathea wdriv
using = wrench anc 5 he m: > looser em t ert between the
flathead screwdriver. lightly \ 3 ate leverag

)0 Not cut too deep, or you
may cut into the sili €

40. 41,
eel the silicone off the rim off any remaining
ther parts edge

42,

T ne vagina i
nished! Now do the self-
check.

2/

Performed correctly by both participants
Instructions were clear and sufficient.

Final Check

O Isthe part properly filled?
The silicone part is completely filled,
with no frayed or uneven edges. (Color

intensity is not relevant.)

The right side is evenly filled

O Arethere any large air bubbles
present? Larger than 05 cm.

Small air bubbles (small dots) are
acceptable. If larger air bubbles are
present within a 2 cm radius around
the hole, the part is not usable:

O Isthe mold damaged after opening?

If the three alignment pins are broken, the mold can still be used, provided the parts
are tightened securely during assembly,

Fthe top section or the hole is broken, the mold is not usable and must be reprinted

Quality check was performed correctly by
both participants.

However:

Unclear what to do if the part is not usable.

Participants need:

Better reading hierarchy

Clear decision guidance

What actions to take after evaluation

¥



Appendix E — Assembly Instructions 1.0

E.1 Assembly Instructions 1.0

f
W d
Items you’ll nee
— N
\ G
\
ZD printed Pelvic 3D printed darsal 3D printed bladder 30 printed glue
bone frame frame support
|:| Cervix |:| Vulva
< __ > S— —
Bladder top Plastic buigje dat
|:| Bladder cup I:I fungeert als Urethra
(dizrmeter 7mim)
A "

I:I Secondelijm I:I Silicone glue I:I Needle and thread
(cotton thread is
fine

\_ )

Instructions

. Assemble framework

1. 2. 3.
Apply secondelijm to the Press pelvic bone against Apply secondelijrm to the
dorsal frame. dorsal frarme and apply bladder frame.

pressure for 10 minutes.

&,

Place bladder frame
into dorsal frarme and
celvic bone and apply
cressure for 10 minutes.

138
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ll. Assemble Bladder Cup to Vagina

This step affects how realistic the medical procedure will be for the trainee.
The bladder cup and vagina must be firmly glued together for 2 cm around
the Tistula. The cilindric 3D printed glue support will act as a guide for how far
to apply the glue.

5. GC 7.
Cet the glue support and Place the support into the
de vagina. vagina.

/

8. 9. 10.
Apply silicone glue on the Get the everted bladder Stretch the holes of the

circular surface on the andvagina, and position as bladder.
vagina. illustrated.
- ///.\X
7 1o

& S «\
P NS

N ra—‘o\

1. 12, 13.

Place the blagder onto the
vagina, over the thickened glued surface for 2 minutes
edge of the fistula on the and leave to dry for 24
vagina. hours.

After 24 hours, check if
the bladder and vagina
goed vast zitten. If yes,

evert the bladderIf no,

add glue.

Apply pressure on the

lIl. Assemble Cervix to Vagina

14. 15.

Apply siliconeglue inside of Place the cervix onto the

the edge of the cervix. short side of the vagina and
apply pressure for 10 mins.

IV. Assemble urethra

16.

Wait for the glue to dry
for 24 hours.

This step is important. The urethra must be properly sealed along the edges
of the hole on the inside and outside. No fluids should be able to pass
through because awatertightness test will be performed during surgery.

A\

ks

17. 18.

Remave the support from If the bladder and vagina

the vagina. are slightly glued together
at the urethra hole, gently
separate them by pulling to
recpen the hole.

<,
20. 21.
Apply secandelijrn around Apply glue on the outside
the edge where the urethra of the bladder, around
meets the hole, the urethra, to seal it

completely.

19.
Insert the urethra throuch
the urethra hole.

22,

Check zlong the
edges on the inside
and outside to see if
itis sealed along the
edges.

41



V. Assemble Bladder top to Bladder Cup

Apply silicone glue to the

circular edge of the bladder

cup.

240 25.
Place the vagina and
bladder cup onto the
bladder top plate and apply
pressure for 10 minutes.

Let dry for 24 hours.

VI. Assemble Vulva to Framework

I this step, vou will attach the vulva to the framework using a needle and
thread. This may be a little difficult at first, but you will get better at it

26.

Take the silicone vulva
and the pelvic frarmework
and stitch vulva to the
framewaork.

27.

Stitch the vulva to the
frarmework through the
ore-made holes,

VIl. Assemble Vagina to Vulva

28.

When finished, tie a
secure knot and cut the
thread.

29.

Place the assembled
bladder, vagina, and cervix
into the framework.

30'

Stitch the vagina to the
vUlva all the way around,
using the same stitch as
before.

31

Tie off the thread.
The assermbly is now
complete.

43
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E.2 Evaluation Assembly Instructions 1.0

This appendix shows the test set up of the evaluation of the assembly instructions and presents

an overview of the detailed results. The goal of this evaluation is to determine to what extent the
instructions are clear and usable for makers. In addition, the product quality of the final assembled
clinical task trainer is assessed.

To achieve this, a user test was conducted with three participants. The results of this test were
analysed and resulted in a set of design requirements to improve the assembly instructions.

E.2.1 Test set-up

This section describes the setup of the user test, including the participants, the test procedure, and
the evaluation measures used to assess the assembly instructions.

The goal of the test is to evaluate the usability and clarity of the assembly instructions as well as to
evaluate the quality of the assembled clinical task trainer, which assesses the usefulness.

E.2.1.1 Participants
The test involves three participants, aged between 25 and 28 years, alle students at TU Delft with no
background or experience in design or assembly of the clinical task trainer.

E.2.1.2 Equipment

The participants use the following equipment during the test (Figure E.1):
- Assembly instructions printed in greyscale

- 3D-printed framework parts

- 3D printed glue support

- Silicone parts (vulva, vagina, cervix, bladder cup, bladder plate)
- Rubber tube (urethra)

- Silicone glue

- Super glue

- Needle and thread

- Towel

Figure E.1: Materials provided during the test.

E.2.1.3 Test procedure
The participant performs the assembly of the clinical task trainer in a well-ventilated room. They
follow the assembly instructions and use the provided tools and components.

Each participant is asked to assemble the clinical task trainer using the provided assembly
instructions. The assembly process takes approximately two to three hours. During the assembly, the
think-aloud method is used, meaning that the participant is asked to verbalize their thoughts while
performing the task. The researcher documents observations, quotes and difficulties encountered
during each step of the assembly.

After completing the assembly, the participant is asked to rate their confidence of the quality of their
assembled task trainer on a five-point scale. Subsequently, the researcher assesses the quality of the
assembled task trainer together with the participants.

After the assessing the quality, a short co-creation session is conducted with the researcher and
the participant. During this session, the participant is asked to identify the most significant issues
they encountered during the assembly process. Together with the researcher, potential solutions
are generated. These include rewriting steps, improving layouts, and adjusting images. Finally, the
identified issues are prioritized by the participant.

E.2.2 Evaluation measures
Two main dimensions are assessed during the evaluation: product quality and process quality.

Product quality assesses the correctness and usability of the final assembly of the task trainer,
while process quality focuses on the user experience during the assembly, including the clarity of
instructions, perceived guidance, confidence during the process and observed issues.

Product quality

Product quality is assessed by asking the following question to the participants after the assembly:
“How well do you think you assembled the product?”

(1 = very poorly, 5 = very well). As well as by assessing the correctness of each assembled part of the
clinical task trainer.

For each section, it is determined whether the assembled component meets the predefined criteria.
If the assembled component does not meet the criteria, it is considered not usable and receives a
rating of 1. If the component meets the criteria, it is considered usable and receives a rating of 5.

The average score across sections is then calculated for each participant. The clinical task trainer is
considered correctly assembled only if all sections receive a rating of 5, indicating that the product is

fully functional and ready to be used by trainees. The score is referred to as product score.

Figure E.2 shows the criteria used to assess the assembly of each section.

Z3)



Section

Criteria

I. Assembling the framework

The framework is firmly attached.
The bladder frame support is attached on the correct
side.

Il. Assemble bladder cup to vagina

The bladder cup is glued to the vagina in a ring of
approximately 2 cm around the fistula opening.
The glue coverage is evenly distributed and fully
connects both components.

The urethra opening in the bladder cup is oriented
towards the long side of the vagina.

Process quality

The process quality, focuses on the user experience during the assembly, including the clarity of
instructions, perceived guidance, confidence during the process and observed issues.
Participants rate their perceived performance using a five-point scale. This score is referred to as
the confidence score. The confidence score is later compared with the product score to identify
mismatches between perceived and actual performance.

Since part of the design goal is that the maker should feel confident and supported during the
process, measuring confidence is considered important.

Comparing the product score with the confidence score provides insight into the quality of the
instructions.

Confidence level Product score Interpretation of instructions

lll. Assemble cervix to vagina

The cervix is securely attached and does not move
when lightly handled.

The cervix is positioned on the short side of the vagina.

The connection between the cervix and vagina shows
no visible gaps.

IV. Assemble urethra

The urethra is attached to the bladder on both the
inside and outside, with no gaps.

The urethra remains attached when lightly pulled by
hand.

The urethra does not obstruct or cover the fistula
opening.

V. Assemble vulva to framework

The vulva is attached using all pre-printed holes.

All stitches are secured with knots that remain tight
when handled.

The vulva remains firmly attached when lightly pulled
by hand.

VI. Assemble vagina to vulva

Figure E.2 — Predefined criteria.

123

The stitched seam is fully closed, with no visible
openings or gaps.

All stitches are secured with knots that do not loosen.
The vagina remains firmly attached to the vulva when

lightly pulled by hand.

High confidence High product score Clear instructions

High confidence Low product score Misinterpretation of instructions

Instructions work but feel
unsupported (or personal
insecurity)

Low confidence High product score

Low confidence Low product score Unclear instructions

E.2.3 Results

This section presents the results obtained from the user test. First, the results regarding product
quality are presented, followed by the results related to process quality.

5.2.1 Product quality

To start, none of the participants fabricated a usable task trainer that met all predefined criteria.

Figure E.3 presents the assembly section and the corresponding product scores for each participant.

Only participant P1 assembled the framework. The framework was glued using superglue, no
materials were available to dissolve the adhesive and disassemble the structure. Additionally, no
spare 3D-printed framework components were available. Therefore, participants P2 and P3 were
unable to perform this assembly step. For this reason, the framework assembly was not included in
the average product score for all participants. However, participant P1 successfully assembled the
framework.

Section P1 P2 P3

[ Assemble framework - - -

1. Bladder cup to vagina 5 1 1
1. Cervix to vagina 1 5 5
V. Urethra into bladder hole 5 5 5
V. Bladder top to cup 5 5 1
VI. Vulva to framework 5 1 5
VIl.  Vagina to vulva 5 1 5
Means (product score) 4.3 3 3.7
Confidence score 4 2 3
Usable task trainer No No No

Figure E.3: Product scores of each participant

W
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For each assembly section, the observed issues are summarized in Figure E.4 and includes:

- Step: the corresponding instruction step.

- Observations: objective findings, including participant behaviour, quotes, and occurrence
frequency.

- Impact: the effect on product quality, process quality, and participant confidence.

- Priority: issues categorized as low, medium, or high priority based on severity and frequency.

- Improvement: proposed design improvements derived from observations and co-creation sessions.

Co-creation

During the co-creation sessions, participants were asked to identify the most significant issues they
experienced during the assembly process. Based on these discussions, potential improvements to
the assembly instructions were generated. Below, the main issues identified by each participant are
listed in order of priority.

P1: Main issues

1. Gluing components was difficult. It was challenging to position parts, such as the cervix, so
that they remained in place during drying. This caused frustration.

2. The urethra did not fit properly, making it difficult to glue in the correct position.

3. Participant wanted to continue working but had to wait a long time for the glue to dry.

4. Some images were too dark, making details difficult to see.

5. A brush for applying the glue would be helpful.

P2: Main issues

1. The instructions assume that the user has sewing experience; no preparation or explanation
of sewing techniques was provided.

2. Terms such as holes, fistula, or urethra were sometimes introduced without explanation.

3. Gluing the cervix was difficult.

4. Instructions such as “glue evenly” and aligning the fistula opening in the center were

important but not described.

P3: Main issues

1. The instructions assume sewing experience; preparation and guidance were insufficient.
2. Too little information was provided about the sewing steps.
3. Participant was unsure wheter the vagina was assembled in the correct orientation.

Il. Assemble bladder cup to vagina

Step Observations Impact Priority Improvement
(summarized)
fd ~
@ Orientation: Validation Low Instruct users to place
‘ ~ 1/3 placed cue (check support vertically into
support mark) is not | 1/3 mistake | vagina.
‘ incorrectly visually but
6. o inside the prominent. corrected. Add sentence stating that
ana. vagina but fistula opening must be
corrected it No lasting Minor centred on the support to
later product error | visibility ensure proper alignment.
issue
Clarity: Low impact Replace check mark to
1/3 stated: ”I show clearly.
cannot clearly
see the check “place the support
mark."” vertically into the vagina.
Ensure that the fistula
opening is centered on the
support.”
et
R
Plac ort vertically into
he ure the fistula
hole is centered on the support
2/3 grabbed Uneven glue | Medium Emphasize that silicone
/ % the wrong distribution glue should be used.
glue. compromises | 2/3 wrong
realistic glue, but Emphasize that glue must
1/3 stated: “I tissue corrected be spread evenly across
need simulation. themselves. | the entire circular surface.
something to —
spread the Direct 1/3 glue [
glue” impact on spreading -
product incorrect. 8. /
1/3 did not quality and ;:::;eg',‘f? tistery
spread the intended
glue evenly. function.
High impact

Figure E.4: Results per step for assembly instructions 1.0
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1/3 questioned | Incorrect High Clarify that vagina has a
whether the assembly short and long side.
s step was occurred in 1 | 3/3
necessary. case. orientation | Explicitly state that the
confusion. | short side of the vagina
Orientation: High should face the maker.
3/3 verbally Correct
questioned assembly Add directional visual cue.
orientation
(short side "take the everted bladder
should be and vagina. Position the
down) vagina so that the short
side faces you.”
1/3 everted the .
bladder again, ,\/'S \?f:: gl )
resulting in (S [ oo
incorrect 9.
assembly. Cetthe everted bladder
ostated | onen
0.
= Anatomy: Anatomy Medium Introduce key anatomical
§ 3/3 asked terminology terminolegy (e.g., fistula)
= "What is the is unclear. 3/3 don't before assembly begins.
e fistula?” know term
Workflow fistula Provide instructions tc set
3/3 assembled | usability atimer.
the part issue related | Correct
correctly to timing. assembly Clarify the exact placement
of the bladder’s fistula over
Timer: No impact Timer the thickened edge of the
2/3 had no on final usability vaginal fistula by showing
hands free to product issue. a closeup image.
operate a timer | quality.
and asked the "set a timer for 6 minutes,
researcher to Low to place the bladder onto the
track time. medium vagina, positioning it over
impact the thickened edge of the

1/3 prepared
beforehand
and started a
timer
independently.

vaginal fistula.”

1.

Set a timer for 6 minutes and place
the bladder onto the vagina, over
the thickened edge of the fistula on
the vagina

B Apply pressure: | Potential risk | Medium Clearly state the working
- 2/3 did not of incorrect time and curing time of the
“e read the assembly (3/3 specific silicone glue used.
- _ instruction to (though all uncertain)
Ap apply pressure | assembled Add a close-up image
and| first. correctly) Sequence showing the correct fistula
unclear assembly.
1/3 applied Unclear No final
pressure by instruction error Clarify when and how
mimicking the | sequence. pressure should be
image. applied.
Uncertainty
2/3 applied during
pressure placement. ; ) O
differently than S A =l
intended. Medium N N
) 2. X.
impact. a s e e
Orientation/
placement:
3/3 were
unsure whether
placement was
correct.
One
participant
asked: "When
do | place it
like the second
illustration?”
Time: Waiting time | Medium Inform makers that they
2/3 waited for | affects may proceed with next
m drying of the workflow Workflow steps during drying time.
- glue before motivation. | friction
continuing to Change waiting times to
the next step One 1 match the specific silicone
and mentioned | participant participant | glue used.
that the waiting | identified continued
time felt very incorrect despite Include correction
long. fixation but | wrong guidance if assembly is
did not attachment. | incorrect.
1/3 continued | correctit.
assembling Self- Add self-validation
other parts Mediumte | yalidation | checklist
while waiting. high impact | jssye.
Self check

Is the bladder securely
glued to the vagina?

Is the bladder positioned
straight (see image)?
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Correct
assembly:
3/3 checked
whether the
bladder and
vagina were
properly
attached.

2/3 concluded
the bladder

was assembled
properly.

1/3 concluded
the bladder
was not
properly
attached but
continued
assembly
anyway.

If assembly is incorrect,
carefully detach the
components and repeat
the steps. (specify steps)

[ll. Assemble cervix to vagina

Stap Observations | Impact Priority Improvement
{summarized)
/.~y | 173 particpant | Reduced Low Increase image contrast and
pas i had difficulty | visual use lighter, distinguishable
O | seeing the clarity Only 1 tones.
image clearly | caused participant
due to low temporary | struggled. P
contrast in hesitation. /ﬂ/i/
black-and- No product - 3/,/“’
white printing. | No consequences &r
Despite this, product
the participant | error
eventually occurred. lf'p / siliconeglue inside
selected the of the edge of the cervix
correct Low
silicone impact
component.
Placement: Image and | High Placement:
3/3 reality Instruct users to remove the
experienced mismatch | All 3D support before
difficulty and | directly participants assembling the cervix.
felt insecure influenced | struggled

while

positioning attachment Ensure the visual

the cervix quality. representation accurately

because the reflects the actual shape of

vagina shape | Product the vagina during this step.

did not match | error

the circular occurred.

representation —

shown in the High | T

image. This impact T

made

17.

assembly Remove the support from

difficult. thevagina

1/3 adjusted

the internal Glue drying:

3D support to Clearly instruct users to

resh.apej the place the short side of the

vagina into a vagina vertically into the

circular form edge of the cervix.

before

attacl:hing the Specify: apply gentle, even

cervix. pressure for 5 minutes.

Glue drying: Include realistic image

3/3 struggled showing correct hand

to alp.ply positioning. (5 min with

sufficient . applied pressure, 7

pressure while additional min without

the glue was holding)

drying.

Uncertainty

about hand o @

placement g Eﬂg‘\,{ Dt

and drying e 1 \

method. .7\\ \
o 2/3 Product Not universal, | Clearly state the correct
kz:f’) assembled error but important | curing time: 12 min
~ cervix oceurred. | for final

correctly product. Add a self-check validation

16. Indicates moment after curing.
for 24 1/3 had a insufficient | High

loose cervix self- Include a realistic image

but continued | validation (without 3D support present)

to the next guidance. showing correct final

step without attachment.

correction. Medium to

high Self-check
impact Users must check is cervix is

securely attached along the
entire edge.

13
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No gaps or loose sections
are visible.

If attachment is incomplete:

Apply additional glue to
unsecured areas.

Apply pressure again for 5
min and wait additional 7
min to cure.

Re-check before

proceeding.
IV. Assemble urethra
Stap Observations | Impact Priority Improvement

{summarized)
3/3 completed | - - Replace to section
this step "assemble cervix to
without vagina’
difficulty.
3/3 completed | - - -
this step
without
difficulty

18,

e Sl Slues aether

at the urethra hole, gently

separate them by pulling to

reopen the hale
3/3 Visual- Low Clearly indicate insertion
questioned reality depth in both text and
how far the mismatch | All participants | image.
urethra should | created experienced

1. be inserted. hesitation | uncertainty. Ensure the illustration

the urethvanole. match real product
Despite this No No product dimensions.
uncertainty, assembly failure
3/3 completed | failure -
this step occurred. 1‘ Y
successfully. ;////

Medium wo

3/3 stated that | impact he reta o Make

their urethra
component
appeared
longer than
the one shown
in the
illustration.

fistula hole

3/3 did not All High
know how participants &\
much glue was | were Universal \ :
required. confusion | difficulty and \\_’/
about glue | risk of - A
3/3 struggled | quantity assembly '
with Ithe.glue and failure Restructure the sequence
application sequence. of actions to simplify glue
process and handling.
described it as | Inefficient
inconvenient. | workflow Revised sequence:
and Apply superglue evenly
handling around the urethra.
difficulty.
Insert the urethra into the
Increased designated hole and
risk of allow it to dry for 1 min.
assembly
failure After initial fixation, apply
an additional sealing
. layer on both the insight
ngh and outside of the
Impact bladder.
Clarify recommended
glue quantity (e.g., thin,
even layer)
Add visual example of
correct glue coverage.
lllustration: Minor Medium
1/3 stated that | visual
the image did | issue. Only one
not appear participant but
realistic. Risk of relates to
incomplete | sealing
Text: sealing. completeness. Lo o seal it
1/3 did not ] ]
read the No R(.eplace the |||us.tral1t|on
. . . . with a more realistic
instruction immediate )
'seal it failure image that accurlately
. reflects the physical
completely
Medium product.

Emphasize the phrase
"seal completely” visually
(e.g., bold text or icon)

1%
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22,

Check along the
edges on the inside
and cutside to see if
it is sealed along the
edges

1/3 was
confident that
the urethra
was fully
sealed and
secure, but it
later

detached.

2/3 were
uncertain
about
attachment
quality but did
not perform a
thorough
check and
proceeded to
the next steps.

Structural
failure
occurred in
1 case.

Confidence
and
accuracy
mismatch
observed.

Lack of
self-
validation

High
impact

High

Structural issue

Encourage self-validation
before proceeding.

Introduce self-check with
clear criteria:

No visible gaps
Urethra firmly attached
No movement when
slighty pulled.

"Do not proceed until the
urethra is fully secured.”

Include corrective
guidance is attachment is
insufficient (reapply glue,
apply pressure, wait 1
min)

Check if yo y
Ifnot, g d to the next step.
Ifyes, add superglue to that
spot

V. Assemble bladder top to bladder cup

Stap Observations Impact Priority Improvement
{summarized)
§ 2/3 successiully | Shows Low Add validation in
' completed this | dependency previous steps.
step without on previous
difficulty. steps. Emphasize the correct
However, glue.

23 7 1/3 could not | this step is

Apply silicone glue to the

circular edge of the bladder complete the clear.

o step due to an
incorrectly Medium
assembled impact
bladder cup
from a previous %55 silcone glus o tre
step. (C:.Z.;:)UDI. edge of the bladder
2/3 successfully | No Low Add hand to indicate
completed this | structural how to apply pressure.
step without issue.
difficulty. Add a clock icon to

24, Low visually show the

oladder cu required waiting time.

presstite for  minutes
2/3 felt the Workflow Low / Clearly state that users
waiting time inefficiency. | medium may proceed with
was too long subsequent steps while
but continued | No product waiting for curing.

25. with the next failure.

Let dry for 7 more step. Clarify which steps can

Low impact be performed in parallel.

1/3 waited fully
for curing
before
proceeding.

25.

et dry for 7 more
minutes, in the mean
time you can proceed to
the next steps.

5%
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VI. Assemble vulva to framework

Stap Observations Impact Priority Improvement
(summarized)
Image; All High Image:
3/3 stated the participants Correct the visual
image was were sequence. Improve
incorrect confused. contrast in
(needle shown illustration to clarify
26. going through Incorrect details in black-and-
s the e Trameno frame before visual white printing.
Tk tothe silicone) instruction
can cause Add a realistic hand
3/3 struggles incorrect to demonstrate how
with vulva execution. to hold the
orientation but components and
chose correctly. | High needle.
frustration
Text and skill Text:
3/3 asked how [ dependency. Break the sewing
much thread process into smaller,
was needed. Risk of structured steps:
improper
2/3 did not stitching "Cut the thread,
know how to technique. insert through the
start sewing. needle and tie a
High impact knot. ”

“Start from the
backside of the
silicone so the knot
remains hidden.”

“Sew through the
pre-printed hole,
pull the thread
tightly after each
stitch.”

"Continue until the
thread runs out.
And get a new
thread if you're not
done yet.”

Additional support
Add a QR code
linking to a short
instructional sewing
video.

3/3 stated Physical High Move sewing of the
v sewing the handling vulva to the
' T framework was difficulty. (usability, framework earlier in
/;4\/\ \\ difficult due to frustration) the process (before
7 its large size. Perceived full framework
27. lack of assembly) to reduce
o fmt{l.ffgff.e 2/3 felt that procedural handling difficulty.
pre-made holes intermediate guidance.
steps were Explicitly instruct
missing. Increased users to pull the
frustration thread tight after
2/3 needed and loss of each stitch to
help to prepare | confidence. ensure structural
the needle. stability.
High impact
2/3 expressed
clear frustration.
1/3 did not Risk of Medium Include a clear
know how to structural visual step
secure a knot instability if demonstrating how
and did not knot is not to tie and secure a
complete the secured. final knot.
+ e step.
Variability
1/3 had sewing | based on
experience and | prior
completed it experience.
successfully.
Medium
2/3 achieved a | impact

usable final
result.

5%



VIl. Assemble vagina to vulva

31

Tie off the thread
The assembly is now
complete

2/3 achieved a
usable result.

3/3 expressed
uncertrainty
about
completion

(" okay, so I'm
done now?)

No clear
end-of-
process
closure.

High

Stap Observations Impact Priority Improvement
(summarized)
3/3 asked where | Instruction is | Low Add explicit text in
. _r the urethra insufficient, instruction:
m\éi should be but no “Place the bladder
N positioned. product with the urethra and
20, However all error vagina in the
e e successfully occurred framework and push
o the framenoric completed the the urethra through
step by Low the indicated hole in
referencing the the vulva. ”
next step’s
image. Ensure a visual
indication of the
indicated hole.
3/3 did not Lack of High Increase visual
know how far spacing contrast between
apart stitches guidance vulva and stitches in
should be. affects illustration.
product
30. 2/3 showed quality. Add text guidance:
Stitch the vagina to the
e altne vy around reduced “Space the stitches
before motivation and | Decrease of approximately the
rushed the motivation. same distance apart
stitching. as in the previous
High stitching step.”
Provide realistic
visual spacing
example.
1/3 did not Lack of final | High Add a self-check
e achieve a validation step:
P E\Z usable final confirmation.
{ \/ result. “Can you see

through the stitched
opening (add image)
If yes, add stitches
until fully closed.

If no, assembly is
completel”

Include a full-page
final image of the
completed
phantom.

Add
“congratulations”
and image of correct
final result.

<Y

Appendix F — Assembly Instructions 2.0

F.1 Assembly Instructions 2.0

f
Assembly Instructions
Assemble the clinical task trainer for
vesicovaginal fistula repair
o You will be using silicone glue; ensure the assembly is
performed in a well-ventilated area.
N\
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Items you'll need

Pelvic bone

Dorsal frame

IS¢
=

Bladder support
frame

Clue support

0

I
a Superglue

Silicone glue (E43)

Time indications in the
instructions depend on the
specific type of glue used.

Silicone part
‘vagina’

Silicone part ‘cervix’

Silicone part

\v/ ‘bladder cup’
S

Silicone part
‘bladder top’

Silicone part ‘vulva’

Rubber tube as

— ‘Urethra’

Needle and thread

&

. Assemble Bladder Cup to Vadina

short side

w{side

fistula hole, with
thickened edge

1.

Get the glue support and the
vagina.

urethra hole

fistula hole +
=3 long side

short side

—_—

‘inverted' bladder

4.

Position the bladder cup and
vagina as illustrated.

PR
. M

e

- \\o/t/ R N
>,
.

& N

7.

Place the stretched bladder
cup onto the vagina, over the
thickened edge of the fistula
on the vagina.

2.

Insert the glue support
vertically into the vagina.

Ensure the fistula hole is
positioned at the center
of the glue support.

‘normal state

fistula hole
o thrct ol
N\ Q urethra hole
r -~
s —
— -
\ |
AN
‘inverted' state
3.

Invert the bladder cup.

5.

Apply silicone glue on the
circular surface on the vagina
and spread evenly.

8.
Apply pressure until the parts
no longer move when pressure
is released.

Ensure the bladder’s
fistula hole remains
around the vaginal fistula
hole.

6.
Stretch the holes of the
inverted bladder cup.

Leave to dry while continuing
with the next steps.
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Il. Assemble Framework

10. ".

Apply superglue to the dorsal Press the pelvic bone against
frame on the indicated area. the dorsal frame and apply

pressure for approx. 1 min.

13.

Place the bladder support
frame into the dorsal frame
and the pelvic bone and apply
pressure for approx. 1 min.

12.

Apply superglue on the
bladder support frame to
the indicated areas in the
illustration.

Ill. Assemble Cervix to Vadina

-

14. ] 15- 16-
Invert the bladder again. Remove the glue support from Apply silicone glue to the
the vagina. inside of the edge of the cervix.

O

~15 min

17. 18. 19.

Place the cervix onto the short Apply pressure for

Leave to dry while continuing
side of the vagina. approximately 2 min.

with the next steps.

Le3)



20.

Cut approximately 50 cm of
thread, pass it through the
needle, and tie a knot.

o For help tying a knot, scan
the QR code at the bottom

of the page.

Insert the needle through the
pre-made hole.

S

26.

Repeat the same steps for the
left side.

Ensure each stitch is
pulled tight and not left
loose.

IV. Assemble Vulva to Framework

21.
Get the vulva and the
assembled framework.

24.

Continue stitching the vulva to
the framework on the right side.

Ensure each stitch is
pulled tight and not left

loose.

22.

Insert the needle through the
back of the vulva.

N
N

25.

Once the right side is fully
stitched, secure the thread at
the back with a knot.

How to tie a knot in thread:

166

V. Assemble urethra

27.

Check if the cervix is fully
attached all around.

If not, apply additional glue to
any loose areas.

30.

Apply superglue around the
edge where the urethra meets
the hole.

o Ensure it is fully sealed
all around to make it
watertight.

Gently pull the urethra to check

if it is securely attached.

If not, apply an additional layer

of superglue to the inside and
outside.

28. 29.

If the bladder and vagina are Insert the urethra through the
slightly glued together at the urethra hole.

urethra hole, gently separate
them by pulling to reopen the
hole.

Ensure the urethra does
not cover the fistula hole.

~5 mi

31. 32.

Apply superglue around the Leave it to dry for
urethra on the outside of the approximately 5 min.
bladder to fully seal it.

=]

&
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Vi. Assemble Bladder Top to Bladder Cup

34, 35, 36.

Apply silicone glue to the Place the vagina and bladder Leave to dry for approximately
circular edge of the bladder cup onto the bladder top. 15 min while continuing with
cup. the next steps.

Vil. Assemble Vadina to Vulva

urethra hole

37. 38.

Place the assembled bladder, Put the urethra through urethra
vagina, and cervix into the hole

framework.

~
E&,—
=

40. 41.

Insert the needle through the
outside of the vagina.

Then insert it through the vulva.

Ensure each stitch is
pulled tight and not left
loose.

N
B A

43'

When the vagina is fully
stitched, secure the thread at
the back with a knot.

=

/’/

39.

Cut approximately 50 cm of
thread, pass it through the
needle, and tie a knot.

42,

Stitch the vagina onto the vulva
all the way around.

o Ensure that no visible gaps
are present after stitching
the vagina to the vulva.

16



10

Condgratulations!

You have successfully assembled the clinical
task trainer.

It is now ready for use by a trainee.

,_\))7))))

O\
—~
—
—
—
P
—
—
Sqy
=
~
S

F.2 Evaluation

The same test plan is used for testing assembly instructions 1.0. The test involves two participants,

aged between 256and 28 years, with no background or experience in design or assembly of the
clinical task trainer.

Results Product Quality

Section P4 P5
l. Assemble framework - -
Il. Bladder cup to vagina 1 1
. Cervix to vagina 5 5
V. Urethra into bladder hole 5 5
V. Bladder top to cup 5 5
VI. Vulva to framework 5 5
VIl.  Vagina to vulva 5 5
Means (product score) 4.3 4,3
Confidence score 4 4
Usable task trainer No No

Results Process Quality
The visualization of the results is less detailed than that of Assembly Instructions 1.0 and only

includes the most important observations, quotes, and issues. The blue boxes indicate the steps in
which issues occurred.

General observations

In general, Participant 1 carefully read the front page, including the required materials and warning
information. She checked whether all necessary items were available before starting the process.
The results are presented per section below.

Participant 2, in contrast, barely read the textual instructions throughout the test and relied primarily
on the illustrations.

Participant 1 mentioned that the warning texts were particularly helpful during the fabrication
process.

7
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(m -\

2.
Insert the glue support
vagina vertically into the vagina

o Ensure the fistula hole is

positioned at the center

Get the glue support and the

of the glue support

s
rsanae 4 T
i —
S [ oresse
s

Position the bladder cup and
vagina as illustrated.

o
Stretch the holes of the
inverted bladder cup

Apply silicone glue on the
circular surface on the vagina
and spread evenly.

) D)

3,15 min @ ~15 min

9.
Place the stretched bladder Apply pressure until the parts Leave to dry while continuing
cup onto the vagina, over the no longer move when pressure with the next steps.
thickened edge of the fistula is released
on the vagina
L Eosure the bladders
Gory El
around the vaginal fistula
\ hole /
.
Insights

In Section 1, Both participants mentioned
that adding terms such as “short side” and
“long side” was helpful for understanding
the orientation of the components. Similar
feedback was given for Step 3.

Participant 1 performed the assembly steps
as intended until Step 7, where an issue
occurred without her noticing it. In this step,
the urethra opening needed to be positioned
parallel to the long side of the vagina.

Step 7, This step proved to be critical, as
both participants assembled the bladder cup
onto the vagina in the wrong orientation.
Participant 1 stated: “I don't think it matters
where the urethra hole should be placed,
the focus is mainly on the fistula hole and
the thickened edge,” indicating that the
functional importance of this orientation

was not fully understood. Both participants
understood that the fistula opening needed
to remain positioned around the thickened
edge and continuously applied pressure to
keep the parts aligned correctly. However,
the glue required a long curing time, causing
both participants to lose patience at a certain
moment, release the pressure too early, and
continue with the next assembly step.

~

A
Ill. Assemble Cervix to Vadina
o
J /\* [ S— /. /J)
L \ Pa 74
Fﬂ T
-
14. 15. 16.
Invert the bladder again Remove the glue support from Apply silicone glue to the
the vagina inside of the edge of the cervix
N
N - O )
( B ~2 min ( ~15 min
//
2
1. 18. 19.
Place the cervix onto the short Apply pressure for Leave to dry while continuing
side of the vagina approximately 2 min with the next steps.
o
Insights

When inverting the bladder assembly, it
became visible that the urethra opening was
incorrectly positioned for both participants.

In addition, the bladder cup was not evenly

attached to the vagina, as the required 2 cm
distance around the fistula opening was not

maintained consistently.

The assembly of the cervix was completed
easily by both participants. Removing the
glue support before attaching the cervix
positively improved the assembly process.

/ IV. Assemble Vulva to Framework \

20. 21, 22,

Cut approximately 50 cm of Get the vulva and the Insert the needle through the
thread, pass it through the assembled framework back of the vulva

needle, and tie a knot.

(Ee QR cﬂge at tEe Eouom

of the page

N

=

23. 24, 25.

Insert the needle through the Continue stitching the vulva to Once the right side is fully

pre-made hole. the framework on the right side. stitched, secure the thread at
the back with a knot

o Ensure each stitch is

pulled tight and not left

loose

How to tie a knot in thread:

26.
Repeat the same steps for the
left side.

Ensure each stitch is
pulled tight and not left

\ loose. 2 ) /

Insights

The amount of thread suggested in the
instructions was considered too short by both
participants. Both participants preferred to
sew using one continuous piece of thread
rather than multiple shorter sections, as
repeatedly creating knots and rethreading
the needle was experienced as inconvenient
and time-consuming.

Participant 1 and Participant 2 both

indicated that the instructional video was not
particularly helpful. Instead, both participants
developed their own sewing technique
during the process, which became more
effective over time.

Both participants were ultimately able to
complete the sewing successfully. Participant
1 had some prior sewing experience, while
Participant 2 did not. Although neither
participant described the process as
frustrating, both mentioned that the sewing
process was highly time-intensive and
required precise manual work.

On average, this assembly step required
approximately 40-50 minutes per participant

( V. Assemble urethra

27. 28. 29.
Check if the cervix is fully If the bladder and vagina are Insert the urethra through the
attached all around. slightly glued together at the urethra hole.
urethra hole, gently separate -
If not, apply additional glue to them by pulling to reopen the @ Eroure the urethra does
o @

any loose areas. hole not cover the fistula hole
:

30. 31. 32.

Apply superglue around the Apply superglue around the Leave it to dry for
edge where the urethra meets urethra on the outside of the approximately 5 min
the hole. bladder to fully seal it

@ e e fully sealed
all around to make it
watertight

33,
Gently pull the urethra to check
if it is securely attached.

f not, apply an additional layer
of superglue to the inside and

\ outside /
3

Insights

This assembly step was completed easily
by both participants. Both participants
successfully achieved a watertight
connection.

Afterwards, the researcher performed an
additional watertightness test to verify the
quality of the connection.
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VIl. Assemble Vadina to Vulva

wrothre noto

38. 39.

Put the urethra through urethra Cut approximately 50 cm of

hole thread, pass it through the
needle, and tie a knot.

] /‘g\u

Insert the needle through the Then insert it through the vulva.
outside of the vagina.

o Ensure each stitch is
pulled tight and not left
loose.

¥

When the vagina is fully

stitched, secure the thread at
the back with a knot

- J

Insights

While placing the assembly into the
framework, both participants discovered that
the orientation of the urethra was incorrect.

In addition, Participant 1 noticed that the
glue connection was starting to detach,
causing the fistula connection to become
unstable.

During the sewing process, both participants
showed signs of losing patience. However,
both participants ultimately succeeded in
attaching the components correctly.

Condratulations!

You have successfully assembled the clinical
task trainer.

It is now ready for use by a trainee.

- 2/

Insights

Both participants expressed satisfaction after
completing the assembly process and rated
their own performance with a score of 4 out
of 5.

However, it was observed that neither
participant fully understood the impact that
the incorrect assembly had on the surgical
procedure for which the task trainer is
intended.

Appendix G - Final Instructions

This Appendix presents the full-size final instructions for Silicone Casting.

G.1 Silicone Casting Instructions 4.0

This sections provides the final design of the silicone casting instructions for the vagina part.
In addition, the designed reference sheets for the vulva, bladder cup, bladder plate and cervix
component.
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Items you'’ll need
Silicone Casting

Instructi ( Y[ \
nstructions -
£ =7 Silcone part Aand B
WQ:/ &Qﬁf’r 3D printed (Dragon Skin 10)
- K g ~— . - 4 .
Produce the vagina silicone component ,»./ H [l vaoinamoulds
] \
f\\f_)v; B )‘i
Release agent
Syringe 50mL spray
catheter tip
ass® 14X bolts and nuts Silicone oil
@ size M3x20 mm
) m Mauve liguid
Piece of sulfat L) colour pigment
O free clay _
(lem x lem)
. / . _/
r N - N
{/ '\\B Plastic or paper
— Scale \ 1 { cup
o You will be working with silicones; ensure production is s
performed in a well-ventilated area. Wrench = stirring rods
size 55 /
Production Stages (30-60 min) Cloves
l. Prepare the mould
Il. Make the mixture Fl
l1l. Fill the syringe at dri
IV. Remove air bubbles from the mixture screwdariver Paper towels
V. Fill the mould
\. J . J

@ Curing time = 8 hours

VI. Release silicone from mould
VII. Final Check



l. Prepare the mould

Items you'll need

- 3d printed parts for
vagina

- release agent spray

- 14 bolts and nuts size
M3x20mm
-spannersize 55

- flat screwdriver

Release

1.
Take the four 3D printed
moulds for the vagina

4.

Connect part Ato part
B using 3 bolts and
nuts using spanner and
screwdriver

7.
Place part D onto ABC.

2.

Apply 2-3 sprays of release
agent to each highlighted

component area.

5. 6.

Take part C and place onto Connect part C to AB with
AB. 3 bolts and nuts.

8. 9,

Connect with 8 bolts Tighten all bolts and nuts
and nuts. with a spanner and/or
screwdriver.

Il. Make the mixture

Items you’'ll need
- Dragon Skin 10 A+ B

- Colour pigment ‘Mauve'

- Silicone oil

- Towels
-Cup

- Gloves

- Scale

- Stirring rods

10.

13-

Stir the mixture for approx.
30 seconds.

16.

Add 6 drops of mauve
color pigment into the
mixture.

1.
Pour 30 g of part Ain the
cup.

12,

Pour 30 g of part Binthe
cup.

Ratio A:B T:1.

14,
Add 5.5 g of silicone oil
into the mixture.

17.

Stir the mixture until the
color is evenly distributed.

15.

Stir the mixture for approx.
30 seconds.

&

~20 min remaining

18.

You now have approx.

20 min to complete the
following steps before the
silicone becomes too thick
to pour.



l1l. Fill the syringe

Items you’ll need
- BEOmL syringe with
catheter tip.

- Mixture

syringe plunger

L=

gy

[IKNLI*FI|-H-tHII|-‘IIII I

BB &

19. 20. 21.

Crab the syringe and Place the syringe with the Slowly pour all of the
remove the plunger from tip on the table, this closes mixture in the syringe.
the syringe. the tip during filling.

22,

Put the plunger into the
syringe, make sure to anly
put the tip in.

24,
Push the plunger further
until all air is removed.

Turn the syringe around
and wait for the mixture
to settle.

IV. Remove air bubbles

Items you’ll need
- Filled syringe

Close the tip of the syringe
with your thumb or finger
and use the other hand to
pull the plunger.

28.
Release the air that moved
upwards.

Example for observing:

Start E

pumps

Push the plunger back

with the tip closed.

N\

29.

Observe the airbubbles in
the syringe. When there
are still bubbles larger
than Imm, continue with
15 pumps.

15
* pumps
—_—

Repeat this pumping
motion 15 times.

30.

Repeat pumping moticns
and observations until
most bubbles larger than

Smm are gone,

Ready!




V. Fill the mould

Items you'll need
- Filled syringe
- Prepared mould

- Piece of sulfat free clay (lcm x lem)

31.

Prepare a small piece of
clay by rolling into a small
ball to seal the injection
hole later.

32.

Place the syringe vertically
into the mould’s injection
hole.

34.

Continue until you see the
mixture coming out of the
air vents at the top,
Thisindicates that the
rnold is Tull

8 hours

37.

Let the silicone cure for
at least 8 hours, with the
rmold upright and vent
holes on top.

35.

Seal the injection hole with
the piece of clay.

33.

Push the mixture slowly
INnto the mould. This takes
about 5 minutes.

36.

Tap the bottom of the
mold on the table a few
times o any rermaining air
can escape through the air
vents.

VI. Release silicone from mould

Items you'll need
- Filled mould
- Steeksleutel size 55

- Platte schroevendraaier
- Knife

38.

Loosen the bolts and nuts
using a wrench and a
flathead screwdriver.

41.

Once the outer parts are
loose, rermove the outer
sections.

42.

Thesilicone vagina is
finished! Now do the final
check!

39.

Cut along the edges of
the molds to loosen them
slightly

Do not cut too deep, or you
may cut into the silicone.

42.

Pecl the silicone off the
other parts.

40.

Use a flathead screwdriver
o insert between the
molds and create leverage.

43.

Trimn off any remaining
edges with a knife.



VII. Final Check

Check the height of the
part

«  Compare the silicone level with the
reference mould to check whether
the part reachead the correct finzl
height.

« Amaxirnum neight difference of |
cmis accentable

+ Ifthe partismorathan | cm too
short, Itis considered unusable and
MUst be remade.

Tip for next time: Use 1.5= the
recornmendead amount of silicone
mixture next time to prevent
underfilling.

Check for large air bubbles

«  Small alr bubbles (smazll dots) are
acceptable.

»  Checkwhether there are any air
bubbleslarger than Q.5 emwithin 2
2 o radius around the hole,

o flarge air bubblesare oresentin
this arez, the part is considered
unusable.

Tip for next time: Release the trapped
alr bukblesfor alonger time and gently
tap the filled syringe against the table
aswell as the filled mould to help
remaining air bubbles escape.

G.2 Quick Reference Sheets

This sections provides the final design of the silicone casting instructions for the vagina part.
In addition, the designed reference sheets for the vulva, bladder cup, bladder plate and cervix
component.

1&



Prepare the mould

B e® ®
Silicone Casting x
Instructi
ns ruc lons Bolts and nuts size Vulva 3D printed
Mex40 mm parts

Produce the vulva silicone component
Make the mixture

Gx.

Brown liquid
colour pigment

Dragon Skin 10

Fill the syringe

Syringe 50mL
cathetertip

Remove air bubbles

Fill the mould air vents

T T l
= vy

o You will be working with silicones; ensure production is
performed in a well-ventilated area.

2 injection holes

Production Stages (30-60 min)

l. Prepare the mould

[l. Make the mixture

[1l. Fill the syringe

V. Remove air bubbles from the mixture
V. Fill the mould

Release silicone from mould

@ Curing time = 8 hours

VI. Release silicone from mould




Silicone Casting
Instructions

Produce the bladder cup silicone component

o You will be working with silicones; ensure production is

performed in a well-ventilated area.

Production Stages (30-60 min)

I. Prepare the mould

Il. Make the mixture

ll. Fill the syringe

IV. Remove air bubbles from the mixture
V. Fill the mould

@ Curing time = 8 hours

VI. Release silicone from mould

Fo e

Prepare the mould

4X >
Bolts and nuts size Bladder cup and cover pin
M4x40 mm 3D printed parts

Make the mixture

S
Slacker
179
Dragon Skin 10 Slacker
Fill the syringe
Syringe 50mL
cathetertip
Remove air bubbles
Fill the mould
/air vents

(1)
6X ﬁ

Yellow liquid
colour pigment

Two syringe fills



Silicone Casting
Instructions

Produce the bladder plate silicone
component

o You will be working with silicones; ensure production is
performed in a well-ventilated area.

Production Stages (30-60 min)

l. Prepare the mould

[l. Make the mixture

[1l. Fill the syringe

V. Remove air bubbles from the mixture
V. Fill the mould

@ Curing time = 8 hours

VI. Release silicone from mould

Prepare the mould

Bladder plate 3D printed
parts

Make the mixture

@)
.

Dragon Skin 10 Yellow liquid
colour pigment

Fill the syringe

No syringe
needed

Remove air bubbles

Fill the mould

Pour mixture in

Release silicone from mould

No tools needed



Silicone Casting
Instructions

Produce the cervix silicone component

o You will be working with silicones; ensure production is
performed in a well-ventilated area.

Production Stages (30-60 min)

l. Prepare the mould

[l. Make the mixture

[1l. Fill the syringe

V. Remove air bubbles from the mixture
V. Fill the mould

@ Curing time = 8 hours

VI. Release silicone from mould

Prepare the mould

s

&X >

Bolts and nuts size
M3x20 mm

Make the mixture

Dragon Skin 10

Fill the syringe

Syringe 20mL
Luer tip

Remove air bubbles

Fill the mould

Injection hole

Bladder cup and cover pin
3D printed parts

(0
1x.

Muave liquid
colour pigment

air vents

/
s

Release silicone from mould




Ap p e n d ix We b site VVF CLINICAL TASK TRAINER INTRODUGTION ~ MATERIALS  FABRICATE  REPAIR
H —

This Appendix shows screenshots of the mock-up of the interactive website that was developed. .
Who is this for?

This website contains all the information required by medical support
staff to create a VVF clinical task trainer.

VVF CLINICAL TASK TRAINER INTRODUCTION MATERIALS FABRICATE REPAIR v Experience with 3D printing is required.

GRADUATION PROJECT — SURGICAL TRAINING

Do you want to make an impact
in surgical training?

Figure 2 — Assembly of silicone parts

Fabricate the vesicovaginal fistula repair clinical task

trainer.

Figure H.3: Who is this for

[ MORE INFORMATION ’

VVF CLINICAL TASK TRAINER INTRODUCTION MATERIALS FABRICATE REPAIR

Fabrication process overview

Figure H. 1 N Homescreen Of Website mOCI(Up Fabricating the clinical task trainer consists of three main stages. The total process is spread over
multiple days.

Introduction tab or o2 0

. . . . . . . . 3D Printing Silicone Casting Assembly
Figure H.1, H.2, H.3 and H.4 provide images of the information available under the introduction
. Print the structural framework and the Cast soft, tissue-like organ components Combine printed and silicone components
seCtlon . silicone moulds in PLA. using two-part silicone. into the complete task trainer.

30-60 min per part (5 parts)

10-20 hours ~8 hours curing ~3 hours

VVF CLINICAL TASK TRAINER INTRODUCTION MATERIALS FABRICATE REPAIR

INTRODUCTION

What is the vesicovaginal fistula
clinical task trainer?

Figure H.3: Fabrication process overview including time indications

A vesicovaginal fistula is an abnormal connection between the bladder
and the vagina. This condition is often caused by prolonged obstructed
labor, where pressure from the baby's head reduces blood and oxygen
supply to surrounding tissues. Over time, this tissue dies, creating an
opening between the organs.

Women with this condition experience continuous urine leakage
(incontinence), which can lead to serious physical and social

challenges.
Surgical repair is possible, but requires training and experience.

This clinical task trainer is a simplified, simulation-based model that
allows surgeons to practice vesicovaginal fistula repair safely.

Figure 1 — Anatomical overview of the vesicovaginal region

S

Figure H.2: Introduction about task trainer



Fabricate tab
Figure H.6, H.7 H.8 and H.9 provide an images of how the fabrication process is guided. Including a
short introducton, photo’s and printable instructions.

Materials tab
Figure H.4 and H.5 provide images of the materials sourcing options. Option 1 provides links to
material specifications, alternative materials and supplier links.

1%

Source materials yourself

Use the list below to source each material you need. Click on

details to find product specifications and supplier links.

3D Printing 1 material ~
Silicone Casting 5 materials - 10 tools />
MATERIALS

Silicone Dragon Skin 10 DETAILS
Two-component silicone -
Release agent spray
To spray inside the moulds so the silicone won't stick to the moulds when ~ DETAILS
released

Slacker

DETAILS
Additive added to the silicone mixture to make the mixture thinner )

Silicone oil
Additive added to the silicone mixture to make silicone more flexible when ~ DETAILS
cured

Liquid colour pigment (mauve, yellow, brown)

DETAILS
Additive to give colour to the silicone mixture -
REQUIRED TOOLS
Scale DETAILS
To weigh the amounts of siicone ~— m—
Paper or plastic cups DETAILS
To pour the silicone mixture in -
Stirring rods DETAILS
To stir the silicone mixture ~— mmm——
Syringe 50 mL with catheter tip DETAILS
To fill the bladder cup, vagina and vuiva moulds -
Syringe 20 mL with Luer tip DETAILS

To fill the cervix mould

Figure H.5: Option to order the starter kit

Order a starter kit

Want to get started quickly? Order a starter kit with the essential

materials and printed instructions included.

@ INcLUDED

* Silicone Dragon Skin 10 (Part A & B)
* Silicone oil

* Slacker

* Release agent spray
* Plastic or paper cups
* Stirring rods

* Sulfate-free clay

* Needle

* Thread

* Super glue

* Silicone glue

* Bolts and nuts

* Urethra (rubber tube)

* Printed instructions for 3D printing, silicone casting, assembly

and repair

@ excLupbep

* PLA filament
* Flat screwdrivers
* Wrenches

* Scale

Figure H.4: Options to source correct materials. Left: self-sourcing. Right: order a starter kit.

® Scale

® Gloves

ORDER HERE

VVF CLINICAL TASK TRAINER INTRODUCTION ~ MATERIALS  FABRICATE  REPAIR
VVF CLINICAL TASK TRAINER INTRODUCTION MATERIALS FABRICATE REPAIR
6 3D Printing
The fabrication process begins with 3D printing the components required for both the
structural framework and the silicone moulds.
OPTION 1 OPTION 2

FRAMEWORK GLUE SUPPORT CERVIX MOULD

VAGINA MOULD VULVA MOULD BLADDER CUP MOULD

Es,

Figure H.6: Introduction of 3D printing and what parts will be printed.

VVF CLINICAL TASK TRAINER INTRODUCTION ~ MATERIALS  FABRICATE  REPAIR

= |

VAGINA MOULD VULVA MOULD BLADDER CUP MOULD

BLADDER PLATE MOULD

3D PRINT FILES

& Framework STL & Glue Support STL & Cervix Mould STL & Vagina Mould STL & Vulva Mould STL
& Bladder Cup Mould STL & Bladder Plate Mould STL
MANUAL

& 3D Printing Manual PDF

Figure H.7: Downloadable 3D print files and instructions.

7
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VVF CLINICAL TASK TRAINER INTRODUCTION ~ MATERIALS  FABRICATE  REPAIR

° Silicone Casting

Use the moulds to create soft, tissue-like components using silicone. In this stage you will
produce five organs made from silicone: the bladder cup, bladder top, cervix, vagina and vulva.

Silicone consists of two components (Part A and Part B), which are mixed together before use.
Once combined, the material begins to cure and becomes solid into its final form. Before
curing, the silicone is a liquid, allowing it to be poured or injected into moulds. In this process,
the moulds are specifically designed to be filled using a syringe.

Silicone is used to mimic the human tissue. Liquid colour pigment is added to the silicone to
make the parts look more realistic. In addition, since different organs have different mechanical
properties, additives are added to the liquid silicone. For this task trainer, Slacker is added to
make the silicone softer, and silicone oil is added to increase flexibility.

o1 02 03 04 05
Cervix Bladder Cup Bladder Plate Vagina Vulva
CASTING MANUALS
& Cervix PDF & Bladder Cup PDF & Bladder Plate PDF & Vagina PDF & Vulva PDF

Figure H.7: Introduction of silicone casting, what parts will be produced and a download section to
download instructions for each component

VVF CLINICAL TASK TRAINER INTRODUCTION ~ MATERIALS  FABRICATE  REPAIR

° Assembly

With all 3D printed structural parts and cast silicone components ready, the task trainer can be

assembled. All parts are brought together to form the complete simulation model.

Figure H.8: Introduction of the assembly stage, including a short introduction and image of assembly
setting

VVF CLINICAL TASK TRAINER INTRODUCTION ~ MATERIALS  FABRICATE  REPAIR

R

MANUAL

& Assembly Manual PDF

o Finished Product

The task trainer is now ready to be used by a trainee surgeon. The model provides a realistic
simulation environment for practising the VVF repair procedure.

LATERAL VIEW FRONT VIEW SIDE VIEW

Figure H.9: Downloadable instructions for the assembly and an overview with images to show what
will be made

Fabricate tab
Figure H.10 shows the repair stage.

VVF CLINICAL TASK TRAINER INTRODUCTION MATERIALS FABRICATE REPAIR

MAINTENANCE AND RE-USE
.
Repair

After each use, following a surgical training procedure, the following components must be

replaced: the bladder cup and the vagina.

01 02 03
Disassembly Silicone Casting of 2 Parts Assembly
15 min 30-60 min per part ~8 hours curing ~1.5 hours

Download the detailed instructions below.

REPAIR INSTRUCTIONS

& Repair Manual PDF

Figure H.9: Repair stage with an overview of the process including time indications and
downloadable instructions.

1%



The split-attention principle should be considered in the design of the instructional 1.120

Appendix | - Requirements

materials.
This appendix provides an overview of which requirements were met within the final design. The Each step in the instructions must require only one activity. 1.21
requirements that were gathered or improved during the design sprints are also included. The manual must be concise and not contain unnecessary information. 1.22
Red indicates not met, orange indicates partially met or uncertain, and green indicates met.
The manual must be clear and easy to understand. 1.23
Fundamental Requirements Requirement The manual must include visual representations for each step, accompanied by 1.24
explanatory text
The maker must have clear and comprehensive fabrication instructions to 0.1 , _ , ,
. . . Instruction materials must be usable when printed in grayscale 2.1
successfully fabricate the VVF clincal task trainer.
The maker should have access to the appropriate equipment, tools, and materials. | 0.2 Instructional materials must be designed for paper-based use. 2:3

The self-check must be visually emphasized to attract attention to ensure makers 2.7

Maker's Journey Requirement nofice them.

The maker should be feeling guided throughout the entire fabrication process. 11 The m:lructlons must provide clear instructions on how to correct errors during 2.8
assembly.

The maker must feel invited to start and continue the fabrication process. 1.2 , _ , _ , ,
All assembly steps must clearly communicate orientation, alignment, insertion 2.9

An instructional design framework must be used to structure the fabrication 1.3 depth, and positioning through both text and visuals.

rocess. _— .
P Material application (e.g. glue) must clearly specify type, placement, amount, and ~ 2.10
The instructional materials must not feel overwhelming. 1.4 timing.

At the start of the fabrication process, the maker should go through an onboarding 1.5 Illustrations must accurately represent real components and include hand 2.11

step. positioning where relevant.
The maker must perform a self-check after each substage 1.6 The assembly sequence should be organized to create an efficient workflow 2.12
For experienced makers, only information on precise quantities and specific 1.7 The manual could provide additional support (e.g. video) for makers without prior  2.13

mould-related procedures could be provided. sewing knowledge.

The instructions could be adaptable to the maker’s level of experience. 1.8 A watertightness test should be included in a self-check to verify the connection ~ 2.14

A website must be provided that contains all necessary instructional materials, 2.2 between the urethra, and the bladder cup is watertight.

information and material specifications required to fabricate the clinical task trainer. The instructions must communicate that the bladder cup and vagina components ~ 2.15

must be assembled to each other with approximately 2 cm of contact area around

Content of Instructions Requirement the fistula.

The maker must be provided with an overview of the process in advance, including 1.9

time indications. Silicone casting

All stages of the fabrication process must be covered. 1.10 Instructions for demoulding silicone must be available. 1.25
3D printing information must be included in the content. 1.1 Separate instruction materials must be provided in the form of individual booklets  1.26
Repair information must be included in the content. 1.12 for each silicone component.
The instructions could be modular. 1.13 The instructions must communicate that all silicone components must be 2.4
completely filled to be usable.
Instruction material Requirement The instructions must communicate that the vulva, cervix, and bladder plate may 2.5
General contain air bubbles.
. . . The instructions must communicate that the vagina and bladder cup must not 2.6
The instructions must be presented in manageable, well-structured segments. 1.14 S o . .
contain air bubbles larger than 1 mm within a 2-cm radius around the fistula.
The instructions must be presented in detail, with step-by-step instructions. 1.15
Technical jargon should be avoided or clearly explained when used. 1.16 3D printed parts
A list of items necessary to perform each step must be provided. 1.17 The 3D parts should be intuitive to use. 1.29
The function of all materials and tools should be explained. 1.18 The 3D printed parts could include visual or physical cues to support usability. 1.30
- The instructions should follow the principle of task orientation. 1.19 The 3D printed mould parts could have consistent hole sizes for bolts and nuts. 1.31



The requirements marked in red were not met. These requirements emerged during the design
process but were ultimately considered outside the scope of this project.

The requirements marked in orange indicate that the evaluation results showed that these
requirements were not fully met. Requirements 0.1, 1.23, 2.8, and 2.9 relate to the clear and
understandable communication of information. Although the instructional materials improved clarity,
the evaluation results showed that certain steps and information were still not interpreted clearly by
all participants. Therefore, these requirements were considered only partially met.

Requirement 1.18 relates to explaining the required tools and materials. This information is not
included within the instructional materials. However, the website proposes a sourcing section
containing a list of materials and their functions. This also partially contributes to Requirement 0.2,
which states that makers should have access to the required materials. Although access itself was
not achieved within the scope of this project, a concept to support this was proposed.

Requirements 1.1 and 1.2 relate to makers feeling guided and invited throughout the fabrication
process. Since the complete fabrication journey was not fully evaluated as one continuous process, it
cannot yet be determined whether these requirements were fully met.

Appendix J — Starter Kit Cost Estimation

This cost estimation provides an indication of the products that could be included in the starter kit.
The listed prices are indicative and are partly based on the assumption that certain materials can be
repackaged into smaller volumes where possible.

The estimated total cost of the starter kit would be approximately €286.50, taking into account the
complete fabrication of one clinical task trainer and nine repairs. These repairs assume that only the

bladder cup and vagina components need to be replaced.

Assuming that the task trainer can be used for ten training sessions in total, this results in an
estimated material cost of approximately €28.65 per training setup, based on the materials included

in the starter kit.

Material

Usage initial task trainer (
including ca. 40% loss

Usage for (max.) 9

Total usage

Amount in starterkit

Indicate price

Source (Example)

i LVAT
due to spillage) repairs exe
Silicone Dragon Skin 10 (part A & B) Per partin grams 154
Per component
Bladder cup: 34g A, 34 g B, 17 g Slacker, 6 drops yellow| 48 432
2 Set: h of 450
ots each 0 https://www.formx.nl/products/silicone1/dragon-skin-
Bladder plate: 20 g A, 20 g B, 4 drops yellow| 28 N/A 900 gram Aand 450 gram B 1€ 65,00 series/dragon-skin-10-very-fast——09-kgs.ph
 total 900 of each type series/dragon-skin-10-very-fast----09-kgs.php
Vagina: 25g A, 25¢ B, 5.5 g silicone oils, 6 drops mauve 35 315
Cervix: 5.5 gA, 5,5¢B, 1 drop mauve 8 N/A
Vulva: 25 gA, 25 g B, 6 drops brown 35 N/A
https://www.formx.nl/accessories/silicon-
Slacker 17g (for Bladdercup only) 24 216 240 Flask 450 gram €18,00
miscellaneous/slacker/slacker----500ml.php
- . ) https://polyestershoppen.nl/siliconenrubbetr/siliconenolie-
Silicone oil 5,5¢ (for Vagina only) 8 72 80 Flask 250 ml €10,00
295.html
https://www.benam.co.uk/products/releases-
Release agent spray (1 fles) N/A N/A N/A Spray can 400 ml €16,50
sealers/release-agents-for-mouldmaking-and-casting
Colour pigments mauve 7 54 61 Pot 110 mlL €29,00 https://www.formx.nl/pigments/silcpig/index.php
Colour pigments brown 6 0 6 Pot 110 ml € 23,00 https://www.formx.nl/pigments/silcpig/index.php
Colour pigments yellow 10 54 64 Pot 110 mlL € 26,00 https://www.formx.nl/pigments/silcpig/index.php
. . https://www.disposablediscounter.nl/coffee-to-go-
Plastic or paper cups 5 18 23 30 pieces €1,00
espresso-koffiebeker-120ml-40z-wit?
i . https://www.disposablediscounter.nl/bio-roerstaafje-
Stirring rods 5 18 23 30 pieces €0,10
bamboe-
. https://syntecshop.com/en/poly-plasteline-klei-450-gram-
Sulfate-free clay small cube 1cm”2 1 bloc "450gr €7,50 blok
0
Needle 10 pieces €5,00
Thread nylon 1 spool €4,00
Super glue 4 tubes 4 3 gram €16,00 https://www.toolstation.nl/bison-secondelijm-gel/p94229
- https://www.greendalerubber.nUsiliconenlijm-elastosil-
Silicone glue 1 x tube 90 ml €17,50
€41-90ml
Syringe 50 ml catheter tip used for Bladdercup, Vagina and 3 18 2 22 pieces 23,00 !wltps://wwwmcd\schcvakhandcl.nL/m/bd—ptastlpak—
Vulva injectiespuiten-50ml-3-delig-katheter-tip-60-
https://www.medischevakhandel.nl/n/mediware-
Syringe 20 ml luer tip used for Cervix 1 14 15 16 pieces €4,00 ps vawvme isehevaknandel.ni/nimediware
wegwerpspuiten-20-m(-3-4-0z
For fixing moulds: Bladder cup: 4x M4x40; Cervix: 4x M3x20;
Vagina: 14x M3x20; Vulva: 5x M6x40
https:/A . aleis.n/bouten/buitenzeskant/din-
Bolts M6x40 5 5 7 bolts 1,50 ps://www.rvspaleis.nl/bouten/buitenzeskant/din
6921/din-6921-[-]-a2-[-]-m6/6921-2-6x40_200
https://www.rvspaleis.nl/moeren/zeskant-moeren/din-
Nuts M6 5 5 7 bolts €1,50
934/din-934-[-]-a2/din-934-[-]-a2-[-]1-m6
https://www.rvspaleis.nl/bouten/zaaggleuf/din-84/din-84-[-
Bolts M3 x 20 18 18 24 bolts €4,50
1-a2-[-]-m3/84-2-3x20_1
https://www.rvspaleis.nl/moeren/zeskant-moeren/din-
Nuts M3 18 18 24 €6,00
934/din-934-[-]-a2/din-934-[-]-a2-[-]-m3/934-2-3_1
https://www.rvspaleis.nl/bouten/buitenzeskant/din-
Bolts M4 x 40 5 5 8 bolts €2,00
933/din-933-[-]-a2/din-933-[-]-a2-[-]-m4/933-2-4x40_1
https://www.rvspaleis.nl/moeren/zeskant-moeren/din-
Nuts M4| 5 5 8 nuts €2,00
934/din-934-[-]-a2/din-934-[-]-a2-[-]-m4/934-2-4_1
https:/A .rubb bshop.nU/sili -slang/sili -
Rubber tube (urethra) lenght 6cm, 7mm diameter 1 1 1piece € 3,40 ps WWW [Ubbenvebs op‘n siliconen-siang/siliconen
slang-diameter-7mme-inwendig
Printed instruction books on A4 in colour
Cost of a starter kit for manufacturing 1 task trainer and 9 repairs to it
€ 286,50

N/A = Not applicable | Prices are indicative and are partly based on repackaging into smaller volumes




Appendix K - Graduation Brief

Personal Project Brief — IDE Master Graduation Project

Name student Student number

PROIJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT

Complete all fields, keep information clear, specific and concise

Develop an online platform for production & use of surgical training phantoms in Low and Middle Income Countries
Project title

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

image / figure 1 Current situation. Blue shows the focus of the project.

Introduction
Describe the context of your project here; What is the domain in which your project takes place? Who are the main stakeholders
and what interests are at stake ? Describe the opportunities (and limitations) in this domain to better serve the stakeholder ( END uSeR ’

interests. (max 250 words)

In many low- and middle-income countries (LIMCs) there is limited access to high-quality surgical training and tools. To

address this, the TU Delft Biomedical Engineering for Global Health Lab has developed a ranged of surgical training ONLINE
phantoms, which are models that allow surgeons to practice surgical procedures. These phantoms follow a do-it-yourself PLATFORM
(DIY) approach, to make it easy to produce and use locally. They are affordable, easy to produce, and can be reused several

times. They consist of 3D-printed parts that form the bony structures in combination with silicone compeonents that mimic -— —
human tissue.

The specific training phantom that will be focused on in this project is a phantom developed for a medical condition called as
vesicovaginal fistula (VVF). A VVF is an abnormal connection between the vagina and the bladder, which causes urine
leakage through the vagina [1]. In many LMICs, women develop VVFs as a result of prolonged obstructed labour. Treating
this condition requires a complex surgical procedure that can be challenging to learn [1].

T,
The files and instruction manual to create and use this training phantom are currently available through an open-access 1 r l ]

publication. However, there lies an opportunity to make the instructions to produce the phantom more accessible for the

target group, the makers and users of the phantom. A potential target group could be local makerspace members, hospital

technicians, or small local companies. By providing clearer instructions and support, a broader audience can make the {

phantoms and the end-users (surgeons) can practice the procedure effectively. This could lead to more surgeries being

carried out and, ultimately, more women receiving the care they need.

[1] Voskamp, T., Khisa, W. W., Oosting, R. M, Wiggers, T., & Dankelman, J. (2024). A training phantom for a vesicovaginal
fistula repair with the transvaginal approach. Current Problems in Surgery, 61(8), 101550. https://doi.org/10.1016/

2 Desired situation. Blue shows the focus of the project.
j.cpsurg.2024.101550
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Personal Project Brief — IDE Master Graduation Project

Problem Definition

What problem do you want to solve in the context described in the introduction, and within the available time frame of 100
working days? (= Master Graduation Project of 30 EC). What opportunities do you see to create added value for the described
stakeholders? Substantiate your choice.

(max 200 words)

Currently, the makers of the phantom follow an online instruction manual. However, this manual is incomplete and makers
need guidance and support from others, which iare not present, making it even more difficult to make the phantom.

The process is already challenging sicne producing the phantom involves both 3D printing and silicone molding, requiring the
right materials and equipment. It also includes many steps that must be done in the correct order. For that reason, it is
important that the maker has background knowledge about the purpose for which the phantom will eventually be used.

Through an online platform, it would be passible to provide training, guidance and support to the makers, offering clear
steps and explanations tailored to the target group. This could lower the barrier for them to produce the phantoms, leading
to more production and widespread use and ultimately a greater impact.

The platform could also enable interaction not only between the makers and the platform itself, but also between makers
and end-users, and among end users themselves. However, this project will mainly focus on the makers. Additionally, it can
enable interaction with experts or peers in the field, allowing more knowledge to be shared.

Figure 1 shows the current situation, figure 2 shows the desired situation when an online platform is incorporated.

Assignment

This is the most important part of the project brief because it will give a clear direction of what you are heading for.
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence)

As you graduate as an industrial design engineer, your assignment will start with a verb (Design/Investigate/Validate/Create),
and you may use the green text format:

Create an online platform to guide users for producing the surgical training phantoms in low- and middle-income countries.

-expiafn your project approach to carrying out your graduation project and what research and design methods you plan to
use to generate your design solution (max 150 words)

In this project, | will follow the Double Diamond process, half of the project will be focused on research and the other half on
designing. During the discover phase, | will map out possible current problems, causes and effects by doing literature
research and interviews with stakeholders and experts.

In the define phase | will determine the key issues and | will come up with an interaction vision and a final design goal.

This will be the starting point for the third phase, develop, where designing begins. | will brainstorm, experiment with
prototypes and test with prototypes. Finally, in the deliver phase, | will refine and narrow down the ideas to a final idea
which then will be tested.

Project planning and key moments

To make visible how you plan to spend your time, you must make a planning for the full project. You are advised to use a Gantt
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines.
Keep in mind that all activities should fit within the given run time of 100 working days. Your planning should include a kick-off
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. 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
course activities).

Make sure to attach the full plan to this project brief.
The four key moment dates must be filled in below

o In exceptional cases (part of) the Graduation
Kick off meeting 13 juni 2025 Project may need to be scheduled part-time.
Indicate here if such applies to your project

Part of project scheduled part-time v
Mid-term evaluation 26 aug 2025

For how many project weeks 25

Number of project days per week 4
Green light meeting & 70V 2025

Comments:

Graduation ceremony 5 dec 2025

Motivation and personal ambitions

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are
limited to a maximum number of five.

{200 words max)

I have always found medical topics interesting, even though | don't have the background or expertise in the field. What | like
about this project is that it feels like a meaningful way to contribute to global health. Despite lacking medical knowledge, I'm
curious to see how | can still make an impact through my role as a Design for Interaction student.

On a personal level, | also hope to become more confident in taking the lead on a project and to develop my skills in that
area. Additionally, | want to learn how to keep my perfectionism from becoming an obstacle in projects like this.



