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Abstract

This thesis investigates how varying levels of visual detail in virtual reality (VR) learning

environments influence user experience and learning outcomes in the context of the

Millikan oil-drop experiment. Three versions of the same simulation were developed

using Blender and Unity, differing only in environmental detail: a low-detail minimal

room, a medium-detail classroom and a high-detail laboratory. A user study with 30 engi-

neering students evaluated learning performance, perceived workload, user experience,

sense of presence, and perceived environment quality using standardized instruments

(NASA-TLX, UEQ, and IPQ), the custom-designed VR Environment Questionnaire and

pre- and post-knowledge tests. Results showed that all environments significantly im-

proved participants’ conceptual understanding of the experiment. The medium-detail

environment achieved the highest learning gains and lowest workload, suggesting that

moderate realism provides an optimal balance between clarity and engagement. Higher

detail increased immersion and enjoyment but also slightly raised perceived workload

without improving learning outcomes. These findings highlight that in educational

VR, cognitive efficiency depends more on purposeful visual design than on maximum

realism, offering practical implications for the development of future virtual laboratory

environments.
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Thema
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Aufgabenstellung

Virtual Reality (VR) offers new opportunities for immersive and interactive learning

experiences. In science education, and particularly in physics, VR can help visualize abstract

experiments and enhance user engagement.This thesis focuses on the design,

implementation and evaluation of a VR-based simulation of the Millikan oil-drop experiment.

The core objective is to investigate how different levels of visual detail in the surrounding

virtual environmentinfluence user experience and learning outcomes.

The simulation will be developed using Blender for 3D modeling and Unity for interaction

logic and VR integration. The same experimental setup will be embedded into three separate

environmentsof increasing complexity (low, medium and high detail), allowing a structured

comparison between minimalist and highly immersive settings. The final stage of the thesis

involves conducting a user study with participants whowill experience the VR environments

and complete a short survey or questionnaire. The collected data will be used to answerthe

research question:

“How doesthelevelof visual detail in a VR learning environmentaffect user experience

andlearning outcomes whensimulating the Millikan oil-drop experiment?”

This investigation of level-of-detail in VR learning environmentsis not limited to physics

experiments;it is likewise applicable to medical technology and engineering education,

where complex experimentscan also be delivered in VR for educational purposes.
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- Design and conduct a user study with participants experiencing all three environments

- Prepare and apply a survey or questionnaire to measure user experience and learning

outcomes

- Analyze the results to answerthe research question
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1 Introduction

1.1 Motivation

Understanding complex experiments in physics often requires more than theoretical

explanations. Many setups involve abstract concepts or complex equipment that students

struggle to visualize through textbooks or lectures alone. A prime example is the Millikan

oil-drop experiment, a fundamental part of physics education, yet dif�cult for learners to

comprehend intuitively.

Virtual reality (VR) offers a promising solution by providing immersive and interactive

simulations that allow students to engage with experiments in a �rst-person perspective.

By enabling active participation and spatial exploration, VR can help make abstract

content more accessible, enhance understanding and increase learner motivation. These

advantages make VR an increasingly attractive tool for educational settings [1,2].

However, the surrounding virtual environment itself can signi�cantly in�uence the

effectiveness of learning. The level of visual detail (such as the presence of posters,

furniture, objects, distractions or even subtle animations) affects how focused, immersed

or distracted users feel [3]. While realistic environments may strengthen engagement

and presence, they may also raise cognitive load and divert attention from the actual

learning objectives. This issue is not limited to virtual environments. In traditional

classrooms and laboratories, distractions such as background noise, visual clutter or

unnecessary materials can also impact learning. Therefore, the question is not simply

whether detail enhances realism or well-being, but whether detail supports learning, and

at what point it becomes too distracting [3,4].

While prior studies have explored interactivity and instructional design in VR, the role of

environmental complexity has received considerably less attention [5]. This is especially

relevant in scienti�c learning scenarios, where cognitive demands are already high and

overloaded visual settings may hinder rather than enhance learning outcomes [4].

This thesis is motivated by the need to better understand how different levels of environ-

mental detail in VR affect both user experience and learning performance, especially in

the simulation of abstract scienti�c experiments.
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1 Introduction

1.2 Aim of the Thesis

This thesis aims to answer the question: How does the level of visual detail in a VR

learning environment affect user experience and learning outcomes when simulating the

Millikan oil-drop experiment? To explore this, a VR simulation of the experiment will be

created and placed into three different environments:

• A low-detail space with minimal distractions.

• A medium-detail classroom setting.

• A high-detail laboratory �lled with visual objects.

User testing will be conducted to evaluate how each environment in�uences cognitive

load, sense of presence, user experience and comprehension of the experiment. These

dimensions will be measured using standardized questionnaires and a structured knowl-

edge quiz.

It is important to note that this study focuses exclusively on visual distractions to

isolate their effects on learning and user experience. Other potential sources of dis-

traction (such as background noise, sound effects or the presence of virtual characters)

are deliberately excluded from this investigation. Addressing these additional sensory

and social factors would be an interesting direction for future research, as combining

multiple types of distractions could make it more dif�cult to identify the speci�c impact

of visual complexity alone.

1.3 Structure of the Work

This thesis is structured as follows:

Chapter 2: Background and Related Work

Provides the theoretical foundations and relevant prior research. It introduces the

Millikan oil-drop experiment, virtual reality concepts, applications of VR in physics

education and insights from learning psychology related to visual detail.

Chapter 3: VR Environment and Experiment Design

Describes the design of the experiment and the concept behind three virtual environments

with varying levels of detail: low, medium and high.

Chapter 4: Implementation

Explains the technical realization, including the 3D modeling process in Blender and the

integration of interaction logic in Unity for VR deployment.

5



1 Introduction

Chapter 5: Evaluation

Details the design of the user study, the data collection method and presents the results

gathered from participants.

Chapter 6: Conclusion

Summarizes the main �ndings, discusses them in relation to the research question and

outlines possible directions for future work.
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2 Background and Related Work

In this chapter, the theoretical and empirical foundations relevant to this thesis are

presented. It begins with an overview of the Millikan oil-drop experiment, detailing its

historical signi�cance, experimental setup and educational relevance. This is followed

by a discussion of Virtual Reality (VR), including its pedagogical potential, applications

in physics education and considerations for effective instructional design. Finally, the

chapter explores the role of visual detail in VR environments from a learning psychology

perspective, highlighting how realism, cognitive load and user engagement interact to

in�uence learning outcomes.

2.1 The Millikan Oil-Drop Experiment

The Millikan oil-drop experiment, conducted by Robert A. Millikan in 1909, is one of

the most iconic experiments in physics. Its goal was to measure the elementary electric

chargee by observing the motion of charged oil droplets in a controlled electric �eld. The

experiment con�rmed that electric charge is quantized, existing only in integer multiples

of a fundamental unit [6].

The setup consists of two horizontal, parallel metal plates with a distance between

them, creating a uniform electric �eld when a high-voltage DC power supply is applied.

Between these plates, a �ne mist of oil is sprayed using an atomizer. A small hole in

the upper plate allows the oil droplets to pass through and enter the viewing region

between the plates. Some of the droplets become electrically charged due to friction or

by exposure to an ionizing radiation source, such as X-rays. The entire setup is enclosed

in a transparent chamber, often with a microscope or telescopic eyepiece mounted hori-

zontally to allow observation of individual droplets. An adjustable light source is used to

illuminate the droplets, enhancing their visibility against a dark background [7].

The experiment relies on balancing the downward gravitational force and the upward

electric force on a single droplet. By �nely tuning the electric �eld, it is possible to

suspend a droplet in mid-air. At this point, the forces are in equilibrium, and the charge

on the droplet can be calculated as:

q =
mg
E

7



2 Background and Related Work

where q is the electric charge on the droplet, m is its mass,g is the gravitational accel-

eration and E is the strength of the electric �eld (determined by the voltage and plate

separation) [6].

To determine the massm, Millikan used the droplet's terminal velocity in the absence

of an electric �eld, applying Stokes' law to estimate the radius of the droplet from its

falling speed through air [6,7]. Combining the measurements under different conditions

allowed him to deduce the discrete nature of electric charge.

The precision and clever design of the Millikan experiment made it a foundational

study in modern physics and experimental methodology. Its relatively simple compo-

nents make it a popular subject in physics education, although the physical setup and

interpretation remain challenging for many students without visualization tools [8].

2.2 Virtual Reality

Virtual Reality (VR) refers to a computer-generated simulation of an interactive, 3D

environment that users can explore and manipulate in real time. Typically experienced

through head-mounted displays (HMDs) and motion-tracked controllers, VR allows

users to perceive and interact with digital spaces as if they were physically present

within them [1,9]. This immersive quality is often achieved through the integration of

stereoscopic visuals, spatial audio and natural user interfaces, all of which contribute to

a compelling sense of presence, the psychological state in which individuals feel located

within the virtual environment rather than the physical world [9,10].

One of VR's de�ning features is its ability to provide embodied experiences that en-

gage users in active exploration and sensorimotor interaction [11]. Unlike traditional

screen-based media, VR supports spatial navigation, object manipulation and real-time

feedback, which are critical for learning in domains that involve spatial reasoning or

skill-based knowledge [2]. As such, VR is particularly well suited for educational contexts

where physical experimentation, abstract concepts or complex systems are dif�cult to

observe or replicate in real life [11].

The educational potential of VR is grounded in several theoretical foundations, including

constructivist and experiential learning theories [12]. According to these perspectives,

learners construct knowledge through direct experience and contextualized action. VR

supports this process by offering controlled, repeatable and interactive environments

in which learners can test hypotheses, visualize outcomes and receive immediate feed-

back [11,12]. Additionally, the multisensory nature of VR has been shown to support

8



2 Background and Related Work

deeper engagement and memory retention compared to traditional instructional meth-

ods [11].

Another important consideration in VR design is the level of visual �delity, the de-

gree to which the virtual environment realistically resembles the real world. While

high-�delity environments may enhance immersion and presence, they can also increase

cognitive load or distract from learning goals [13]. Therefore, the effectiveness of VR

applications in education often depends on how visual complexity, interactivity and

instructional design are balanced to support speci�c learning outcomes [14].

Recent advances in software platforms such as Unity and Unreal Engine, as well as

the increasing availability of affordable VR hardware, have made the development of

educational VR applications more accessible. This has led to a surge in research exploring

VR's impact across a wide range of �elds including medicine, engineering, architecture

and natural sciences [9]. Systematic reviews have highlighted the growing body of

evidence supporting VR's role in enhancing student motivation, improving conceptual

understanding and fostering positive learning attitudes [1].

2.2.1 VR in Physics Education

Physics education frequently involves abstract concepts and phenomena that are dif�cult

to visualize or access in real-life classroom environments, such as electric �elds, quantum

effects or microscopic particles. These limitations can hinder intuitive understanding

and engagement, particularly when learners cannot directly observe or interact with

the phenomena being studied. This makes it particularly suited for virtual reality (VR)

applications, which can simulate invisible processes and provide immersive, hands-on

experiences that traditional methods cannot offer [1,15].

Numerous studies have shown that VR-based instruction can enhance students' concep-

tual understanding, engagement and motivation [2,16]. Wang et al. [15] reviewed 45

empirical studies and found that virtual experiments were most commonly used to sup-

port mechanics and electricity topics, where learners could interactively explore variables

and visualize outcomes in real time. These simulations also help reduce the limitations

of traditional experiments, such as equipment cost, safety risks or time constraints [15].

Furthermore, immersive VR enables multisensory interaction and embodied learning.

Learners are no longer passive observers but can manipulate equipment, change pa-

rameters and receive immediate feedback through spatial interaction [16, 17]. This

embodied form of learning has been associated with improved spatial reasoning and

9



2 Background and Related Work

long-term memory, particularly in topics involving dynamic or 3D processes [11]. In this

context, VR also supports diverse learning preferences, visual, auditory and kinesthetic,

by combining stereoscopic graphics, sound and physical engagement [1,16,17].

These bene�ts extend into higher education, where VR has been shown to improve

students' scienti�c thinking skills and self-ef�cacy, with a study by Villada Castillo et

al. [16] demonstrating that undergraduate physics students using immersive VR environ-

ments performed signi�cantly better in terms of conceptual understanding and reported

a higher sense of presence and satisfaction compared to control groups using traditional

media.

Instructional design plays a crucial role in the success of VR-enhanced learning. Well-

structured tasks, user guidance and cognitive scaffolding are essential to prevent cogni-

tive overload and ensure effective learning [11]. This is especially important in physics,

where learners can become overwhelmed by interacting with too many variables or

overly realistic simulations. Research emphasizes the need for balancing visual realism

and usability to create effective VR learning environments [1,17].

Moreover, integrating VR in physics education contributes to a shift toward inquiry-

based and experiential learning. According to the review by Georgiou et al. [17], VR

fosters students' scienti�c exploration skills by allowing them to test hypotheses, conduct

experiments safely and observe physical laws unfold in real time. This supports construc-

tivist learning principles, where knowledge is actively constructed through interaction

and re�ection.

A concrete example of this approach can be found in the work of Tarng et al. [18],

who developed a series of virtual reality modules for teaching modern and quantum

physics, including a fully interactive implementation of the Millikan oil-drop experiment.

In their simulation, learners could adjust the electric �eld strength to suspend charged

droplets in mid-air and calculate the elementary charge based on the balance between

gravitational and electrical forces. The authors reported that students using the VR

modules demonstrated higher learning gains, stronger motivation and lower cognitive

load compared to those using conventional teaching materials. This �nding highlights

how immersive VR environments can make invisible physical processes (such as the mo-

tion of charged particles) directly observable and manipulable, thereby fostering deeper

conceptual understanding and engagement. While Tarng et al. [18] focused primarily on

comparing VR with traditional learning methods, the present thesis extends this line of

research by systematically varying the level of visual detail within the VR environment

itself to examine its speci�c impact on user experience and learning outcomes.

10



2 Background and Related Work

In addition to academic research, commercial VR platforms are also implementing

classic physics experiments in immersive form. For example, VRLab Academy [19]

offers a fully virtual version of the Millikan oil-drop experiment, where learners can

spray charged oil droplets, adjust the voltage between capacitor plates, observe the

droplets suspended in an electric �eld and compute the value of the electron's charge

based on balanced forces. According to the platform description, the simulation allows

measurement of voltage, droplet temperature, �eld strength and charge quantisation in a

3D lab setting. This demonstrates how immersive VR can replicate historically signi�cant

experiments with realistic procedural control and measurement capability. However,

since this implementation is primarily a commercial product rather than a research

study, it lacks detailed published empirical �ndings on how its levels of visual realism

or user experience variations affect learning outcomes. The present work combines the

educational potential of VRLab-style environments with a controlled investigation of

how environmental visual detail in�uences cognitive load, presence and performance.

In summary, VR provides a unique platform for physics education by transforming

abstract concepts into experiential learning scenarios. When designed thoughtfully, VR

environments can not only supplement but enhance traditional instruction by offering

students immersive, interactive and educationally rich experiences.

2.3 Level of Detail and Learning Psychology

The level of visual detail in virtual environments plays a crucial role in shaping user

experience, cognitive processing and learning outcomes. In educational VR applications,

detail refers not only to geometric complexity and texture realism, but also to the richness

of environmental cues, interactivity and sensory feedback. While high levels of detail

can increase realism and immersion, they may also impose higher cognitive demands on

learners, potentially diverting attention from essential learning tasks [20,21].

From a learning psychology perspective, the relationship between visual detail and

learning effectiveness can be explained usingCognitive Load Theory(CLT). According

to CLT, working memory has a limited capacity; excessive sensory input can result in

extraneous cognitive load, which interferes with the processing of relevant instructional

material [14]. In VR-based physics education, where learners may already be managing

complex conceptual information, excessive environmental detail can overload cogni-

tive resources. Wen et al. [14] demonstrated that attentional guidance methods in VR

laboratories, such as visual highlights or reduced background complexity, signi�cantly

lowered cognitive load and improved academic performance, indicating the importance
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2 Background and Related Work

of managing detail in instructional design.

However, reducing detail indiscriminately can diminish learners' sense of presence

and engagement. Kunz et al. [22] showed that immersive VR environments with care-

fully integrated visual realism improved both perceived realness and user motivation,

provided that the complexity was aligned with the instructional goals. Similarly, Schrader

et al. [23] found that hands-on VR training environments enhanced virtual presence,

learning-centered emotions and cognitive engagement when the level of visual and

interactive detail supported task relevance.

Spatial knowledge development is another critical factor in�uenced by visual detail.

Cubukcu [20] demonstrated that higher visual detail improved users' ability to navigate

and recall spatial layouts, particularly in complex environments. In physics VR scenarios,

such as virtual laboratories or experiments, appropriate detail in spatial cues can aid

learners in understanding equipment arrangement, experimental procedures and spatial

relationships between components.

At the same time, research by Newman et al. [21] highlights that realism in virtual

environments can enhance environmental engagement but must be balanced against the

potential for distraction and increased processing demands. This suggests that optimal

VR learning environments should feature a level of detail that supports presence and

spatial understanding while minimizing irrelevant visual complexity.

In summary, the design of VR physics education environments should carefully bal-

ance realism and cognitive load. High-�delity visuals can enhance immersion, spatial

learning and motivation, but their bene�ts depend on alignment with learning objectives

and the cognitive capabilities of learners. Thoughtful management of detail, through

attentional guidance, task-relevant realism and purposeful simpli�cation, can create VR

experiences that are both educationally effective and psychologically sustainable.
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3 VR Environment and Experiment Design

In this chapter, the focus is on explaining what was designed for the virtual simulation

and the reasoning behind each design decision. It begins with the modeling of the

Millikan oil-drop experiment and continues with the creation of three distinct virtual

environments that differ in their level of visual detail. Each element, from spatial layout

to visual realism and interactivity, was intentionally crafted to support clarity, immersion

and experimental control. By describing both the design of the experiment and its

surrounding environments, this chapter lays the groundwork for understanding the

educational and experiential intentions behind the simulation. All textures and materials

used in the modeling process were sourced from the online BlenderKit library [24],

which provided high-quality, ready-to-use assets that enhanced the visual realism of the

simulation.

3.1 The Millikan Oil-Drop Experiment Design

To visualize and simulate the Millikan oil-drop experiment in a virtual environment, a

realistic and interactive 3D model of the experimental setup was created using Blender.

Figure 3.1 shows the full virtual setup created for the simulation.

Figure 3.1: Full 3D model of the Millikan oil-drop experiment setup.

13



3 VR Environment and Experiment Design

The setup consists of a vertically oriented transparent cylindrical chamber, enclosed by

two white plates at the top and bottom. The transparent material allows the user to

observe what is happening inside the chamber without relying on a traditional micro-

scope or external light source. This choice is intended to enhance the immersive learning

experience by allowing users to freely explore the experiment without being limited

by speci�c viewing instruments, and to ensure that the external environment remains

visible as part of the study's focus on visual context.

Inside the chamber are two horizontal plates made of metallic material, represent-

ing the positively and negatively charged components of the experiment. The upper plate

is colored red to indicate a positive charge and includes a hole in the center through

which the oil drops pass into the electric �eld. The lower plate is colored blue to re�ect a

negative charge. Both plates are connected to a high-voltage DC power supply, which

provides the electric �eld required for the experiment. To simulate this connection,

cables were modeled as part of the plates' geometry. Each cable is made of black silicone

material and ends in a plug-like connector, visually inspired by real-world banana plugs

used in laboratory setups. To help users recognize which cable is connected to which

plate, a small red mark is added to the connector leading to the red (upper) plate and a

blue mark to the one connected to the blue (lower) plate. Overall, the color choices on

both plates and cables serve not only to enhance realism but also to act as cognitive cues,

reinforcing the user's understanding of how the setup functions.

An X-ray source is positioned between the plates. This component includes a small

light source to represent the emission of ionizing radiation, which electrically charges the

falling oil drops. While the visual representation is simpli�ed, it conceptually conveys the

function of ionization to the user. The source itself is designed as a minimal, cylindrical

metallic element to avoid distracting from the core experiment and to keep the user's

focus on the behavior of the charged droplets rather than on technical complexity.

Attached to the side of the chamber is a mechanical atomizer, which was speci�cally

designed to allow users to interact with it in the VR environment and spray oil drops

into the chamber. To simulate this, an animation of falling oil droplets was created in

Blender, which is triggered when the user presses the atomizer. Once activated, droplets

appear inside the chamber, falling through the hole in the top plate and entering the

electric �eld region, where they are in�uenced by gravitational and electrical forces.

The power supply is modeled in a classic analog style with a rotatable knob, which

users can grasp and turn to adjust the voltage between the plates. Warning labels for

electricity and �re hazard have been added to make the device appear more realistic
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and to simulate the sense of working with potentially dangerous laboratory equipment.

To reinforce this retro appearance, a black, slightly faded metal material was used for

the power supply's body, giving it a worn, industrial look reminiscent of traditional lab

equipment. On the top panel, two connector sockets were also modeled to receive the

cable plugs (one marked with red and the other with blue) visually indicating polarity

and reinforcing the physical link between the plates and the power source.

This design intentionally simpli�es certain elements, such as omitting a physical micro-

scope and replacing it with transparent chamber walls, to align with the study's goal

of evaluating how different environmental contexts, not visual complexity inside the

apparatus, in�uence user experience. Each design decision was made to balance physical

accuracy with interactivity and clarity for learners in a virtual environment.

3.2 VR Environment Design Approach

To enable a fair comparison across conditions, a single base room was modeled and

reused for all three environments. The room includes only the essential architectural

elements: a neutral �oor, four plain walls, a simple ceiling and one door. Beyond this

shared shell, additional elements (e.g. furniture, posters, windows, tools) are added or

omitted according to the targeted level of environmental detail.

3.2.1 Low-Detail Environment

The low-detail environment, shown in Figure 3.2, is a simple and minimalistic space.

It uses the shared base room with a single table centered in the room and the Millikan

apparatus placed on top. No other furniture or props were modeled.

Figure 3.2: Low-Detail Environment.
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The goal of this condition is to create a distraction-free space that isolates the experiment

and keeps attention on the required interactions. By removing nonessential cues, this

setting aims to minimize extraneous cognitive load and provide a baseline for comparison

with the medium- and high-detail conditions, where only the surrounding detail is

increased [14,21].

3.2.2 Medium-Detail Environment

The medium-detail environment, shown in Figure 3.3, reuses the shared base room but

is furnished to resemble a typical school or university classroom. Rows of lab tables with

sinks and stools are arranged with a central aisle; a whiteboard and wall clock are placed

on the front wall; and blue curtains line the side wall. Light desk items (e.g., papers,

notebooks, a pen holder) are scattered on some tables to convey everyday use. The

Millikan apparatus sits on the teacher's table at the front so the user stands facing the

class while operating the experiment. Materials and colors are realistic but restrained,

and lighting remains static.

Figure 3.3: Medium-Detail Environment.

The goal of this environment is to provide a realistic, familiar context that increases

presence and naturalness while keeping visual complexity moderate so attention remains

on the experiment. This condition serves as a midpoint between the distraction-free

low-detail room and the richer high-detail setting, allowing us to examine how adding

everyday classroom detail affects focus, cognitive load and user experience [14,21].

3.2.3 High-Detail Environment

The high-detail environment, shown in Figures 3.4 and 3.5, reuses the same base room

but is modeled as a fully equipped laboratory. The space contains L-shaped tables and

two rows of tables; cabinets, three wall posters, �rst-aid signage, two �re extinguishers,

an AC unit, plant and two windows. Worktops are populated with varied lab equipment

(e.g., microscopes, power supplies, test tubes), multiple desktop computers, stationery,

books and notebooks, trash cans and other small objects. The Millikan apparatus is placed
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