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Abstract 

This paper describes the design and implementation of a new undergraduate/graduate course, 

Haptics, in the robotics engineering curriculum at Dept. of Mechanical, Robotics & Industrial 

Engineering, Lawrence Technological University. The course addresses the increasing demand for 

engineers skilled in immersive technologies by introducing students to haptic interaction, tactile 

perception, and VR system integration. Haptics is the science and technology of transmitting and 

understanding information through the sense of touch, enabling users to experience tactile 

sensations in digital interfaces. In the context of VR, haptics enhances immersion by providing 

realistic touch feedback, allowing users to feel virtual objects and environments as if they were 

physically present. By combining visual, auditory, and tactile cues, VR applications can create 

highly convincing simulations for gaming, training, education, and other fields. The curriculum 

combines theory with hands-on practice, allowing students to develop interactive simulations 

using haptic devices, gloves, and VR headsets. Through interdisciplinary collaboration across 

mechanical, electrical, and computer engineering, students gain experience in haptic 

programming, 3D modeling, and immersive content development. Initial outcomes indicate strong 

student engagement, improved conceptual understanding, and enhanced ability to apply haptics 

and VR to real engineering problems. Industry feedback also highlights the relevance of the course 

in preparing workforce-ready graduates. Overall, the course demonstrates an effective approach 

for integrating emerging immersive technologies into engineering education, supporting 

innovation in applications such as medical training and advanced manufacturing. 

1. Introduction 

The rapid growth of immersive technologies has transformed how humans interact with digital 

environments. Virtual Reality (VR) systems have become increasingly sophisticated, enabling 

users to explore simulated worlds for entertainment, training, education, and design [1]. While 

visual and auditory fidelity in VR have reached near-photorealistic levels, the "immersion gap" 

often remains due to a lack of physical interaction. Haptics - the science of touch feedback - plays 

a critical role in bridging this gap by enabling users to perceive virtual objects, textures, and forces, 

thereby stimulating the somatosensory system to create a sense of "presence" [2]. 

Beyond mere entertainment, haptic integration is becoming a requirement in high-stakes industries 

and educational frameworks. The implementation of haptic devices in educational settings has 

been shown to bridge the gap between abstract concepts and physical intuition, providing a 

multisensory approach that enhances cognitive retention [7]. Furthermore, recent reviews of haptic 

technology emphasize its profound impact on skill development and the enhancement of learning 

abilities, particularly through tactile engagement that fosters deeper conceptual understanding [8]. 

In engineering specifically, the adoption of Extended Reality (XR) and wearable haptics is 

revolutionizing how students grasp complex spatial and mechanical principles [9]. 



In addition to industrial and design applications, the utility of haptic-enabled VR extends deeply 

into specialized educational domains, including primary science education, vocational training, 

and clinical medicine. In the context of school-level learning, visuo-haptic simulations have been 

shown to bridge the conceptual gap in elementary physics by allowing students to physically "feel" 

abstract forces like gravity, friction, and viscosity, which significantly enhances their intuitive 

understanding of physical laws [10]. Moving into vocational education, haptic systems facilitate 

the acquisition of high-precision psychomotor skills, such as surface-mount device (SMD) 

soldering, by providing bimanual feedback that mimics the delicate coordination required for 

industrial electronics assembly [11]. Similarly, the integration of multi-finger haptics into virtual 

instrument interfaces has proven effective in teaching measurement techniques, allowing learners 

to interact with virtual tools with greater fidelity than traditional mouse-based interfaces [12]. In 

the medical field, bimanual simulators for procedures like hand palpation and lumbar puncture 

offer a safe, repeatable environment for trainees to develop the sensitive touch and needle-force 

perception necessary for successful patient outcomes [13]. These diverse applications underscore 

the necessity for an engineering curriculum that prepares students to design such multisensory 

systems across a broad spectrum of human learning and training needs. 

Despite the increasing relevance of haptics and VR, many engineering curricula lack dedicated 

courses that integrate both theoretical foundations and hands-on experience. Historically, haptics 

has been relegated to a secondary topic within broader robotics or HCI courses. However, 

specialized curricula are emerging to address the unique challenges of designing haptic interfaces 

and virtual environments, recognizing the need for a focused pedagogical approach [14]. 

To address this gap, the robotics Department at a small private University developed a new course 

titled Haptics. This course introduces students to the principles of tactile feedback, immersive 

environment design, and human–computer interaction, while providing extensive hands-on 

experience with state-of-the-art devices. This paper describes the motivation, development, 

structure, and implementation of the course, along with early student feedback and examples of 

student work. 

2. Curriculum Design, Learning Objectives, and Development 

In response to the growing demand for multisensory digital interfaces, the Dept. of Mechanical, 

Robotics and Industrial Engineering at Lawrence Technological University has launched a 

comprehensive Haptics and VR curriculum that merges kinesthetic theory with spatial computing. 

The syllabus prioritizes proficiency in industry-standard development environments, specifically 

Unity and Unreal Engine, while leveraging specialized haptic APIs to interface with high-fidelity 

force-feedback hardware. To bridge the gap between abstract perception and physical interaction, 

the course utilizes a "lecture-plus-lab" format (3 credit hours/week). Students engage in the design 

of tactile feedback mechanisms and haptic device architectures, progressing from basic rendering 

to complex system integration [1-4]. This pedagogical structure facilitates a seamless transition 

from theoretical human-perception models to the implementation of immersive VR simulations, 

ensuring students can create responsive, bi-manual, or multi-finger interactive environments [13, 

14]. 



2.1. Student Demographics and Prerequisites 

A defining characteristic of this course is its interdisciplinary composition, drawing senior 

undergraduate and graduate students from Robotics, Mechanical Engineering, Computer Science, 

and Electrical Engineering. Managing this disparate technical background is a core pedagogical 

focus; while Computer Science students may excel in VR software architecture, Mechanical and 

Electrical Engineering students often bring a deeper understanding of actuator dynamics and 

control systems. While the inaugural Spring 2025 offering utilized an open-access policy to foster 

a multidisciplinary 'melting pot' of expertise, future iterations will implement foundational 

prerequisites. These will include basic programming and hardware proficiency to ensure a 

consistent technical baseline for all participants. To accommodate a significant population of 

domestic and international students who manage professional work-study balances, the course is 

strategically scheduled for evening sessions. This inclusive structure provides necessary 

scaffolding, such as modular Unity tutorials, to ensure all cohorts, regardless of their primary 

discipline, achieve a baseline competency in immersive system design [9, 10]. The course 

launched in Spring 2025 with an initial enrollment of 10 students. This first cohort represented a 

balanced mix of academic levels (5 undergraduate and 5 graduate students), though gender 

diversity remained a target for growth with 9 male students and 1 female student. The first offering 

was equally distributed across residency status (50% domestic, 50% international) and academic 

level (50% undergraduate, 50% graduate). 

2.2. Career Pathways and Industrial Relevance 

Mastering the integration of haptics and VR provides students with a distinct competitive 

advantage in the rapidly expanding "Industry 4.0" and "Medical 4.0" sectors. From the 

development of bimanual surgical simulators to the design of haptic-enhanced vocational training 

tools for soldering or industrial assembly, industry demand for engineers capable of designing 

beyond-visual interfaces is surging [11, 12]. By focusing on both tactile feedback principles and 

HCI ethics, the course prepares students to solve complex, high-stakes challenges in teleoperation, 

rehabilitation robotics, and digital prototyping. This curriculum directly aligns with the industrial 

shift toward high-fidelity Digital Twins, where the ability to "feel" a simulation is as critical as 

seeing it. By positioning students at the intersection of mechanical feedback and virtual 

environments, the program secures their path toward leadership roles in robotics R&D and 

immersive technology innovation [7, 8]. 

2.3. Pedagogical Objectives and Competency Mapping 

The primary goal of the Haptics course is to cultivate a dual mastery of theoretical haptic science 

and practical software implementation. Upon successful completion of the curriculum, students 

are expected to demonstrate a deep understanding of haptic device architectures and the 

physiological principles of tactile feedback mechanisms. Beyond theoretical recall, the course 

emphasizes high-level application: students must be capable of architecting immersive VR 

environments using industry-standard engines like Unity or Unreal Engine and integrating these 

with complex haptic APIs and haptic devices like 3Ds Touch Devices [15] 

Furthermore, a significant portion of the learning outcomes is dedicated to the critical analysis of 

Human-Computer Interaction (HCI) principles, ensuring that students can evaluate the usability 

and ergonomic impact of their designs. The synthesis of these skills culminates in a capstone 

requirement where students design and implement a fully functional, interactive haptic or VR-

based system. This project-centric approach aligns with established pedagogical frameworks, 



which suggest that hands-on, hardware-in-the-loop projects are essential for students to internalize 

the complexities of force-feedback stability and user-centric design [16]. 

2.4. Course Framework and Instructional Delivery 

To ensure a balance between conceptual depth and technical proficiency, the course utilizes a 

blended Lecture + Lab delivery model. This structure is partitioned into two distinct phases each 

week: 

▪ Theoretical Foundation (Lecture, 75 minutes/week): These sessions are dedicated to the 

exploration of haptic rendering algorithms, virtual reality fundamentals, and human 

somatosensory perception. Lectures provide the mathematical and physical frameworks 

necessary to understand force-feedback loops and system stability. 

▪ Technical Implementation (Lab, 75 minutes/week): The laboratory component serves as a 

hands-on incubator were students’ interface with physical haptic devices and VR hardware. 

During these sessions, students apply classroom theory to real-world problems using 

specialized simulation tools and software development kits (SDKs). 

The assessment strategy is project-centric, featuring a mid-semester mini-project designed to 

solidify foundational skills followed by a comprehensive, team-based final project. Given the 

unique demographic of the student body, which includes a significant number of international 

students and working professionals, the course is strategically delivered during evening hours. This 

temporal flexibility ensures that students balancing part-time or full-time employment can 

participate in high-touch, collaborative laboratory work without compromising their professional 

commitments. 

2.5. Curriculum Architecture and Implementation 

The curriculum is strategically partitioned into three sequential modules, designed to move 

students from discrete sensory principles to the synthesis of complex, multi-modal immersive 

systems. The tentative course schedule is shown in Table 1.  

Module I: Haptic Fundamentals and Force-Feedback Control 

The initial module establishes the physiological and mechanical foundations of touch. This is 

explored through the lens of Human Haptics, where students study the somatosensory system, 

including mechanoreceptors in the skin and proprioception in muscles and joints [1, 17]. 

Understanding the thresholds of human perception is vital for designing interfaces that feel 

"natural." 

The module then transitions to Machine Haptics, focusing on the design and kinematics of the 

physical interfaces. Students analyze the mechanical properties of impedance-controlled devices 

like the Novint Falcon or Geomagic Touch, as well as the actuators and sensors that facilitate high-

fidelity force exchange [17, 18]. 

Finally, the module introduces Computer Haptics, which involves the algorithms and data 

structures used to calculate interaction forces. Students explore haptic rendering loops, collision 

detection, and the mathematical models required to simulate physical properties like stiffness, 

friction, and damping [2]. A critical challenge addressed here is the stability of the control loop; 



students analyze the sampling rates required for high-fidelity touch (typically 1000 Hz) versus 

visual rendering (60-90 Hz) to avoid "limit cycles" or system instability. 

Table 1: Course schedule 

 

Module II: Spatial Computing and VR Environment Design 

Following the mastery of tactile feedback, the course shifts focus to the visual and spatial 

constraints of Virtual Reality. This module utilizes the Unity engine to teach students the 

fundamentals of 3D modeling and asset integration [19]. Unlike traditional game design, the focus 

here is on interaction design principles—specifically how users manipulate objects in 3D space 

and how visual cues can augment haptic perception (pseudo-haptics). Labs in this module 

prioritize the practical setup and calibration of VR hardware (e.g., Meta Quest or HTC Vive). 

Students develop core competencies in teleportation mechanics, UI/UX design for immersive 

spaces, and performance optimization, which is vital for preventing simulator sickness [20]. 



Module III: Integrated Haptics–VR Synthesis and Evaluation 

The final module represents the pedagogical "capstone," where students synchronize haptic 

feedback with VR events. This requires the tight integration of Computer Haptics with visual 

graphics, solving the "multi-rate challenge" where the high-speed haptic loop must communicate 

seamlessly with a slower visual loop without inducing lag or jitter [21]. Students engage in 

designing immersive training simulations, such as virtual surgical tasks or industrial assembly 

procedures. The curriculum concludes with a rigorous evaluation of User Experience (UX), 

teaching students how to conduct qualitative and quantitative user studies to measure "presence" 

and task performance. This integrated approach ensures that the final team projects are grounded 

in both technical stability and human-centric design [15, 22]. 

3. Student Activities and Project-Based Learning 

The instructional strategy shifts from guided laboratory exercises to independent inquiry through 

a series of structured activities designed to foster both technical proficiency and critical academic 

rigor. 

3.1. Supplemental Assignments and Academic Inquiry 

Beyond the laboratory, students engage in Homework Assignments that serve as conceptual 

bridges between theory and practice. These include short-form programming tasks focused on 

specific algorithms - such as implementing a Proportional-Derivative (PD) controller for haptic 

stability - and literature reviews of emerging immersive systems. To encourage market awareness, 

students perform analytical audits of commercial products, evaluating the ergonomic and technical 

trade-offs in devices like the 3DS Touch Device, HaptX gloves, or UltraLeap mid-air haptics. 

Complementing these tasks are Reading Assignments focused on high-impact research. Each 

student selects a peer-reviewed paper from venues such as the IEEE Haptics Symposium, IEEE 

World Haptics, the Transactions of Haptics, etc. They must present a comprehensive synthesis of 

the research methodology and results, specifically highlighting the relevance to modern 

engineering challenges [23]. 

3.2. Final Course Projects: Haptic-VR Synthesis 

The centerpiece of the course is the Final Team Project, where students operate in interdisciplinary 

squads to architect a functional haptic-VR system. This project mirrors the professional 

engineering lifecycle, requiring a formal proposal, a mid-semester milestone report, and a final 

technical demonstration. 

Project themes often target high-impact domains like medical simulations, assistive systems, 

virtual motor skill training interfaces, etc. As an example, students can work on applying haptics 

and VR for Engineering Education to create virtual labs where students can "feel" the magnetic 

flux of a motor or the stress-strain curves of materials. Similarly, work on developing wearable 

haptic interfaces that allow designers to sense the fit and finish of a digital automotive interior in 

industrial prototyping. 

4. Student Projects Case Studies 



The culmination of the Haptics and virtual reality curriculum was a high-stakes final project where 

student teams applied their cumulative knowledge to solve practical robotics problems. These 

projects demonstrated the students' ability to navigate the complexities of system architecture, 

haptic devices, and interface development. 

4.1. Case Study 1: Haptic‑Enhanced Reinforcement Learning for Robotic Manipulation 

4.1.1. Project Overview and Methodological Approach 
 

 

Figure 1: Haptic‑Enhanced Reinforcement Learning for Robotic Manipulation 

This student project investigated whether simulated haptic feedback could improve reinforcement 

learning performance in a robotic reaching task. As outlined in Figure 1.a,  the students grounded 

their work in the challenge that standard reinforcement learning often struggles with sparse 

rewards and unstable contact dynamics. Using the PyBullet simulator, shown in Figure 1. b, they 

trained a KUKA iiwa arm with Proximal Policy Optimization to reach randomized 3D targets. 

Two agents were developed under identical conditions - one with access to contact‑force 

information and one without - to isolate the effect of haptic‑based reward shaping. The 

haptic‑enabled agent received an exponential contact‑based bonus, translating tactile interaction 

principles into an algorithmic reward structure. Their training and evaluation process, illustrated 

in Figure 1. c, relied on reward‑curve analysis, GUI observation, and exported CSV statistics. This 

design demonstrated the students’ understanding of experimental control, reproducibility, and the 

integration of haptic concepts into computational learning systems. 

4.1.2. Challenges, Adaptation, and Learning Outcomes 

The students encountered several practical challenges, most notably repeated PyBullet GUI 

crashes that limited real‑time evaluation. They adapted by shifting toward data‑driven analysis 



using exported logs, demonstrating resilience and methodological flexibility. They also recognized 

that their initial success‑rate metric was unreliable due to short episode lengths and instead focused 

on reward‑based trends. Through this process, the students developed strong technical 

competencies in simulation, reinforcement learning, and haptic‑based system design, as well as 

soft skills in collaborative problem‑solving and scientific communication. Their ability to 

construct automated training pipelines and interpret multi‑seed results reflects the course’s 

emphasis on reproducible engineering practice. 

4.1.3. Impact, Innovation, and Alignment with Course Goals 

The project’s originality lies in its integration of haptic feedback into reinforcement learning within 

a simulation environment - an area the students correctly identified as underexplored. Their 

findings showed that the haptic‑enabled agent achieved smoother behavior and higher reward 

trajectories, suggesting that tactile information can meaningfully refine policy learning as shown 

in Figure 1.c. This outcome aligns closely with the course’s broader pedagogical goals of 

encouraging students to connect physical interaction principles with algorithmic decision‑making 

and preparing them to contribute to emerging research in haptics and robotics. As a representative 

case study, this project demonstrates how the course structure supports both conceptual 

understanding and practical innovation in multimodal interaction. 

4.2. Case Study 2: A Haptic Device for Visually Impaired Users 

4.2.1. Project Overview and Technical Approach 

 

Figure 2: Haptic‑Enhanced Reinforcement Learning for Robotic Manipulation 

This student project demonstrates how students in the Haptics course applied tactile‑interaction 

principles to a socially meaningful assistive‑technology problem. As outlined in Figure 1, the 

project aimed to design a low‑cost haptic system embedded in a cane to help visually impaired 

users detect nearby obstacles. The system integrates an HC‑SR04 ultrasonic sensor, a coin‑type 

vibration motor, an Arduino microcontroller, and a battery supply. The ultrasonic sensor measures 



distance through sonar pulses, and the Arduino maps the measured distance to a PWM signal that 

modulates vibration intensity. This mapping strategy reflects the course’s emphasis on translating 

physical sensing into meaningful haptic cues. The project’s experiment setup, circuit layout, and 

implementation code demonstrate the student’s ability to integrate hardware, embedded 

programming, and tactile feedback design into a cohesive prototype. 

4.2.2. Challenges, Learning Outcomes, and Pedagogical Impact 

The project highlights several learning outcomes central to the course. Through the design of a 

functional assistive device, the student demonstrated proficiency in sensor integration, actuator 

control, and embedded system development. The advantages and limitations section in their 

project report shows an understanding of real‑world constraints such as narrow detection angles, 

battery limitations, and material‑dependent sensing challenges. The proposed enhancements and 

future improvements, including GPS integration, waterproofing, and multi‑directional sensing, 

reflect the student’s ability to critically evaluate the prototype and envision iterative improvements. 

Overall, this project illustrates how the course fosters practical engineering skills, problem‑solving 

under constraints, and the ability to apply haptic principles to meaningful societal applications. As 

a representative case, it demonstrates the course’s effectiveness in guiding students from 

conceptual understanding to functional, user‑centered haptic system design. 

4.3. Case Study 3: Haptic Music Translator for Inclusive Musical Experience 

4.3.1. Project Overview and Technical Framework 

 

Figure 3: Haptic Music Translator for Inclusive Musical Experience 

This student project explores how haptic technology can serve as a sensory bridge for individuals 

with hearing impairments. As illustrated in Figure 1, the students grounded their work in the 

broader domain of sensory substitution, aiming to convert musical signals into meaningful 

vibrotactile patterns. The system architecture integrates an Arduino UNO Wi‑Fi R4, a MAX4466 

microphone amplifier, and coin‑type vibration motors, forming a compact and low‑cost platform 



capable of real‑time audio‑to‑tactile translation. The workflow is depicted in Figure 1. c, Touch 

Sense by Music, begins with sound acquisition, followed by amplification, threshold‑based beat 

detection, and PWM‑driven actuation. This pipeline demonstrates the students’ ability to translate 

theoretical concepts from multisensory interaction into a functional embedded system. Their 

circuit design and prototype, shown in Figure 1. b, reflect a clear understanding of hardware 

integration, signal conditioning, and actuator control. 

4.3.2. Methodology, Testing, and Learning Outcomes 

The students adopted a structured methodology that progressed from sound capture and analog 

signal processing to threshold calibration and iterative tuning across multiple music genres. Their 

beat‑detection logic, implemented through ADC sampling and conditional motor activation, 

enabled the system to respond reliably to rhythmic peaks. Testing revealed strong synchronization 

between vibration pulses and bass‑heavy beats, confirming the effectiveness of their thresholding 

and PWM strategies. The waveform tuning results further demonstrate their engagement with 

signal analysis and system validation. Throughout the project, the students developed 

competencies in embedded programming, real‑time signal processing, and haptic actuation. They 

also demonstrated reflective engineering practice by identifying challenges such as noise 

sensitivity, motor‑control tuning, and latency, and by proposing future enhancements, including 

wearable integration, multi‑zone feedback, and AI‑based rhythm classification. 

4.3.3. Impact, Innovation, and Alignment with Course Goals 

The Haptic Music Translator stands out as an innovative application of haptic principles to an 

assistive‑technology context, offering a new modality for experiencing music through touch. By 

transforming audio intensity and rhythm into tactile cues, the project embodies the course’s 

emphasis on multisensory design, human‑computer interaction, and inclusive engineering. The 

students’ prototype demonstrates both technical feasibility and social relevance, illustrating how 

haptic systems can expand accessibility and enrich sensory engagement. As a representative case 

study, this project highlights the course’s success in guiding students from conceptual 

understanding to impactful, user‑centered haptic solutions. 

4.4. Students' Project Connection to Broader Course Goals 

Overall, these projects provide strong evidence of the course’s effectiveness in fostering 

interdisciplinary thinking, technical fluency, and research‑oriented problem‑solving. The students 

moved beyond implementing algorithms to critically examining how haptic information influences 

learning, demonstrating both conceptual understanding and practical competence. Their work 

illustrates how the course’s scaffolded structure - combining haptic theory, simulation tools, and 

algorithmic methods - enables students to undertake ambitious, open‑ended projects that bridge 

physical interaction and computational intelligence. As a representative case study, these three 

projects highlight how the course prepares students to contribute meaningfully to emerging 

research areas in haptics, robotics, and human–machine interaction. 

5. Implementation Analysis and Early Results 

The inaugural offering of the course provided significant insights into the pedagogical efficacy of 

integrating haptics into the robotics and mechatronics curriculum. 



5.1. Student Outcomes and Industry Feedback 

Initial qualitative data and student self-assessments indicated a marked increase in interdisciplinary 

confidence. Students with mechanical backgrounds reported a significant reduction in "software 

anxiety" after mastering Unity-based haptic integration, while computer science students gained a 

new appreciation for the physics of hardware-in-the-loop systems. 

Industry stakeholders have validated this approach, citing a critical need for engineers who 

understand the nuances of low-latency system integration. Partners in the aerospace and medical 

device sectors noted that graduates from this program possess a unique "systems-thinking" mindset 

that is essential for the next generation of teleoperation and simulation-based training [12, 24]. 

5.2. Evaluation Metrics and Academic Performance 

To quantify the impact of the new curriculum, the instructor conducted comprehensive pre- and 

post-course surveys alongside traditional grading metrics. The pre-course survey revealed a 

significant baseline gap: while 70% of students had previously utilized VR headsets for 

entertainment, only 15% were aware of the distinction between impedance and admittance control 

in haptic hardware. Furthermore, only 12% of the cohort felt comfortable managing multi-threaded 

programming or synchronizing high-frequency haptic loops (1000 Hz) with standard physics 

engines. 

By the conclusion of the semester, the post-course survey indicated a dramatic shift, with over 

85% of students reporting high confidence in architecting stable force-feedback interactions and 

debugging synchronization jitter. Academic performance reflected this growth, with the class 

achieving a mean grade of 86.8%. A granular analysis of these grades showed that students 

demonstrated particular strength in Computer Haptics and virtual environment design, achieving 

high marks in collision detection and scene optimization within Unity. 

Data indicates a 12% performance delta between simulation-based tasks and physical hardware 

integration. While students achieved near-perfect scores (95%) in virtual spring-damper rendering, 

they encountered a "reality gap" when addressing challenges in physical device calibration and 

hardware-induced latency [25]. Additional data suggests that the interdisciplinary team structure 

played a vital role; teams composed of both Computer Science (CS) and Mechanical Engineering 

(ME) backgrounds scored 10% higher on average in the final project than homogeneous teams. 

This suggests that the "Human-Machine-Computer" modular approach effectively scaffolded the 

learning process, allowing ME students to contribute deep domain knowledge in kinematics while 

CS students optimized the software architecture [9]. Mastery of the haptics control system 

principles was essential for stabilizing communication between the haptic device and the virtual 

world, particularly in complex multi-contact scenarios [26]. 

5.3. Pedagogical Challenges and Future Iterations 

Despite the high engagement, the course highlighted three primary challenges: 

a) Software Thresholds: Students without a C# or C++ background faced a steep learning 

curve in the first four weeks. 

b) Hardware Throughput: The 1:1 ratio of students to haptic devices is difficult to maintain 

as enrollment scales, leading to "debugging bottlenecks." 



c) Synchronization Latency: Debugging the timing jitter between the haptic thread (1000 Hz) 

and the VR physics thread proved to be the most persistent technical hurdle for student 

teams. 

To address these, future iterations will implement a Pre-semester Unity/C# programming 

Bootcamp and expand the use of high-fidelity haptic simulators that allow students to test their 

code in a virtualized hardware environment before moving to physical kits. These improvements 

aim to maximize the time spent on high-level design and innovation [27]. 

6. Conclusion 

The integration of Introduction to Haptics and VR into the engineering curriculum represents a 

significant advancement in preparing students for emerging technologies. The course provides a 

strong foundation in both theoretical and practical aspects of haptics and VR, enabling students to 

design immersive, interactive systems. Early results indicate strong student engagement and 

improved technical proficiency. As industries increasingly adopt immersive technologies, this 

course ensures that graduates are well-prepared to contribute to cutting-edge applications in 

engineering, healthcare, manufacturing, and beyond. 
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