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Instructional Team 
● Professor: Dr. Michael Nebeling (nebeling@umich.edu) -- https://mi2lab.com 
● GSI: Liwei “Alan” Wu (wuliwei@umich.edu) 

Classes 
● Fridays 9-11.50am EST 
● Zoom: https://umich.zoom.us/j/94856322377 
● Slack: Registration needs to happen via https://slack.si.umich.edu. Then, if you are 

registered and Canvas and opted into Slack, you should be automatically added to the 
channel: #si_659_001_wn_2021. 

Michael’s Office Hours 
● Tuesdays 9.30-10.30am EST on Zoom: https://umich.zoom.us/j/9137361944 (take an 

appointment slot!) 
 
Alan’s Office Hours 

● Monday 11am-12pm EST on Zoom: https://umich.zoom.us/j/98086536131 (please 
pre-post your questions in the signup sheet) 

Course Description 
This course will focus on creating augmented reality (AR) and virtual reality (VR) interfaces that 
blend or substitute elements of the physical world with digital content. Given that AR/VR 
technologies have a high technical barrier of entry and are so rapidly evolving, the course will 
introduce you to methods and tools to mitigate these issues. You will learn how to approach 
technical problems in interaction design, to systematically study requirements, and balance 
technological limitations. The more programming experience you have, the better--ideally you 
have previously developed interactive applications with JavaScript. This course is structured 
into a series of research and development assignments, introducing you to methods and tools 
to work with emerging AR/VR technologies, developing a conceptual understanding of them, 
and leading up to a final course project that you will develop and implement over several weeks. 
 
Check out the Frequently Asked Questions section at the end of the document 

Prerequisites 
SI 582 (Intro to Interaction Design), plus SI 506 (Programming), SI 539 (Complex Websites) 

Strongly recommended 
● My introductory course (Intro to AR/VR) 
● Additional experience with JavaScript beyond SI 539 such as Professor Steve Oney’s 

new course, SI 579   
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Other Requirements 
Ideally, you have access to a VR device like Oculus Quest or Google Cardboard for the VR 
assignments and access to an Android or iOS smartphone for AR assignments. You will also 
need a Windows or MacOS computer for development with administrator access for installing 
tools and sufficient disk space for installing Unity and Unreal. 

Learning goals for this course 
[A = Awareness, L = Literacy, C = Competence, M = Mastery] 

1. Understand the differences in AR/VR concepts and technologies [C] 
2. Have hands-on experience of AR/VR development approaches [M] 
3. Design and develop effective AR/VR applications using state-of-the-art tools [M] 
4. Evaluate usability of AR/VR applications and critique their use of AR/VR capabilities [C] 
5. Compare AR/VR to other approaches; match technology to needs and use cases [C] 
6. Articulate trends and trajectories in current and future AR/VR systems [C] 

How learning goals are addressed 
The course focuses on development activities with and for state-of-the-art technologies using 
JavaScript (or the Unity 3D platform). There are four 2-week agile dev sprint assignments: (1) 
cameras and motion sensing techniques, (2) device tracking and environmental understanding, 
(3) controller input, and (4) gesture recognition for AR/VR. These step by step assignments will 
provide the basis for the final course project in which you will develop a working interactive 
AR/VR system prototype that addresses a larger design or/and technical problem.  
 
The course starts with an introduction to key concepts such as the virtuality-reality continuum 
and its mediality extensions as well as levels of immersion (should be known from my Intro to 
AR/VR course). You will first learn about key components of AR/VR systems and then how they 
are implemented, as well as how implementations differ, in the various existing technologies 
and tools. In the final portion of the course, you will build on these earlier assignments and 
complete a working prototype of an AR/VR system as your final project. There will be hands-on 
tech demos of technologies and tools in class, and you will be given access to devices as much 
as possible (depending on the size of the class, you may be given access to the Nebeling Lab in 
3356 NQ, which features a wide variety of devices, to work on their assignments and final 
project). Issues and trends surrounding AR/VR systems will be discussed throughout and there 
will be a special topics session in the end. Based on peer evaluations of assignments and the 
final project, you will develop your ability to critique AR/VR systems and choose appropriate 
methods and tools to develop effective AR/VR experiences. 
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Accessible Teaching and Learning Environment 
I know about myself that I can be a demanding instructor and adviser, but that is because I want 
you to be able to explore and reach your full potential, and I always try to be fair. My main goal is 
to create an accessible environment for teaching and learning, be it in my classroom or in 
independent studies. I acknowledge that each of us comes to class with different assumptions, 
values, and opinions. Rather than being in the way, however, I see such differences as valuable 
starting points for building the community I hope we build over the course of the semester. 
 
If you ever find any aspect of the course creating a barrier to you achieving your learning goals 
and objectives, I would really like you to talk to me. This can happen anytime, in person, via 
email (nebeling@umich.edu), or via an anonymous note in my mailbox (4377 North Quad). 
 
I also want to let you know about the following places that might help you find the School of 
Information, and the University at large, more accommodating: 
 

● MSI Advising: Sarah Regan (sargiero@umich.edu) 
● Office of Academic and Student Affairs (OASA): 333 Maynard (5th floor, Collegian 

building, which is located next to the Maynard entrance to Nichols Arcade) 
● Counseling and Psychological Services (CAPS): (734) 764-8312 
● Psychiatric Emergency Services (U of M Hospital): (734) 996-4747 
● Sexual Assault Prevention and Awareness Center (SAPAC) 24-Hour Crisis Line: (734) 

936-3333 
● Services for Students with Disabilities (SSD): (734) 763-3000 
● Sweetland Center for Writing: https://lsa.umich.edu/sweetland/undergraduates.html 
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Lecture Schedule 

   

Wk  Topic  Date 

1  Intro to AR/VR + Quiz 0: Basics 
Welcome, What is XR?, How to Get Started 

22 Jan 

2  3D Interfaces with A-Frame/Unity + Assignment 1: 3D 
XR Approach, Making the Jump from 2D to 3D, First Steps 

29 Jan 

3  XR Development Foundation (ECS, Bolt, XRI/MRTK, etc.) 
XR Toolbox, What Doing XR Involves, XR Process 

5 Feb 

4  Basic & Immersive VR + Assignment 2: VR 
VR Concepts & Technologies, Designing VR, VR Design Case Study 

12 Feb 

5  Developing VR Interactions + Quiz 1: VR 
Menus & Navigation, Object Selection & Manipulation 

19 Feb 

6  Marker-based & Marker-less AR + Assignment 3: AR  26 Feb 

7  Developing AR Interactions + Quiz 2: AR  5 Mar 

8  Doing Your XR Project + Project Assignment  12 Mar 

9  Accessibility + Privacy, Ethical, and Social Concerns  19 Mar 

10  Special Topics  26 Mar 

11  XR Research  2 Apr 

12  Project Demos (XR Summit on 6 April)  9 Apr 

13  Future of AR/VR  16 Apr 
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Assignments Plan 

 

All assignments are due Fridays 11:59pm EST. This means that you can still ask questions 
before, during, or after class. However, the expected workload can be relatively high and you 
definitely need to start on the assignments earlier than Friday.   

Wk  Assignment  Date 

1  Quiz 0 Out   

2  Quiz 0 Due, Assignment 1: 3D Out   

3  Assignment 1: 3D Due, Assignment 2: VR Out   

4     

5  Quiz 1 Out   

6  Quiz 1 Due, Assignment 2: VR Due,  Assignment 3: AR Out   

7     

8  AR Quiz Out   

9  (Winter Break)   

10  Assignment 3: AR Due, Project Assignment Out   

11  Project Design Concept Due, AR Quiz Due   

12  Project Prototype I Due   

13  Project Prototype II Due   

14  Project Demo Due   

15  Project Report Due   
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Course Components and Assessment 
● Class participation via Zoom and discussion forum (5%) 
● Three (3) quizzes on AR/VR concepts, technologies, and tools (15%) 
● Three (3) AR/VR development assignments (30%) 

○ We will give a tutorial and provide a framework with source to get you started 
○ You will need to take the materials further 
○ We will provide master solutions so that you can learn and improve, and are 

guaranteed to continue working on the next assignment 
● Project assignment (50%) 

○ Weekly project check-ins (10%) 
○ Final project & report (30%) 
○ Individual diary with notes of findings and issues (5%) 
○ Project task management and progress tracking (5%) 

● Bonus for extraordinary class contributions  (+2%) 
○ Helping other students fix problems 
○ Sharing tips and references to work on assignments 

 

We will provide starting points, or develop them jointly in class, and you need to develop a 

working prototype of a relatively complex AR/VR interface and demo it at the end of the course. 
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Grading 
Final Grades will be assigned per the following scale: 
A+  99-100% 
A  94-98% 
A-  90-93% 
B+  88-89% 
B  84-87% 
B-  80-83% 
C+  77-79% 
C  73-77% 
C-  70-72% 
D  60-69% 
F  below 60% 
 
Note that achieving an A+ in this course would be an extraordinary accomplishment. We won’t 
be rounding any grades. 98.999 is still an A. However, if at the end of the semester we find that 
the best grade is in the mid-A range, we may decide to bump up that grade to an A+ and 
re-scale the grading scheme accordingly in the positive direction (we will never grade you 
down!). We will also give a bonus for exceptional work; we will reward taking risk and showing 
creativity. If you don’t agree with our assessment, we can always talk about it. 
  

Accommodation for Students with Disabilities 
If you think you need an accommodation for a disability, please let me know at your earliest 
convenience. Some aspects of this course, the assignments, the in-class activities, and the way 
the course is usually taught may be modified to facilitate your participation and progress. As 
soon as you make me aware of your needs, we can work with the Services for Students with 
Disabilities (SSD) office to help us determine appropriate academic accommodations. SSD 
(734-763-3000; http://ssd.umich.edu) typically recommends accommodations through a 
Verified Individualized Services and Accommodations (VISA) form. Any information you provide 
is private and confidential and will be treated as such. 
 

Student Mental Health and Wellbeing 
The University of Michigan is committed to advancing the mental health and wellbeing of its 
students, while acknowledging that a variety of issues, such as strained relationships, increased 
anxiety, alcohol/drug problems, and depression, directly impacts students’ academic 
performance.  If you or someone you know is feeling overwhelmed, depressed, and/or in need of 
support, services are available.  For help, contact Counseling and Psychological Services 
(CAPS) at (734) 764-8312 and https://caps.umich.edu/ during and after hours, on weekends 
and holidays or through its counselors physically located in schools on both North and Central 
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Campus. You may also consult University Health Service (UHS) at (732) 764-8320 and 
https://www.uhs.umich.edu/mentalhealthsvcs, or for alcohol or drug concerns, see 
www.uhs.umich.edu/aodresources.  For a more comprehensive listing of the broad range of 
mental health services available on campus, please visit: http://umich.edu/~mhealth/. 
 
Late Assignments 

● You need to contact us at least on the day the assignment is due (not past due) for an 
extension, submit the work completed so far, and include a written plan for completion. 

● There is no need to provide a reason for requesting an extension for up to 3 days. 
● Longer extensions can be worked out with the instructional team but need written 

confirmation. 
 
Regrading Policy 

● For any graded portions of the course, you may resubmit your work within a 3-day period 
after grades were released. 

● You need to provide a summary of changes and an explanation for how you addressed 
the feedback. 

● Unless there are special circumstances, you can only ask to regrade twice (two times in 
the semester). 

 
Attendance 

● Synchronous attendance via Zoom is highly encouraged but not required. We will make 
every effort to provide lecture recordings. 

● You don’t need to excuse yourself if you cannot make it to class. However, it is on you to 
find out what you missed by referring to the shared materials or asking your classmates. 

● We will incorporate lots of opportunities for discussion as well as breaks. We will also 
ask for your feedback to help us make this an enjoyable and productive learning 
experience. 

● We will use the U-M supported service Zoom for our meetings. One benefit of Zoom is 
virtual backgrounds which can help you feel more comfortable as you share your video. 

● We will always encourage your participation via video and/or audio but this will be at 
your discretion. We will use the chat function as the primary mechanism to ask 
questions. 

 

Accommodation for Students with Disabilities 
If you think you need an accommodation for a disability, please let me know at your earliest 
convenience. Some aspects of this course, the assignments, the in-class activities, and the way 
we teach may be modified to facilitate your participation and progress. As soon as you make 
me aware of your needs, we can work with the Office of Services for Students with Disabilities 
(SSD) to help us determine appropriate accommodations. SSD (734-763-3000; ssd.umich.edu) 
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typically recommends accommodations through a Verified Individualized Services and 
Accommodations (VISA) form. I will treat any information that you provide in as confidential a 
manner as possible. 
 
Student Mental Health and Wellbeing 

The University of Michigan is committed to advancing the mental health and wellbeing of its 
students, while acknowledging that a variety of issues, such as strained relationships, increased 
anxiety, alcohol/drug problems, and depression, directly impacts students’ academic 
performance. 

If you or someone you know is feeling overwhelmed, depressed, and/or in need of support, 
services are available. For help, contact Counseling and Psychological Services (CAPS) at 
(734) 764-8312 and https://caps.umich.edu/ during and after hours, on weekends and 
holidays. You may also consult University Health Service (UHS) at (732) 764-8320 and 
https://www.uhs.umich.edu/mentalhealthsvcs, or for alcohol or drug concerns, see 
www.uhs.umich.edu/aodresources. 

Since many students are remote during Winter 2021, CAPS COVID-19 Support features 
SilverCloud, an online, self-guided, interactive mental health resource that provides cognitive 
behavioral interventions. 

For a more comprehensive listing of the broad range of mental health services available on 
campus, please visit: http://umich.edu/~mhealth/ 

Academic Integrity 
Abridged version: Unless otherwise specified in an assignment all submitted work must be your 
own, original work. Any excerpts, statements, or phrases from the work of others must be 
clearly identified as a quotation, and a proper citation provided. Any violation of the School’s 
policy on Academic and Professional Integrity (stated in the Master’s and Doctoral Student 
Handbooks) will result in serious penalties, which might range from failing an assignment, to 
failing a course, to being expelled from the program. Violations of academic and professional 
integrity will be reported to UMSI Student Affairs. Consequences impacting assignment or 
course grades are determined by the faculty instructor; additional sanctions may be imposed by 
the assistant dean for academic and student affairs. 
  
Collaboration: UMSI strongly encourages collaboration while working on some assignments, 
such as homework problems and interpreting reading assignments as a general practice. Active 
learning is effective. Collaboration with other students in the course will be especially valuable 
in summarizing the reading materials and picking out the key concepts.You must, however, 
write your homework submission on your own, in your own words, before turning it in. If you 
worked with someone on the homework before writing it, you must list any and all collaborators 
on your written submission. Each course and each instructor may place restrictions on 
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collaboration for any or all assignments. Read the instructions careful and request clarification 
about collaboration when in doubt. Collaboration is almost always forbidden for take-home and 
in class exams. 
  
Plagiarism: All written submissions must be your own, original work. Original work for narrative 
questions is not mere paraphrasing of someone else's completed answer: you must not share 
written answers with each other at all. At most, you should be working from notes you took 
while participating in a study session. Largely duplicate copies of the same assignment will 
receive an equal division of the total point score from the one piece of work. 

You may incorporate selected excerpts, statements or phrases from publications by other 
authors, but they must be clearly marked as quotations and must be attributed. If you build on 
the ideas of prior authors, you must cite their work. You may obtain copy editing assistance, and 
you may discuss your ideas with others, but all substantive writing and ideas must be your own, 
or be explicitly attributed to another. See the (Doctoral, MSI, BSI) student handbooks available 
on the UMSI intranet for the definition of plagiarism, resources to help you avoid it, and the 
consequences for intentional or unintentional plagiarism. 

FAQ 

AR/VR Prototyping 
The course mentions prototyping but the techniques taught in this course are very different 
from SI 559. In this course, you will learn how to best prototype scenes with tools like A-Frame, 
Unity, and Unreal. It’s the digital equivalent of rapid prototyping with paper, cardboard, clay, and 
transparency, or digital tools like Google Tour Creator, Tilt Brush, Blocks for VR, or Apple Reality 
Composer and Adobe Aero for AR, which were the focus of SI 559. 

XR for Everybody on Coursera 
There are many differences between my Coursera courses and this SI 659, but SI 659 is related 
to the third Coursera course focused on development. SI 659 goes much deeper in technical 
depth and there is much more guidance in how you work with the tools. At the same time, the 
quizzes and assignments, which will involve programming, will require much more effort, but 
you will also learn a lot more. 
 

Programming/Technical Skill 
Students that feel comfortable with programming do well in SI 659, others will struggle unless 
they put in extra time. The course can help you build more confidence in your technical skills, 
but it's really targeted at students who have a good technical background. SI 659 is not 
designed as a course to learn about programming basics with HTML, CSS, and 
JavaScript—knowledge of these languages is expected. More advanced knowledge of 
JavaScript, C# or C++ will come in handy when implementing non-standard interactions. I would 
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recommend Professor Steve Oney's new course, SI 579, focused on JavaScript, if you feel you 
need to build your programming skill first. 

Equipment 
At a minimum, you will need a decent laptop and sufficient disk space to install tools like Unity 
and/or Unreal. If you were to install both, you should plan to have at least 50 GB available. 
 
In terms of VR equipment, we can distribute Google Cardboard viewers to SI students who have 
access to campus. However, I would recommend purchasing something like the Pocket 360 
Mini VR Viewer on Amazon. These Cardboard compatible viewers are very affordable, can be 
delivered to your home, and may be used for both VR and AR assignments. 
 
If you were able to acquire a VR headset, I would recommend an Oculus Quest or Oculus Quest 
2. Both are good headsets and you will not need a powerful gaming PC to develop for them. 
 
You should be able to do marker-less AR with your smartphone (supporting ARKit/ARCore), and 
in any case marker-less AR using a webcam. I would not recommend buying any AR headsets at 
this stage. I will show you examples of Microsoft HoloLens 1 and 2, which costs about $3,500. 


