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I. INTRODUCTION

THE Mixed Reality Passthrough Window
Laptop project explores the social, economic,

and cultural implications of emerging technologies
for the future of remote and hybrid work.
Personal computers, which became prevalent in
the workplace in the late 1960s (Martin and
Garcia-Swartz, 2015), led to significant changes in
the normative design of centralized office spaces,
such that workers no longer needed to be in the
presence of other workers to complete a job.
The widely used personal computers meant that
all interaction and communication were handled
within the computer screen. Similarly, during the
COVID-19 pandemic, the shift to remote work
essentially led to empty office spaces, in-person
interactions impossible, and all communications
processed through a computer screen. The project
considers how the level of human interactions in
an in-person space can be achieved through the
Mixed Reality Passthrough Window concept and
visual experience, as well as how productivity can
be influenced by reducing barriers to hybrid and
remote work.

The final iteration of the laptop prototype
features two screens bound together with a clean
and sleek exterior finish and cameras facing in
opposite directions, mirroring the visual experience
of looking through a window. Users can view
collaborators on the other side of the laptop,
breaking the restrictions of the conventional
one-screen laptop. The prototype also strives to
increase the accessibility and overall effectiveness
of teleconferencing technology for a hybrid
workplace, as seen in the laptop design, which
invokes a welcoming space for remote and hybrid
workers, a steadily increasing populous in today’s
society.

II. PAST WORK

Past projects have explored the mixed reality
passthrough effect. For example, FacingBoard-2
(Li et al., 2017) is a prototype that creates an
immersive hybrid environment with transparent
displays. As a result, users can collaborate on
both sides of the device and directly interact with
workspace objects. Users can also present different
content through a reversal of images and visually
enhance the gestural actions of the person on
the other side, supporting workspace awareness.
However, a limitation that persists in the project
is the need for more portability, as it relies on
fixed large displays, external projection units, and
multiple connected devices.

The current Mixed Reality Passthrough Window
(MRPW) laptop prototype directly relates to prior
work with large mobile screens. The Large Screen
Mobile Telepresence Robot (LSMTR) employs
large mobile screens to create a more embodied
telepresence experience (Gonsher et al., 2022). It
is scaled to a standing adult and can move around
an environment. With the ability to teleoperate a
robot with large screens that mimic the scale of
a standing adult, remote users develop a greater
sense of mobility and physical presence, giving
remote users mobility in remote spaces.

Furthermore, the laptop prototype is a
continuance of the projection-based telepresence
in furniture (Gonsher and Kim, 2020). A table
interface features two screens, situated back to
back, with two mounted cameras facing in opposite
directions. The table interface creates the effect
of looking through a window and allows local
users sitting around the table to easily interact with
remote users, who appear on both sides of the
Mixed Reality Passthrough Window. As a result,



2

it provides a sense that all users share the same
space. The laptop project, in particular, creates the
same effect; however, it also significantly increases
the portability of the mixed reality passthrough
window effect.

III. PERSONAL CONTRIBUTIONS

I joined the Mixed Reality Passthrough Win-
dow project in Spring 2023. During my time, I
became familiar with all aspects of the project,
from hands-on involvement with the hardware side,
which included the physical construction of the
laptop prototype, to debugging the software system.
Furthermore, I contributed heavily to crafting a
research paper and comprehensive documentation
of the prototype to ensure a robust foundation for
future research on the project.

A. Hardware
The project contained remnants of the laptop

prototype from earlier iterations of the casing.
However, there were issues with these casings,
such as the corresponding side of the casing not
fitting the screens. Additionally, there was no prior
documentation of the prototype measurements,
only the previous CAD drafts. To solve this issue,
I carefully measured the dimensions of the casing,
screens, and cameras to determine how much space
was needed. Then, I learned how to laser cut at the
Brown Design Workshop and altered the previous
prototype to fit the screens on both sides of the
casing perfectly.

The next issue to tackle was the casing’s
inability to hold the two screens securely together
due to the weight. The current casing incorporated
holes in the four corners that left space for potential
screws to hold the casing together. I first had to
navigate and reach a baseline knowledge of CAD
to understand how the prototype was initially
designed. Because the holes were not circular, I
acquired drilling and tapping skills through the
Brown Design Workshop to fit the screws properly.
Unfortunately, the screws that worked did not fit
the aesthetic design of the laptop casing. I looked
into other possibilities, from countersunk screws to
flathead screws; however, the heads were too large
for the holes, and any further drilling may have
caused the holes to break off altogether. Finally, I

learned a new technique using a Helicoil to alter
the holes to use socket head screws, which was
ultimately a success in making the casing more
secure without compromising the aesthetic and
design of the prototype.

The last two additions to the prototype include
attaching corner pieces to the inside of the casing
to hold the screens in place and various pieces to
cover the wires and open spaces of the laptop. In
doing so, I learned how to create CAD models and
3-D print them at the Brown Design Workshop.

B. Software
Since the software aspect of the project is very

similar to that of the previous project, Mixed Realty
Passthrough Screen Table, there was little additional
work to do once we implemented the software
application into the new screens and Pi the team had
ordered. However, we encountered a few bugs that
caused the program to crash in the initial stages of
getting it to run. After a few hours of debugging and
researching, the team and I were able to identify the
problem and have the screens and cameras working
simultaneously.

C. Research Paper
The research paper focuses on the future of work

with the development of telepresence technology
and presents the prototype for a laptop version of
the Mixed Reality Passthrough Window (MRPW).
The paper also explores the social, economic, and
cultural implications that such emerging technolo-
gies could have for the future of remote work. In
particular, I researched and wrote sections regarding
the effect on productivity and well-being with the
shift to remote and hybrid work, especially during
the COVID-19 pandemic.

D. Documentation
I created a guide as a resource future researchers

on the project can reference. The guide includes an
overview of the project, how to use the software
application, and additional details on the dimensions
of the laptop prototype. The software application
section includes specific guidelines on opening and
closing the software seamlessly using the Pi and
launching the code. The additional hardware details




