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Abstract 

Well researched and creative design that connects with the human condition is a key and intricate component to properly representing scientific 

phenomena and theories in a meaningful way. Designed conceptualization is a valuable tool in promoting the imagination of visitors and 

sparking the curiosity and desire to explore in both future and contemporary scientists. This design research seeks to profoundly represent, 

through exhibition, the integration of science and design in the exploration of a theorized flavor of matter – dark matter. 

 

 

Overview 

For this Independent Study, the NCSU College of Design collaborated with the College of Science in a partnership with The Leading Strand to 

produce a series of exhibitions relating to unseen phenomena - including physics, communication and disease treatment - titled Invisible Worlds. 

Research and production for the installation spanned from February to May of 2018, with the exhibit open to the public through June in the 

Transfer Co. Food Hall in Raleigh, NC. This booklet will exist as a comprehensive documentation for the Dark Matter design team, comprised of 

Justin Hill, Sarah Take, Dylan Bryant, Rhett Hissam, with Tania Allen as the Design Team Lead and Astrophysicist Katie Mack representing the 

College of Science.  
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About Dark Matter 

 

“Dark Matter” is a placeholder term used to describe an unknown and 

unobservable causation for the inconsistencies observed in distant celestial 

objects. In spite of the name, the matter in question is not “dark,” but 

rather, seemingly has no interaction with the electromagnetic spectrum. It 

is believed to make up 85% of all matter in the universe. 

The focus of our research, and the two most compelling evidences for dark 

matter’s existence are: 

• Galaxy Clustering 

o Since the early 20th century, astrophysicists began to notice 

clusters of galaxies and galaxies themselves that appeared 

to be moving at rates that should see them flying apart and 

theorized an unseen mass – dark matter – that held them 

together.  

• Gravitational Lensing 

o Light travels through space in a straight line, as evident with 

 the outer galaxies in the photo above. However, the center  

of the photo shows the light to be warped and distorted,  

indicating that, to be observed by us, it must have been bent 

 by an object of great mass.  

 

 

 

 

 

Pareidolia: Seeing faces in everyday objects 



 
3 

Brainstorming and Conceptualizing 

The initial meeting with Amanda Phingbodhipakkiya, The Leading Strand founder, was an introduction into what the program is and what would 

be the expectations in relation to a series of milestones. Subsequent meetings with Dr. Katie Mack helped lay the groundwork as to what dark 

matter is and what it is not. From this point, Tania Allen directed the team through early brainstorming and conceptualizing what direction we 

wanted to take the exhibit. 

There were initial challenges:  

• Communicating this abstract and somewhat obscure scientific theory 

• Skepticism regarding the subject 

• It’s invisible  

• No determined location 

• Budget constraints 

• Getting the team on the same page 

The next meetings saw iterations of concepts and consideration of materials. With the 

understanding there was no allocated space, there was some uncertainty as to what 

could be achieved. Materials and direction considered were: 

• Sound 

• Virtual Reality  

• Water 

• Lenses 

• Light 

• Strings 

• Infographics 

• Projectors 

• Kinect 

• Glass 

 

   ?  

 

• Should the exhibit be interactive? 

• Should it be abstract or concrete? 

• What do we want to convey? 

• Why should it matter? 

• Who is our audience? 

• Where will it be installed? 

• How will a visitor experience this? 
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Sound with Strings 

The concept was to represent through sound something that cannot be 

seen. The core of this concept was the question, if you were out in the 

vacuum of space “What might dark matter sound like?”  

In this demonstration, Justin used an E-Bow with guitars to produce 

sustained string vibrations at various octaves and then mixed together. 

In concept, this would tap into not only dark matter but saddle it with 

string theory concepts and might be reproduced in the exhibit with real 

strings and multiple E-Bows sustaining sound.  

The concept was abandoned as string theory was a bit broader than we 

were looking to explore and, not knowing what the exhibition space 

might be limited our abilities to a degree at this point. 

  

 

Warped Lens 

The concept here was a large lens which the visitor would look through 

and might rotate. This would demonstrate the bending of light similar to 

what occurs when light is curved around areas of more concentrated 

dark matter, creating gravitational lensing. 

This concept was not fully abandoned, but rather re-imagined into other 

exhibition concepts, and the notion of warping light and images would 

be a consistent feature in most every design conceived.  

 

 

 

Dylan Bryant 

Justin Hill 
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Digital Interactive Wall 

A screen wall with mapped, digitized dots, representing galaxies 

and celestial bodies. The visitor would be able to walk up to and 

touch it, causing it to bend. This in turn would create a change in 

the grid map and pull the dots to cluster around the person’s hand 

print.   

In essence, this exhibit would have put the visitor in the position of 

being dark matter themselves and affecting the situation in the 

simulation.  

This concept was kept on the backburner to potentially keep it as a 

companion feature, but ultimately seen as unfeasible.  

 

 

Infographic Display Concept 

This is Sarah’s infographic concept. It was color coded and served as a map 

for the relating the scientific observations and conclusions that would lead 

to the theory that dark matter exists.  

The intention was to include some sort of vinyl wall hangings around the 

perimeter of the exhibit that would provide the guest with background 

context to enhance the overall experience.  

 

 

 

 

Sarah Take 

Dylan Bryant 
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Water 

Water was considered for multiple attributes, and multiple 

concepts, such as water creating a warped picture, bent light 

effect for example. Another concept is one that utilized 

soundwaves and water droplets.  

Given that dark matter is an unseen – something – holding 

galaxies in place, the concept was to use sound waves and/or 

strategically placed strobe lights to suspend, or give the illusion 

that water is suspending in mid-air.  

Ultimately, this concept was passed on due to the fact no space 

had been secured at the time, combined with the concern that 

the speakers may have to be too loud and may need more 

constant upkeep. 

 

 

 

Using Blender 3D, a general flythrough was mocked up to visualize the 

concept called “The Fountain.” This walkthrough attempted to 

incorporate multiple concepts. The Fountain would be the central 

element with the color-coded infographics leading around the room, 

warped lens walls around it.  

Three concepts of this mockup - the front fabricated wall that blocks 

outside view into the exhibit, a video display on the entry wall, and 

darkness – would ultimately be features in the final design.  

 

Justin Hill 

Justin Hill 
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Light Projector and Web 

This design was an overhead spotlight in which the visitor would walk under 

through and interact with strings leading to the floor. When the strings are 

plucked, materials strung along the line, such as beads, would be clumped into 

the same areas. This concept was intended to analogize dark matter causing 

groupings of galaxies and celestial bodies.  

Dr. Mack approved this concept, however, the issue with implementing this 

would be that it would require continual resetting, as once the beads and 

materials were clustered together the first time, they would remain as such. In 

addition, with people walking through strings, the installation might be 

susceptible to collapsing if a visitor were to break a string.  

The concept was pitched to The Leading Strand, who wanted to see some 

changes and tangible demonstrations of what we were working towards. 

Additionally, Amanda felt an exhibit in which the guest had to stare upward the 

whole time may be awkward.  

 

 

In the next meetings, we broke out into 3 more distinct roles within the group. Justin and Rhett taking on the physical components of the 

exhibit, Sarah compiling the informational aspects to present, and Dylan looking into developing a digital component.  

 

 

 

 

 

Rhett Hissam 
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NASA 
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The Concept 

Still uncertain of what the potential space for the exhibit may be able to accommodate, Dylan began looking 

into developing an interactive program that would respond to screen touch or cursor movement to be used 

with the wall idea, and Rhett and myself began considering how to effectively immerse a visitor and 

reconceptualize the previous pitch to The Leading Strand.  

We then began reimagining an exhibit which the visitor would be totally immersed, surrounded by partitions 

and the addition of mirrors covering the interior of these partitions, so the space would have a feeling of 

continuing on into infinity.  

 

 

 

 

Operating under the auspice that the exhibit would be in a room 

with four walls, a couple of layout plans were designed. This ice 

cream cone shaped design was agreed upon as the strongest fit to 

achieve what we wanted to convey. 

The concept being that the visitor enters through past a curved 

partition into the darkened corridor which will include mirrored 

walls, and point lights above, projecting warped light through the 

web. As the guest moves through the corridor, there is less space to 

move and above, the material in the web becomes denser – this to 

analogize the theory that the greater the concentration of dark 

matter, the more tightly objects are held in place. Thus, analogizing 

the gravitational effects of dark matter on the visitor, acting as a 

celestial body.  

 

Rhett Hissam 

Justin Hill 
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The Prototype 

Prior to the next pitch, I created a tabletop prototype of the exhibit and 

an accompanying video, demonstrating what our project was in more 

tangible terms, as well as demonstrating what the experience of entering 

it would be like.  

 

 

 

 

 

 

 

 
Justin Hill 
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Above: Tania Allen describes the exhibit concept 

Below: Meeting with Amanda and Mira Abed 

NCSU College of Science 

The Leading Strand 

In our next meeting with The Leading Strand, we presented the idea 

with the prototype, which received a positive response.  

 Also present was Nick, the coordinator at the Transfer Food Co. at 

The Ware in downtown Raleigh, who validated it by letting us know 

the facility could accommodate our vision.  

     How Can We Detect Dark Matter And How Its Distributed? 

In this piece, you journey into the great expanses of space, 

as you walk through a narrowing hallway lit in mysterious 

ways. Despite its intangible nature, light is affected by 

gravity - bending towards dense clusters of mass. Our 

exhibit simulates the cosmic web and the gravitational 

lensing effect, illustrating how the distortion of light can 

reveal the presence of dark matter. 

Beginning in the 1930s, scientists had noted that the motions 

of galaxies within galaxy clusters did not make sense unless 

there was a significant amount of unseen mass in addition to 

the visible stars. In the 70’s further evidence was uncovered 

to support this theory and today modern cosmology 

recognizes that dark matter, which is invisible and has not 

been directly observed, makes up about 80% of the matter in 

the Universe. One of the key detection methods is known as 

gravitational lensing, where dark matter’s gravity warps the 

shape of space itself, causing the light of distant galaxies to 

bend around it. Gravitational lensing allows us to map out 

the dark matter distributed in the Universe in a “cosmic web,” 

with dark matter coming together in clumps, sheets, and 

filaments. 

- The Leading Strand Website 
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Materials Considered          

• Plywood 

• 2x4’s 

• Nails 

• Screws 

• Fishing line 

• Metal wire 

• Black Ping pong balls 

• Clear Pit balls 

• Beads 

• Glass 

• Acrylic  

• Lights 

• Mirror tiles 

• Black paint 

• 50’’ LCD television 

 

 

 

Left: A warped acrylic 

disc, projected with 

light onto a wall 

Right: Pit balls, 

warped acrylic and a 

bead strung with 

light shone on them 

Justin Hill 

Refraction 

Refraction was an obvious, familiar phenomenon 

that could be utilized to analogize gravitational 

lensing.  

In the top picture, the effect of seeing a straw in 

water is an everyday example of refraction. Light 

travels at different wavelength speeds through 

different mediums, in this case, water and air, 

causing bending.  

Gravitational lensing occurs when the light of 

distant stars are curved when travelling by dense 

mass on its way to an observer on the other side. 
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The Location 

Our allotted location at Transfer Food Hall was an interesting twist on our vision for the instillation. Where there was a presumption the exhibit 

might be in a more traditional room, our location was assigned in the area that once served as the loading dock for the building. The area 

featured a metal shelf running around 3 of the walls, which were only 3 feet high themselves. In the middle of the space stood 4 pillars, which 

stood 1 ½ feet high each. To top it off, the foot traffic was coming from the central area of the building and there were no stairs to easily lead 

into the exhibit.  

While these seemed to be complications at first, the space ultimately ended up being the most complimentary area in the building to our exhibit 

and these issues worked themselves out as time progressed.  

 

 

 

 

Justin Hill 
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The Floorplan 

 

 

 

 

 

 

 

 

 

 

 

 

While the short pillars initially seemed to be a feature that threatened to ruin the project, the overall design naturally, serendipitously, allowed 

us to work around them. As shown in the floorplans above, the right-most pillars would be outside the corridor and the left-most pillars would 

be underneath stairs leading down to the exhibit. A concern at this point was the fact that we would have to fabricate our own stairs leading 

down into the pit.  

Fortunately, a month before the opening, The Ware informed us they would be constructing a set of stairs – which was a relief. And the notion 

that the exhibit would be nestled in a perfectly contained space and we would not need to be overly concerned with the presentation of the 

outside of the corridor took pressure off as well.  

 

 

Justin Hill 
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The Larger Prototype 

Our team was provided an empty room in Leazar, for which we would be able 

to store materials; and, using scraps from the Materials Lab, were able to 

create a 4ft x 8ft version of the corridor. With this, we would be able to test 

materials and arrangements. This involved various string arrangements, tests 

of various materials, including colored lights, acrylic discs, beads, and clear pit 

balls – which we believed would be our ultimate exhibit material, but were 

decidedly too opaque to meet our needs. I had also picked up a few empty 

Christmas tree clear glass balls and small decorative clear glass bottles, which 

proved to be much more conducive to what we were looking for. So rather 

than the pit balls, our dark matter was represented through fully transparent 

bath-bomb globes.  And rather than actual mirrors, mylar sheets would be 

used, as they are lighter, cheaper, less fragile and naturally created a fantastic 

distorted look.  

This prototype also provided insight as to the potential structure of the two walls which would be our exhibit.  

 

 

 

 

 

 

 

 

 

 

Justin Hill 
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NASA 
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The Web 

While the primary focus had been on materials and structural design, the web above also needed 

some kind of deliberate and meaningful organization. The arrangement of the bath-bombs, 

representing dark matter, was to be from loose to concentrated as the visitor walked through. And 

not only did scientific representation need to be accounted for, but also consideration for the 

visitors entering straight into the exhibit by way of stairs. As such, the use of a parabola was the 

perfect solution for the needs of this design.  

 

On the right, the initial sketches of the parabola concept. Below are the considerations for using the 

parabola with the beads and dark matter representation materials.  

 

 

 

 

 

 

 

 

 

 

 

 

Sarah Take 

Justin Hill 
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The Walls 

The entire structure - 2 corridor walls, and a 3-sectioned 

entryway wall – would need to be fabricated. Consulting with 

David Knight, the corridor walls were constructed with MDF and 

1/8th inch plywood. 2x4’s were used as support legs. In total, 14 

wall sections were constructed (7 per wall) with 4ft x 8ft 

dimensions, so each wall stood 8 feet tall and 28 feet long.  

The entryway wall was constructed of a stronger ½ inch 

plywood, as it needed to support the 50-inch television and 

mount. These walls (3 total) stood 6ft tall and were 4ft wide. For 

these, I was able to re-use the wood used in the room 

prototype. 

In addition, an overhang was fabricated (seen on the top of the 

next page) to provide separation between the material that 

would cover the exhibit and the strings.  

This was all pre-fabbed in the college Materials Lab and 

transported to the site where it was painted black. Next, mylar 

sheets were applied to the face of each section, giving a 

beautifully clear, yet distorted reflectivity.  

 

 

Justin Hill 
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A Clear Picture 

These Sketch Up renderings would be the last conceptual art made to visualize what the 

installation would structurally look like. It is made to scale and provided a clearer picture as 

to how the bones of the exhibit would look within our space.  

At this stage, we were still uncertain about the logistics of having the guests exit the exhibit 

for 2 primary reasons: 

• There was a step immediately at the end of the corridor and while we felt there 

should be some warning, signage at the end might be distracting to the experience 

• After exiting, the visitor would have to walk around an unlit area, possibly too far off 

the beaten path of the rest of the exhibits to get back to the main hall. 

 

 

 

 

  

 

 

 

 

 

 

 

 
Justin Hill 



 
20 

The Digital Component 

While the digital wall concept and digital interaction had been 

abandoned, there would still be a looping video displayed on the 

entryway wall. This video would provide the visitors with context and 

a baseline understanding of what dark matter believed to be.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Justin Hill 

Mounted on the wall, the digital display – now taking 

on a passive role – would be the first impression a 

visitor would have of the exhibit, providing 

information and context prior to entry. While the 

physical exhibit was more interpretive, the video 

would provide more of a concrete, fundamental 

knowledge base.  

A 50-inch television was used, and the video was 

looped from the USB drive.  

Right: Early animation intro concept in which the 

text was obscured in a way to simulate lensing 

and would defragment and drift away. 
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The Installation  

 

 

 

Left: Corridor wall have had mylar applied and setup. 

Diagonal: The wire, strung with beads and bath-bombs 

are affixed to the walls. The wire was run through the 

walls low enough that the overhang would not be 

necessary. 

Bottom: The installation nearly complete. Black lights 

added ambiance to the outside.  
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Justin Hill 
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End Result Features 

• 8ft x 28ft Corridor Walls (2) 

• 4ft x 6ft Entryway Walls (3) 

• Interior Mylar Finishing 

• Exterior Black Finish 

• Black Overhead Cloth Covering 

• Refractive Beads 

• Parabola Webbed Wiring 

• Clear Plastic Globes 

• Triggered Lighting System 

• Interior Red Flood Lighting 

• Exterior Black Lighting 

• Full Enclosure 

• 50-inch Television 

 

 

 

 

 

 

 

Last Minute Changes 

• Initially, the corridor walls were designed to 

have an additional foot of overhang to 

provide for the cloth covering to be installed 

without being directly on top of the web. 

However, the web was installed about half a 

foot from the top of the wall, so the overhang 

was not installed. 

• The intent was that the visitors would walk 

entirely through the corridor, exit through the 

back and walk around a rampway back to the 

main hall area. Rather than walk all the way 

around, the back (narrow) of the exhibit was 

closed off with excess cloth from the 

covering, so people would just exit back out 

the way they came in. 

• The entryway wall was initially designed to be 

square in front of the exhibit. Due to 

construction in the building and the flow of 

foot traffic, the entryway wall was angled 

more towards the stairs. Additionally, where 

the television was first intended to be on the 

middle section of the wall, it was moved to 

the right wall.  
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Conclusion 

Representing an abstract, unseen, unproven scientific theory, the team had 

free range in terms of the possibility of what direction to take the project. 

But even within this free range, we had a disciplined foundation and focus 

cemented in our relationship with the College of Science. Working out the 

concepts with Dr. Katie Mack was not only incredibly informative, but also 

provided a legitimacy and confidence in our efforts to have them vetted 

through an astrophysicist.  

From the inception of the project, there were challenges to overcome, with 

the elephant in the room being that no matter what our exhibit design was 

going to be, we had no way of knowing if the eventual space it would be 

located would be able to accommodate it. This was especially true 

concerning aspects with a central focus on sound, water, and light.  

This project required knowledge and action on several fronts including but not limited to – communication, research, teamwork, woodworking, 

use of various saws, use of graphic software – Blender, GIMP, Sketch Up, consistent materials testing and prototyping.  

The schedule spanned from February to early May and we were able to reach each 

milestone. February and March being largely comprised of learning, brainstorming, 

pitching ideas, collaborating concepts within the group; April was a month largely spent 

trying to pin down exactly what materials we were going to employ on a larger scale for 

the final exhibit; and finally late April, going into early May was crunch time, spending 

full days in the Materials Lab fabricating the walls.  

Our final product, a traditional, yet solid installation portraying dark matter, was 

successfully installed – on time - and we retained our initial mission statement of 

representing the two basic characteristics of dark matter – gravitational lensing and 

galaxy clustering.  

Interdisciplinary projects such as this offer a fantastic opportunity for both the colleges involved and the students, providing an outlet to develop 

a more fine-tuned work ethic within a design team. Access to real world challenges such as budget, deadlines, job site and client satisfaction 

contribute to a more well-rounded grasp on design as a career; and will better equip students for the expectations of the job market.  
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