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1 Problem Formulation 

1.1 Introduction 
The Problem Formulation section provides overarching information about the design project. 

The Background (Section 1.2) relays information about the client, the client’s assignment, the 

design projects objective, and the timeframe the project is to be completed. The Objective 

(Section 1.3) provides a statement of the design teams intentions with the project along with 

the proposed final design. 

1.2 Background 
The Spring 2018 semester class of Engineering 215: Introduction to Design is partnering with 

Zane Middle School for a 10-week long design project. Zane is a 6th through 8th grade middle 

school located in Eureka, California. They focus their curriculum on STEAM (science, technology, 

engineering, art and math), teaching student’s skills that will help them become successful in 

their later education as well as their transition into workforce. The goal of Renewable Potential 

is to design and create a project that is useful to the students, as well as introducing them to 

opportunities that they otherwise would not be exposed to through their collaboration and 

input on a university level project. 

1.3 Objective 
The objective of Renewable Potential’s project is to build wall-mounted, inspirational 

headphone racks at Zane Middle School. The headphone racks will individually organize 

headphones for student use. The racks will be aesthetically pleasing and ideally made from 

upcycled materials. The headphone racks will help inspire students to be creative while storing 

school equipment in an efficient manner. Figure 1-1 illustrates a Black Box model of the teams 

desired goal for the design. 

 

 

  

 
 
 
 
 
 

Black Box 
 

 
 
 

A convenient and 
inspirational wall 

mounted rack to store 
headphones at Zane 

Middle School 
 

 
 
 

 

No convenient or 
inspirational means to 
store headphones at 
Zane Middle School 

      

Figure 1-1: Black Box Model: the state of the headphone organizational scheme Digital Media classroom 
at Zane Middle School before and after the inspirational headphone rack design implementation 
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2 Problem Analysis and Literature Review 

2.1 Problem Analysis 
The problem analysis section will provide a detailed summary of the information and 

requirements necessary for the formulation of the headphone rack design for Zane Middle 

School.  

2.1.1 Specifications 
This section lists the specifications and design parameters that must be met by the final design, 

as per the client’s request.  

• The racks are to be installed in room 42 at Catherine L. Zane Middle School. 

• The headphone rack must be no greater than one foot in width, two feet in length, 

and three inches in depth. 

• There must be a component incorporated onto the headphone racks to hold a paper 

assignment or notes. 

• There must be 28 headphone racks minimum. 

• The headphone racks must be wall mounted.  

2.1.2 Considerations  
This section provides a list of considerations that should be taken into account when designing 

the project for the specific end user. 

• Potential locations of individual installations. 

• The average height of the students. 

• The student’s age group. 

• The theme and/or subject of the class. 

• Number of headphones available per station. 

• Potential scenarios of misuse. 

2.1.3 Criteria and Constraints  
The project’s criteria, constraints, and respective weights are listed in Table 2-1. The criteria are 

the general guidelines that should direct project design. Constraints are the specific qualities 

that the criteria must fall under to make sure the design fits the client’s standards. The design 

criteria are shown below in Table 2-1 and are weighed on scale of 1 – 10, 10 being of highest 

importance. 

Table 2-1: Criteria and Constraints with rankings 

Criteria Constraints Weight 

Cost Less than $325 ($75 per member plus $100 from client) 10 

Durability Withstand daily use for one school year 9 

Safety Unable to be removed from the wall with bare hands by a Zane 
Middle School student 

8 

Ease of Access Reachable by 4ft tall middle school student in a standing 
position 

7 
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Aesthetics Must look better than current design 6 

Level of Embodied Energy Made with at least 25% upcycled material 5 

 

2.1.4 Usage 
The headphone racks are meant to be used multiple times a day by the students of Zane Middle 

School while school is in session. The racks should last for the duration of the classroom’s useful 

life, or until significant wear and tear has caused the racks to no longer fulfill their purpose. 

Ideally, the headphone racks are expected to be fully functional and in use for a minimum of 

one school year. 

2.1.5 Production volume 
Twenty-eight individual headphone racks will be created and mounted on the walls of the 

classroom. An additional four racks will be held in storage in the classroom to be used as 

replacements or in the case more stations are added to the classroom. 

2.2 Literature Review 
The Literature Review provides a gathering of researched information pertaining to potential 

topics to be touched on through the design process. The aim is to gather relevant information 

for the purpose of applying it to design solutions when designing the inspirational, wall 

mounted headphone rack for Zane Middle School.  

2.2.1 Pedagogy 
The act of teaching is important, but not everyone can become an effective teacher 

immediately. It takes time, skills, and practice in order to perfect the art of teaching. According 

to the Oxford Dictionary, “the method and practice of teaching, especially as an academic 

subject or theoretical concept” is known as pedagogy. (Oxford Dictionary) Despite being 

difficult to become an effective teacher, teaching is very important and can drastically change 

the lives of many students. A teacher who knows how to properly engage students in learning 

the material can change a student’s view on education as a whole. A strong, humble, and 

effective teacher can uplift students and make them excited about continuing with their 

education, while a teacher with poor skills can cause students to become frustrated and feel 

like they are not smart. This negative experience discourages them from wanting to learn more 

about the discussed topics and may even cause them to abandon the path of education all 

together.  

2.2.2 Educational Psychology   
Pedagogy has a strong emphasis on the psychology behind teaching. This is because effective 

teaching is not simply about teachers lecturing and assuming students will be able to learn the 

material. This method can be rather ineffective, because many students struggle to learn this 

way and need an alternative approach to allow them to truly retain the information. One way 

to teach effectively is to understand the psychology behind education. As stated by the 

Encyclopedia Britannica, “The educational psychologist studies the cognitive development of 
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students and the various factors involved in learning, including aptitude and learning 

measurement, the creative process, and the motivational forces that influence dynamics 

between students and teachers.” (Encyclopedia Britannica). An understanding of the cognitive 

development of students will help teachers shape activities to create the most effective 

learning environment. Being able to create a relationship between the teacher and the students 

makes the students more comfortable with sharing ideas in class and gives them a feeling of 

confidence and comfort in the classroom. This has proven to be more effective than simply 

talking to the students because when the teacher does nothing more than lecture, the students 

no longer feel important in the class, causing them to lose interest in the subject and no longer 

be engaged. Making sure that as many students are engaged as possible can be beneficial to 

those students who are hesitant to participate because they will see their fellow classmates 

interest and that can change their view on the topic and make them want to feel like a part of 

the class. 

2.2.3 STEAM 
STEAM (Science, Technology, Engineering, Art, and Math) is an acronym championed by 

progressive educators to promote the technical fields in public education.  STEAM focused 

curriculum is being adopted by many schools, including our client, Zane Middle School. As 

shown in Figure 2-1 , there are many topics covered under each of the five major academic 

disciplines. The goal of STEAM based learning is to use those topics (science, technology, 

engineering, art, math) to teach students skills like math, reading, and writing in a successful 

and hands-on manner. (The Journal) When students engage in STEAM projects, they hone their 

skills in problem-solving, critical thinking, inquiry, research, creativity, collaboration and 

communication. All of these skills are very important for students to learn in order to be 

technically adept and successful in the real-world workplace. 
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Figure 2-1: Visual breakdown of the different aspects of STEAM 

2.2.3.1 STEAM Schools 

Perry Elementary was the first school in the US to adopt a STEAM focused set of learning 

standards into their school and their curriculum. Beginning only as an afterschool program, the 

progress and interest of the students in the STEAM activities and classes soon showed how 

effective this focused style of learning is. Once the school realized how beneficial the STEAM 

programs were for the students, it quickly spread to encompass the whole school and beyond. 

(The Journal) 

2.2.3.2 Effects of STEAM 

Other than the multitude of skills learned through the use of STEAM based curricula, there are 

also other benefits to students as well as teachers. When using the hands-on and interactive 

learning approach integrated into the STEAM fields, classroom behavior improved, and overall 

student performance rose. Students became more engaged in learning the new material, 

participated more often in class, and had a better attendance record than the students 

attending other institutions that did not place an emphasis on the STEAM programs. Teachers 

also become more knowledgeable about the material they are teaching because of its rigorous 

nature. (The Journal). Another effect of STEAM is that different sections of one’ brain are being 

used. Figure 2-2 shows the two different sides of the brain and what they are responsible for. In 

comparison to STEM (science, technology, engineering, and math) which some schools base 

their curriculum around, the addition of art makes a big difference. In Figure 2-2, the right brain 

is responsible for arts as well as many other things that can come from art, such as creativity, 

imagination, and visualization. These examples show that the right brain will become much 

more engaged due to the addition of art. This means that STEAM is a great way to allow 
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students to not only use different section of the brain than usual, but also train the students to 

incorporate those ideas in everyday life.  

 
Figure 2-2: Diagram comparing left vs. right brain 

2.2.4 Science Standards 
In order for all students to have the skills required to continue on to a successful career, there 

must be standards for the content taught at each grade level so that students leave with the 

proper education needed to be successful. A framework for a set of standards in the sciences 

was created by a group of science organizations, they called the framework: NGSS (Next 

Generation Science Standards).  This is a structure for K-12 where the three main goals are: 

Helping students explore and make connections between the 4 domains of science — Physical 

science, Earth and Space science, Life Science, and Engineering Design, Ensuring students 

explore Science and Engineering practices — how engineers design and build systems in 

connection with who scientists investigate the natural world, and Core Ideas — the main ideas 

in science or engineering that build on the 4 domains. (Next Generation Science Standards) 

2.2.5 Client Interview 
Our client at Zane Middle School was Damon Brooks, a 7th and 8th grade social studies and 

digital media teacher. Upon meeting with him we were able to understand important 

information related to our project. 

2.2.5.1 Design Criteria 

The room is a computer lab that needs several racks to safely place 28 headphones in a way 

that will easily be accessible to students. The racks also have to be mounted to the wall so that 

students cannot remove them. The headphones are currently being stored in a box in a 

disorderly fashion which is both ineffective as well as destructive to the headphones. The racks 

need to hold the headphones and cords in a manner that is contained and visually appealing. 
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The client envisioned individual holders mounted to the wall next to each computer. He also 

requested there to be some clip like attachment to hold a note or list of items that the student 

need to complete. (Brooks 2018).  

2.2.6 Upcycling 

2.2.6.1 What is upcycling?  

Upcycling is the process of transforming unwanted products or materials that would otherwise 

be discarded into new products that can be created to have a practical use or be used for 

aesthetic purposes. Upcycling bypasses the linear life cycle of your everyday product, forgoing 

the typical “Cradle to Grave” path of product manufacture to disposal by allowing consumers to 

creatively repurpose materials into new products. This process essentially creates a closed loop 

system where no new and/or valuable materials are used to manufacture new products. 

Upcycling allows for the creative reuse of nearly any material or products ranging from plastic 

bottles and glass jars to clothing and car parts. The materials for upcycling are readily available 

and their implementation is limited only by imagination and knowhow. Making use of existing 

materials to make new products is not a new process, it has been used extensively throughout 

developing countries where resources and a means to finer goods are limited. Upcycling is also 

common in developed countries amongst the thrifty and environmentally conscious 

populations. The US itself has seen a substantial increase in interest in upcycled products in 

recent years, evident through trends in community driven online marketplaces like Etsy and 

Pinterest where an interest in upcycled products increased 879% from the period between 

January 2010 and April 2013 (Rodenborg 2013). 

2.2.6.2 Advantages of Upcycling 

Upcycling’s greatest advantage over other waste management processes comes from its ability 

to bypass the need to use new raw materials. Upcycling and the reuse of materials is ranked 

relatively high in the Waste Hierarchy, seen favored over alternatives such as recycling, and 

energy recovery, pictured in Figure 2-3 as “reuse.”  

 
Figure 2-3: Waste Hierarchy pyramid (Romero Waste Consulting 2016) 
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Though both recycling and upcycling avoid using “virgin materials,” upcycling’s greatest 

advantage over recycling lies in the fact that it creates new products from old material without 

degrading the quality of the source material. Recycling typically requires that the material be 

broken down into a composite material, a process that requires the consumption of energy that 

often degrades the material, leading to a lower quality product, often producing unusable 

byproduct (Goldsmith 2009). This reduction in demand for raw material can lead to an overall 

environmental net gain by bypassing the pollution from processes typically used to 

manufacture new products. Along with reducing pollution and energy consumption, the 

implementation and practice of upcycling can play a significant part in substantially reducing 

landfill waste, another environmental gain. Upcycling provides materials regarded as waste 

with unlimited potential with a near unlimited reuse potential, where upcycled products can 

make their way back into the upcycling process to be transformed and combined to make 

newer products. Figure 2-4 includes a brief side by side comparison of the advantages of 

upcycling and recycling. 

 
Figure 2-4: Side by side comparison of Upcycling & Recycling (MPTPSU 2016). 

2.2.6.3 Disadvantages 

Upcycling’s disadvantages are tied to the degradation qualities of its material, such as 

untreated woods tendency to rot or a metals propensity to rust. Upcycling as a tool for 

environmental, energy, and raw material conservation can only be surpassed in aptitude by a 

minimization or outright cessation in consumption of raw materials. As a tool to minimize waste 

in an environment of continuous consumption, upcycling provides an alternative with minimal 

disadvantages to create unique and sustainable products. 
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2.2.7 Plastics as Material for Upcycling 

2.2.7.1 Background 

Plastic products such as bags, disposable plates, and packaging material are easy and 

inexpensive to produce and are widely used in everyday life. Plastics are one of the most 

abundant materials available for upcycling that provide a plethora of possibility for reuse do to 

their lightweight and durable nature (North, 2014). Plastic’s properties allow it to be used in a 

variety of ways, from its uses to create art to products with a focus on function. Figure 2-5 

provides an example of a couple of function centric upcycled product that can be easily 

implemented and created by most, while Figure 2-6 provides an example of a more novel but, 

suitable use of plastic. 

 
Figure 2-5: The base of a plastic bottle used to create a zipped container (left). Several plastic bottles used to create small 

planters (right). (How to Recycle 2017). 
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Figure 2-6: An array plastic bottles arranged and held together to create an improvised boat (How to Recycle 2017). 

2.2.7.2 Advantages 

Plastic products are widely used throughout many industries, providing an abundant source of 

potential materials for upcycling. Plastics non-biodegradable nature also provide for a long-

lasting material source. Choosing to upcycle plastic, the leading cause of environmental waste, 

provides for long term environmental benefits when removed from the waste cycle (North, 

2014). Plastic’s physical properties allow for it to be used in varying practical ways to the more 

creative, as pictured in Figure 2-7 where plastic bottles were imaginatively utilized in creating a 

work of art. 

 
Figure 2-7: Several upcycled water bottles used to create a sculpture (City of Fort Lauderdale). 

2.2.7.3 Disadvantages 

The reuse of plastic materials disadvantages is rooted in the physical properties of the plastic 

itself. As with most plastics, care should be taken into account for plastics tendency to leach 
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toxic materials. Consumers are typically exposed to toxic leaching, such as BPA, directly from 

the manufactured plastics they regularly purchase (Corrales, et al 2015). Plastics propensity to 

leach can have an impact on a user’s potential use for upcycled material, especially when the 

reused plastic is to be used in conjunction with organic material and humans/animals.  

2.2.8 Metal as a Material for Upcycling 

2.2.8.1 Description 

The physical properties of metals along with the abundancy of metal waste provide potential 

for a long lasting, durable, and sustainable material (Gordon, 2006). The general public is 

typically unaware of the supply of metals they have access to within their general surroundings, 

such as metals from local businesses and scrapyards (Izatt 2016).  Scrap metals from 

constructions site to scrap yards can be made readily available to the everyday consumer for 

reuse. Utilizing electronic waste, a major source of waste that contains about 40-60% metal, 

can also provide a consistent source of scrap metal. The most common source of metal for 

reuse comes from the often one time use of tin and aluminum food or beverage containers 

(Plunkert, 2006). These tin and aluminum containers can be manipulated to create several uses 

for their metal, from creating decorations to improvised grills. For example, Figure 2-8 

illustrates the use of tin cans to create outdoor lanterns. 

 
Figure 2-8: Outdoor lanterns created from tin cans (Collier). 

2.2.8.2 Advantages 

Like plastics, metals can be readily found around the house, typically in the form of food or 

beverage containers, making for a readily abundant source of reuse material. Metallic 

properties vary between sources, but most metals found around the house can typically be 

manipulated into several forms while maintaining its durability. For larger projects, many 

communities tend have larger, more durable, metals available for purchase or donation. 
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Figure 2-9: Variety of methods for tin can reuse (Stephani C 2017). 

2.2.8.3 Disadvantages 

A disadvantage of using metals as a reuse material is it tendency to corrode or rust, which not 

only undermines the integrity of the material but can also be harmful if inhaled or ingested. 

Metals, when in thin sheets, can have sharp edges, providing another health risk when handled. 

 
Figure 2-10: Rusting repurposed tin cans (Linda 2015). 

2.2.9 Wood as a Material for Upcycling 

2.2.9.1 Description 

Wood is common material used in construction because of its durability and wide availability. 

Wood sources for upcycling typically come in the form of scraps from construction sites or 

projects to the wide utilization of wood pallets for transporting goods, pictured in Figure 2-11. 

Pallets typically have a short use cycle and are often discarded after use. 
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Figure 2-11: a stack of common wooden pallets (Knox). 

2.2.9.2 Advantages 

Wood from wooden pallets can be easily acquired through shipping companies who typically 

discard them after use. The material is readily available, often in large quantities to allow for 

the possibility of varying types of projects ranging in ambition. 
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Figure 2-12: Varying uses of repurposed wooden pallets. 

2.2.9.3 Disadvantages 

The main disadvantage of using wood, especially repurposed wood, is it tendency to rot. Rot in 

wood can negatively affect the durability of the wood, and if left untreated, can spread the rot 

to surrounding wood. However, due to woods densely packed cellulose content, wood typically 

rots at a very slow rate (Sajan 2011). 

2.2.10 Headphone Rack Design 
There are many different approaches to the design and aesthetics of headphone organization. 

2.2.10.1 Types of Design 

The two main organizational methods for designing a headphone rack are hanging the 

headphones on something or using a shelf to store them. The hanging apparatus may also be 
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used to support other things, as shown in Figure 2-14. Shelves or drawers are more easily made 

to be free-standing, as they do not rely on another surface to support the headphones. 

Magnets are sometimes used to attach headphones to vertical surfaces. Hooks are commonly 

used as an attachment to existing surfaces, as shown in Figure 2-13. Clips may also be used to 

either attach headphones to other surfaces or attach other items to the headphone rack 

apparatus, as shown in Figure 2-15. (Bowers, 2017) 

 
Figure 2-13: Headphone hook 

 
Figure 2-14: Example of headphone rack design (“Headphone Rack,” n.d.) 
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Figure 2-15: Example of headphone rack design with possible clip site (“Diy Headphone Stand,” n.d.) 

 

2.2.10.2 Aesthetic aspect of materials choice 

Materials affect every aspect of the design. Wood is a natural product and is both cheaper and 

easier to work with than most metal. Metal is used in most modern and industrial designs in the 

field of interior decorating, as shown in Figure 2-16. (Ness 2014) 
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Figure 2-16: Metal in interior design 

2.2.11 Headphone Anatomy 
Headphones are relatively simple apparatuses. The two main materials used in most 

headphones are plastic and metal. 

2.2.11.1 Hardware 

Headphones of the closed back variety have two separate enclosures for hardware, meaning 

that the component that creates the sound, the driver, is isolated from the earpiece and 

separated from the body of the headphone so that the ear cushion seals against the ear 

without being flat as shown in Figure 2-17. The earpieces fit as the over the head variety, and 

each pair of headphones comes with a cord to connect the headset with the computer via 

standard audio jack. (Headphone 101) 
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Figure 2-17: Anatomy of Headphones 

2.2.11.2 Sound 

Headphones are effectively miniature loudspeakers that fit over one’s ears. There is a small 

copper coil over a permanent magnet in the back of the earpiece that generates the electricity 

needed to amplify the audio signal coming from the earpiece wire. (Woodford, 2017) The 

earpiece wire runs through the headphone jack and allows the computer to interface with the 

amplification mechanisms within the headphones themselves. The variance in air pressure that 

is part of the definition of sonic phenomena can be more definitely controlled by earbuds that 

fit within the ear or by noise-cancelling headphones, though headphones with external casings 

can also be made noise cancelling with special plastics and other materials. (Elsevier 1990)  

2.2.11.3 Price Range 

Headphones vary widely in both quality of function and materials and in level of affordability. A 

group of thirty relatively cheap headphones is about $200. Most headphones that are made for 

students are cheaper, between $15 and $60. (Earphone, 2017) 

2.2.12 Microelectronics 
Microelectronics are not expensive in the world of electronics. Impressive effects may be 

achieved with simple boards that cost less than $50 total. 
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2.2.12.1 Arduino 

This kind of circuit board is useful because it is relatively cheap ($15-$30) and it is easily 

modifiable with the included software. Working with Arduino in programming the Arduino 

boards is a basic skill that can be learned by most. Programming with the Arduino software is 

accessible to people that have never coded before. The board is essentially a space for one to 

modify any kind of connection deemed necessary without totally ruining the board. The safety 

and accessibility of these boards comes at a reasonable price, which is not always the case for 

pre-manufactured circuit boards. (Earphone, 2017) 

2.2.12.2 Raspberry pi 

The prices for a raspberry pi run from $20-$40, depending on model, add-ons and the site of 

purchase. The different models of raspberry pi will have different capabilities in terms of 

transferring information (en mass) and number of input/output ports/pins. The Raspberry Pi 

circuit board is just smaller than a palm and can be purchased with software that enables the 

user to program the board. (Raspberry, 2015) 

 
Figure 2-18: Raspberry Pi 

2.2.13 DC current 
Direct current (DC) is the type of current used in the operation of most headsets. DC current is 

the unidirectional flow of electric charge, as shown in Figure 2-19. This is a main contributing 

factor to the method of amplification of the audio signal coming from the wire in the 

headphones through the amplification systems and into the speakers. (Knell, 2016) 
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Figure 2-19:DC current diagram 

3 Alternative Solutions 

3.1 Introduction 
The Alternative Solutions section offers several different solutions to the headphone rack 

design. The solutions are varied to provide a breadth of creativity from which the best design 

aspects can be collected and used to make a final design that best fits the criteria and 

constraints of the project. 

3.2 Brainstorming 
The Brainstorming section will briefly detail the groups brainstorming processes utilized in 

collectively creating multiple solutions to the design. 

3.2.1 Brainstorming sessions 
There were two brainstorming sessions. The first 20-minute unstructured brainstorming session 

was in SciD 015 on March 1st, 2018 and included the entire group. A warm up session and a 

design session were both included in the brainstorming. Photos are included in the Appendix. A 

second and third structured brainstorming sessions occurred in the HSU library on March 6th, 

with Elijah and Francisco and the third included with Alia. The design ideas were then evaluated 

to come up with the following designs. 

3.3 Alternative Solutions 
The Alternative Solutions subsection will illustrate the several different solutions created as 

alternative designs to the wall mounted, inspirational headphone racks. Each subsection will 

include a description of the design and its components and will be accompanied by figures 

visually illustrating the designs and their components. 
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3.3.1 Green Rice Design 
The Green Rice Design Solution as seen in Figure 3-1 is smaller horizontally than vertically to 

give an elegant appearance. The wooden portion (D) is thin (~¼”) so that it may be easily 

mounted to the wall. The larger hook for the headphones (B) and the hook for the wire (C) is to 

be made out of upcycled materials such as the hook on a produce basket (for bananas) or the 

cleat on a boat (for rope). The wall mounted portion of the design is wooden for a pleasing 

aesthetic. The wooden portion is cut out of an upcycled piece of wood. The clip (E) is on the 

bottom of the design so that the papers being held will not fall in front of where the 

headphones are hanging. Screws (A) are used to affix the design to the wall. This design is 

relatively cheap and fits easily into the team budget. The materials are very durable.  

 
Figure 3-1: The Green Rice Design 

3.3.2 Black Design 
The Black Design Solution incorporates a social studies theme into the overall design to better 

inspire students, as seen in Figure 3-2. The wooden portion (D) is thin (~¼”) so that it may be 

easily mounted to the wall. An upcycled plaque may be used as the backing. The wall mounted 

portion of the design is wooden for a pleasing aesthetic and possible upcycling capabilities. The 

larger knob for the headphones (B) and the ones for the wire (A) are made from upcycled 

materials such as an old doorknob and some curved scrap dowels. The clip (C) is on the bottom 

of the design so that the papers being held will not fall in front of where the headphones are 

hanging. Screws (E) will be used to affix the rack to the wall. The Black Design is relatively 

cheap, including the laser engraving since the use of the laser engraver is free. The Black Design 

fits easily into the team budget. The materials are very durable.  
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Figure 3-2: The Black Design 

3.3.3 Pink Strip Design  
The Pink Strip Solution is thin (~¼”) so that it may be easily mounted to the wall, as seen in 

Figure 3-3. The larger hook for the headphones (C) and the one for the wire (D) is made from 

upcycled materials such as a doorknob or a dowel. The wall mounted portion of the design (A) 

is wooden for a pleasing aesthetic. The wooden portion may also be made from a piece of 

upcycled molding or home decor waste. The clip (E) is spaced out farther than the other hooks 

so that the papers being held will not fall in front of where the headphones are hanging. This 

design is relatively cheap and fits easily into the team budget. The materials are very durable.  
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Figure 3-3: The Pink Strip Design 

3.3.4 Purple Triangle Design 
The Purple Triangle Design Solution as seen in Figure 3-4 is supported away from the wall with 

wooden supports (A) so that the rack may be mounted with a very small amount of wall space. 

The wooden supports underneath the main supports (D) are to help give the rack some stability 

if people hang down on the structure. The main face of the design is the same as the Black 

Design Solution. Screws (E) will be used to affix the design to the wall and the support 

structure.  
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Figure 3-4: The Purple Triangle Design 

3.3.5 The Bulletin Board 
The Bulletin Board solution, shown in Figure 3-5, is a rather simple design consisting of few 

parts; however, it is still effective at holding the headphones in an organized and safe manner. 

The design consists of a plywood backboard (1). The use of plywood is important because it 

creates a very sturdy base that all the components of the design will be placed on. The 

headphones will rest on a wooden dowel that is protruding from the board and slightly angled 

upward (2). This upward angle is critical because if the dowel was strictly perpendicular to the 

backboard, it would run the risk that the headphone may unintentionally slide off the rack if 

they were placed near the end of the dowel. This could possibly damage the headphones or the 

cord. The cord is wrapped around two wooden dowels (3) that are also protruding from the 

board and placed near the right side of the board.  Unlike the dowel for the headphones, these 

are flat and not angled. This allows students to easily remove the cord and begin using the 

headphones. Along the bottom there is a strip of corkboard (4) that is flush with the board. This 

creates a location for the teacher to affix notes onto the board for the students to use during 

class.  
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Figure 3-5: The Bulletin Board diagram 

3.3.6 The Door 
The Door, pictured in Figure 3-6, is similar to The Bulletin Board in its size and shape, but is 

created using upcycled door materials. The design consists of an upcycled door (1) as the 

backboard. The headphones are to be hung from a doorknob (2) that is attached to the top of 

the board. The cable is securely wrapped around a set of keys (3) that are placed half way into 

the backboard to prevent them from being removed easily. Across the bottom, there is a strip 

of corkboard (4) that is made flush with the backboard. This allows notes from the teacher to 

be attached to the headphone rack to be utilized by the students while they are working.  
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Figure 3-6: The Door Diagram 

3.3.7 Half Dome 
The solution Half Dome, illustrated in Figure 3-7, takes inspiration for the world-famous 

towering rock face Half Dome located in Yosemite National Park. The design consists of a solid 

granite backboard (1) that it shaped like an open book. This shape allows for two headphones 

to be placed on only one rack. Allowing two headphones to be placed on one board decreases 

the amount of space that is taken up on the wall which is beneficial because there is limited 

space behind the computer monitors, which is where it will be located. All the aspects of this 

design are mirrored on both sides. The headphones will be secured to the board by a carabiner 

(2). This both follows the theme of the solution (Half Dome) as well as creating a way to 

securely affixing the headphones. The cord of the headphones is to be wrapped around the two 

metal rods (3) that are protruding from the granite. The clip (4) located on the bottom of the 

board creates a space for the teacher to attach notes for the students to use during the class.   
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Figure 3-7: Half Dome Diagram 

3.3.8  (There’s Always Money In) The Banana Stand 
The Banana Stand, as pictured in Figure 3-8, is modeled after the typical counter top banana 

stand and hook found in many kitchens. It consists of a wooden spine (3), a wooden (possibly 

metal) arm (2) perpendicular to the spine, and a metal or wooden “banana” hook (1) hanging 

from the end on the arm. Along with two wooden dowels (4) attached to the wooden spine and 

an angled wooden note platform (6) attached at the midpoint of the wooden spine on one end 

and on the other end resting against the desk top. The wooden spine is roughly 12” in height to 

allow for enough room for the headphone to hang from the “banana” hook (1) without making 

contact with the wooden note platform (6) beneath it. The “banana” hook is an L shaped hook 

with a 1” lip to ensure that the headphones are securely stored. The wooden dowels (4) also 

employ lips to ensure that the headphone chords remain in place. The wooden note platform 

has a clipboard style clip (5) attached at the top end of the board to allow students to safely 

secure their notes and assignments to the board. The note platform also employs the use of a 

wooden lip at the bottom end of the board to allow students to safely place their writing 

utensils and such. Lastly, the angled note platform provides some empty space beneath it, 

which can be used for miscellaneous storage. 
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Figure 3-8: (There's Always Money In) The Banana Stand Diagram 

3.3.9 Mr. T 
The Mr. T design pictured in Figure 3-9, employs a minimalistic approach, incorporating the 

cable cubby found all along the class room walls by using a single wooden platform to house 

the entire headphone rack. The Mr. T design consists of a wooden platform (6) with a on end 

attached to the wall and partially resting on top of the cable cubby. The other end of the 

platform employs a wooden lip (2), preventing items placed on the platform from rolling off. 

The wooden lip has a small board attached (3) to it. The board can either be a corkboard or a 

metal sheet or bar. In the case of the cork board, the board can be used with push pins, 

allowing students to attach notes, assignment and/or miscellaneous items to personalize the 

workspace. In the case of the metal sheet or bar, a similar use is employed with magnets on the 

metal sheet instead of pins on the corkboard. The wooden platform (6) also acts as a storage 

area, where ideally a clipboard can be housed, allowing students to attach their daily 

assignments, which can be left in place or taken with them for portable note taking. Two hooks, 

(4) & (5), are used to hand the headphones and headphone chords from, respectively. 
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Figure 3-9: Mr. T Diagram 

3.3.10 Smile 
The Smile design, pictured in Figure 3-10, is made up of a circular backboard (1) that will hold 

two doorknobs (3) & (4) and a half circle metal sheet (5). The top half of the circular backboard 

will have an inspirational or historic quote engraved onto its outer edge (2), allowing for the 

incorporation of the social studies aspect of the class to be incorporated into the individual 

designs. Two upcycled doorknobs can be used to hand the headphones (3) and headphone 

chords (4) while a half circle metal sheet (5) will be used as a device to clip notes onto the metal 

sheet with magnets. The metal sheet and magnets approach will allow students to clip multiple 

notes along the sheet while leaving an option for personalization as well. 
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Figure 3-10: Smile Diagram 

4 Decision 

4.1 Introduction 
The Decision section presents the analysis of the alternative solutions and the way that they 

were scored in order to decide on the final designs. To reach the final design, a Delphi Matrix 

along with the client criteria and feedback were used to evaluate each alternative solution. The 

decision process makes evident the designs that are most successful at reaching their design 

goals. The leading designs were selected at the end of the decision process. 

4.2 Criteria 
The Criteria, originally listed in Section 2.1.3 - Criteria and Constraints (pg. 2), were considered 

in the decision process and are relisted and defined below. 

Cost: The maximum budget allowed to complete the design. 

Aesthetics: The designs ability to provide for a pleasant physical appearance. 

Level of Embodied Energy: The total energy used in creating the product. 

Safety: The designs ability to serve its purpose without posing any immediate physical threat to 

its user. 

Ease of Access: The designs ability to be utilized by the intended users from a standing position 

without extra effort. 

Durability: The designs capacity to withstand everyday use while remaining intact. 

4.3 Solutions 
The solutions considered, and their descriptions, can be found in Section 3.3 - Alternative 

Solutions (pg. 20) but will be listed below, along with their respective figure numbers. 
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• Green Rice Design     (Figure 3-1) 

• Black Design      (Figure 3-2) 

• The Pink Strip Design     (Figure 3-3) 

• Purple Triangle Design    (Figure 3-4) 

• The Bulletin Board     (Figure 3-5) 

• The Door      (Figure 3-6) 

• Half Dome      (Figure 3-7) 

• (There’s Always Money In) The Banana Stand (Figure 3-8) 

• Mr. T       (Figure 3-9) 

• Smile       (Figure 3-10) 

4.4 Decision Process 
The decision process begins with a weighing of criteria for each design. Table 4-1 describes the 

prototype comparison process and how the final decision was achieved.  

Table 4-1: Delphi Matrix used in the final decision process. 

 

Each design is evaluated according to the criteria in Table 4-1 and the top three designs are 

prototyped. The criteria are chosen by Renewable Potential based on the available resources, 

interests and skills along with client feedback and needs. Each prototype is made with 

cardboard, tape and other miscellaneous objects. It becomes readily apparent that the fixation 

of the headphone hook to the rest of the prototype is structurally one of the most important 

aspects of each design. The top three designs were originally chosen for consideration as the 

final designs because variability in design form lends an enjoyable variety to the 28 racks 

requested by the client along with allowing for flexibility in the varying work spaces. However, 

the final design ultimately did not utilize three designs, to be discussed in the Final Decision 

Justification section. 

4.5 Final Decision Justification 
The final design that was chosen was the Black Design; however, it was altered slightly to create 

headphone racks of two different sizes to accommodate for the space available in the room. 

Based on the Delphi matrix the top three designs were chosen. Three designs were chosen due 

to the varying amount of space available in the classroom and the desire for variability. The 

Door design was chosen because of its thematic design and the potential for completely 

upcycled construction. Table 4-1 shows that The Door design also ranked high against the other 
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designs in the level of embodied energy in the design. Upcycled materials are cheaper than 

buying new and have a lesser environmental impact. The Mr. T design was chosen due to the 

designs elegant aesthetics and bulletproof user interface. Table 4-1 shows how the improved 

aesthetics of the Mr. T design made it preferable to the other designs. The Black design was 

chosen because the laser engraved quotes and historical figures were considered to likely 

provide a source of inspiration to the students, which fulfills one of the original goals stated in 

the title of the project. Table 4-1 shows how the aesthetics were much higher than several of 

the other designs. The use of laser engraving would also be free, which contributes to a more 

economical design choice. Sometime after the decision process, our client informed us that he 

had managed to make arrangements with the maintenance staff at Zane that would allow for 

the boards to be drilled directly to the walls including the wall in the room with a white board. 

Given the new information and the fact that we would be allowed to drill the boards directly 

into the white board, our multiple solution final design decision was able to be simplified into a 

more singular design. Before this information was presented, solutions that were specifically 

designed to fit in the varying levels of open space behind the computers were chosen (Black 

Design, Mr. T, and The Door). The ability to drill directly into the wall made the two solutions, 

Mr. T and The Door, unnecessary. As stated above, the Black design (Figure 3-2) was ultimately 

chosen as the final design. It was found that smaller versions of Black Design would need to be 

made to accommodate for the lack of space in certain areas due to bookshelves and bulletin 

boards being near a few of the stations.  Seven of the twenty-eight stations will be using the 

smaller version of the Black design while the unaltered Black design is used for the remaining 

stations.  

5 Specification of Solution 

5.1 Introduction 
Specification contains a detailed description of the final design of the wall mounted, 

inspirational headphone racks, analysis of the final design cost, and the process used to 

construct them. The description of the final design includes multiple views of the product as 

well as details on each part. The breakdown of the cost is based on the price of the materials, as 

well as the hours spent on the project. An explanation of the construction process is also 

discussed. 

5.2 Description of Solution 
As stated in Section 4.5, the Black design (Figure 3-2) was chosen amongst the other alternative 

solutions to be the final design solution to be implemented at Zane Middle School. An AutoCAD 

drawing of the overall shape and layout of the design is pictured in Figure 5-1, detailing the 

dimensions of the rack along with providing context of the placement of the headphone rack’s 

individual components. 
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Figure 5-1: AutoCAD drawing of the final design 

A finished 8” by 11” headphone rack pictured in Figure 5-2 provides a visual overview of the 

main components of the racks, such as the magnets and angled dowels, using callouts. The 

following subsections will provide more context of the individual headphone rack components. 

 
Figure 5-2: A finished headphone rack with graphical callouts of individual components 

5.2.1 Wooden Backboard and Laser Engraving 
The back board of each headphone rack is made of ¾” pre-finished ply wood. Each piece is laser 

engraved with an important historical figure’s face along with a small biography of them. Each 

board is cut into an 8” by 11” board, with the exception of 7 smaller boards cut into 8” by 9.5” 
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boards. Cutting the boards into these dimensions allowed for the most amount of space for the 

writing and face as well as leaving enough room for the functional aspects of the rack. Pre-

finished wood was used to provide a professional and visually pleasing product that was in line 

with our design criteria of aesthetics. Below in Figure 5-3, is an image of the board with the face 

and writing laser engraved. 

 
Figure 5-3: Diagram of board and engraving 

5.2.2 Wooden Dowels 
The purpose of the headphone rack is to safely hold both the headphones and the cord on the 

board in an organized manner. This is accomplished through the use of angled wooden dowels. 

As seen in Figure 5-4 and Figure 5-5 the first dowel is located on the top of the board, above the 

head of the figure. This is a ¾” dowel. This dowel is used to support the headphones so that 

they are hung over the figures face.  To the right of the figure there is a ½” dowel used to hold 

the cord of the headphones. This way the cord will have a lower chance of sustaining damage, 

thus extending the life of the headphones significantly. A slightly larger dowel was chosen for 

the headphones for two reasons. The first reason is it distinguishes the two dowels so that they 

are used for their intended purpose and not used interchangeably. The second reason is 

because it is stronger, and it is expected that the students will exert more force to this dowel 

compared to the dowel holding the cord. Maple wood was chosen as the material to provide 
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aesthetic continuity. The use of the maple for the dowels matches the use of maple for the 

backboard. 

 
Figure 5-4: Finished design 

 
Figure 5-5: Angled wooden dowels on final design 
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5.2.3 Magnets 
Two neodymium and two ceramic magnets are used on each rack to affix notes from the 

teacher on to the board. The two neodymium magnets, viewable in Figure 5-6 are 5/16” in 

diameter and are imbedded into the wood so they are flush with the board. The two magnets 

are placed several inches apart from each other to create a more stable way to hold the note 

sheet to the board. The ceramic magnets pictured in Figure 5-7 are attached to the top of the 

neodymium magnets. Due to the ceramic magnets external location on the board, there is a 

possibility that they can be lost or stolen. However, they are inexpensive and can be replaced 

easily.   

 
Figure 5-6: Rare earth magnets on final design 

 
Figure 5-7: Ceramic magnets magnetized to rare earth magnets on final design 

5.2.4 Acrylic Paint 
The contrast between the board and the bare laser engraved sections was very poor making 

the engraved text difficult to read. Acrylic paint was used to paint the engraved sections in 

order to darken and deepen the contrast between the engravings and the back board. Figure 
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5-8 provides a comparison of the laser engraved boards painted vs. not painted. The deeper 

contrast provided by the paint allows the text and figures to be seen from a much further 

distance when compared to the raw laser engraved sections.  

 
Figure 5-8: Comparison of painted vs. non-painted engravings 

5.3 Cost Analysis 
The Cost Analysis provides an analysis of the costs involved in the design and construction of 

the headphone racks at Zane Middle School. The team received $100 from Zane Middle School 

and was expected to contribute up to $75 per group member. The final cost is a composite of 

the total hours and dollars spent on research, designing the headphone racks, prototyping the 

designs, testing the prototypes, gathering materials and constructing the final design.  

5.3.1 Cost of Supplies 
A list of materials and their respective total costs is shown in Table 5-1. The project was able to 

be completed nearly $100 under budget. 

Table 5-1: List of materials, quantity of materials, and individual and total costs of the headphone rack design implementation. 

Materials Quantity Costs 

4’ x 8’ x ¾” pre-laminated maple plywood sheet  1 $75.29 

4’ x 8’ x ¾” mislay plywood sheet 1 $47.42 

5/16” neodymium magnets 100 $32.40 

Ceramic magnets 104 $33.60 

¾” maple dowel  2 $6.36 

½” maple dowel  2 $13.47 

Maple edge band 100’ $22.63 

Total $231.17 
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5.3.2 Cost of Labor 
The tools used to mill the plywood (table saw, lathe, edge strip cutter, chisel, handsaw, 

hammer, gloves, clamps, drill press) were free to use, and the laser engraver was free to use 

under the condition that the group do a final presentation to the classroom that houses the 

laser engraver. 

5.3.3 Cost in Time 
Table 5-2 provides a graphical representation of the amount of time the team spent in each 

design phase. As is evident by the chart, Phase 5: Specifications, which included the 

construction and implementation phase of the design, made up the bulk of the team’s time 

investment. The final design hours totaled 302 hours. 

Table 5-2: Pie chart of the team’s design hours by phase. 

 

5.3.4 Projected Maintenance Costs 
The headphone racks do not require much regular maintenance unless damaged. Assuming 

that the racks are used properly will prevent the need for much of any upkeep. If certain 

components of the rack are damaged or removed, minor maintenance tasks can be done to 

return the racks to a functioning state. The costs and estimated frequency for such 

maintenance task are listed in Table 5-3. In the event of damage beyond repair, the estimated 

cost of a complete repair is roughly $10 per headphone rack. However, to offset client-side 

cost, four replacement racks were provided in the event a rack is damaged beyond repair. 

Several extra ceramic magnets (the component estimated to need the most replacement) were 

also provided to the client. 

Table 5-3: Maintenance cost and frequency 

Maintenance Task Frequency Projected Cost 

Replace damaged or broken dowel 1x per year $1.24 

Replace rare earth magnet 1x per 3yrs $0.32 

Replace lost or stolen ceramic magnet 6x per month $0.32 

Replace entire board  1x per 2yrs $10.00 

5 20
17

15

245

Total Design Hours: 302 hrs

Phase 1: Problem Formulation

Phase 2: Problem Analysis & Literature
Review
Phase 3: Alternative Solutions

Phase 4: Decision
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5.4 Implementation and Use of Models 
The headphone racks will be installed in the Zane Middle School classroom and used by the 

middle school students on a daily basis.  

5.4.1 Construction Process 
The construction process of a headphone rack involves several individual steps to produce a 

final product. The construction process was carried out to create thirty-two individual 

headphone racks. A brief walkthrough of the construction process is as follows: 

The pre-laminated plywood used to make the headphone racks, pictured in Figure 5-9, was 

bought from Almquist Lumber, a local lumber supplier, and milled with a table saw into 

appropriately sized pieces, in our case seven 8” x 9 ½” and twenty-five 8” x 11” pieces.  

 
Figure 5-9: Pre-laminated maple plywood 

An Inkscape file, like the one pictured in Figure 5-10, was personally created for every figure 

head to be engraved and was used for the laser engraving process.  
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Figure 5-10: Inkscape file used for the laser engraving process 

Each piece was then engraved with a design using a laser engraver at Arcata High School.  Each 

rack took an average of roughly 10 minutes to engrave. Figure 5-11 provides a visual of the 

laser engraving process of the typical design which include a laser engraved face, the figure’s 

name, and a brief biography. 

 
Figure 5-11: Laser engraving in progress 
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As our prototyping showed, the racks needed to be stained a darker color to increase contrast 

of the engraving on the wood. The engravings were painted by hand, as seen in Figure 5-12, 

using a paint brush and brown acrylic paint and were allowed to dry for 24 hours.  

 
Figure 5-12: Painting process 

A clear distinction in visibility can be seen in Figure 5-13 side-by-side comparison of the painted 

and non-painted boards, further proving the worth of our prototyping process. 

 
Figure 5-13: Side-by-side comparison of painted and non-painted engravings 



Renewable Potential  Zane Middle School 

42 
 

Once fully engraved and painted, a process using a drill press, pictured in Figure 5-14, was used 

to drill appropriately sized holes so that the two dowels and the pair of rare earth magnets 

could be embedded snugly into the board.  

 
Figure 5-14: Drill pressing appropriately sized holes into boards 

The edge banding process pictured in Figure 5-15 required that appropriately sized pieces of 

pre-laminated maple edge band tape be cut according to the dimensions of the racks. Once 

pieces were cut, the edge band was ironed on to the boards and trimmed and allowed to dry. 
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Figure 5-15: Edge banding process 

The metal dowels to be used to hang the headphones and headphone cords were then cut 

down into appropriate length, roughly 2”. Figure 5-16 provides an example of the appropriately 

cut dowels.  

 
Figure 5-16: A bundle of appropriately sized dowels in the workspace 
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A lathe, pictured in Figure 5-17, was used to round off the edges of the cut dowels and to add a 

minimal engraving onto the sides of the dowels for added aesthetics. 

 
Figure 5-17: Lathe used to round off dowels 

The cut and rounded off dowels are then embedded into the boards by adding wood glue into 

the drill pressed wholes and then hammering in the dowels with a mallet until properly affixed. 

Figure 5-18 pictures the materials used in this process. 



Renewable Potential  Zane Middle School 

45 
 

 
Figure 5-18: Process of affixing wooden dowel to board with wood glue 

A similar process is carried out when affixing the rare earth magnets, pictured in Figure 5-19, 

into the board. A drop of super glue is added to the drill pressed magnet wholes before 

inserting the magnets into the wholes and hammering them in with a mallet until flush with the 

board. 

 
Figure 5-19: Affixing rare earth magnets to rack 
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Once the magnets, dowels, and edge band adhesive have been given an adequate time to dry 

and settle (roughly 24 hours), the final headphone racks, one picture in Figure 5-20, are ready 

for transport to Zane Middle School. 

 
Figure 5-20: Johannes Gutenberg final design 

5.4.2 Projected Use 
The headphone racks will each hold one headphone, its attached accessory wire, and a few 

pages of notes or an assignment. The magnets on the bottom of the rack will also function to 

distribute announcements printed by the teacher. The racks should last for as long as the 

classroom is in use. 

5.5 Final Design Results & Prototype Results 
The results section will cover the outcome of the final design and will also prove insight on the 

prototyping process and lessons learned from said process. 
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5.5.1 Final Design Results  
The final headphone racks were delivered to Zane Middle School for installation by the 

maintenance staff. Twenty-eight individual headphone racks were installed, one per station, 

while an additional four racks are to be held in storage in the classroom to be used as 

replacements or in the case more stations are added to the classroom. Each individual rack has 

a unique figure head laser engraved directly onto the wooden racks. The figure heads were 

picked by the instructor and are related to the course material studied by the students.  Along 

with laser engraving the figure heads, their names and brief descriptions are laser engraved 

directly onto the board as well. A three-quarter inch wooden dowel is located on the top end of 

the board to be used to hang the headphones in while a smaller half inch diameter wooden 

dowels is oriented on the middle right end of the board to be used to wrap the headphone wire 

around. Two rare earth metal magnets are imbedded directly into the board at the bottom end 

of the board. These magnets are to be used in conjunction with round ceramic magnets to 

attach notes and daily assignment directly to the board. The headphone racks have so far 

proven to be useful by providing a means to house the individual headphones, providing a 

medium to present daily assignments, and act as an inspiration to the students on a regular 

basis.  

Towards the latter half of the design project, it was found that the current headphones are 

expected to be phased out over the next couple of years to make way for replacement 

headphones. In this case, the racks are expected to be able to accommodate said replacements. 

However, there is a possibility that the phased-out headphones are not replaced. In this case, 

the students will be required to provide their own headphones. Many are expected to opt for 

the use of earbuds instead of headphones. In this case, a component of the rack will be 

rendered void of its intended use, however, the racks are still expected to be used on a regular 

basis to present notes and daily assignments using the magnet affixing and provide some level 

of inspiration through the boards design and laser engraved content. 

5.5.2 Prototype Results 
The prototypes used to develop the final design provided us with lots of feedback from the 

client along with bringing to light some of the shortcomings and oversights of our designs. 

The first wave of prototyping consisted of prototyping for function. The goal was to create 

prototypes that accurately matched the dimensions and general look of the final design, as well 

as making sure they work as the final design is intended (i.e. fit headphone racks within 

dimensions). Cardboard and other miscellaneous scrap material were used to create the first 

set of prototypes, pictured in Figure 5-21, mainly due to the materials ability to be easily 

manipulated to produce multiple prototypes within a short time span. Once constructed, 

headphones were placed on the rack to check to make sure they wouldn’t completely cover too 

much of the design.  
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Figure 5-21: Prototyping for function 

The second wave of prototyping, pictured in Figure 5-21, was aimed at prototyping for desire. 

This set of prototypes were less focused on accurate dimensions like those in the final designs 

but instead had more of an emphasis on using a material that would somewhat accurately 

resemble the final design. These prototypes were used to gauge the clients interest in the 

direction taken and provide the client the opportunity to provide feedback. The second wave of 

prototypes were made entirely of upcycled materials donated from Scrap Humboldt. Once 

feedback from the client was received, the next set of prototypes were ready to be created.  
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Figure 5-22: Prototyping for desire 

The third rounds of prototyping were the first to incorporate the intended final dimensions on a 

material similar to that of the final design. The third round of prototypes were also the first 

prototypes where laser engraving was used, which provided insight on the process itself along 

with our possibilities with the technology. Figure 5-23 shows the outcome of the third wave of 

prototyping within the class space and with the headphones. This wave of prototyping 

informed us that our dimensions were too tall to fit in ever workspace in the classroom and 

would require some variance in dimensions. 
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Figure 5-23: Laser engraved prototypes in the classroom (left), Prototype with headphones (right) 

The fourth wave of prototyping was done on pre-laminated plywood similar to that of the final 

design. Being stained a darker color than the wood used in the third wave of prototyping 

provided another challenge when it came to laser engraving. Figure 5-24 pictures the darker 

color of the wood and clearly exemplifies the issues of text visibility. 

 
Figure 5-24: Prototypes of finished wood and laser engraving 

Once extensive laser engraving prototyping provided an acceptable outcome, focus was shifted 

to increasing the visibility of the laser engravings. This was originally accomplished by using 

several wood stains and different colored acrylic paints, but ultimately, the focus was switched 

to using acrylic paint due to it being a material that provided the engravings with the desired 

visibility while also being the only medium that didn’t stain or alter the rest of the board. The 

acrylic painted boards, as seen in Figure 5-25, was very successful in making the engravings 

more while adding another level of aesthetic to the design.  
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Figure 5-25: Prototyping acrylic paint on laser engraved wood 

Ultimately, the prototyping proved to be incredibly useful in designing a product that satisfied 

all our client’s criteria in terms of functions and aesthetic. The feedback we were able to receive 

from the client, Damon Brooks, by using physical prototypes in the class space provided us with 

excellent direction for the project, while also allowing our client to engage in the design 

process. 
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Figure 6-2: HSU SciD 05, March 1, 2018. Elijah, Francisco, & Alia 

 

Figure 6-3: HSU Library, March 3, 2018. Structured Brainstorm - Elijah & Francisco 
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Figure 6-4: HSU Library, March 3, 2018. Unstructured Brainstorm - Elijah & Francisco 


