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1. Section I: Problem Formulation 
1.1 Introduction 

Within this section background on our client, Zane Middle School; our course, Engineering 215; 

and ourselves, the Yerba Mates is provided. Next, find an overview of the outdoor classroom 

project and preliminary objectives.  

1.2 Background 

Zane Middle School provides a sixth through eighth grade STEAM education. Zane has an 

established partnership with the Engineering 215 design course at Humboldt State University 

taught by Lonny Grafman. Zane has been a client choice for many design project, as it provides 

college students the opportunity to improve younger students’ educational experiences locally, 

while building valuable design experience. Our team is composed of four future engineers 

including Bailey Cochran, Fiona Connor, Daniel Evans, and Albert Figueroa. Together, we are 

the “Yerba Mates”. Beginning in February 2018 and for the remainder of the semester we will 

work to design and implement an outdoor classroom at Zane.  

1.3 Objective Statement 

We seek to design and implement an outdoor classroom at Zane Middle School in Eureka, 

California to connect students with nature and provide new learning opportunities. Figure 1, a 

Black Box Diagram below depicts how the project will change Zane’s community.  

1.3.1 Black Box Diagram: 

 
Figure 1: A Black Box Diagram representing the world before and after our solution.  

2 Problem Analysis and Literature Review 
2.1 Introduction to the Problem Analysis 
The Problem Analysis is composed of the project’s specifications , considerations, criteria, usage, 
and production volume. Constraints are included within criteria.  

2.1.1 Specifications 
Specifications determine the essential components to implement in the design process. Those 
essential components include a maximum seating capacity of thirty-three, a teaching station 
with white/chalkboard, and compliance with ADA regulations.  

Zane Middle 

School with no 
outdoor learning 

space. 

 
BLACK BOX 
 

Zane Middle 

School with an 

outdoor learning 
space. 
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2.1.2 Considerations 
Considerations establish context for the design process. The first consideration is that sixth 
through eighth graders who will use the space. Further, we consider Humboldt County weather 
patterns in selecting building materials. Regarding permanent changes, we consider the 
approval of the Grounds staff at Zane Middle School.  

2.1.3 Criteria  
The criteria in Table 1 includes a collaborative list of necessary aspects of the space determined 
by the Yerba Mates and Trevor Hammons. 
Table 1:Influential criteria and constraints of Zane’s future outdoor classroom  

Criteria Constraints 

Safety Used by teachers and students. 

Cost As broke college students, the cheaper, the better. 

Portability Capable of being moved by one person. 

Durability Withstands regular use, exposure to the elements and vandalism. 

Utility Functional ease. 

Plasticity More than one arrangement. 

Aesthetics Consistent with existing school infrastructure. 

Environmental Justice Use of environmentally friendly materials. 

  

2.1.4 Usage 
The outdoor classroom will be used for 55-minute intervals throughout a six-period day. This 
entails Monday through Friday during the August through June School year.  

2.1.5 Production Volume 
There needs to be one completed outdoor classroom composed of thirty-three seats and one 
teaching station.  
 

2.2 Literature Review 

2.2.1 Established Outdoor Learning Spaces  
 

The literature review will provide the appropriate background information required to build an 

established foundation for the design process. Specifically, we intend to design and implement 

an outdoor classroom at Zane Middle School to connect students with nature and provide new 

learning opportunities.  

 

2.2.1.1 Description 
 

Outdoor learning is not a new concept. Before the twentieth century, the natural world was the 

science classroom. Efforts to move learning back outside are also not new. Founded in 1979 in 

California, the Outdoor Classroom Project is a consulting service that aims to “[increase] the 

quantity, quality and benefit of outdoor learning experiences for children in early care and 

education programs”. The company contends that most indoor activities can be done outdoors 

and some [should] only occur outdoors (McCulloch, Hider 2015). Also in the United States, 

Charles J. Eick studies the link between nature and science through one third grade teacher, 
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“Susan.” Susan’s outdoor classroom consists of trails to a local stream, a butterfly garden, a 

vegetable garden, and a bird-feeding station.  Future plans entail an outdoor pavilion, weather 

station, sundial, and geology study area. Susan utilizes the outdoor space for an explicit 

connection to the curriculum and not as a “positive escape” (Eick 2012).  

 

2.2.1.2 Advantages 
 

The Outdoor Classroom project notes physical, cognitive, and psychological benefits of the 

outdoor classroom including: “setting up patterns for an active, healthy lifestyle”; “stronger 

language, problem-solving, and communication skills through projects and group activity”; and 

“higher, more positive self-esteem” (McCulloch, Hider 2015). Continuing back to Susan’s case, 

she lobbied other teachers to use the space as well and establish a curriculum link from year to 

year, allowing for deeper learning. Further, in the case study year, all but one of Susan’s students 

passed standardized testing. In the University of Tennessee’s “Guide to Developing an Outdoor 

Classroom”, Creig C. Kimbro notes the versatile projects that may be included in an outdoor 

classroom and the potential cross-curriculum integration. Noted projects include an erosion 

control demonstration area, a marsh or wetland, native grasses and wildflowers, insect traps, soil 

profile area, and storage buildings (Kimbro 2006).          

                     

2.2.1.3 Disadvantages  
 

Most established outdoor learning spaces are for pre-kindergarten and elementary school-aged 

children. In The Great Outdoors: Advocating for Natural Spaces for Young Children, examples 

of nature-focused/outdoor preschools are found in Connecticut, Michigan, Massachusetts, 

Maryland, and Wisconsin (Rivkin and Schein 2014). The focus on elementary outdoor education 

means the link to nature is severed once students enter middle school. Further, Kimbro notes 

safety and maintenance must be considered when establishing an outdoor learning space 

(Kimbro 2006). That is, durable materials for construction and forethought with plants are 

needed. Construction considerations are also essential for minimizing student distraction. Herb 

Broda, an Ashland University professor, suggests researching student traffic patterns and 

“avoid[ing] a direct line of sight with playground equipment”(Broda 2016). Broda further notes 

to establish a spot sheltered from the sun and to be accomodating for special needs. The shade 

issue was tackled by a pergola, pictured below, constructed by high school students for their 

middle school’s outdoor classroom in Kennett Square, Pennsylvania (Dorrell, Berkeihiser 2014). 
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Figure 2: Patton Middle School’s Completed Pergola  

(Dorrell, Berkeihiser 2014) 

      

 

2.2.2 The Essentials of a Classroom 
 

Flexible classroom layouts address the needs of different learning styles. In the American 

Society and University Magazine, Mike Kennedy argues that a modern classroom should include 

space for traditional lecture, one-on-one student-teacher work, and small group collaboration 

(Kennedy 2017). Kennedy also suggests designing a space that can be reconfigured to go with 

the curriculum. Beyond the layout of the classroom, Rita Pin Ahrens, the director of education 

policy for the Southeast Asia Resource Action Center, explains that “students need to be in 

classrooms that inspire them” (Glatter, Deruy, and Wong 2016). Inspiration may come from 

artwork in the space or examples of work students aspire toward.   

 

2.2.3 Art in the Classroom 
 

A Carnegie Mellon study surrounding primary education finds that too much art/ posters in a 

classroom distract students and lower test scores (Harvey 2014). Students in middle and high 

school are better able to handle the distractions and benefit from decorated settings (Adoniou 

2017). Jessica Bucholz and Julie Sheffler further examine classroom decor in “Creating a Warm 

and Inclusive Classroom Environment: Planning for All Children to Feel Welcome”. A 

decorated and “warm” classroom helps students feel more comfortable in their learning. Beyond 

enforcing comfort, “the physical environment of a classroom plays a part in the ownership 

students feel about their school and more specifically their class” (Bucholz and Sheffler 2009).  

 

2.2.4 Seating Arrangement 
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2.2.4.1 Semi-circle Promotes Social Interaction 
 
Researchers pondering the efficacy of varied seating arrangements devised a study which investigated the 
relationship between classroom seating arrangements and the volume if questions posed by fourth-graders 
in the study. Data was collected during 53 lessons and spread over 8 weeks. During that period , children 
were assigned to sit in a semicircle and then in a row-and-column seating arrangement for 2 weeks each. 
The results were that social interaction is encouraged when individuals are able to establish face-to-face 

contact (Marx et al.1999). 
 

2.2.4.2 Seated Rows for Promoted Individual Task/Dynamic Classroom 
 
Many studies have been conducted to examine how seating arrangements affect children’s behavior. Eight 

studies that investigated at least two of three common arrangements (i.e., rows, groups or semi-circles) 
were considered in this particular study. The results indicated that teachers should let the nature of the 
task dictate seating arrangements. Evidence supports the idea that students display higher levels of 
appropriate behavior during individual tasks when they are seated in rows, with disruptive students 
benefiting the most (Wannarka, 2008). 
 

2.2.4.3 Pairs and Groups Most Common Arrangement     
 
In an effort to understand how seating arrangements vary by child age and tasks performed a survey was 
distributed to ten different school districts, and reports were collected from 64 different teachers who 
taught varying grade levels and subjects. The seating arrangements that were most commonly observed in 
the study include students in pairs, threes, or groups of four or more, with 89.6% of the teachers using this 

style of arrangement. 16.4% of teachers most commonly used rows in their classrooms. 10.4% use a u-
shaped type of arrangement, and 11.9% most commonly use another type of arrangement (Wasnock, 
2010). 
 

2.2.4.4 Pod Seating is the Most Effective/ Forced Dynamic Classroom 
 
The purpose of this study by Jeff Richard was to determine if changing seating arrangements affect 
student behavior. He used three seating arrangements, which included the traditional row seating, 
horseshoe seating, and pod seating arrangements. Student behavior was measured by a teacher 
intervention tally list, student surveys, and a teacher journal. This study was designed to be administered 
over a 45-day period with each seating arrangement existing for 15 days in two consecutive Geometry 
classrooms. His findings substantiated that the pod seating arrangement was the most effective seating 
arrangement for these geometry students and his teaching style (Richard, 2006). 

 

2.2.5 Parabolic Walls 
 

2.2.5.1 Sound Waves and Parabolic Surfaces  
 
Robyn Backen, a lecturer at the Sydney College of Arts, writes: "Amid the ambient noise and bustle of 
public buildings, whispering walls offered the possibility for discretion and secrecy in the open. The 
spoken word of one person reflects and travels in a straight line to the opposite side of the parabola or 
elliptoid, so it is as if the words are spoken directly into the ear of another". Backen's Whisper Pitch, a 
site-specific installation in the Carriageworks foyer, as shown below in figure 4, features two parabolic-

shaped brick walls facing each other, (“Tell it to the whispering walls, says Sydney artist,” 2012). 



 6 

 

 
Figure 3: Above Robyn Backen, listening to the whispers bounce off the whispering walls. 

 

 

2.2.5.2 Geometry Behind Sound Waves and Parabolic Surfaces  
 
When a sound wave encounters a plane hard surface at a given angle, it will be reflected at the same 
angle. But when the surface is curved different parts of the wave may be reflected in different directions. 
Parabolic mirrors exploit this fact, as demonstrated in figure 5, in order to focus oncoming wave fronts 

into a single point of high energy intensity - the focus, F, or in this case the red dot. Parabolic surfaces 
may also be used to do the opposite, as shown in figure 6: if a wave source is held at the focus of a 
parabolic mirror, then that mirror will project the sound as a series of parallel wave fronts, which may be 
collected and refocused by another parabolic mirror (Rees, 2009). 

 
Figure 4: Sound waves projectected off a parabolic surface originating from the red dot  

(Rees, 2009). 
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Figure 5: Sound waves projected from one parabolic surface to another 

 (Rees, 2009) 

2.2.6 Natural Paints 

2.2.6.1 Description 
Paints are liquids which are applied to surfaces that, once dried, become a solid. Paints contain 

many components including: pigments; binders; extenders; solvents; and many types of additives 

(Lichtarowicz 2018).  Additives can contain bactericides, fungicides, and algaecides. Solvents 

are generally either water or organic solvents such as benzene. Natural paints are those that do 

not contain any petroleum distillates, which include benzene or some of the ingredients in the 

various fungicides, bactericides and algaecides. Natural paints are made from ingredients such as 

flour, clay, milk, eggs and borax.  

2.2.6.2 Advantages 
The biggest advantage of natural paints is that they are generally safe to use. Many paints, 

especially those containing petroleum distillates emit volatile organic compounds (VOCs) into 

the air through a process called “offgassing” (Agency 2018). Natural paints do not contain these 

VOCs, at least not in concentrations near those of commercial paints. Some oil-based paints also 

contain linseed oil. Linseed oil is hazardous to inhale and it also poses the unique risk of 

spontaneous combustion, even at room temperatures (Vermont 2018). Some natural paint recipes 

do call for linseed oil but there are also other recipes that do not require the oil binder (CCAT 

2018). The production of natural paints is also much more environmentally friendly than their 

conventional counterparts. 

2.2.6.3 Disadvantages 
The most glaring disadvantage of natural paints, from a consumer’s perspective, is their cost. 

Natural paints can cost anywhere from 20-80 percent more than their conventional analogs 

(Pennock 2014). This is likely a function of the fact that they are not mass produced on the scale 

of latex or oil based paints. This also means that they can be difficult to source and not all paint 

retailers will sell natural paints (Pennock 2014). Natural paints also may not last as long due to 

the lack of chemical additives that prolong life and improve sheen. They also take longer to dry 

(Pennock 2014). Some of these disadvantages, such as cost and scarcity, can be remediated by 

making the paints oneself.  
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2.2.6.4 Recipes 
Below are two recipes taken from a flyer from the Campus Center for Appropriate Technology at 

Humboldt State University.  

2.2.6.4.1 Flour/Clay Paint 
1. Make wheat paste 

a. Whisk 1 cup flour + 2 cups water 

b. Boil 1.5 cups water 

c. Add flour/water while stirring 

d. Keep on low heat until thick 

 

2. Dilute wheat paste slowly with 2 cups water 

3. Combine 1 cup clay + 1 cup filler (chalk,mica,etc.) 

4. Add clay mix to the diluted wheat paste until a paint-like consistency is achieved 

5. Add pigment for color 

2.2.6.4.2 Milk Paint 
1. Separate curds from whey 

a. Lowfat milk + lemon juicein oven with pilot light overnight 

 

2. Whip curds in blender until smooth 

3. Add 1.5tbsp borax to neutralize 

4. Linseed oil for glaze 

5. Add 1.5 cups chalk + pigment for color 

2.2.6.4.3 Egg Tempera 
 Egg/Oil Glaze 

 Whipped egg + linseed oil 

 Egg Paint 

 Yolk (minus sack) + pigment 

2.2.7 Medium Density Particleboard (MDP) 

2.2.7.1 Description 
Medium density particle board is a composite wood product. It is created by compressing wood 
chips in parallel to the surface of the board and binding it all with glue. In standard particle 
board, the most common adhesive is urea formaldehyde and it generally is about 10% of the 
overall mass of the board (Particle Board 2018). There are several grades of particleboard that 
are recognized and they range from the labels P1 – P7, P1 being the most basic and P7 being 
the strongest and most moisture resistant (Particle Board 2018). Particleboard can have density 
ranging from 600 – 700kg/cubic meter depending on the cross section of wood being 
considered (Facts About Particleboard 2018).   
 

2.2.7.2 Advantages 
Particleboard has many advantages. It shares many of the beneficial qualities of wood but also 
has advantages over traditional lumber. Particleboard does not have a grain like non-composite 
woods do and that means that the dynamics of the plain surface are negligible. Also, since 
particleboard is a composite and is machine pressed, it is homogenous and therefore has 
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uniform density and strength (Particle Board 2018). As long as the board is kept in ideal 
conditions particleboard can be reused in similar or altogether novel applications. If reuse is not 
an option, particleboard can also be disposed of in a fashion similar to most other wood 
products (Particle Board 2018). 

 

2.2.7.3 Disadvantages 
Since particleboard is made of wood it also bears many of the disadvantages of wood. The most 
common defect occurring in particleboard is deformation of the board caused by the 
absorption of moisture from the environment (Facts About Particleboard 2018). Again, being 
made of wood, particleboard is also susceptible to combustion and rot. Lastly, particleboard is 
also susceptible to bio-deterioration from certain fungi though this can be remediated through 
the practice of mixing and layering fungicides in with the adhesives used to bind the composite 
material together (Facts About Particleboard 2018).   

2.2.8 Upcycling 

2.2.8.1 Description 
Upcycling is a subdivision of recycling. Recycling is defined as turning waste products into 
usable products of lesser importance, utility, or desirability or otherwise extracting useful 
materials from the waste stock. Upcycling, however, is the act of taking a waste product and 
turning it into a product of greater value than it currently possesses (Flowers 2017). 

2.2.8.2 Advantages 
There are many advantages to upcycling, the most significant being removal of items from the 

waste stream. Not only does upcycling reduce the amount of waste in a landfill, it also reduces 

the amount of virgin materials needed for a given project. Using upcycled materials means that 

less energy is consumed as production of new materials becomes unnecessary. Materials for 

upcycling can be found for prices lower than new goods or scavenged for free.  

2.2.8.3 Disadvantages 
Sometimes sourcing materials for upcycling projects can be difficult and time consuming. One 

must also be sure to check that the materials being used, such as pallets, are safe to be handled 

and utilized. Upcycled parts may also not be in as good a condition as virgin products. 

2.2.9 Zane Middle School 

2.2.9.1 Description 
Zane Middle School is located in Eureka, Ca. It has a student population of approximately 625 

with class sizes up to 33 children. There are 29 full-time teachers. Zane is a S.T.E.A.M. school 

meaning they focus on science, technology, engineering, art, and music. In order to achieve the 

goal of meeting the social, educational, and cultural needs of its students  Zane Middle School 

has partnerships with many local organizations, including the Humboldt State University 

Engineering Department (Schools 2017). 
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2.2.10  Weather Patterns of Humboldt County 

2.2.10.1  Coastal Influence on Weather 
Due to the location of Eureka, California the climate varies throughout the year. In a study 
conducted by Humboldt County’s local weather station it was discovered that on average 

the total rainfall for the year occurs in the seven months from October through April.  
With a higher recorded rainfall in the winter months of December and January. This weather 
pattern is caused by the storms that originate over the Pacific Ocean and move into the coastal 
regions.  (Humboldt County, 2018) 

2.2.10.2  Average Rainfall  
In a study conducted from 1981-2010 it was discovered that on average, Humboldt County 
experiences approximately 40.31 inches of rainfall per year (US Data, 2010).  The California 
public school system is in session from the month of August through the month of May (not 
including the semester break in December), as seen in Figure 1 below the highest amounts of 
recorded rainfall are in the months in which school is in session. The highest amount of 
precipitation being recorded in the months December through January.   

 

Figure 6: US Data Measurements of Precipitation in Eureka, CA 

 (Data, 2010) 

 

2.2.11 Humboldt County Flora  

2.2.11.1 Plants Indigenous to Humboldt County 
According to the California Native Plant Society, there are over 40 species of plants native to 
the Arcata-Eureka area. These species all share the common trait of thriving in moist soil and 
can range from Redwood Trees to Pacific Reedgrass. The higher average precipitation is a key 
factor in the abundance of plant life in the area. The county is surrounded by redwoods and 
covered in ferns as well as other moist-soil preferring vegetation. 

2.2.11.1 The Western Sword Fern 
The Western Sword Fern is indigenous to the Pacific Coast ranging from southeastern Alaska to 
Baja, California. The Western Sword Fern is the most common herbaceous species and has 
better survival ratings when in nitrogen rich or moist sites in forest habitats, especially when in 
lower elevations. The sword fern is particularly found in redwood forests growing at the bases 
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of redwood trees and along flood plains. The sword fern is a medium-sized, long lived, 
perennial, evergreen fern with many fronds (75-100), clustered on a short, vertical rhizome. The 
stems are erect and the fronds arch outward forming a “crown shape” as seen in the figure 

below. (Zouhar, 2015) 

 

Figure 7: Western Sword Fern (Polystichum Munitum) 

 

2.2.12 Benefits of Gardening 

2.2.12.1 Benefits of Gardening on Youth 
According to a study conducted by the College of Health and Human Development, Penn State 
University it was discovered that school gardens showed positive outcomes in aspects of 
science achievement and food behavior. The students showed increasing knowledge of plant 
types and ability to use gardening tools. This study also demonstrated the impacts of gardening 
on a student’s environmental impact as well, student’s displayed greater knowledge of 

their individual environmental impact after long periods of working with the garden.  (Blair, 
2009) 

3 Alternative Solutions 
3.1 Intro to alternative solutions  
The alternative solutions consist of different designs made in compliance with the criteria. 
Further, the alternative solutions depict teaching stations as the other outdoor classroom group 
is responsible for seating. To formulate solutions and conceptualize what a teaching station is, 
we brainstormed with 10 minute rounds of unstructured thoughts and ideas. Next, we pulled 
subjects from our unstructured rounds to create mind maps, all pictured in Appendix 6.2 
Brainstorm. These mind maps were created in three five-minute rounds.  

3.2 Solutions 
Below find both portable and permanent designs that are coordinated with the client’s criteria.  

3.2.1 Brick Teaching Station and Layout with Vegetation: 
The brick teaching station and layout with vegetation demonstrated in Error! Reference source 
not found., has a 10’ by 10’ wood board that is placed three feet into the ground that is dug out 
and filled with one foot by four inches of concrete. Bricks are attached to the front of the wood 
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board as it exits the ground to a height of three feet for increased durability. 16 rows of bricks, 
and 15 bricks make up the bottom row. The board is painted with chalk paint for the remaining 
exposed height of four feet. Attached to the edges of the board is treated wood trim of two 
inches by two inches. This trim is painted with a red and yellow design for aesthetics. The Board 
is placed in the back center of a plant parabola. On either side of the board the plant pattern 
consists of a chain fern, cow parsnip, deer fern, cow parsnip, and chain fern. Also, a deer fern 
could be placed on either side of the parabolic seating arrangement. This is a more expensive 
design than all of our other designs, but meets the criteria of aesthetics, durability, utility and 
comfort. Depending on where materials are sourced, it could fall short on environmental/social 
justice.  
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Figure 8: Brick Teaching Station and Layout with Vegetation 
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3.2.2 Permeable Floors: 
The permeable flooring is for the teacher to stand on and meets criteria of aesthetics, 
durability, utility, comfort and environmental/social justice. The floor, per Error! Reference 
source not found. will make the classroom last longer and be more functional for the teacher, 
while upcycling materials. It is a parabolic design with the chalkboard placed toward the back 
curve. The radius is 10 feet and the length is 30 feet. Pervious concrete is used along with 
permeable pavers. The permeable pavers consisting of brick or plastic create a “Z” in the center 
for aesthetics. Eight other permeable pavers/tiles are aesthetically placed in a sporadic setting. 
Cost of permeable materials may vary between five to ten dollars per square foot.  
 

 
Figure 9:  Permeable Flooring for the Teaching Area 

3.2.3 Portable Teaching Station with Slide In Podium 
The portable teaching station with slide in podium in Error! Reference source not found., a 12 
foot wide, 4 foot tall and 1 foot “deep” cabinet that contains a 10 foot by 3 foot whiteboard, 
with space for storage of white board pens and erasers. The cabinet includes 4 foot by 6 foot 
doors which enables the cabinet to be closed, allowing for ease of portability, plasticity and 
utility when the station is moved to a new location. Underneath the whiteboard compartment 
is a 4.5 foot tall and 11 foot wide with 2.5 foot depth to store a 4 foot tall podium with a 2 foot 
base and 2.5 foot wide top.  
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Figure 10:  Portable Teaching Station with Podium 

 

3.2.4 Weatherproof Teaching Station  
The weatherproof teaching station below in Error! Reference source not found., is a 10 foot by 
4 foot by 1.5 foot cabinet that has weatherproof treated wood that has 5 foot by 4 foot doors 
with handles and a keyhole that can lock the cabinet once it is no longer being used all to 
ensure the durability. The inner aspect of the cabinet contains a 8 foot by 3 foot whiteboard 
with 1.5 feet of space in which the instructor can place pens and erasers. The doors of the 
cabinet also include 1.5 foot by 2 foot shelves in which the instructor can utilize by storing 
textbooks and papers for their classroom activities.  
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Figure 11:  Weatherproof Teaching Station with bench compartment 

3.2.5 Wooden Portable Teaching Station with Slide-in Bench 
The wooden portable teaching station with a slide-in-bench is a desk measuring 4-5 feet wide, 3 
feet tall, and 2.5 feet deep holds a bench on which an instructor and possibly students can sit. 
The desk is portable, meeting the criteria that elements of the classroom not be permanent. 
During transport and storage the legs of the bench rest on two rails on the inside of both sides. 
As captured below in Error! Reference source not found., when it is time to use the bench it 
simply slides out. There are two drawers on the “teacher side” of the table. The table also has 
an inset power strip on the top of it which is connected to a battery stored within the desk, 
accessible through a door on the “student side” of the desk. All drawers and doors will have 
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locks. The desk also has four wheels, one on each legs to allow for easy portability. The wheels 
are rubber and filled with air to facilitate movement over uneven or wet/muddy surfaces. 
 
 

 
Figure 12:  Wooden Teaching Station with Slide In Bench 

3.2.6 Plastic Portable Teaching Station with Swing-out Seat 
The plastic portable teaching station with a swing-out-seat is a bench that is roughly 4 feet 
wide, 3 feet tall, and 2-4 feet deep will possess a folding chair attached to a swing arm 
anchored on the left side of the desk (from the teacher’s perspective). The desk is shaped like a 
horseshoe with the instructor sitting between the two ends, as depicted below in Error! 
Reference source not found.. The chair swings out and the backrest folds up to provide 
support. The seat anchor is made of metal to ensure durability. There is a lockable storage 
container on the inside right side of the desk, again, from the teacher’s perspective. The desk 
has air filled rubber tires to facilitate portability over uneven or wet/muddy terrain. The 
“student side” of the desk features the name “ZANE” and ideally would have other images 
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related to the school as well as utilize the school’s color scheme of red and yellow in an 
aesthetically pleasing manner. 
 
 
 

 
Figure 13:  Plastic Teaching Station 

  

3.2.7 Parabolic Fern Wall 
The parabolic fern wall is a hollowed out parabolic wall that is 4 feet tall, 15 feet long, 1 foot 
wide and has two a inch thick wall. As demonstrated in Error! Reference source not found., the 
wall is hollowed out so that soil could be placed inside for plant growth such as ferns. There are 
many ferns that are native to Eureka and they’re pretty low maintenance considering the moist 
weather. Ferns also have a tendency to grow up vertically if there is mulch or soil to grab onto, 
hence the one inch holes allow the ferns roots to dig in making the plant durable  while it grows 
outward along the “parabolic fern wall.” For aesthetics the wall could be painted red and  yellow 
for the school colors. 
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Figure 14:  Parabolic Fern Wall 

 

3.2.8 Plant Cell Garden 
The plant cell garden integrates the classroom within the garden itself as represented in Error! 
Reference source not found. below as a top view. The central vacuole in a plant cell is typically 
represented as a parabolic shape and takes up quite a bit of room, which reflects the classroom 
design of being parabolic. There are two ways in and out through the 2 foot wide walkways on 
either side of the classroom. The plant garden itself will be contained by trim in the shape of a 
hexagon to visually represent how a single plant cell is confined. Each component of the plant 
cell would be contained by different color trim to retain its desired shape. 
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Figure 15:  Plant Cell Garden 

 

4 Final Decision 

4.1 Introduction  

Section 4 is dedicated to the decision process. This section evaluates the alternative solutions 

from the previous section and makes a final decision based on the Delphi Method and input from 

the client. The Delphi Method relies on a weighing of the scores for each alternative solution in 

regards to the criteria assigned to the project. Input from the client is also weighed heavily in the 

decision process as satisfying their needs and concerns is of top priority. 

4.2 Criteria 

The criteria below, also found in 2.1.2, was utilized for the Delphi Matrix in Table 2. Constraints 

are included next to each criterion.  

4.3 Delphi Matrix 

The Delphi Matrix shown below in Table 2 helped mathematically narrow our alternative 

solutions from section 3 for our final decision.  
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Table 2: Delphi matrix depicting weighted criteria and design solutions 

 
 

4.4 Decision 

While the Delphi Matrix was helpful, the client feedback was the main factor in deciding on the 

portable board and podium. Portable options, non-portable options, and landscaping add-ons 

were presented to the client. It was clear to Zane that the portable whiteboard and cabinet met all 

criteria.  Our final decision is a modified version of the 3.2.3 Portable Teaching Station with 

Slide-In Podium. Modifications are described in Section 5. Specification of Solution. Other 

options provided more aesthetic value such as the 3.2.7 Parabolic Fern Wall, but simplicity and 

portability overpowered looks.  

5. Specification of Solution 
5.1 Introduction 
The purpose of this section is to analyze the final solution: a portable teaching station 
consisting of a collapsible podium and whiteboard mounted to cart. First, the solution is 
presented through CAD drawings and detailed descriptions. Next, an analysis of cost is made 
including design, construction and maintenance. Further, instructions for use of the podium 
and whiteboard are presented. The performance of the devices are discussed in the Results 
subsection.  
 

5.2 Solution Description 
The whiteboard is attached to a donated cart for transport ease. Magnets are epoxied to the 
back of the whiteboard and attach to the metal cart. L-Brackets are bolted to the cart to 

Weight

(0-10 high)

40 35 50 45 10 25 50 30

400 350 500 450 100 250 500 300

20 25 40 30 45 50 5 15

180 225 360 270 405 450 45 135

30 30 30 30 25 10 20 45

240 240 240 240 200 80 160 360

40 40 50 50 5 50 30 10

400 400 500 500 50 500 300 100

50 50 0 0 0 0 0 0

500 500 0 0 0 0 0 0

15 15 0 0 0 0 0 0

30 30 0 0 0 0 0 0

45 45 40 25 10 45 5 15

360 360 320 200 80 360 40 120

35 30 25 25 20 35 5 5

140 120 100 100 80 140 20 20

25 25 25 25 50 20 15 35

175 175 175 175 350 140 105 245

Parabolic Fern Wall Plant Cell Garden Layout

Alternative Solutions (0-50 high)

2425 2400 2195 1935 1265 1920

Wooden Station with Slide in Podium Wooden Station with Slide in Bench Brick wall with Whiteboard Wetherproof Wooden Cabinet with slide in Bench Vegetation Parabola Permeable Teaching Floor

1170 1280

Cost

Safety

Aesthetics

Durability

Portability

Plasticity

Utility

7

Criteria

Total

Comfort

Level of Envirnmental Justice

10

9

8

10

10

2

8

4



 22 

provide extra support for the whiteboard. Rubber sheets and pipe cleaners are attached to the 
L-Brackets for safety. The podium is comprised of five pieces that slide easily together and 
apart. A slit is cut in the cart for storage of the face of the podium. Pipe cleaners are attached 
with hot glue to the slit to protect the face of the podium. The other podium pieces are stored 
flat on the cart’s shelves. In regard to aesthetics, the cart is spray painted red. There is a yellow 
sign attached to the cart’s front that includes a red “Zane” carving by Fiona Connor. The podium 
pieces are spray painted yellow, and includes a red falcon carving also by Fiona Connor and 
inspired by a Zane Middle School student’s art.  

5.2.1 The Whiteboard 
The Whiteboard has dimensions of 60” by 34.25”. The cart with wheels has dimensions of 
about 5’ by 3’ by 3’. We used bolts to secure the board about 3’ above the ground.  

 
Figure 16: Whiteboard structure on cart depicted before hammock idea was scrapped 

by Daniel Evans 
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5.2.2 The Canvas Loops 
For podium storage, we initially set out to attach canvas loops to hang below the whiteboard. 
To simplify, we cut a slit in the cart to fit the face of the podium. The other pieces fit in the 
cart’s shelves. Below in Figure 17, the base of the board and canvas loops (represented by a 
cylinder) are depicted. 

 
Figure 17: The base with canvas loop before it was scrapped and dimension 

by Fiona Connor 

5.2.3 Podium Pieces 
The base is rectangular with a T-shaped slit. The top line of the “T” is for the rectangular face to 
slide into the base diagonally. The bottom line of the “T” is for the small triangular support. 
There is a small block attached to the rectangular face to create a slant for the writing surface. 
The writing surface has a slit towards the bottom that allows for a protruding rectangle on the 
top of the face to slide into. The protruding rectangle creates a spot for writing utensils.  
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Figure 18: Podium pieces with dimensions  

by Albert Figueroa 

5.2.4 The Podium 
Together, the pieces form a completed podium.  
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Figure 19: Constructed podium with dimensions 

by Albert Figueroa 

  

5.3 Cost Analysis 
Below in Table 3, find an analysis of design cost in hours, construction cost in dollars, and 
projected maintenance cost also in dollars.  
 

5.3.1 Design Cost 
Design cost is totaled by hours spent on each stage of the project from problem formulation to 
construction. This breakdown is depicted in Error! Reference source not found. below.  
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Table 3: Breakdown of hours spent on project sections 

 

 
 

5.3.2 Construction Cost 
Construction cost includes all money spent on the physical devices. This totals to $199.78. 
Donated materials included the cart that the whiteboard is bolted to. Below in Table 4 there is a 
breakdown of the total. 
 
Table 4: Cost of Materials 
Whiteboard 40

Cover	Sheets	(10) 32

Paint 33.16

Masks	and	Drop	Cloth 21.95

Screws,	Bolts,	Washers 15.71

Velcro 19.97

L	Brackets	(2) 9.98

Magnets 3.64

Epoxy 7.21

Rubber	Sheet 2.99

Cart Donated

Total 199.78  
5.3.3 Maintenance Cost 
Ideally, there should be no maintenance cost for years. However, we project a maintenance 
cost of $25 to be spent over the course of five years. This fund covers the expense of a new tire 
and paint to fix chips.  

Design Cost (Hours)

Lit Review Problem Formation Alternative Solutions

Prototyping and Design Construction

49.5
60.75

40.25 10

12.50 Total Hours: 183
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5.4 Implementation Instructions 
For use of the whiteboard, one must roll it out of the storage office. The four podium pieces are 
to be taken out of the cart and assembled as depicted below in figure __. Lay the base on the 
ground and install the triangular support. Next attach the face of the podium and install the 
rectangular support. Lastly, slide the writing surface onto the face. Dissemble in reverse and 
store in cart.  
 

 
Figure 20: Steps of podium assembly 

 

5.5 Results 
 
The outdoor portable teaching station has produced positive results. The Yerba Mates were 
able to meet the three main criteria emphasized by the client; safety, affordability and 
portability. 
 
Safety was achieved by choosing a design with a minimum of moving parts and parts in general, 
none of which are too heavy for one adult to carry. All rough or sharp edges were also sanded 
down or otherwise covered up to prevent splinters or lacerations. 
 
The affordability criterion was met, once again, by utilizing a design with a minimum of parts. 
Costs were further reduced by making use of second hand MDP, a second-hand whiteboard and 
an AV cart donated by the client. Making use of salvaged and repurposed materials also 
allowed the Yerba Mates to satisfy the self-imposed criterion of environmental justice. 
 
Portability was achieved by using a cart with wheels and a collapsible podium design. The light 
weight of all the podium pieces coupled with the modifications to the cart allow both portions 
of the teaching station to be transported as a single unit. The wheels also work nearly as well 
on grass and dirt as they do on concrete and asphalt meaning that the teaching station can be 
moved to and used at most, if not all, potential outdoor classroom locations on the Zane 
Middle School campus. 
 
The cart and podium also match the aesthetics of Zane Middle School, sporting the school’s 
colors and mascot. 
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The Yerba Mate’s project was well received by their instructor, Lonny Grafman, the group’s 
liason with Zane, Trevor Hammon, a few teachers present at the official presentation of the 
project, and by their peers in the Engineering 215 class. 
 

 
Figure 21: Teaching station set up to be used 

 

 
Figure 22: Front view of teaching station with stored podium 
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Figure 23: Back view of stored podium 

 
Figure 24: Side view of stored podium 

 

 
Figure 25: Constructed podium with falcon carving 
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Figure 26: Painted cart with brackets and Zane carving  attachment 

 
Figure 27: Cart with slit for face of podium 
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6.2 Brainstorm  

6.2.1 Brainstorming Images 

6.2.1.1 Unstructured 
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6.2.1.2 Mindmaps 

6.2.1.2.1 Mindmap #1 

 
6.2.1.2.2 Mindmap #2 
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6.2.1.2.3 Mindmap #3 

 
 

   

 

 

 

 


