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Introduction

This report is the culmination of the benchmarking, brainstorming, and considerable research completed by the Fall 2001 DEA651 project team.  The purpose of this semester’s project was to work closely with the Paleontological Research Institution (PRI), namely Karen Wizevich (Director of Exhibits), as she and her colleagues finalize the designs for their Museum of the Earth.  We centered our efforts on the “Fossil Labs” which will be an integral part of each of the three worlds (the worlds correspond to different time periods).  The Fossil Lab is an innovative system for teaching people of all ages about the processes of paleontology and the wonder of fossils. 

The report is divided into three primary sections, Fossil Pit design, suggestions for fossil identification and classification, and recommendations for an enhanced learning experience.  These sections emphasize the ergonomics and human factors rationale for the design concepts and improvements.  Initially, we identified the following objectives for the Fossil Lab system and its visitors:  

	System Components
	Goal Categories
	Specific Goals

	People, Tasks, and Equipment
	Education and User Experience
	Generate interest and inspire curiosity

	
	
	Local environment awareness

	
	
	Educate about paleontology and scientific methods

	
	
	Fun, engaging, and interactive

	
	User Environment
	Safety

	
	
	Efficient movement of people

	
	
	Longevity and durability

	
	
	Consistency with other exhibits


These goals are echoed throughout the recommendations that follow.  

Design for the Fossil Pit

Several ergonomic challenges were presented in the reconsideration of PRI’s existing Fossil Pit design. Among them were to formulate design recommendations for the height, shape, size, and overall weight of a now moveable fossil pit. Further recommendations regarding wheelchair accessibility required thought as did handle and wheel design. The following sections will outline our design process from an ergonomic perspective throughout the course of this semester.

Height considerations

Immediately, several ergonomic problems were identified in considering the existing design. The first was that of height. The existing pit was set at a fixed height limiting both very small users and wheelchair users from accessing the pit comfortably. Similarly, tall users had to bend significantly to examine shale for the presence of fossils. That being said, we wanted to address the height of the pit so as to allow all users to comfortably search for fossils. To do so, we originally offered the following concept sketches:

[image: image1.png]


[image: image2.jpg]S T e TRBENAS TN

) P 9 Footstamp
Brachiopod Trilobite Clam

Snail Sea-lily Cephalopod Help





Each sketch addressed the issue of height slightly differently. Sketch #1 illustrates a fixed, multilevel design where as sketch #2 illustrates a uni-level design with a sloping floor. Each design featured rounded edges as a safety consideration, a recommendation that was preserved in our final design. Both designs feasibly accommodated the height requirements of both short and tall users. However, since neither design offered knee clearance, they did not accommodate wheelchair users. Additionally, we felt that although these designs offered more user heights that the existing design, the design was still limited. We therefore needed to search for alternatives to addressing height. Below are two slightly different variations of completely adjustable work tables:
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Brachiopods

Brachiopods, commonly known as lamp shells, are
quite common today. They often make their homes
in very cold water, either in polar regions or at great
depths in the ocean, and thus are not often
encountered. There are about 300 living species of
brachiopods.







Each worktable is adjustable through the height range of 32-47 inches enabling seated, standing, and even sit/stand work. In addition, each design offers wheelchair users knee clearance. The above designs do, however, differ in the way that the work surface height is adjusted. The rounded base design features foot-actuated height adjustment whereas the second design features a hand-actuated crank. From an ergonomic standpoint, the recommended design would be the one that requires the least amount of effort from the user given the most acceptable posture. Since a foot design would clearly require less effort, we would make it our recommendation. We also recommend that a locking mechanism be employed so as to avoid accidental height adjustments to the fossil pit during use. 

At this point, our design accommodated users of multiple heights including those with a further requirement of knee clearance. Being able to accommodate multiple user heights simultaneously however remained an issue. To address this problem we proposed splitting the pit into varying heights as show below. 
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Splitting the bin area into two equal sections with different heights would permit multiple user groups access to the pit simultaneously. More specifically, we thought that this design would be particularly accommodating for families with small children as it would now be possible for both the parents and children to comfortable access the pit. Splitting the pit into bins also had weight implications since the overall weight of each bin was lowered and each was now less awkward to carry.

Reach Considerations
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Reach has been one of the main considerations from the onset of the PRI design. Because PRI intends to have visitors from completely different ends of the spectrum in terms of size, reach, and ability, the fossil pit must accommodate all users so that each visitor can comfortably and safely search for and find a fossil of their own. The team gathered information regarding reach distances and reach envelopes.



We wanted to design for the largest reach distance such that two men in the 95th percentile would be able to find fossils simultaneously without interference. This would not hinder smaller reaching visitors as it is not necessary that each person be able to reach into the middle of the pit to find a fossil. Consistent with this line of thinking, we used anthropometric data below and found that a radius of 80.9 cm would in fact accommodate all users comfortably.


Pushing Considerations

Our team was concerned that the fossil pit would grow quite heavy when filled with shale so we wanted to provide the design team with maximum recommended pushing forces. To do this, we used Snook tables. Snook tables provide initial and sustained recommended maximum pushing forces. They take into account the distance of push (in meters), the frequency of the push, the vertical distance from the floor to the users hands (in centimeters), and the percentage of the industrial population able to perform the desired push. Given these requirements, out team had to make several assumptions. Our assumptions are summarized in the table below:

	PRIVATE
Average distance of push
	30.5 meters

	Average frequency of push
	Once every 8 hours

	Vertical distance from floor to hands
	89cm ~ 35 inches

	Percentage of population able
	90% of the total female population


Given these assumptions we calculated that the maximum initial forces were not to exceed 18kg or 40lbs and the maximum sustained forces were not to exceed 9kg or 20lbs.

Bin Materials

The materials used for the bin are important as they have implications for carrying weight, maintenance, durability, and cost. Many materials were considered and evaluated: plastic, metal alloys, plastic and metal foams, wood, and steel. The following characteristics are attributed to each:

	PRIVATE
Plastic
	Other Metal Alloys / Aluminum
	Metal or Plastic Foams
	100% Structural Steel
	Wood

	Lightweight
	Lightweight
	Very lightweight
	Highly resistant to abuse
	Lightweight

	Easily cleaned
	Durable
	Very strong
	Long life
	Inexpensive

	Waterproof
	Can be inexpensive
	Expensive
	Greater load bearing capacity
	Absorbs water

	Custom color available
	
	Easily molded
	Waterproof
	

	
	
	
	Heavy
	


Wheel Considerations

In order to make the unit the most flexible, ease of mobility is an important consideration. Wheels were researched and examined in terms of materials, dimensions as well as the way in which they will be attached to the pit. The most practical and common wheel materials, we found included polyurethane, plastic, rubber and steel. Pneumatic wheels utilize air pressure to aid in their movement across surfaces. Standard wheel dimensions include: 5" x 1.5," 8" x 2," and 4" x 1.25."

Other characteristics that the team found to be important to the wheel design are the inclusion of ball bearings to minimize friction, utilization of a self-locking mechanism, swivel mechanisms, and tapered edges to further minimize friction. Some examples of common wheel designs are shown below:


Handle Considerations

We found that handles on the bins are important for the transport of the bins to where they will be refilled and emptied. Because there is a considerable distance from the fossil pit docking station, handle design is important. Through research, the team has found design recommendations to apply to the bin handle design. Each should be at least 10-15 cm long to allow for all hand sizes. The handle thickness should be 3-4 cm in diameter
, the optimum thickness being 3.8 cm
. The handles should be cylindrical and slightly thickened centrally without any finger contouring. We recommend a textured, rubberized surface for better grip comfort, but a washable surface.

When examining the handle design more closely, we found that retractable handles or ones that become flush with the bins would be beneficial in the prevention of snags and injury. We found that these handles could couple as a locking mechanism for the multiple bin design, making the overall pit more secure. 

Fossil Identification & Classification

Fossil Identification System

This section describes the steps and aids that could be used to help visitors in the unfamiliar process of fossil identification.  Once a user has a fossil, he or she will be interested in learning more about its characteristics and environment.  It is possible to walk the user all the way through to species identification, but we recommend that the information be conveyed for broad categories of fossils.  We have developed the concept for an interactive fossil identification tool intended for computer use along with a similar paper version.  Snapshots of the computer interface are below.  These are visually appealing and quite engaging.  

The left screen shows the broad categories of fossils: brachiopods, trilobite, clam, footstamp, snail, sea-lily, and cephalopod.  This screen also includes a help button, and each box changes to a different bright color while the user’s cursor is pointing to it (a preliminary screen could be included asking “Can you see the fossil in your rock?” to make clear to the user the purpose of the interface).  The user can look at his or her own fossil and match the visual characteristics in order to move forward in the process.  For example, if the user decides the fossil is a brachiopod, the right screen comes up.  It shows a few species within the category and describes brachiopods generally.  Unless all the fossil species in the local community are known and can fit on the screen, the user will have to be coached that the exact fossil he or she is holding may not be displayed on the second screen.  This design is relatively simple for PRI staff to modify and update with new information. 



There are several advantages to this identification system over one that starts by asking about characteristics of the fossil. Users can also learn from it even if they choose not to find a fossil beforehand (some users may prefer the computer because it is more comfortable, clean, and fashionable than digging in rocks).  In addition, the user has feels more control over the learning because the process is more transparent.  If the second screen does not show examples that resemble the real fossil, the user may decide that the wrong category was chosen previously and start over.  In a multi-step process, the user will have no idea why the end species does not match his or her specimen and will not be able to backtrack.  In addition, some of the more complicated description words may be too difficult for young students to relate to their specimens, and some characteristics may require a microscope to discern.  This two-step system is clearly a visual and graphical process, rather than an interrogative process, and the users do not have to read the category names on the first screen to proceed effectively.  

The hardcopy version of the identification system closely follows this concept to promote consistency within the exhibit.  It is portable and increases efficiency by not requiring visitors to use the computer.  It can also be utilized at the Fossil Pit itself, if a user wants to engage in fossil finding and fossil identification simultaneously.  Advanced users can also look for a specific category of fossil and use the card as a reference.  The handout should have a magnifying glass attached to it with a cord, since the fossils are often very small.  It will then be returned when the visitor leaves the exhibit.  An example of this double-sided fossil identification card is shown here.   Like the interface, it emphasizes the boundaries between categories rather than species.  Tactile cues through raised fossil textures or Braille could be incorporated into this tool for visually impaired individuals.  Similar techniques could also be applied later to a fossil identification poster or mural on the wall where visitors could feel the variety of fossil textures and enhance their learning by receiving tactile information.  

Priming Information 

Part of the identification process actually takes place before the fossil is retrieved.  We highly recommend some sort of priming effort for the users as they enter each world.  A hanging set of posters can be placed above the Fossil Pit with examples of how fossils appear when they are imbedded in rocks.  However, the figures would have to be large, so only a few would be displayed.  This gives visitors an idea of the magnitude of the fossil relative to the rock surface, but gives them few items to recognize.  Another possibility is to give visitors a handout with a picture of a large slab of rock and a specified number of fossils and fossil imprints drawn in it.  This exercise enables the user to visualize more types of fossils & imprints, and it provides redundancy to be reinforced with the fossil identification card.   With a specified number of pictures to search for (around 8-15), users will realize that the cracks or wrinkles in the rock surface are not the fossil.  They will therefore be primed for the experience and less likely to be confused by the fossil identification process.  These can also be unique for each world, since some worlds will have larger fossils than others, and these handouts can also be used to share general information about each time period.  

Fossil Lab Learning Experience 

The Fossil Lab’s main goals are to enhance learning through engaging activities that meet a broad range of user needs and abilities. Based on our consultations with Karen and our own extensive observations of the museum mock-up, we generated ideas based on possible hurdles to learning that exist with the current set-up. The following section consists of design guidelines aimed at addressing such difficulties. 

Spatial Arrangement/Signage

The first issue we discovered as being an obstacle to learning and engagement was the ability (or inability) to navigate properly in the space, and understand the sequence of fossil lab’s activities. In order for an exhibit to facilitate learning, the first step is to attract the visitor’s attention
. The placement of spatial elements such as furniture and signage are crucial factors in guiding visitors and providing them with some direction. If a certain pattern of traffic flow is desired, then furniture should be arranged in such a way that the paths are intuitive and easy to follow. Activity areas should be distinguishable from each other, and this can be done by changes in wall color, type, and texture, as well as variations in flooring and lighting to highlight or minimize certain areas. Placing worktables in a way to allow access by visitors on both sides will also contribute to efficiency.

Signs should be placed strategically, such as at entranceways and intersections and should only consist of essential information. It is important to remember not to bombard your audience with too much information at one time. Providing a combination of text in addition to visuals or graphics can assist in decreasing the amount of written information presented on signs, while adding redundancy and essential information. It is also important to consider that visitors tend to spend little time at individual exhibit components, seldom read labels and that their attention is limited. Those who wish to gain a deeper understanding of what is presented to them in the exhibits can do so with the help of resource books or computer stations on site. In addition to signage placement, other ergonomic considerations consist of appropriate contrast between the font and the background, as well as easy to read font size and style. Graphics should be legible, direct, and visible at a reasonable distance.

EQUIPMENT

Equipment can either enhance or inhibit learning and engaging behaviors. It is important to provide easy-to-use and understandable equipment that is durable for such a dynamic environment. For example, the current microscopes were intimidating and confusing and therefore detract or inhibit usage. In order for visitors to benefit from this equipment it is essential that it easy to understand and use. Clear and concise instructions can greatly increase ease of use. Height and adjustability considerations must be addressed as well. Children, adults, and differently-abled visitors are expected to partake in these activities, all of which have different height and ability requirements. An adjustable microscope as well as an adjustable chair and table should be provided to ensure ease of use by all. 

Activity stations should be user-friendly but should not be so comfortable that visitors will be tempted to sit for a prolonged period of time. Stations should be designed in such a way that facilitates continuous flow, so that the majority of interested visitors can have the opportunity to utilize the microscopes and other equipment.

Fossil Rubbing Table
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The fossil rubbing is designed to facilitate learning through a drawing activity. It was designed with children in mind because children are more likely to interact with exhibits than adults
.  The table mimics the archeology activity of rubbing. Rubbings are a quick and easy way for people to create life-like fossil image without drawing skills. Each exhibit area in the PRI museum could have a table with fossils that are specific to the time period the room represents. Supplies to make rubbings would be housed inside the table, and little staff supervision would be needed for this activity. Once visitors complete a rubbing, they can use available resources to study more about it, thus enhancing their learning experience. Furthermore, this "low-tech" solution would come at a minimal cost to the museum.

Information Access

A final issue concerns the ability to share information with a large number of people or groups. Being able to share information with others will not only improve learning but also enhance visitor experience. Because fossils are so small, it may be valuable to provide magnification equipment that can be projected onto a large screen, visible by all who are interested. This solution may be somewhat costly, but the benefits are significant. Information sharing also helps visitors interact with each other, which relieves some of the burden on the staff. 

Ergonomic considerations for wheelchair users and the disabled

We are all physically disabled at some time in our lives. A child, a person with a broken leg, a parent with a stroller, an elderly person, or a foreigner speaking an unfamiliar language are all hindered in one way or the another. Hence, integrating the needs of the disabled with the needs of the able-bodied accounts for the needs of the majority of individuals.

Initially the issue of integrating facilities for the various kinds of disabilities was considered. Considerations for the visually impaired included providing labels, brochures & maps with Braille & relief, consistent layout and heights of labels, information & relief, cassette guides, highlighted textures/colors on floor paths, tactile discovery, bright colors and bigger texts & signages etc. Plastic resin material is resistant, has a range of colors & and a high reliability of relief. Some services provided by specialty firms could prove useful. Minitel transforms what appears on computer into electronic voices, and ‘HORIZONS FOR THE BLIND’ adapts services for the blind & partially sighted.

Considerations for the audibility impaired included making text language sound like simple declarative sentences, providing sound reinforcement in the form of magnetic induction, high frequency communication & infrared systems, etc.

The general recommendations for wheelchair users include providing adjustable viewing heights, viewing accessibility areas, comfortable display heights (at lower eye level), and adjustable viewing angles. 


Different Viewing heights



Adjustable viewing heights


Accessibility and Display heights/viewing



In the later part of the project, the scope of the study was focused on the issues of wheelchair users accessing the fossil pit. The main points to consider for the design were issues of height and reach while on the wheelchair, leg room while accessing, front and side hand reach distances, and the free space required to maneuver around the pit area. It was felt that the reach heights common to the able-bodied and wheelchair users be utilized, this design also provides for the height reach distances for younger children, whose height is on the order of that of wheelchair users.


The common reaching zone is found to be between 3-4 2/3 ft.


Another thing to consider is the forward reach distance for picking up the fossil. But since the new design had ample legroom for it, it was not a major limitation; we recommend a reach of 3-4 ft. 


A distance of 5-6 ft is recommended around the pit for the free turn of the wheelchair.
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