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Welcome! This booklet serves as a full guide to our NFB SABER exhibit. From beginning to end, you will learn about the National Federation of the Blind, how the SABER project came into existence, what the NFB EQ program is, descriptions of the models/projects/activities, and a chance to try some of the activities yourself! 
Please refer to the table of contents for a specific section of the exhibit. The provided QR code throughout the exhibit will take you to a web version of this guide as well as additional formats (Word, BRF, and audio narrated) available for download. The QR code will also direct you to the referenced videos and web links throughout this document. 
If you do not have access to a device to scan the QR code, please use the provided iPad and headphones.  
NFB EQ is part of NFB’s Spatial Ability and Blind Engineering Research Project (SABER), which was funded by the National Science Foundation. This material is based upon work supported by the National Science Foundation under Grant No. 1712887. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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[bookmark: _Toc148971880]About the National Federation of the Blind

The National Federation of the Blind (NFB) is the transformative membership and advocacy organization of blind people in the United States. Founded in 1940 and currently headquartered in Baltimore, the NFB consists of affiliates, chapters, and divisions in all fifty states, the District of Columbia, and Puerto Rico. Through our network of blind members, we coordinate many programs, services, and resources to defend the rights of blind Americans, provide information and support to blind children and adults, and build a community that creates a future full of opportunities.
We have produced science, technology, engineering, and math (STEM) programs for blind youth nearly every year since 2004. These programs, with support from universities, federal agencies, and STEM employers, have been facilitated with blind youth of various ages on university campuses, museums across the country, at the NFB Jernigan Institute in Baltimore, and have even been adapted for remote-learning experiences. 
While the format has varied, the core values have remained the same: A fundamental understanding that blindness is not the characteristic that defines you or your future. Every day we raise the expectations of blind people, because low expectations create obstacles between blind people and our dreams. You can live the life you want; blindness is not what holds you back. To learn more about the NFB use the provided QR code.


[bookmark: _Toc148971881]About the National Science Foundation

The National Science Foundation (NSF) funds research and education in science and engineering, through grants, contracts, and cooperative agreements. 
The National Federation of the Blind was awarded a two-million-dollar grant (No. 1712887) from the NSF in 2017. The Spatial Ability and Blind Engineering Research (SABER) project was created as part of an overall strategy to enhance learning in informal environments. 
The NSF program, Advancing Informal STEM Learning (AISL), provided the grant. The AISL program supports projects that advance new approaches and understanding, broaden access and engagement, advance research and assessment, and engage the public of all ages in informal STEM learning experiences. Blind youth are generally excluded from STEM learning and careers because materials for their education are often composed for sighted individuals. 
The SABER project proposed that spatial acuity is an important element   for blind persons to understand physical and mental structures. Thus, began the SABER project and efforts were made to educate blind youth in the discipline of engineering. To learn more about the grant award use the provided QR code.







[bookmark: _Toc148971882]About the Spatial Ability and Blind Engineering Research Project

The National Federation of the Blind, in partnership with scholars from Utah State University, and educators from the Science Museum of Minnesota, developed the Spatial Ability and Blind Engineering Research (SABER) project to assess and improve the spatial ability of blind teens to broaden their participation in STEM fields and subsequently the NFB EQ program. 
[bookmark: _GoBack]The goals of the SABER project included: 
1. Develop and investigate the reliability of a tactile instrument to test blind and low-vision youths’ spatial ability levels.

2. Contribute to the knowledge base of effective practices regarding informal STEM education for the blind, particularly relating to the development of spatial reasoning abilities.

3. Educate families, blind youth, and museum personnel about the techniques, tools, and instructional practices rooted in problem solving to effectively develop spatial ability skills in blind youth in informal STEM-learning settings.

4. Incorporate promising techniques, tools, and instructional practices from the developed interventions into ongoing programming for both blind and sighted learners. 

[bookmark: _Toc148971883]
About the NFB Engineering Quotient (EQ) Program

The NFB Engineering Quotient (EQ) program was a one-week engineering program for thirty blind youth, ages 14-22. The program was held in the summers of 2018 and 2019 in Baltimore, Maryland at the NFB headquarters. The student participants engaged in an intensive weeklong residential program focusing on the various phases of an engineering design project with project partners and volunteer blind adult mentors.
Students were tasked with a project called A Place of My Own, which encompassed creating three-dimensional (3D) models using balsa wood. A Place of My Own brought to fruition, prototype representations of original structures created by each student. Participants not only constructed the prototypes, but also investigated the forces in their design, from roof to footing, using simple static analysis techniques. On the final day of the program, the students presented these prototypes in an expo-style event to invited guests, NFB staff, NFB members, fellow students, and instructors.
A Place of My Own challenged students to complete the entire engineering design process, from sketching their ideas to constructing them with wood. Students developed and built skills in drawing, engineering drafting, multi-view drawings, force propagation in a structure, and basic truss analysis.
Check out the following models on display and try to imagine what a “place of your own” might look like! 


[bookmark: _Toc148971884]NFB EQ Models

[bookmark: _Toc148971885]The Pavilion Model
On display, you will find a pavilion model, which is an instructor-built, large-scale model of what the students were building. By investigating the model, one can get a good sense of the shape and structure that they are building and can become familiar with each of the components and their names. This model is enlarged to make it easier to feel each of the individual components. It is also used to illustrate the difference between roof surface area and tributary area, along with cardboard cutouts for each of those areas.
When used in the program, the model was placed on a table and a group of one to three students explored the various aspects of the construction with their hands. The model is intended to be sturdy enough to be easily transported, touched, and manipulated without falling apart. You will notice labels in large print and Braille are adhered to at least one of each: rafter, beam, column, and ridge board. The labels allowed students to learn the vocabulary of the structure as they became familiar with its shape.
Take a moment to explore the pavilion model yourself. Do you recognize the structure and its components? Are you able to learn or discover something you didn’t already know in your exploration?
[bookmark: _Toc148971886]Student Model
On display, you will find a replica of an actual student-designed “Place of My Own” project. NFB EQ participant, Gabriel Mendez-Frances, designed this structure. He stated, “I think working on the model was the highlight of the entire program as it really let us show how much we learned over the week in Baltimore. I worked on it until it was stable and structurally sound. The skills I learned that week and determination I had to get it done before finding a stopping point, are things I still value to this day.”

[bookmark: _Toc148971887]Angle/Length Cutting Jig
Providing students with every tool needed to complete their models completely non-visually and accurately was a major priority of the NFB EQ program. This required the development of some unique and useful tools, including the angle/length jig on display here.
Students needed to cut several identical rafter pieces at specific lengths and angles to build their model roofs. This jig creates a way to make consistent and accurate rafters, using only nonvisual skills. 
The base of the jig is a twelve-inch square, with two adjacent sides marked at one-inch intervals. The jig is used by placing a piece of balsa wood, so that one end of the balsa wood hangs off the jig at the mark corresponding to the appropriate roof height, and the other end hangs off at a mark corresponding to the horizontal distance of a rafter, i.e., half their roof width. Then, the ends of the balsa wood are removed (the ends of the balsa wood that hang over the base of the jig) with a razor saw along the edge of the jig. Some balsa wood pieces, and a dulled razor saw are available to explore.
To help hold the balsa wood at the correct position on the jig, a fence is attached to the top of the base with screws that are threaded through slots in the base and the jig. The fence can slide around the top of the base to any position or angle, and then can be tightened down with wingnuts on the screws. Once the fence is fixed in position, the balsa wood can be held or clamped against the fence while the cuts are made. 


[bookmark: _Toc148971888]Tactile Drawing and Tactile Graphics Exploration

A large component of both the NFB EQ and NFB EQ Online programs was the inclusion of tactile drawing and tactile graphics. Students in both programs got an opportunity to explore their artistic abilities and improve their technical drawing skills. They also learned how to interpret tactile graphics, including how engineers examine technical drawings.
Students used a variety of materials, from textured paper to simple pen and paper, to bring their imaginations to the page. While doing so, they built on their understanding of concepts like scale, background, 3D objects and viewing perspective. Students were also challenged to incorporate math into their drawings using properly measured angles and lines drawn to scale. Check out the following materials on display and try your own hand at drawing!
[bookmark: _Toc148971889]Tactile Drawing Workbooks
NFB EQ students were introduced to tactile drawing curriculum in both versions of the program. Students were initially taught basic concepts such as drawing straight lines to open and closed shapes. As they progressed through the curriculum, they learned concepts such as drawing in three dimensions and background verses foreground. Finally, students learned about the conventions of technical engineering drawings.
There are tactile drawing workbooks on display for you to explore. These were the workbooks that students used to supplement instructor lessons in the NFB EQ programs. You will notice the progression of tasks within the workbooks as students built upon their skills. You can also download your own copies of these workbooks from the NFB EQ for Teachers: A Nonvisual & Accessible Engineering Curriculum from the Introduction to Drawing and Intermediate Drawing and Drafting lesson plan section using the provided QR code.

[bookmark: _Toc148971890]Tactile Drawing Boards
Given that tactile drawing was a critical component of the NFB EQ programs, how did students produce their tactile drawings? Well, students were all given access to tactile drawing boards called, Sensational BlackBoards, which allow the production of tactile drawings using basic tools such as copy paper and a ballpoint pen. This allowed for rapid, real-time, and inexpensive production of tactile drawings for each student.
On display, you will find a Sensational BlackBoard (SBB), copy paper, and a pen. Simply place a sheet of copy paper on top of the rubber surface of the board and use a pen to draw! That is it! You will find that using different pressures and angles yields different results. Feel free to experiment and even try out some of the activities from the tactile drawing workbooks that are also on display here. You can also find helpful information on drawing with the Sensational BlackBoard by viewing the video “Sensational BlackBoard Basics” via the provided QR code.
[bookmark: _Toc148971891]Tactile Mental Cutting Test
The Tactile Mental Cutting Test, also known by its acronym "the T-MCT", is a spatial ability test designed around an individual's ability to mentally model the shape of a cutting plane that cuts through a three-dimensional object. The test operates on rotation and proportion constructs of spatial ability and allows us to now assess a tactile method of developing that model. The test was adapted from a paper test called the "Special Aptitude Test in Spatial Relations" that was developed by the College Examination Board in 1938. The portion of the test that it was developed from was entitled the Mental Cutting Test. 
Spatial ability has been correlated to success in STEM students in college and STEM professions, but there are not many instruments that can assess spatial ability in blind individuals or how those spatial abilities are developed. This tactile and accessible test allows us to measure spatial ability in a new way; giving us the potential to improve STEM curriculum for all.
On the display, you will find some sample models from the T-MCT, as well as the corresponding test book. Can you answer some of the tactile graphic challenges?
[bookmark: _Toc148971892]Snap Cubes
Another tactile tool instructors used to teach spatial thinking was snap cubes. Snap cubes are simple, small plastic cubes which can be connected or “snapped” together to build in different directions. These cubes were used to help students understand the concept of three dimensions as well as engineering conventions for showing three dimensions in two-dimensional drawings.
On the display, you will find snap cube tactile graphics. These graphics each represent a snap cube model, shown from three different perspectives. The top left graphic represents the model from above, the bottom left graphic represents the model from the front, and the bottom right graphic represents the model from its right side. First, try to visualize the snap cube model in your mind using the three perspectives… then try to build it yourself using the provided snap cubes. Good luck! 

[bookmark: _Toc148971893]NFB EQ (Engineering Quotient) Online

During the COVID-19 pandemic, the National Federation of the Blind, like so many organizations, needed to get creative about providing programming to blind youth. NFB EQ Online was designed to provide the spatial learning opportunities of NFB EQ, in a virtual setting in 2020 and 2021. The program involved asynchronous web pages, twice weekly Zoom® sessions, and an optional weekly additional virtual-support session for students who were interested in extending their learning even further. The program provided students with a box of all the materials they needed to participate.
NFB EQ Online provided students with an opportunity to build 3D Menger sponge models, get their hands on tactile puzzles, and of course, exercise their brains by folding complex origami projects. The activities were designed to utilize spatial thinking skills and challenge students to learn in new and fun ways; right in their own homes.
Check out some of the following activities on display that students participated in during the program!
[bookmark: _Toc148971894]Menger Sponge
On display, you will find a basic cube and a level one Menger Sponge. Although the provided models use LEGO® bricks, this activity challenged students to build Menger Sponges using only index cards. This meant students had to determine how to keep the cube together without glue, tape, or any other adhesive. To provide support to the students in completing this activity, they were provided with a tactile example of how to fold the first two index cards, a descriptive instructional video of how to build their first cube, and interactive support during one of the virtual sessions.
Once students successfully completed one cube, they were encouraged to build as many as they could to try creating a level one Menger Sponge and beyond. For some context, a level one Menger Sponge includes twenty basic cubes, a level two Menger Sponge includes twenty level ones or four hundred basic cubes, and so on.
View the model on display, the instructional booklet, and the tactile model of how to fold the first two cards. There is also a QR code provided for an instructional video. Try building your own Menger Sponge with the index cards provided.
[bookmark: _Toc148971895]Tangram Puzzle
On display, you will find magnetic geometric puzzle shapes as well as a magnetic board to place them. These are very similar to the tangram sets each student received in their NFB EQ Online supply box. 
So, what is a tangram puzzle? Initially, it is a seven-piece geometric puzzle arranged into a square. The challenge is to rearrange them into specific images using only the seven pieces. You will also find a few examples of the tactile graphics representing the images (e.g., turtle, house, bird) you can create with the puzzle pieces.
Now, it is your turn! Can you arrange the puzzle pieces to create the shapes depicted from the provided tangram puzzle book? How many puzzles can you complete? If you are stuck, review the solution in the answer book.


[bookmark: _Toc148971896]NFB EQ for Teachers: A Nonvisual & Accessible Engineering Curriculum

NFB EQ for Teachers is a free, online curriculum and collection of resources for educators who want to teach NFB EQ, the National Federation of the Blind’s week-long engineering program designed for blind and low-vision youth.
The National Federation of the Blind has always been an innovator when it comes to education, technology, and access. We believe that STEM learning should be accessible for all, including blind and low-vision youth. As our world is evolving to become more and more digital, we discovered a need to create a version of our popular NFB EQ curriculum that is digitally accessible, free, and publicly available. In other words, an online, Open Educational Resource (OER) that allows educators to access the NFB EQ curriculum remotely — from anywhere.
You can access the entire curriculum with the provided QR code. 


[bookmark: _Toc148971897]Additional Resources

Learn more about NFB EQ and additional resources with the provided QR code.
If you have questions about the NFB EQ program, please contact us at 410-659-9314, extension 2418 or at STEM@nfb.org.
The National Federation of the Blind is a community of members and friends who believe in the hopes and dreams of the nation’s blind. Every day we work together to help blind people live the lives they want.   
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