The Elements Unearthed: Prototype Development Project Description

    The Elements Unearthed: Prototype Development is a Pathways Project to document the history, uses, sources, mining, refining, and environmental effects of the chemical elements, important industrial materials, and energy production technologies. Informal community teams consisting of students, community members, and industry experts will learn video production technologies and software in order to document the chemical and mining industries of their local areas. They will consult with experts provided by their chosen site, such as historians at museums or scientists or engineers at a chemical plant to ensure scientific and historical accuracy, then tour the site and interview the expert on camera. This footage will then be edited by the teams into a series of short (<15 minute) podcast episodes for deployment on the Internet to podcast aggregate sites such as Apple’s iTunes Store and to YouTube. These episodes can then be accessed and used by anyone in the general public who has an Internet connection, a computer, and the free iTunes and Quicktime video software.

    This is a re-submission of a previous ISE proposal (# 0917628). The review panel felt that the project has considerable intellectual merit, that it has extensive potential for broader impacts, and that it should be re-submitted upon revision. Although they agreed that the principal investigator is well-qualified and passionate about the project, they felt that additional partnerships and an Advisory Committee will be needed to ensure the successful completion of the project. They also recommended that a better evaluation plan be adopted. These issues are addressed in this revision and additional improvements have been made to the focus and overall objectives of the project, making them more measurable and achievable. Results from the second year of our pilot project have also helped to tighten the process and expectations of this submission.
Previous Phases and Front-End Evaluation:

    This is the second phase of a project that began as a feasibility or proof-of-concept study. In Phase I, which occurred during the 2007-08 and 2008-09 school years, students in the Media Design Technology program at Mountainland Applied Technology College (MATC) in Orem, Utah were divided up into teams of 4-5 students each, with a mix of high school and adult students in each team. The groups choose a topic to investigate from a list of possible sites in the vicinity of MATC, then conducted detailed research into that topic and wrote up a collaborative summary on a Wiki website. The target site was contacted and once approval was achieved, a Subject Expert was selected to act as a consultant and to review the wiki research. The student teams were trained on using digital video cameras, microphones, lights, and filming techniques and then traveled to the site, where they interviewed the subject expert and toured the facility. Upon returning to MATC, they captured the footage to our computer system and transcribed the footage word for word. These transcripts were used to develop a final script which was reviewed and approved by the subject expert. The footage was then edited to fit the final script and photos taken, titles, animations, captions, and narration were added. Each topic was edited down from several hours of footage coming from two cameras and multiple audio sources into a series of short video segments. 
    These video segments went through a formative evaluation procedure. They were first shown to all of the students in the Media Design program as an alpha test and their feedback used to improve the videos. They were then tested by their target audience (high school and junior college students) through inviting students from other MATC programs to evaluate the videos in a beta test. Now the videos are being edited a final time by the principal investigator to incorporate the beta test results, as a remedial evaluation. Through this combination of collaborative writing, subject expert review, and alpha and beta testing the videos have continuously improved to the point that they will be ready for uploading by the end of August, 2009. By the time of the final submission of this grant in November, we should have begun receiving feedback through on-line surveys of how well these podcast episodes are received by the final audience; these results will be incorporated into the final design of this project.
    Seven subjects have been chosen by student groups. During the 2007-08 school year, one team toured the Ash Grove Cement Plant near Leamington, Utah. They first interviewed chemical engineers at the plant, then were given an extensive tour, including the interior of the conveyor system and ball mill as well as a tour of the quarry where they had the chance to videotape a mining blast from a safe distance. A second team toured the Brush Wellman Engineered Materials plant near Delta, Utah where beryllium ore is concentrated into beryllium hydroxide pellets for shipment to the final refinery near Elmore, Ohio. The plant’s chief research chemist explained the process of mining and refining the ore and took the students on an excellent tour of the plant. A third group visited the town of Eureka, Utah which is the center of the Tintic Mining District, where various mines produced silver, gold, zinc, lead, and other ores. The team got permission to visit the mine sites and photographed the head frames, equipment, tailings dumps, and other sites of historic interest. 
    All of this footage was captured, transcripts written and converted to scripts, narrations recorded, and photos cleaned up and added. Assessments at the end of the year showed that the final videos (each 18-25 minutes) were too long and that more contact with the subject experts was needed to improve accuracy. 
    During the 2008-09 school year, four more subjects were completed. To help with collaboration, a wiki site was established (elementsunearthed.pbwiki.com) and the team members collaborated to write up and revise each other’s work. The subject experts also reviewed the material and commented or edited as they saw fit. Some of the proposed projects didn’t materialize; one on pottery making was impossible because we couldn’t find an appropriate site to visit that would accommodate video equipment, and one on liquid nitrogen fell through because the plant shut down before the team could visit. Replacement projects were found. Altogether, four projects were completed to an alpha test level. These were on the art and science of glass blowing; the art and science of stained glass creation; the history and process of synthetic diamond manufacturing; and a second visit to Eureka to tour the Tintic Mining Museum and interview the museum director, a longtime resident, and find out more about the history and current state of the town. 
    The process of creating these podcasts and the development of this project has been documented on the project’s blog site at: elementsunearthed.com. These first topics have acted as a proof-of-concept to answer the question: Can we really do it? Can teams of student amateurs create podcast episodes that will have accurate science content as well as excellent video quality? Results of the alpha and beta tests show that the videos are effective, interesting, and informative. A length of 10 to 15 minutes seems to be ideal for providing enough information without boring the audience; where we have extensive information, the topics will need to be broken up into two or more separate episodes. Although the students produced work of good quality, we found that some remedial editing is needed to improve the focus and storytelling of the episodes, to replace some footage with better audio and camera angles, and to improve the quality overall to excellent. This editing is currently taking place and the results will be uploaded by the end of August to the blog, then uplinked to iTunes, YouTube, and other sites.
Overview of Phase II: Prototype Development

    With uplinking of the podcast episodes at the end of this summer, we will be finished with Phase I and ready to begin Phase II of The Elements Unearthed. Having proved the concept, we will now enlarge the project to include teams from towns in Utah during the 2009-10 school year, then expand again to include teams from towns in Nevada and Colorado in 2010-11. It is anticipated that ten teams will be selected from Utah the first year, with preference given to teams from underrepresented areas such as small, rural towns near mine sites and for teams which are balanced for gender and minority participation. During the second year, an additional five teams from Utah and five each from Colorado and Nevada will be selected, or 25 teams over the two-year duration of Phase II. 

    The Principal Investigator, David Black, will travel to each location during the fall of each year to train the teams to use video, audio, and lighting equipment. He will enlist the help of local college students in the Digital Media program at Utah Valley University to travel with him to the sites to assist in the training and to provide points of contact for the teams. While there, he will travel with the teams to their chosen site, then train them how to capture the footage and edit it into final format. The teams will have several months, until February, to create the alpha version of their video segments. These will be posted on the website and YouTube, where the other teams and collaborating students from other schools will evaluate the videos. The teams will then have until the end of April to prepare the videos for beta testing. After the end of the school year, in early June, a conference will be held for all participating teams, mentor teachers, and the Advisory Committee to report on their projects. A public open house and video night will be held on the evening of the conference to conduct the final beta test and post-test evaluations by the teams. During the summer, the PI and professional video editors will finish any final touches and remedial work on the videos so that they can be posted by the end of August each year.

    As part of Phase II, David Black is also creating several podcast episodes on the history of atomic theory in general based on information that won’t be available to the high school teams. As of this writing, he is conducting a three-month research fellowship at the Chemical Heritage Foundation in Philadelphia, sponsored by the Société de Chimie Industrielle (American Section). He is using CHF’s library of rare books and specialized archives on the history of chemistry to acquire images and information that will provide a historical backdrop for the student podcast episodes. For example, he is currently tracing the atomic theory from its roots in Greek philosophy through the Middle Ages. He has met with several leading authorities in the field and is making arrangements to interview them as subject experts and produce episodes from the results. With the combination of 25 teams, with some needing to split their material into two episodes, along with four episodes per year created by the PI, it is anticipated that this project will create at least 40 podcast episodes in the two years of Phase II, in addition to the ten episodes that will be posted in August, 2009.
    Beyond the podcast teams, other students or groups can participate in the project in other ways. Since our draft scripts and videos will be posted at our wiki site, we will solicit the aid of science classes and the public to read through the scripts, watch the videos, write comments, and fill out online assessments. These will help to provide a continuing formative evaluation to aid in improving the student efforts. Science students and teachers can also participate by showing or utilizing the finished podcast episodes themselves in the classroom and evaluating their educational effectiveness through our summative assessment tools.
    The results of these assessments will be published in professional journals to show the efficacy of student-created podcasts as an educational tool. The project and its results will also be presented at regional and national educator conferences such as NSTA and ISTE. 
Project Rationale:

    The Elements Unearthed project has the following goals and objectives:

1 – To educate the public on the value of chemistry and increase chemical literacy.

    Objective A: To increase the knowledge and awareness of chemical industry processes, chemical safety, and chemistry-related careers on the part of the general public as measured by pre-and post-test questionnaires.
2 – To preserve the history of mining and chemical manufacturing.

    A: Successfully document the history, culture, and current issues of selected mining towns and chemical manufacturing sites in Utah, Nevada, and Colorado through a series of video podcast episodes created by teams of local students and community members and make these histories available to the general public as measured by the number, variety, depth, accuracy, and quality of the videos produced and by website usage statistics.

    B: Preserve historical documents through photographing and scanning them into digital formats that are saved in several archival locations and which are accessible online, as measured by the number and quality of documents preserved and the usability of the archive website.

3 – To improve STEM career attitudes and intentions among high school students.

    A: Improve student awareness of, attitudes towards, and intention to take classes in science, engineering, and technology as measured by pre- and post-test questionnaires.

4 – Test the feasibility of student-developed podcasts as a tool in science classrooms and train students in their creation.

    A: Increase the likelihood of students using Web 2.0 technologies such as blogs, wikis, and podcasts, as demonstrated by measuring their usage habits before and after participation.

    B: Improve student abilities to research historical information, write stories, and work collaboratively as a team as self-reported by the students on the wiki site and through pre- and post-test questionnaires.

    C: Train teams of students to effectively use digital video equipment to film and edit footage suitable for a general audience, as measured by the successful planning, implementation, and completion of these video projects.

    D: Demonstrate the educational value of incorporating podcast episodes into science curriculum through pre- and post-test studies of students who do and do not view the podcasts. 

    Our first goal of public understanding of chemistry comes from frequent attitudes by the public that show chemicals and the chemical industry in a negative light. The word “chemical” even has a negative connotation in society, yet our ignorance of chemistry and chemicals is not bliss; it is dangerous, because in this case what we do not know can kill us. When hazardous material spills or other incidents involving chemicals are reported by the news media, the information is often sketchy at best and even inaccurate. A source of accurate, detailed information about chemicals and the chemical industry is needed, and this project attempts to fill that need. 
    For our second goal of preserving history, many of the old mine sites and chemical plants that are no longer in service are being torn down and the people that worked in them are dying. The Tintic Mining District in Eureka, Utah is literally falling apart; chosen as a superfund site by the EPA because of lead contamination, heavy equipment has replaced the top 18 inches of soil, and limestone rocks have been placed over the mine dumps to stabilize them and prevent erosion. In the process, several old structures such as historic buildings and mine headframes have collapsed. The building that houses part of the Tintic Mining Museum is the old city hall, and its roof is leaking badly and appears ready to cave in. This museum has the same difficulties that many small town museums have: they are started up by someone with a passion for local history and kept going by dedication and volunteer time; there is no money to properly display or preserve the artifacts and documents and once the historian dies, much of the knowledge base will be lost. Someone needs to digitize the contents of these museums and document their significance before it disappears. Who better to do this than people (such as high school students) from the local communities? Our project will organize, train, and mobilize teams to preserve this history. We can also put this information out where scholars and the public can use it on a dedicated website.
    Our third goal of improving attitudes and intentions for STEM careers on the part of high school students is a response to the growing national need for more scientists, technology experts, engineers, and mathematicians. Many studies, such as the Program for International Student Assessment (PISA) test in 2006 have shown the United States to be below average when tested on basic scientific literacy and awareness. This does not bode well for future U. S. competitiveness. Our project will help to encourage participating students to consider careers in chemistry or chemical engineering by showing scientists at work, solving problems and contributing to society. Each podcast episode will include a section on the training and experience needed to be successful in that industry. 
    Our final goal is to increase student skills and usage in Web 2.0 technologies and to demonstrate the usefulness of podcasting as a classroom tool. These technologies are so recent that not much data is yet available on their effectiveness; a search online shows mostly anecdotal information and few rigorous studies. Some studies are currently underway by NSF. Our project intends to increase knowledge and practice of informal science education as a field by showing links between student-created content (in the form of video podcasts, weblogs, and wikis) and student learning in content areas.
Project Design:

    Our project is designed to allow maximum student flexibility of subject choice and treatment. Rubrics for video and audio quality, segment length, subject balance without bias, storytelling, information accuracy and depth have been developed but the student teams can choose the look and design of their videos. A fairly consistent structure of short introductory statement, project banner, longer introduction, then content with ending summary and credits/references will be standard, but how the information is presented and what the video looks like will be left up to the teams to maximize their creativity. Part of their learning experience is to take the mountain of research information, images, and video footage they generate and create an interesting narrative structure that provides sufficient depth, breadth, and interest while maintaining factual accuracy. Our initial phase demonstrated that this is possible, with perhaps some final remedial tweaking by professionals. Formative assessments from other teams, collaborating students, the subject expert, and the principal investigator will help to mold and improve the individual projects. 

    We are beginning in Utah so that the PI can travel to the teams and provide training on video techniques, along with student assistants from Utah Valley University. As the project progresses into the second year, it will not be as possible for the PI to visit each team, especially those in Colorado and Nevada. Much of the training will be come from online tutorials that will be created during the first year and from written instructions through the wiki site and e-mails. Once the two years of Phase II are complete, we will use the lessons learned to expand the project into a full-scale development project that will allow student teams in all states to participate. 

    Our deliverables will include the podcast episodes uploaded to iTunes, YouTube, and other sites with appropriate tags and metadata; a continuing blog of our progress that highlights different student teams and topics each entry; PDF versions of the episodes as summary reports of 2-4 pages with photos, linked to our blog site; MS Word documents linked to our blog and wiki sites with final scripts for each episode; the wiki site that will act as a central point for collaboration and discussion; a full web site designed to store and allow access to the documents we preserve and photographs we take; and ancillary educational materials such as press kits, background information, posters, and sample online games and activities (which will be developed more extensively in Phases III and IV). Combining and creating deliverables in both online and print formats will help distribute the project results to a diverse audience; for example, for the written PDF versions, we will include Spanish language versions that can be downloaded.

Project Management:

    David V. Black is the Principal Investigator; he is an experienced science, history, and technology teacher at the high school and junior college level with 20 years of teaching experience in public and private schools in California and Utah. Prior to beginning Phase I of The Elements Unearthed, he and his students at MATC directed, wrote, filmed, and edited a two-hour video documentary for Salt Lake City’s PBS station, KUED, entitled “AM to FM: Three Decades of Radio in Utah.” His students interviewed 25 current and former DJs individually and in panel discussions and edited the many hours of footage down into an entertaining and factual story of Utah’s AM radio stations and personalities. Some of the DJs brought in photos and old music surveys, which were collected, scanned, and added to the project. Digital copies were donated to the Utah State Historical Society. Mr. Black has also been an Educator Facilitator for the NASA Explorer Schools Program at the Jet Propulsion Laboratory in Pasadena, CA from 2002 through 2004 where he planned and delivered professional development workshops to science, technology, and math teachers from throughout the country. His students were chosen as a Mars Exploration Student Data Team and were allowed to use actual atmospheric data from Mars orbiting probes to predict Martian weather. They presented their results at a symposium for MESDT teams at Arizona State University in 2004. He also presented the students’ work at the 35th Annual Lunar and Planetary Science Conference in Houston, TX in 2004. He is currently the Société de Chimie Industrielle (American Section) Fellow at the Chemical Heritage Foundation for 2008-09. As PI, Mr. Black will coordinate the efforts of the team, provide training, create and edit episodes, solicit participation, and communicate results.
    The Advisory Committee consists of members from science education, video technology, and professional organizations. These include professors of chemistry and chemical engineering from Utah Valley University and Brigham Young University, professors and professionals at UVU in digital media, representatives from the Utah State Office of Education in Information Technology, and representatives from professional organizations such as the National Energy Foundation, the Utah Mining Association, and the Utah chapter of the American Chemical Society (ACS). This team is still being formulated, but initial contacts have been made and it will be complete by the final submission of this project in November. This Advisory Committee will meet formally twice per year and use their experience in video production, chemical education, and STEM careers to inform and direct this project. They will also keep abreast of the wiki site, blog, and draft scripts and videos and will add their suggestions. At the end of the school year in early June, a conference will be held to report on the results of the project to the Advisory Committee and allow the teams to show their videos to a professional audience and to their peers.    

    In addition to these institutional partners and professional advisors, The Elements Unearthed will also develop partnerships with the sites that teams visit including refineries, power plants, and museums. Such sites as Novatek, the synthetic diamond site we visited this year, have been extremely helpful. We learned of how H. Tracy Hall first synthesized diamonds in 1954. His son, David Hall, now runs Novatek and has all of his father’s old equipment and awards. Our expert made all of this available to us including photos showing the discovery. Chemical Heritage Foundation is providing complete access to their collection of journals, oral histories, and rare books. Without these partnerships and experts, our success would be limited. With their help, we are truly achieving our goal of preserving a part of the history of chemistry.

Project Evaluation:

    Much of the assessment for this Pathways Project will be internally generated, including formative evaluations from our wiki sites, the subject experts, and Advisory Committee. These will be used to improve the individual videos and to make course correction for the entire project. During the two years of this prototype project, we will refine and hone our evaluation techniques and instruments to more accurately reflect our results. However, to provide a usable summative study of the degree to which project involvement has led to substantive changes in the students’ knowledge, engagement, attitudes, behaviors, and skills, we will consult with a third party evaluator (yet to be determined) to design instruments and methods that will be as rigorous and yet as unobtrusive as possible. We will create a questionnaire to be given before and after participation in the project. Since we will have groups with varying levels of involvement, we will create a control group for each level, including students who only view the podcasts, those who collaborate to evaluate the scripts and videos, and those who actually create them. This pre and post test will look at student knowledge of the specific content of the videos, their general attitudes toward chemistry and chemists, their intention and interest in taking chemistry classes and pursuing STEM careers, and their attitudes and behaviors toward Web 2.0 technologies. 
    In addition to this questionnaire, developed and evaluated by a third party, we will also utilize web tracking statistics from SiteMeter and other services, looking at site visitation statistics, numbers of downloads of the podcast episodes, responses to volunteer feedback forms posted on our site, and student comments posted on the wiki site to provide a more complete picture of our results for a summative assessment. 
