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Virtual Microscopes as a Tool to Enhance Learning in Agricultural Education Settings
Introduction
Over the years, many technological resources have been developed to improve pedagogy in the virtual classroom. However, the majority of emphasis has been focused on presenting lectures to a distance learning audience not on facilitating online laboratory experiences. Transitioning to an online format may seem like losing the original concept behind the laboratory section but most fields are becoming more digitally savvy and industry advancements can be adapted to meet educational needs and expose students to equipment pertinent to their future career. These new technological tools can also be utilized to enhance the traditional classroom and laboratory experience, particularly on topics in STEM education. 
This poster will highlight how this technology was used in a histology course. Histology is “a branch of anatomy that deals with the minute structure of animal and plant tissues as discernible with the microscope” (Histology, n.d.). Image capturing of tissue slides has been incorporated into PowerPoint® presentations and scientific journal publications for decades but the ability to scan a slide so one can zoom in and out from the digital data file of the slide has not existed until recently. Digital scanners that capture the entire slide now exist from multiple companies. When used in conjunction with virtual microscope software, this can replace the use of a multi-headed microscope or rows of microscopes in a laboratory section to teach students or, alternatively, used in addition to traditional methods as standalone reference material to enhance learning. Adoption of this technology has the potential to impact K-12 agricultural education, extension, and collegiate-level instruction. 
Methodology

Other than the normal staining process used to prepare histology slides for viewing with the common compound microscope, there is no special preparation needed for the glass slides to scan them. These slides were scanned with a ScanScope CS (Aperio Technologies, Inc, Vista, CA) which is linked to a computer. Some scanning processing machines accommodate a higher throughput but with this machine, slides were loaded onto a tray in batches of five and inserted into the scanner. The scanner was usually set for 20X zoom although occasional scanning occurred at the maximum of 40X or 0.25 micrometers/pixel. Then, using the manufacturer’s software and provided instructions, the scanning range was confirmed for each slide and the machine focus was auto-tested so the scanning process could begin (approximately two minutes). The time needed for each slide to scan ranged from five to fifteen minutes depending on the complexity of the slide. The large data file for each slide (500 MB – 2 GB) was stored on a password protected server for access (24 hours a day) by the students and instructors. Students could download the full viewing software, ImageScope (Aperio Technologies, Inc), for free or open the file directly, in a limited view, within their Internet browser through WebScope (Aperio Technologies, Inc). The scanner was available through associations with the pathology department at a local college of veterinary medicine. At this university, scanning could have also been completed on a fee per service basis in the college of medicine.

Results to date

Since the digital slide scanner was designed for industry use, the quality of the digital slide rivals high quality compound microscopes. For the pilot offering of the distance education fish histology course, a synchronous two-hour online discussion section was required. The weekly discussion session, hosted with Elluminate often relied on slide data files by displaying a slide through ImageScope and transmitting it to the group via Elluminate’s desktop sharing mode. The resolution of the images was highly satisfactory to both students and instructors. When an area of the slide could not be discerned by a student, the instructor was able to zoom, annotate, and/or point with a mouse which resolved any lingering ambiguity. The students also had continuous access to the slides to study them throughout the course at their leisure.
Both students and instructors referenced slides by sharing their desktop and pointing to regions with their mouse to describe tissue and ask questions. Although they were highly satisfied with the virtual microscope quality, the users noted that there was a delay relating to internet speed that often caused jerky movement (buffering) in the navigation of a slide during desktop sharing instead of the fluid, real-life speed that occurred when directly viewed from the server. Although this only took about five to ten seconds in most cases, it disrupted the flow of the session for many participants. This was the only negative comment regarding the virtual microscope process and was not perceived as significant enough to discontinue use. Additionally, one instructor, who was hesitant to use the online platform, commented after a discussion section that it went better than the traditional instruction method used previously because the students seemed more engaged and the instructor could more easily explain details with the tools that the technology provided.
Future plans/advice to others

The course will be offered again in the online format. The instructors are now comfortable enough with the technology that they plan to offer the discussion sections in an asynchronous format with extra credit for synchronous participation. This is being done to allow for participation of students from other universities, including those in other time zones, in the course. The equipment is also being used by colleagues in a veterinary histology course and the authors are working towards collecting feedback from those users as well.
Courses and laboratory sections in microbiology and cell science are an obvious extension of where this technology can be used to enhance education and provide new areas of learning to distance education students. Higher-end scanners also exist that can scan fluorescent and electron slides for advanced study including graduate education. Databases of slide images are available through the scanner manufacturers for a fee but the creation of publicly accessible database for use in extension work and K-12 curriculums is ideal. These could be modeled after current curriculum and extension resource websites that use stock pictures at ranging magnifications to explain microbiology concepts to young children.
Costs/resources needed


Base models of digital slide scanners that capture the entire slide, such as the ScanScope CS, cost approximately $90,000. However, the units are becoming more and more popular in the medical field, specifically pathology and research areas, so they are commonly found in the university setting. If a local unit is not available for use, the University of Nebraska and John Hopkins Medical Center both provide scanning services for about $8 per slide. ImageScope software is free to download from Aperio’s website. 
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