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On-line Materials
1.
Background:
A number of recently developed Geographic Information Systems (GIS) tools have made it possible to create highly accurate and customized digital maps that facilitate a personalized form of cartography.
 This technology has proven useful in educating students about geography,
 environmental science,
 geology and biology.
  Chem Map is a web-based GIS tool that overlays chemical information with geographic information facilitating the use of GIS in teaching chemistry, materials science, and nanoscience. This approach can make complicated topics more personal and accessible to students, increasing their interest in chemistry. 

The Chem Map web site (http://map.chem.pdx.edu) enables the creation of maps that link images (e.g. photographs or electron microscope images) to geographic coordinates and a periodic table. For example, a photograph of a solar panel on a building and its geographic coordinates can be linked to an electron microscope image of a photocell and to the element silicon in an on-line periodic table. In turn, selecting an element from this periodic table reveals all the locations, images, and materials associated with that element. Chem Map is platform independent and can be used on any web browser. Anticipated users include educators seeking to generate more meaningful content for classes,
 students creating and exploring local and global maps, and adult learners curious to explore the chemical composition of materials they use and see every day.  This approach can engage users in chemistry outside of the classroom in ways that can create a strong connection to the subject.
 

We found Chem Map to be particularly effective at engaging students (grade 7-10) in a series of chemistry outreach classes. The students in these classes created photomaps consisting of images of naturally occurring and synthetic materials in the world around them. In the outreach classes, students took photographs of everyday materials and linked them together into photomaps. Through the process of creating their photomaps, students learned about the elements and discovered what elements are contained in common materials. They also added scanning electron microscope images to their maps using samples they had collected. This helped them to discover the fundamental chemistry underlying these materials, and changed the way they see the world around them. This inquiry-based approach can be used to teach lessons about materials science, green chemistry, and environmental chemistry and can be tailored to different age users.  The Northwest Academic Computing Consortium and The Camille and Henry Dreyfus Foundation provided support for the design of this software.

2.
Browsing the Chem Map Website:  The Chem Map website located at http://map.chem.pdx.edu allows users to explore maps that contain chemical information.  The site contains two windows that are used for viewing and searching information.  The first window is a clickable periodic table where users can select an element of interest.  The second window is an interactive map, where users can search for objects anywhere in the world.  Markers (appearing as balloons) shown on the map indicate the location of materials that have been photographed, connected to geographic information (geocoded), linked to one or more chemical elements and submitted to a database on the web site.  

Viewing information on the web site involves navigating on a map to the location of objects that are indicated by markers.  The map data originates from a Google server and navigation will be familiar to users of Google maps.  Double clicking on the map zooms and re-centers the map to the selected location and the map can also be moved to a new location by clicking and dragging.  Clicking the + and – buttons adjusts the zoom level of the map and clicking the arrows re-centers the map in the indicated direction.  A satellite button displays a satellite view of the area and a hybrid button overlays a street map and satellite image.  A marker indicates the location of each object within the current view.  Clicking on the marker opens an information window over the map that shows a name and description of the object, the elements associated with that object, and any images associated with the object.  This information window can be closed by clicking on the X on the top right or by clicking elsewhere on the map window.  Clicking the “Map” link at the top of the page resets the map to its default view.

The periodic table window on the web site provides a complementary method of searching for information from the database.  By clicking an element on the periodic table, the map window changes to display only objects associated with the selected element.  A drop down menu allows users unfamiliar with the element symbols to instead select from an alphabetical list of elements. Users that are logged in to their account can select the “View My Objects” link to limit the view to only objects that they have uploaded to the database.  Moving the mouse over an element on the periodic table will display the element’s properties including atomic number, element name, symbol, group, natural state, and where the element is found.  Selecting the “View All Objects” link above the periodic table returns to a full view of all elements on the map.

3. 
Creating a Map Using Chem Map:  Users can create their own maps using Chem Map after completing a simple registration process.  Selecting “create account” from the login page redirects to an account creation form.  Submitting an e-mail address, first and last name, and a password establishes a new account.   After registering, a new user is given the option of setting a home location by indicating their location on a map.  This sets the default location that will be displayed when viewing or adding information to the map.  On return visits to the site, a user simply needs to provide their email address and password to login and continue adding objects to their map.

Creating a map involves uploading objects (e.g. a photograph or data from a microscope) to a database and linking those objects to chemical elements and geographic locations. To start, click the “Insert” link at the top of the page after logging in.  The first two fields on the form are the latitude and longitude that will be associated with the object being created.  The process of linking this geographic information to an object, such as a photograph, is called geocoding and can be done with or without a global positioning system (GPS) device.  One very simple method of geocoding an object in Chem Map is to click on the adjacent map at a desired location and a latitude and longitude will be generated in the fields automatically. After setting the object location, photographs and data are uploaded by clicking “Browse” next to the appropriate image box, selecting the photograph from the appropriate location, and clicking “Open”. The object identifier field is used for a general description of the object.  The next box on the list gives a list of elements to choose from. Holding down the control key and clicking on the individual elements selects all elements involved in a sample.  Each element can be removed as well by clicking on the element while holding the Ctrl key.  After selecting the elements, a more detailed description can be entered of the sample in the object description field.  Note the only fields that are required are the location and elements.  Finally, click “Submit” to post the sample on the map.  This will add a marker to the map and clicking on the marker will reveal the information associated with that object.  
A second method of geocoding takes advantage of latitude longitude information available from a GPS unit or GPS-enabled cameras.  For GPS-enabled cameras or cell phones, the latitude and longitude are contained in the header file of photographs taken with the device.  Most devices come with software that can access this EXIF header file to retrieve latitude and longitude or a number of freely available programs (e.g. Picasa) can be used to retrieve this information.  Latitude and longitude must be input using a decimal format.  If the available data is in a degree/minute/second format, select convert to Lat/Long on the insert form.  This will open a window in which coordinates can be pasted into the proper boxes and after clicking the “convert” button displays decimals that can be copied and pasted back into the main form. 

4.
Using Chem Map in and out of the Classroom:
 In a series of outreach classes, we had students ages 13-16 separate into groups of 3 to 5 to look for objects and create maps.  Each team was given the task of finding the greatest number of elements in a given amount of time.  Using this format, the instructors were available as a resource and to help focus the students, however, the discovery process was led by the students. Upon going outside, the students used a GPS-enabled camera to take pictures of different materials and decided how they can incorporate it into their map.  After collecting samples and pictures, students returned to the lab to prepare the collected samples. Some samples were analyzed by Scanning Electron Microscopy (SEM).  These classes improved upon both high school and middle school student’s knowledge of chemistry, materials science, and nanoscience. Students learned about the chemical composition of the world around them and gained knowledge of the makeup of materials they see and use everyday.
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