Smart Graphs

Smart Graphs are web-based digital tools designed to help students better understand graphs generally and the particular graph they are exploring. There are several ways students can use Smart Graphs. First, in the “explore” mode important features of the graph (including the axes, maximum, minimum, X- and Y-intercepts) respond to mouse clicks by providing information about that feature. The Smart Graph can identify regions of particular interest (here the object was accelerating; in this region the object was at rest) and thus the Smart Graph is able to respond to students’ mouse clicks by providing information about those regions of the graph.

We also plan to develop a “tutorial” mode. In this mode the computer poses questions and uses students’ answers (which may be provided by clicking a region of the graph) to gauge and develop understanding of the graph. Some questions posed in the “tutorial” mode could be used with any graph (such as identifying axes and scales).  Other questions would apply to the particular graph being studied (e.g., click on the region where the cart is slowing down).

If a high school class is gathering data from a motion detector for a science lab as part of a unit about objects moving under the force of gravity, a Smart Graph assigned by the teacher—or someday referenced in a textbook as an online resource—might illustrate the type of data students will be collecting. Note that for this project we focus especially on high school science topics involving motion or temperature.

A specific example illustrates how Smart Graphs work. The graph on the left in Exhibit 1 shows the position of a small cart moving down a ramp in the lab and then onto a carpet, where it slows down and comes to rest. A high school teacher uses graphs of this type to teach students about position, velocity, and acceleration of objects, and to have students investigate the acceleration of an object under the force of gravity. The same graph is shown on the right with a number of points and regions of interest highlighted as they would be used “behind the scenes” in both the “explore” and “tutorial” modes. The highlights are shown in order to explain the way a Smart Graph behaves, but would not normally be visible.

Exhibit 1: Smart Graph

           Smart Graph as Viewed by a Student

Smart Graph “Behind the Scenes”
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In the “explore” mode, the student clicks on a feature of the graph. If a student clicks on region A, the computer identifies that region: “The y-axis shows the distance of the cart from the starting point (the top of the ramp), in meters.” If a student clicks on region B, the computer responds: “The grid lines indicate every 2 meters distance.” The computer identifies region 2 this way: “The cart is speeding up (accelerating) as it moves down the ramp. The graph gets steeper here as the cart goes faster.” As part of this project we will investigate different ways the computer can convey this information to help students with LD, such as in text, or spoken aloud, and/or with animation.

In the “tutorial” mode, the computer poses questions such as these: What is measured on the vertical axis? What is measured on the horizontal axis? Click on the part of the graph where the cart is speeding up. Click on the part of the graph where the cart is slowing down. Click on the part of the graph where the cart first comes to rest on the carpet. What does it mean that the line is curved between 0 and 20 seconds?  What does it mean that the line is curved between 25 and 50 seconds? Again, we will investigate how best to pose questions and obtain answers from students with LD.

The Smart Graph includes the capability to generate a description of the graph and its context in words (such as in the second sentence of the paragraph above the exhibit). 

One reason that this example illustrates data collected from a motion sensor is that the contextual information that accrues from having users generate a graph from real-time experiments using probes and probeware has been demonstrated to help students understand graphs. Creating graphs by walking in front of an ultrasonic motion detector or by breathing on a temperature sensor creates a vivid memory of the context and allows the user to make connections between the graph features and the context in real time. In addition, probeware often provides a kinesthetic experience (e.g. walking, feeling temperature, seeing a light level, pulling a brick across the floor, watching a moving object) that provides another cognitive channel. Nonetheless, Smart Graphs can be used for any phenomena and are not restricted to data collected from probes. 

Smart Graphs offer students, especially students with LD, assistance learning to use and understand graphs. Because each Smart Graph is based on a particular graph situated in a particular context, the tool is intended to be useful to students multiple times, and for many topics included in STEM courses. 

