ABSTRACT 

This interface will allow middle school students to teach a computer agent, Betty, about causal relationships and their conditions of application. Currently, the student teaches Betty by creating a concept map, which includes nodes, and links that relate the nodes to each other.  However, the student is unable to input conditional information about these relationships, for example if a relationship only holds if the level of one node, such as Nitrogen, is below a certain threshold.  Our hypothesis is that by adding a representation for conditional logic, students will come away with a deeper and more accurate understanding of subject matter they teach Betty.  One way to test this hypothesis is to give students conditional statements, both verbally and in text, and see if they can convert them into a symbolic representation with the interface. A second way to test it is to show them a concept map with the conditional representation and ask them to explain it to someone else in words. If both of these tests fail, the interface is not clear enough to unleash on middle schoolers and needs to be improved.
TASK ANALYSIS 

Our potential target ranges from 12 to 22 years old; since Betty can be adapted for students from middle school to college.  However we plan on concentrating on the lower end of this demographic. Users will need to be able to use the interface in order to teach their agent, Betty, about science topics, such as plant growth.  Currently the way that students teach their agent is by creating a concept map (representing Betty’s knowledge,) which includes nodes, and links that relate the nodes to each other.  A picture of the current Betty interface is shown below.
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The agent uses the information the student taught it (entered into its concept map) to answer quiz questions, and in a future version, Betty will use this information to make decisions as a gardener growing pumpkins in a virtual world.   The idea behind Betty is that by teaching their agent and seeing it perform, students will learn more about the domain.  This is typically tested using a pencil and paper pre-post test, which students take without Betty. 


While it may be up for debate whether any user will operate this system without coercion, odds are that they will be instructed to teach Betty as part of a class assignment. The task will be performed on a java enabled computer and while the software remains in the research phase, several graduate students will be present to assist students with learning the interface and figuring out the assignment. When Betty is used in the schools, students typically use it for a few hours a week for a couple of weeks in the school’s computer lab. In general, students raise their hands and ask for help whenever the program breaks or they have trouble figuring out how to complete their task. In previous studies using the system, students have learned to use it quickly, in less than one class period.  Using Betty is currently an individual project, however in the future students will be able to send their Bettys to compete against each other in a structured game.

One current limitation of Betty is that she only reasons in causal relationships and does not understand thresholds that may change the effect of those causal relationships. As an example, when you pour water into an empty glass, the amount of air in the glass decreases. Betty understands this much. However, if you continue to pour water into the glass after it is full and begins flowing over the sides, the water doesn’t displace the air any further.  The student currently has no way of teaching Betty this type of information.  An example that will be important in plant growth is that Nitrogen when below 350 p.p.m. increases plant growth.  But, when it is above 350 p.p.m. it causes toxicity, which actually decreases plant growth.  Several other examples like this one arise in the plant growth domain, and need to be represented if Betty is expected to act in a virtual simulation world based on her concept map.  
IDEATION
The goal of this project will be to change Betty’s interface to allow students to teach Betty conditional information about links in her concept map.  Our task is to create the interface through which students will add conditional information to Betty’s concept map, and decide the way this information will display on the map, such that middle school students will understand it.  

Representations

Add Conditionalized Nodes   (Conditionalized Nodes, Links)
Say the user has the path ‘nitrogen increases leaf growth’.  They realize that above a certain level, nitrogen actually causes toxicity and hurts leaf growth.  They make Nitrogen a conditionalized node, with the value <= 350ppm.  They also create a second conditionalized Nitrogen node, with the value >350, which leads to toxicity.   

[image: image2]
(Question: what happens if two nodes overlap (e.g. node 1: Nitrogen <= 350,  node 2: Nitrogen < 200).  Should this be allowed or should the system force the user to be clear?)

------------------------------------------------------------------------------

Add Threshold Component.   (Nodes, Thresholds, Links)
Say the user has the path ‘nitrogen increases leaf growth’.  They realize that above a certain level, nitrogen actually causes toxicity and hurts leaf growth.  They highlight the path and add a threshold component that requires them to specify values.  They can then highlight either region of the threshold component and add links as usual.  
[image: image3]
------------------------------------------------------------------------------------

Make Threshold Components Qualitative

Rather than forcing the user to deal with numbers, we thought about having them add qualitative thresholds.  Either the user can link the qualitative values with numbers, or they can be programmed into the system so the user never has to deal with them.
Text:

[image: image4]
Color

[image: image5]
---------------------------------------------------------------------

Allow the threshold component to have multiple levels, not just binary


[image: image6]
Have the size of the partition of the component represent how much of the total range it is. (e.g. if medium covers larger amount of values than high or low)




How will the user input conditionalized representations
How the user will interact with the Betty system (add icon in tools menu that behaves similarly to other tools, such as add node, add link)
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.   
Other sketches from initial brainstorm that contain ideas we expanded on above
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EVIDENCE 
By 7th grade, most students are aware of that most instances of causal relationships are not true across all conditions. Under certain circumstances, they apply and in others they don’t. In previous Betty studies students have asked how they could represent such conditional cause-effect relationships. The answer was that it wasn’t possible to. In several cases, students tried to jury-rig nodes and links within Betty to simulate such conditional logic. “Threshold Betty” is a design in response to these confusions. By allowing students to set windows for which links becomes active, we hope to provide them with a clearer representation of both the way systems work and what they have learned from reading the materials. 

We talked to educational experts who told us that 7th graders and beyond would have no problem thinking in simple conditional logic. However, they also stated that if the thresholds also had thresholds of their own, the system could quickly get too complicated for experts to understand, let alone young students. We believe that the materials students will be using Betty with only use the simple version of thresholds.
We have yet to find another system that combines conditionalized logic with concept maps.  We have created a separate teachable agent, Moby, primarily intended to teach science content through logical reasoning.  Students teach Moby by filling out either in words or tabular form which of four factors are necessary, sufficient, or necessary and sufficient for a particular result to occur.  However, this type of teaching interface and reasoning structure does not map well onto Betty’s concept map.  In Betty, students are not thinking about necessary and sufficient conditions for a particular outcome, but rather are thinking about the relationships between concepts, and when those relationships may change.
FURTHER EVIDENCE 
We plan on completing several rounds of user testing. One round will be more of a participant design session than a prototype testing session. This is where we will get a feel for how students naturally communicate about thresholds and conceptual relationships. We will then try to roll these discoveries into a paper prototype design and a more structured user testing session. The results of this session will inform how the design gets ported to the computer version of Betty. We will finally test the computer version with users and roll the results into the final prototype. Then in the spring, we will use the final design in a controlled experiment.

EVALUATION PLAN

We plan on doing several iterations of user testing.  Our hope is to do user testing with individual 7th graders, but as our access to them is limited, we will conduct our initial user tests with college students, and only our later tests with 7th graders. The first round will be designed to see which of our threshold representations provide the greatest level of clarity to the students. We will also be looking at whether quantitative or qualitative values work better when initially thinking about conditional representations. This first round will most likely rely on the use of paper prototypes and user feedback to improve the prototype during the test. The second round of prototyping will focus on the representation, and also the tools that will be available in the Betty interface to add these threshold components.  By the final iteration, the results of the paper prototype will be ported to the Betty program, though Betty will probably not be able to reason about them yet. Once again we plan on testing 7th graders and seeing if they can translate written blocks of text into a concept map using the new representation and tools. All of these tests will be somewhat informal and take user feedback into consideration. We hope to get 3 or 4 users for each test in order to get a fair sample of issues and opinions about the prototypes.
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