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Design Buddy will be built on CogSketch, an open-domain 
sketch understanding system which features:
• Perceptual computations motivated by psychological results, 
including a model of mental rotation developed in SILC
• Contents of the OpenCyc knowledge base, consisting of over 
58,438 concepts constrained by 1.8 million facts, plus QRG 
extensions
• Inference engine for reasoning over large knowledge bases.
• Analogical matching and retrieval, via the Structure Mapping 
Engine (SME) and MAC/FAC, simulation models of structure-
mapping theory

• CogSketch can provide a basis for cognitive simulation of 
spatial learning and reasoning, and for creating educational 
software that understands sketches in a human-like way.
Learn more at: 
http://spatiallearning.org/projects/cogsketch_index.html

Qualitative Mechanics (QM) is a generative model of physics used 
to model mechanical systems.   QM will allow Design Buddy to 
understand systems of objects and systems and predict their 
behavior
• Based on previous QRG research: Nielsen, P. (1988,1991) Kim, H. 
(1990,1993)
• Systems modeled previously include linkages, clockworks, pumps, 
and engines.
• Implemented as a set of concepts, logical statements, and rules.

CogSketch, a SILC Project

Qualitative Mechanics

Next Steps

We evaluated our system with past projects by EDC students.  
• Example: One-handed fingernail clipper.  (Pictured on the right.)
• Different states of operation are represented as sub-sketches.
• In the “up” stage pictured below, the force of the palm is 

drawn on the palm rest (blue). 
• In the “down” stage pictured below and to the right, the force 

is removed and it will reset itself to the “up” stage.

Once the sketch is complete, the critique is performed in 3 steps:
1. The system reads the metalayer and compares each pair of stages 

to find what motions are depicted in the sketch.  
2. The system uses knowledge of qualitative mechanics to predict 

how parts will move 
after each stage.

3. The system compares 
the sketched outcomes 
(step 1) and the 
predicted outcomes
(step 2) and  produces a
list of the results.

• Extend QM to work on even more designs.
• Develop Design Buddy intent interface for communicating desired 
outcomes, understanding intent and suggestions.
• Perform formative evaluation with students in EDC.

Motivation – Create a “Design Buddy”

One goal of developing CogSketch is  creating a platform for 
intelligent educational software.  Design Buddy, a CogSketch-
based application, is one of our prototypes.
•Developed in collaboration with Northwestern University’s 
Engineering Design and Communication program (EDC).
• EDC Instructors: Students have trouble communicating their 
ideas using sketches.
•Design Buddy goal:  Help students learn to explain their designs 
better by providing feedback during practice.
• Input =  one or more sketches plus textual description of intent
• Output = feedback about problems in student’s explanation.
•This step: Understanding multi-stage sketched mechanisms.

Testing Understanding on Student Designs

External forces such as the palm pressing 
downward are drawn as arrows 
annotating objects in the sketch.

• An additional sketch called the metalayer is used to depict the 
relationship between the stages. 

Relation arrows depict desired 
transitions between the stages on 
the metalayer.

In the “down” stage, the clipper 
has closed.

This system was able to 
understand 11 out of 20 
past projects we selected from the EDC course.

Arrows can also be used to depict 
relations like connectivity.
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