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Abstract 

Solving typical textbook physics problems, such as those found in books used in high 
school and first year college physics courses, involves several subtasks. These subtasks can 
be described in terms of the way the problem is represented. Computational approaches 
to physics problem solving can be distinguished by the subtasks that they address and 
the types of representations that they use. A general descriptive framework of physics 
problem solving in terms of five different types or levels of representation that can be used 
in understanding and solving a physics problem is presented. Six computer programs that 
investigate various aspects of physics problem solving are presented and compared against 
the general descriptive framework. This comparison against a common framework makes 
clear certain differences among the reviewed programs in terms of what subtasks each is 
addressing. Important issues not reflected in the framework and only briefly addressed in 
the paper include learning and organization of knowledge. The systems reviewed include 
Novak's ISAAC, Bundy, Byrd, Lueger, Mellish, and Palmer's MECHO, de Kleer's NEWTON, 

Larkin and Simon's ABLE, Shavlik and de Jong's PHYSICSlOl, and Larkin, Reif, Carbonell, 
and Cheng's FERMI. These systems were chosen because they explicitly deal with problems 
typical of beginning physics textbooks. Related work on naive physics and qualitative 
reasoning about physical mechanisms and processes is not addressed in this paper. 

*Supported by a graduate fellowship from ONR. 
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A simple roller-coaster problem. The block starts at point c1.. 
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NEWTON'S Envisionment of the roller-coaster problem 

Figure 7: The NEWTON system and Envisionment 

Natural language processing is not addressed and no reverse transformation of results 
from any stage of representation in the problem to an earlier stage are included. Arithmetic 
calculations are not used in the elaboration of the initial problem description. The emphasis 
is on qualitative elaboration. 

The NEWTON system does not address learning issues. It has some flexibility in its overall 
strategy, in that a problem may be solvable strictly based on qualitative analysis, or it may 
require quantitative analysis. Different knowledge representations apply to different steps in 
the problem solving process, including an envisionment state tree in the qualitative analysis 
and frames in the quantitative analysis and equations for the mathematical reasoning part. 
This early work only handled roller coaster problems, but the techniques have been extended 
to other complex situations. The work is definitely motivated by interests in modelling human 
cognitive abilities, but it is not closely tied to supporting psychological evidence. 

Envisioning 

The NEWTON program is. able to solve physics problems in the restricted area of roller coaster 
problems. Part of the problem solving process involves making a qualitative evaluation of the 
situation described in the problem. For some problems the qualitative evaluation is enough to 
answer the question without doing any quantitative reasoning and for others the qualitative 
evaluation sets up the problem for a quantitative solution. Envisioning is a process whereby 
all possible outcomes in a qualitatively uncertain situation are generated in the form of a 
tree based on gross features of the situation. For example~ see Figure 7. The tree diagram 
represents the envisionment: the result of the envisioning of all of the possible chains of events 
resulting if a small block is released from point cl in the roller coaster diagram and allowed 
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to slide aJ.ong the frictionless surface sl, The envisionment tree is labeled with positions of 
the block as it slides on the roller coaster. Two scenarios end in oscillation and three end 
with the block falling off one of the ends of the roller coaster tr~ck. Quantitative information, 
such as the heights of certain points on the track, and equations based on physics principles 
can be used in quantitative analysis to decide which of the envisioned outcomes will actually 
happen. Some questions about the situation could be answered from the envisionment directly, 
without any quantitative reasoning, such as, will the block come to rest and stay at point c3? 
The reasoning that goes on is based on an abstract situation of a frictionless roller coaster. 
Commonsense reasoning in a more realistic situation would give a different envisionment. 

The NEWTON program 

In setting up the NEWTON system, de Kleer wanted to address the issue that easier problems 
should be solvable using simpler or at least different methods than hard problems. A problem 
solver that can solve difficult calculus based problems should also be able to recognize when 
a problem has a trivial solution. He thought there should be multiple representations for the 
problem with different reasoning techniques for each. Easier problems should be solvable with 
easier techniques. , 

The NEWTON system has four levels in its processing of a problem: Envisioning, Qualita
tive, Quantitative, and Mathematical. The envisioning builds a tree of possibilities. It must 
be a tree and not a graph because it represents possible chains of events over time. A state 
is never repeated, even in an instance of oscillation, because each state has a distinct time. 
Each leaf of the envisionment tree identifies a complete chain of events rather than just a final 
state. The tree is reasoned about qualitatively to make a plan for reaching a solution to the 
problem. Quantitative knowledge is represented in frames and symbolic reasoning is used to 
try to plan a path to a solution. The quantitative reasoning may generate equations that are 
passed to a mathematical reasoner based on MACSYMA that solves the equations and returns 
a result. 

This system does qualitative reasoning on a model of the situation, but the situation 
al.ready is described in terms of ideaJ. objects. It can answer certain questions from the qual
itative understanding that it develops, but it does not do time-step simulations or otherwise 
calculate any numeric answers at this stage. Physics formulas are present in a frame-based 
representation. Each formula frame has certain conditions to test to see if it applies. The 
quantitative reasoning selects equations to use to reach a solution, and keeps track of variable 
assignments in the equations. Equations are passed to the algebra package and numeric or 
symbolic results are passed back from the algebra package to the quantitative reasoning level. 
There is no other communication between the mathematical reasoning and the quantitative 
reasomng. 

Limitations and Strengths of NEWTON 

de Kleer mentions some failings of the NEWTON program in [ dK77] 

• "an insufficiently powerful envisioner;" The situation of roller coaster problems do not in
volve very complicated envisionments and more complex problems would need a stronger 
envisioner. 
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