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Jose Mestre & William Gerace
DESCRIPTION OF COMPUTER~BASED ANALYSIS ENVIRONMENTS

Hierarchical Analyzer

The Hierarchical Analyzer was designed to be consistent with research
observations on expert physics problem solving behavior. When faced with a
novel problem in which there is no obvious course of actiom, expert physicists
first consider which basic principles apply, and then plan a solution strategy
based on these principles. Consistent with this observation, Chi, Feltovich
and Glaser (1981) found that, when asked to classify problers according to
similarity of solution, novices use the problems' surface features whereas
experts use the physical principle or law underlying the problem as the clas-
sification criterion. These findings suggest that an expert's knowledge-store
can be described as a dense network containing clusters of related information
with a hierarchical structure in which fundamental concepts occupy the top
levels of the hierarchy, ancillary concepts occupy the middle portions, and
domain-related facts and equations occupy the bottom levels of the hierarchy.

Two additional studies influenced the design of the Hierarchical Analyzer.
Heller and Reif (1984) trained physics novices to generate a problem analysis
called a “theoretical problem description.” Force problems in classical
mechanics were described in terus of concepts, principles and heuristics. When
novices were induced to follow such descriptions, they improved substantially
in their ability to construct problem solutions. Control novices, who received
good grades in a classical mechanics course, were not able to generate
appropriste descriptions of fairly routine problems. In a similar vein, Eylon
and Reif (1984) investigated the effectiveness of imposing a hierarchical
organization on the performance of different tasks in the domain of physics.
They found that subjects who had received a particular physics argument organ-~
ized in hierarchical form performed various recall and problem solving tasks
better than subjects who hz:d received the sawe argument non-hierarchically.

The Hierarchical Analyzer was designed to guide the user through a
hierarchical analysis of a problem in terms of both concepts and heuristics.
The user categorizes problems in terws of those principles and heuristics that
can be used to construct a solution tc the problem. This categorization 1s
carried out by making selections from a nuwber of menus. On any given menu,
the selection made leads to another menu which ig more apecific than the
previous menu, and which contains further menu selections consistent with the
selection made on the previous wmenu.

The structure of the Hierarchical Analyzer resembles a flat-top pyramid.
At the *op of rhe pyramid are the four most fundamental concepts into which we
have chosen to partition elementary classical mechanics. These are (1)
Newton's Second Law or Kinematics, (2) Angular Momentum, (3) Linear Momentum,
and (4) Work and Energy. After the initial classification, the user proceeds
to menus containing ancillary concepts and useful heuristics, which occupy the
aiddle levels of the pyramid. The menus occupying the bottom levels of the
pyranid become increasingly detailed until reaching the end result of the
analysis -- an equation(s) that has been dynamically comstructed in accordance
with the classification scheme sclected.

To understand the structure and functioning of the Hierarchical Analyzer,
it is perhaps best to give an example. Consider the following problem:
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A small block of mass M slides along a track A%
having both curved and horizontal sections as ‘
shown, The track is frictionless. If the

particle 1s released from rest at height h, }}
what 1s its speed when it is on the horizontal
section of the track? _J4

Figure 1 contains the series of menus and menu selections which
appropriately analyze the problem (we have Placed an asterisk next to the
appropriate choice to facilitate discussions). Several features of Figure 1
should be noted, This problew can wost easily be solved using work and energy
principles, and thus menu item #4 1s the appropriate selection, The second
menu level 1s more specific and asks the user to describe the mechanical
energy of the system. Selection #1, “Conservative system (Conservaticn of
energy),” is the appropriate choice. Note the hints enclosed in parentheses
to help the user decide which selection should be made. These hints guide the
selection of choice (1) if conservativs forces are present in the problem, or
choice (2) if there are non-conservative forces present. At the third menu
level, heuristrics enter the hierarchy with the request to classify the changes
in mechanical energy by considering one body at a time at some initial and
final state. For the problem at hand, the block starts out with potential
energy and ends up with only kinetic energy, so Selection #3 18 the correct
one. The fourth menu level asks the user for further classification of the
changes in kinetic energy; in this case there is only a change in
translational kinetic energy. At the fifth m:nu level, the user i1s asked to
specify the boundary conditions (or conditions at the beginning and end
points). Menu levels six and seven parallel of levels four and five for
potential znergy. At menu level nuuwber eighe, the user is asked to specify
whether there 1s more than one body in the system; in this case, the answer is
“No." At menu level nine, the uscr is presented with a statement describing
the principle s/he selected at the first menu level, and a statement about how
this basic principle applies to the particuler case at hand by elaborating on
the restrictions imposed by the user's specific selections.

Note that the Analyzer does not provide the answer to a problem; it is a
tool to aid the user in analyzing the problem. 7The user still must generate the
equation that is the answer, For Problem #1, the user would have to perform
some algebraic manipulacions to obtain the correct answer, namely, VE/Zgh. 1f
the user has made an inappropriate sclection at any menu level during the analy-
616, the end result would he an equation(s) that 1s consistent with the classifi-
cation scheme selected, b.t inappropriate for use in solving the problem.

Three other features of the Analyzer should be noted., The “prompt line"
at the bottom of menu levels 1-8 allow the user to choose options such as
backing up to the previous menu in order to change a gelection, entering a
glossary to look up the definition of a term, or listing the menu select!ons
made thus far. Second, if a problem lends itself to two different correct
analyses, the Analyzer will allow for these two correct paths through the meau
network, Finally, ° wuser is given three choices at the final menu: 1) the
problem 1s solved 1. che equaiion(s) given at the penultimate menu level are
appropriate, 2) the user may review the equation(s) given in the penultimate
menu level, or 3) if the problem being analyzed requires that two (or more)
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different principles be applied in the analysis, the user may return to the
main xenu and continue. This third choice would be necessary 1f, for example,
the block of the problem above suffered a totally inelastic collision with a
second, stationary block on the level part of the track; in this case, the
user would need to make a second path through the Analyze. choosing Linear
Momentum at the first menu for the collision portion of the solution,

Formula~Centered Analyzer

The Formula-Centered Analyzer is inrended to emulate the problem solving
processes of novice physics students. It is tlexible in that 1t could be used
in a number of different ways by a number of different novices. Novices
solving problems in physics tend to focus on finding the appropriate equation
which can be manipulated to yield an answer. The most amusing evidence of
this behavior 1s a typical “"formula sheet” thatr students are allowed to take
to physics exams -~ it consists of a solid mosaic of equations. Further,
novices appear to cue on a problem's surface features in deciding what
equation to use. Surface feature cues rake one of three possible forms: 1)
problem types, such as "inclined plane” and “falling bodies," 2) variable

names, such as “mass” and "velocity,” and 3) physics terms, such as “potential
energy” and “momentum.”

The Formula-Centered Analyzer is a computer~based, sortable data~base made
up of the equations in the first fourteenm chapters of the commonly used
classical mechanics text, Fundamentals cf Physics by Halliday and Resnick
(1974). This equation data-base contains over 150 equations, which the user
can reduce by performing sequential sorts according to any one of three
eriteria: Variable Name, Problem Type or Physics Term. For example, for the
problem above, the user may first choose to perform a sort according to the
Variable Name "height," producing a list of those equations containing the
variable "h.” The user can then browse through the reduced equation 1ist, or
perform another sort. If the user chooses to perfor= another sort, for
example using the Problem 7Type “s11ding bodies,” the data-base would be
further reduced. After a feu sorts, the number of equations would b~ reduced

to a small, manageable number with bpecific properties, from which the user
c4n select the one or two needed to solve the problem.

COCNITIVE AND PEDAGOCICAL RAMIFICATIONS

The two Analyzers described above are currently being used to study the
problem solving behavior of both novices and experts. In particular, we are
interested in whether or not novices exhibit distinctly different patterns of
problem categorization and problem solving proficiency after prolonged use of
one of the two Anslyzers. With experts, we are interested in obgserving how
they use both Analyzers; for example, do they use the Formula-Centered
Analyzer as a hierarchical structure by only sorting according to Physics

Term, or do they judiciously pick Just the right combinatio:r. of sorts to make
thaiv path to the desired equation as efficient as oossible?

Although much s known about how experts and novices store domain-specific
knowledge, and about how they solve problems, relatively little is %nown about
the process of maxing the transition from novice to expert. We know that 1t
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takes considerable time to become an expert, and chat solving large numbers of
problems is a necessary, but not sufficient condition for eypertise, The work
discussed in this paper is intended to address issues concerniag the process
of becoming an expert.

From a cognitive perspective, it !5 important to begin to understand how the
transition from novice to expert occurs, and how 1t can be facilitated.
Observing novices' and experts' problem solving behavior ip the problem-analysis
environments described above may shed some light on such questions as: 1) where
along the expert~novice continuum & particular individual 1lies, and 2) the
ability to ascertair a novice's “"expert potential,” or potential for becoming ar
expert in the domain in question. For example, the type of sort that an
individual chooses to make when using the Formula-Csntered Analyzer (that is,
whether to sort only by variable name, or by physics term) uay provide a good
measure of an individual's position along the expert-novice continuum. More
quantitative measures may be found in the l:ngth of time it takes a novice to
adapt to the Hierarchical Analyzer, the number of specious analyses made and the
ability co recognize a specious analysis.

From a pedagogical standpoint, the Hierarchical Analyzer could also previde
the novice with the opportunity to actively participate in problem solving
activities, while at the same time assimilating expert—like heuristics and
methods for analyzing problems. In today's educational scenario, novices do not
have an opportunity to observe experts engaged in problem solving activities for
any prolonged period of time. When an expert physicist solves a probleam for a
novice, the solution is chosen for its clarity or elegance and oftean bears
lictle resemblance to the process that the physicist used to solve the problem.
The ilierarchical Analyzer could be a cost-effective tool for providing novices
with real expert-like problew solving experiences.

REFERENCES

Chase, W.G. and Simon, H.A. (1973). Perception in chess. Cognitive Psychology,
4, 55-81.

Chi, M.T.H., Feltovich, P.J. and Claser, R. (1981). Categorization and represen-
tation of phvsice problems by experts and novices. Cognitive Science, 5,
121-152,

Egan, D.E. and Schwartz, B.J. (1979). Chunking in reczll of symbolic drawings.
Memory and cognition, 7, 149-158, .

Ehrlich, K. and Soloway, E. (4pril, 1982). An euwpirical investigation of the
tacit plar knowledge in prograuwwing. Research Heport #236, Department of
Computer Science, Yale University.

Eylon, B.S. and Reif, F. (1984} Effect of knowledge organization on task
performance. Cognition &1 Instruction, 1, 5-44,

Halliday, D. and Resnick, R. (1974). Fundawentals of Physics. New York,

NY: Wiley and Sons.

Heller, J.1. and Resf, F. (1984). Prescribing effective human problem~solving
vocesgses: Problem Description in Phyaics. (Cognition and Instruction, 1,
77-216.

Larkin, J.H. (1979). Information processing models and science instruction.

In J. Lochhead and J. Clewent (Eds.), Cogi-itive Process Instruction.
Philadelphia, PA: The Franklin Institute Press.

Simon, D.P. and Simon, H.A. (1978). Individual differences in solving physics
probl.ms. In R. Siegler (Ed.), Children's Thinking: What Developa?
Hillsdale, NJ: Lawrence Erlbaum Associates.

7




