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ing conversations in small student groups. Second, we discuss how special

computer simulators make it easier for groups of students to construct
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nomenological and conceptual domains. Finally, we discuss the design of
this pedagogy, how the computer is embedded within classroom activities,
and how these activities are based on prior research in science learning.

Introduction

Contemporary researchers in physics education have determined that
mnovatxve pedagoglcal strategies that make use of inquiry and collabora-
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the research setting, and methodology for our research. In Part II, we focus
on how students use computer documents as shared spaces for represen-
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of evidence and how this seems to assist in the formulation and develop-
ment of explanatory models. Finally, in Part IV, we describe how physics
education research is incorporated into the development of the pedagogy
and design of the computer software, and illustrate how the computer sim-
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no textbook for the course, instead, students construct their own “text- 5
book” from print-outs of the computer activities they engage in in a
majority of class time. The main role of the CPU instructor is to guide
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model-like predictions by drawing their own light ray diagrams and com- !
pare them with those that they construct using the simulator. A second
type of representation is of the form of a simple model that is general l
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the computer document is similar to other types of representational media
such as a whiteboard, a sheet of paper, or a chalkboard to which all mem-
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One important thing to consider about the computer monitor as a
shared representational space, is that the text typed into the keyboard and
the drawings done using the mouse and keyboard are physically separated
from the hands and personal space of the individual who is constructing
the diagram or text. When a student writes something or draws a diagram
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that “the N and S charges separate to opposite ends of the nail” without
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equal number of evenly distributed positive and negative charges. When the
negatively (blue) charged insulator is brought near the soda can, the freely
moving, negative charges within the conducting can are repelled as far away
from the negatively charged straw as possible, since like charges repel each
other. As these charges move away from the end of the soda can nearest the

straw, positive charges (which are not mobile) remain in place. Therefore
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The analysis of students’ homework, interviews, and video data sug-
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how or why the tinsel moved out away from the end of the soda can. We
concluded that Janet assumed that the tinsel was repelling directly from
the blue-charged straw. Since the straw was assumed to be charged blue,
she thought that the tinsel must also be blue since like-charged ob]ects
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Janet had argued for a coloring scheme that assigned blue to the tinsel and
straw. Max had argued for a coloring scheme that assigned blue to the soda
can and straw. The students were faced with the problem of accounting for
the red and blue that appeared on either end of the soda can on the com-
puter screen. The discussion that followed led to the convergence of the
three students’ ideas and to the development of a group explanatory model
that helped them make sense of the phenomenological results:

The three students began to work together to make sense of the sim-
ulator results as soon as the results appeared on the computer screen. In
the face of this new evidence, the students shifted from tenaciously adher-
ing to their initial ideas and began to consider alternative points of view.
The model-like simulator results provided a context for the members of
the group to evaluate their own ideas as well as the concept evidence in a
shared representational space. By simultaneously interpreting these results
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Max noticed that the end of the soda can that was closest to the straw was
colored red and the straw was colored blue. He then suggested that the
soda can and the straw were attracting each other since opposite “forces”
attract. Abby then continued to say that the blue charges in the soda can
must therefore be repelling from the straw and moving to the other end of

the soda can, making it (and the tinsel) blue charged (see Figure 8a). After
this, the group members began to support the ideas of one another, finish
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Janet So we’re making blue charges
Abby | We're making blue charges [by rubbing the straw with wool].
Max OK. this is blue just like the straw.

Abby | And this is red charges. And when we’re doing this, all
the red charges are coming up this way (see Figure 8b).

Abby | They [the red charges in the soda can] are coming to get this
[the charged straw], because it’s attracting the opposite.

Janet Cause it’s attracting the opposite

_ Akhw | Snall of thase reds are coming here towards the blue—
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the wavs that the computer is used in the classroom. Thus far, we have only
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the section that follows we provide a more detailed outline of the CPU

“course design and its dependence on research in physics education.

Part IV: The CPU Computer Simulator is Embedded in the
Computer Documents

All of the CPU simulators include a phenomenological and a conceptual
component. Some simulators, however, do not make use of an analogical
model such as the one found in the static electricity simulator. Instead, the
subject matter often lends itself to particular formal representations. For
example, the Light and Color simulators use formal light ray diagrams to
represent some of the conceptual aspects of the behavior of light. Using
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Figure 9. A set-up consisting of an extended light source, converging lens and screen.
A sharp upside-down image of the source can be seen on the screen.

. : '
ey £ .
e t e

——
;




G e

82 BosToN UNIVERSITY < JOURNAL OF EDUCATION - VOL. 181, No. 2

A=

 ——

r
.

f =7 [
—_——

- oo
‘
= E.

gested in the diagram in Figure 10. Second, the formal diagram uses two
different points on the source (top and bottom) and is trying to represent
what happens to the light that leaves each of these points. Any number of
points on the source could have been chosen. Typically, two points are cho-
sen both for convenience and to show how the image is formed upside-
down. Implicit in this choice is the assumption that the entire source could
be considered as a large number of closely spaced source points. Thinking
of a source as composed of source points is quite different from thinking
of the source as a single holistic entity. Finally, the diagram suggests that
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Figure 12. Screen snap shots from one of the light and color simulators. In (a) a light
spray is being dragged out from a point source. In (b) a light spray is being dragged out
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those mentioned above for lenses, except that in describing the image idea
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Previous research has shown that students who study optics in a con-
ventional course typically have a great deal of difficulty with questions
similar to the one posed above (Goldberg & McDermott, 1986; Goldberg
& McDermott, 1987). The fact that 70 percent of the prospective elemen-

tamthrs were reasanablv enccessfiul in answerino thic anestinn ciig- .
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helping these students develop the appropriate ideas.

Discussion and Summary

In this paper we have suggested several different roles that the computer
can play to facilitate knowledge construction in a collaborative environ-
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