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ABSTRACT

THE IMPACT OF THE MICROCOMPUTER-BASED LABORATORY IN
LEARNING PHYSICS CONCEPTS
--A CASE STUDY OF THE PSL

By

Shezhang Wu

This research used the method of qualitative/ethnographic research to investigate
the impact of microcomputer-based laboratory (MBM) activities in learning physics
concepts. The MBL tool was the IBM Personal Science Laboratory (PSL) package,
consisting of hardware and software used together to provide science leamning
experiences. The research sites were located in a school district in Michigan and at
Michigan State University. A total of 23 subjects participated in this research, 4 high
school students, 16 middle school students, 2 graduate students, and 1 elementary school
teacher.

In this study, the subjects’ activities were observed at three levels. At the first
level, subjects performed step-by-step procedures to complete three specific
temperature experiments. At the second level, subjects designed experiments in
different ways to collect and analyze data. At the third level, subjects combined parts of
capabilities within the PSL program to solve some general problems.

The research results indicated that:

The PSL program enhanced subjects’ abilities to discover some
challenging concepts with the use of computer graphs which were not readily

available in the traditional classroom lecture or experimental labs.
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Shezhang Wu

The PSL's capability of integrating science, mathematics and computer
technology allowed subjects to repeat experiments as needed several times during
a lab hour--thus contributing to better understanding.

Subjects who had strong subject-matter background in physics and/or
mathematics, and with strong computer knowledge could explore some complex
approximations using the PSL that they would not have been able to explore in a
traditional physics class.

The availability of immediate feedback, and the ability to reverse
operations and present data in both graphical and tabular form provided a means
for some subjects to better understand the calculation process is for data
analysis.

The graphs provided by the PSL generally enhanced the subjects' abilities
to view the experimental results from various perspectives.

The PSL was a user friendly program. Subjects from middle to graduate
levels were able to use it easily and proficiently to learn physics concepts. The
PSL provided motivation for subjects at different levels of educational
competency.

The PSL provided an arena for students who had advanced computer
experience and subject-matter background to explore experiments in greater
depth.

The PSL supported and encouraged collaborative learning for some
subjects.

In general, the PSL software and hardware provide an excellent

experience for learning physics concepts.
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CHAPTER |

INTRODUCTION TO THE STUDY

Since the development of the motion detector in the 1980s (Taylor, 1990), more
and more versions of the Microcomputer-Based Laboratory (MBL) hardware and
software have become available. However, an exhaustive search of the literature has
revealed only three studies on the impact of MBL's on student learning.

The problem that led to this study is identified below.

Statement of the Problem

The research problem of this study is to determine whether usiﬁg a MBL shifts
students' focus to new learning strategies, and if it does, to what extent does it effect
learning physics concepts.

This study investigates the PSL (IBM's version of a MBL) program's capabilities
in order to answer questions concerning the impact of the MBL environment on students'
learning of the physics concepts.

The IBM Personal Science Laboratory (PSL) is one version of a MBL. It provides
an opportunity for students to gather data more quickly and more easily than ttiey could
without this kind of device. For example, the motion sensor can take distance
measurements 40 times per second---far more frequently then one could ever
accomplish manually. Furthermore, the software has the capability to calculate velocity
and acceleration based on the changes of distance over time and displays these data on a

graph. The axes of a graph can be determined by a student. In addition, the software
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permits manipulation of the data in a variety of ways including adding constants, taking
logarithms, integrating, etc. Thus the MBL has the potential of shifting the emphasis in
learning physics concepts from laboriously gathering and plotting data to analyzing data
in various ways and making it easier to understand the implications of the data.

The rationale for this problem was drawn from the dire need to improve learning
of the physics concepts.

Dissatisfaction with student desire to learn physics concepts both in high schools

and in colleges has been voiced by Bork (1990) and others. Bork states:

At the beginning of this century most graduates of secondary school in the
United States had physics as one of their courses. Currently only a small
fraction of secondary school students take physics. The number of
students taking physics in secondary school has declined all through this
century. There was some slight changes in this pattern during the
development of the new curriculum, about 1960, but this was temporary.
Many now think that physics should be taken in secondary school only by
the few students who absolutely need it for the future. Counselors
actively urge students not to take physics unless these students are
exceptional or are pursuing careers for which physics would be
essential.”...(p32) "The situation has deteriorated to the point that a
recent survey done by the National Science Teacher's Association shows
that only about half the high schools in the United States currently offer a
physics course. Far fewer high schools offer advanced-placement
physics courses, and these high schools usually cater to the children of
the wealthy. The data also show that about half of the teachers currently
teaching physics are not certified to teach physics. As with physics
enroliment, these figures have been moving in the same monotonic
direction for long periods of time. The situation is a disaster. (p. 33)

This dissatisfaction with high school students' desire to learn physics concepts
could be addressed by making teaching and learning physics easier and more attractive so
that more students would be encouraged to take physics and succeed in learing it. Also,
making physics more attractive might result in more teachers becoming certified in
physics. Thus, more schools would have certified physics teachers, and more schools
would be able to offer physics and include advanced-placement physics.

In their article, "Teaching Scientific Reasoning Skills: A Case Study of a

Microcomputer-Based Curriculum,” Friedler, Nachmias, and Songer (1990) addressed
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a major concern of science education and enumerated new ways in which science

education could be improved.

One major concern of science education is preparing students to live in a
rapidly changing society. In order to recognize, address, and shape new
scientific and technological changes, students need not only understanding
of scientific facts from the natural and physical science, but also problem
solving skills. These expert thinking skills do not develop spontaneously.
Science educators must look for ways to encourage and develop such
important inquiry skills in their students. (p. 58)

Bork (1990) suggested the computer as one of the major tools to be used to
solve some of the problems in physics education. He also pointed out that there were

problems in the way we have utilized computers.

We have serious problems in the leaming of physics that we are now
currently facing. The computer could be a major tool in overcoming these
problems, but the ways we have used computers so far do not address
these problems nor do anything substantial to improve the leaming of
physics. Many current efforts, although well intended, are
counterproductive. (p. 32)

He continued to describe the use of computers in physics today:

Although there is much talk about computers and physics classes, we see
little positive net effect. So far, the computer as a learning device has
made little change in the way courses are being taught. Again there are
exceptions, but most of our courses are still essentially lecture and
textbook-based courses, with only at best minor additions from the
computer. In addition, much of the computer material available in
physics is not of high quality; it lacks even the professional standards that
we see in the poorer textbooks. Most of the material produced so far must
be considered bits and pieces, small individual programs. It makes little
difference in the extensive process of teaching physics. (p. 33)

High quality learning materials for learning physics are lacking. Since the MBL
is of high quality for learning physics, it could fill this void.
To improve the way computers are used in physics, Bork suggested that the effort

in computer usage in leaming physics concepts should be experimental.
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What has happened so far should be viewed not as serious production of
curriculum material, but rather as an experimental effort, we are trying
out different tactics involving the computer to get some idea of the range
of what is possible. (pp. 33-34)

The ways technology could be used to improve leaming science and mathematics
were discussed in the 1989 documents of the American Association for the Advancement
of Science (AAAS) and the National Council of Teachers of Mathematics (NCTM). These
articles indicated that the following topics should receive special attention. (Notice that

ltems two and three involve using computer technology.) The topics are:

1) The use of real-world problems to motivate and apply theory.

2) The use of computer utilities to develop conceptual understanding.

3) Computer-based methods such as successive approximations and
graphing utilities.

4) The use of scientific calculators.

5) The connections among a program situation, its model as a function in
symbolic form, and the graph of that function.

6) Functions that are constructed as models of real-world problems.
(Roth, 1992 p. 307)

Roth recommended that new learning environments, which integrate science,

mathematics, and technology were needed for physics education.

There is one subject that is ideally suited to achieve such an integration of
mathematics, technology, and science while dealing with real-world
problems---physics.  This fit comes from the fact that physics is rich
in mappings of the real world into mathematical symbols and from here
back into the real world.

In order to achieve such mappings between real and symbolic worlds, and
in order to achieve an integration of science, mathematics, and
technology, new leaming environments have to be explored. (p. 307)

Soloway (1994) pointed out that the MBL is one of these potential environments:

Microcomputer-based labs (MBL) are an emerging technology that
provide learners with new ways of seeing--and thinking about--
scientific phenomena. In MBL, student connect up all sorts of probes--
temperature, pH, motion--to a personal computer through a d/a
converter. The data from a probe is pumped straight into a spreadsheet
and graphically displayed on screen in real-time. (p. 15)
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The MBL appears to be an environment which achieves an integration of science,
mathematics, and computer technology. In order to investigate the impact of the MBL on
student's leaming of physics concepts, this study considered the following specific

multiple perspectives.

Rational of the Multiple P tives for This Stud
The MBL is a learning environment that needs to be examined from a number of
different viewpoints. This section examines how experts viewed related problems in
student's leaming physics concepts, and how scientists link these perspectives to this
study. More literature review to support these muiltiple perspectives is given in
Chapter two. Multiple perspectives were used to look at different viewpoints and

quantitative viewpoints. This approach lends itself to finding a variety of indicators for

learning physics.

In his article, "Tools for scientific thinking---microcomputer-base
laboratories for physics teaching," Thomnton (1987) addressed some problems students

had in leaming physics concepts:

Traditional science instruction in the U.S. refined by decades of work, has
been shown to be ineffective in altering student misconceptions and
simplistic understandings. Even at the university level, students--
science majors and not--who take postsecondary physics courses,
continue to hold fundamental misunderstandings of the world about them:
any science learning remains within the classroom context and has no
effect on their thinking about the larger physical world. The
ineffectiveness of these traditional courses is independent of the apparent
skill of the teacher and student performance in such courses does not
depend on whether students have taken physics courses in secondary
school. (p. 230)

In a survey of physics texts, Wilson and Aubrecht (1990) found that:
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Ninety-five percent of the content of all texts was universal and that 95
percent of the content was pre-1935. The current texts are enormous,
with over 1000 problems; yet those problems emphasize only a very
limited class of skills. Over 90 percent relate to analytical skills, only a
small number relate to the very important estimation skills, and almost
none expect students to use numerical approaches. Indeed, it is likely that
a student could study physics for eight years without ever seeing a
problem the teacher couldn't solve. We must engage students in the
intellectual process of modern physics much earlier in their training.
The microcomputer can help achieve this by permitting students to
approach a wider variety of phenomena and problems than is possible
with only analytic tools. (p. 46)

According to Thornton, Wilson and Aubrecht (1987), the traditional methods and
content of all texts were working ineffectively in helping students' learn physics'
concepts. They enumerated two problems that students encountered when learning
physics concepts in the traditional way. First, the physics concepts that students
learned in the traditional classroom remained within the classroom context and had no
effect on their thinking about the larger physical world. Second, it was likely that a
student could study physics for eight years without ever seeing a problem the teacher
couldn't solve. The traditional curriculum methods of physics instruction was
ineffective in solving these two problems.

In terms of helping MBL students find phenomena beyond the classroom context
and select problems the teacher couldn't solve, Thomton (1987), discussing the MBL,
concluded that,

Such instruments not only extend the kinds of phenomena that can be
investigated, they also measure phenomena over time-scales that are both
shorter and longer than can ordinarily be conveniently used.
Temperature variations can be measured over days to study diurnal
temperature cycles and whether changes, while sound pressure waves are
easily measured and displayed over milliseconds. (p. 235)

According to Thomton, the MBL has the capability to measure phenomena over

time-scales that could be shortened or lengthened to an extent not ordinarily possible or

convenient. This capability would help students to discover phenomena that were not
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available in the traditional classroom context. Given these capabilities, to what extent

do students learn physics concepts? This is the first foci of this study.

Seiger (1990) addressed the need to develop science research skills in his
article, "IBM's PSL Promotes Hands-On Learning."
Science is about experimenting, hypothesizing and analyzing. As any
science teacher will tell you, these are not easy skills to teach or learn,
and often the kinds of experiments that can take place in a class-room are
limited by the available equipment. (p. 2)
According to Seiger, students could not easily obtain the needed research skills
(i.e. experimenting, hypothesizing and analyzing) in the traditional approach to learning
physics concepts.
With the PSL, one 384K MS-DOS computer can enable students to perform
sophisticated experiments much faster than is possible using traditional methods. It
seems the PSL has the potential capability to assist students in obtaining the necessary
skills that Seiger suggested.
Thornton (1987), discussing the potential of the MBL, predicted that,
With such tools, students in a beginning science course can form and
verify hypotheses by using the immediate world around them as a
laboratory and by working in a setting in which they can understand and
manipulate data, derived from the physical world, in a personal way. (p.
238)

The second foci of this study is: can the PSL help students develop the needed

skills for future research?

Approximation Skills Needed for Students
Approximation skills are important for understanding physics. Unfortunately,

they tend to be ignored until advanced studies. Redish (1990) points out:
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In most versions of the current curriculum, approximation and
numerical skills are left for graduate study, giving most students a
distorted view of physics as an "exact" science, rather than a science
where we know the range of applicability of our equations. This is
particularly unfortunate, since the approach to a complex, open-ended
problem (especially one where the answer is not known beforehand) is
the fundamental skill of the professional scientist. (p. 17)

Redish also proposed that every physics student should have an

opportunity to develop the following six kinds of skills:

1. Number awareness. This is the sine qua non of a physics
major. Students must understand that the universe is
quantifiable.

2. Analytic skills. Students must understand the concept of
equations and be able to manipulate them in reasonably
complex situations. This includes solving problems with up to
a dozen variables, understanding the use of limiting cases, and
formulating strategy and tactics for approaching a complex
problem.

3. Understanding of natural scales and estimation skills. Students
should understand what parameters are responsible for
goveming the natural scales of a problem and should be able to
estimate plausible answers and the size of effects to one
significant figure.

4. Approximation skills. Students should understand when an
approximate equation is valid and to what accuracy. They
should have some idea of ways to improve approximations by
variety of techniques.

5. Numerical skills. Students should know how to solve a variety
of problems that are not solvable analytically. Perhaps the two
most important aspects of this skill are knowing what one can
get out of a numerical calculation, and knowing when to do a
numerical calculation and when to do an analytic one.

6. Intuition and large-problem skills. This includes a variety of
metaskills. By intuition we mean having an understanding of when
an answer looks plausible and what to check for. By large-problem-
solving skills we mean such things as chunking (breaking the problem
into parts), mixing library skills with analytic and numerical ones,
etc. (p. 16)

Wilson (1990) also proposed six skills which are similar to Redish's and which

explained approximation skills as follows:
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Approximation skills. 