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Abstract

Most science educators agree that the laboratory is an integral and necessary
aspect of the leaming experience in science courses. However, many researchers

suggest that the potential of the laboratory to enhance learning depends on teacher
attitudes, student behaviors, and management and organization of the program of studies,
among other things. In Vietnam, most students are quite "passive” in
their study; even in the teaching laboratory, there is a tendency for students to be told
what to do, how to do it, what they should find, and what it means. There is little
opportunity for students to "think for themselves,” or to experience science as a process
of experimentation and analysis. This study examines a problem-solving approach for a
general physics laboratory in the College of Natural Sciences, Vietnam National
University-Ho Chi Minh City.

This thesis is a descriptive study of one laboratory experiment and students’
problem-solving skills in such an environment. An interpretive research methodology was
adopted for analyzing the data. The data sources include videotapes, their transcripts,
student laboratory reports, a questionnaire used to measure students’ attitudes to
laboratory work, and the opinion of the students and the teacher who participated in this
study. Six students who were in their first year of university study and a teacher with
eight years of teaching experience in the physics teaching laboratory participated in this
study.

This study focuses on the interactions between students and their peers, as well as



between students and the teacher. In particular, the study focuses on the way students
understand the problem, and their independent and collaborative efforts in developing
their investigations. Of particular interest was students’ abilities to design strategies to
solve the problem without referring to a "cook-book."” This study also shows the
complexities of laboratory learning, particularly in terms of the students’ background
knowledge and experience as key elements of their ability to make meaning. Finally, the
problem-solving approach used in the laboratory provides opportunities for students to
develop and practice their skills in scientific investigation. This study is an important part

of the effort to improve the quality of science education in Vietnam.
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Chapter I
Introduction

In recent years, since the establishment of the “open door policy” of the
Vietnamese government, there has been rapid economic growth in Vietnam. There has
been much support from the developed countries and remarkable efforts to upgrade

education in the country.

In 1996, the Vietnam National University was founded, with two large campuses--
one in Ho Chi Minh City and one in Hanoi. The Campus in Ho Chi Minh City currently
comprises eight Colleges in the following areas of study: Natural Science, Social Science
and Humanities, Technology, Economics, Agriculture, Education, Technology Education,
and Trade. The College of Natural Sciences consists of seven departments of science and
one research center (funded by the World Bank) with modem instruments. This is one of
the most modern research centers in South Vietnam. The main tasks of the departments
are education and research in their respective disciplines. The College of Natural Science
offers Bachelor’s, Master’s and Doctorate degrees in the natural sciences, as well as
special short-term graduate and post-graduate courses. Under the direct management of
the College of Natural Sciences, there is a special secondary school for pupils gifted in
mathematics, informatics, physics, and chemistry. The Bachelor’s degree consists of four
years of study divided into two phases of two years each. In the first phase of the
undergraduate program, the students study basic subjects of each training field, after

which they choose a narrow specialization in the second phase. The Master’s program has



a duration of three years and the Doctorate degrees, three years (if transferred from the

Masters program) or five years (if transferred from Bachelor’s level).

Background to the problem

At the national conference of Rectors and Directors of universities and colleges in
Hanoi, Vietnam, February 1998, Party General Secretary Le Kha Phieu emphasized the
need for better care to be taken in higher education. Industrialization and modernization
have required workers to have a standardized education. He noted that trained labour
must meet the requirements of modernization and is not as easily available as was the

type of manual labour we had previously.

At that National Conference, many educators in Vietnam expressed dissatisfaction
with the state of science education in the Universities. The following summary of their

conclusions identifies the elements of this cnisis.

e Students’ knowledge of basic science is very low and lacking in
modernization.

® Most students do not enjoy science and do not see the value of science in their
daily lives.

e Students are passive in their leaming. They only take notes of their teachers’
lectures.

e  Much of this results from the low capabilities of teachers and related lack of
textbooks and teaching material.

e Laboratories and workshops at many science colleges and technical schools
are poor and antiquated.

Much of the dissatistation with higher education in Vietnam has to do with the

heavy reliance on rote leamning.



According to Lord (1994), “Knowledge can not simply be transferred from the
book or video tape or the mouth of the teacher into the heads of the leamers™ (p. 346). He

suggests that:

Students need to be actively thinking about what is being
presented if they are to retain the information. They need to
be alert and involved and to expend energy in the cognitive
process. Knowledge is gained by students when the
information they encounter interacts with their existing
perceptions. (p. 346)

If one accepts this notion of how a student learns, he or she will appreciate the
view of learning called constructivist theory. Constructivist theory has become very
widespread in the fields of education, epistemology, history and philosophy of science,
cognitive and social psychology, philosophy, and the sociology of science (Bruner, 1986:

Gergen, 1985; Von Glasersfeld, 1987). Hodson (1996) states that:

During the 1980s and early 1990s, constructivist approaches
to learning science have become increasing prominent as
teachers and curriculum developers have sought to locate
learning in the personal understanding and experience of
individual leamners. (p. 115)

Certainly, constructivist ideas could prove to be useful in Vietnamese universities.

I have taught for many years in a general physics laboratory at the College of
Natural Science (this was the Physics Department of the University of Ho Chi Minh City
before the National University was founded). I have always been concerned with helping
students to understand the nature of science and providing experiences in scientific
inquiry. Most science educators agree that the laboratory is an integral and necessary
aspect of the learning experience in science. However, some of the students in

mathematics, informatics and biology have told me, over the years, that they think their



field of study is not related to physics, and, therefore, that they did not need to study in

the general physics laboratory.

At the end of the semester when students have final exams many of them
complain to me that there are too many things to remember and, therefore, they have low

achievement.

I have recognized many problems in the general physics laboratory, but I believe
there are two primary problems. First, students in the high school were taught physics
completely by the lecture approach. When they begin their university study, the majority
of science students have never experienced a laboratory-based, investigative approach.
Second, in the general physics laboratory, experimental tasks often embody a “cookbook
approach” in which students “follow recipes” in gathering and recording data, without a
clear sense of purposes, procedures or the significance of their findings. Therefore,

students will forget rapidly.

Pushkin (1997) stated that:

When the students are regimented by laboratory manuals that
dictate what to think, how to think, when to think, laboratory
activities essentially lose impact for leamning. (p. 178)

In order to improve the effectiveness of laboratory instruction I hope to apply a
constructivist approach in the general physics laboratory. Ritchie and Rigano (1996)

stated that:

A common response to the constructivism reform movement is to
replace “cookbook’ (or recipe) laboratory activities (or practical)
with open-ended inquiry. Such inquiry typically follows on from
personally framed investigable questions. (p. 800)



Purpose of the study

This thesis examines the application of a constructivist approach in the general
physics laboratory for first-year basic science students at the College of Natural Sciences.
Specifically, this work investigates one laboratory that was designed to engage students

less in simply following directions, and more in genuine science inquiry.

The study took place in the context of a general physics teaching laboratory that is
associated with an introductory course in basic physics. In the traditional general physics
teaching laboratory, a set of activites are undertaken by students in a “‘cookbook” style, in
which they are given tasks and a set of procedures to follow in carrying out the tasks.
Students frequently follow the “recipe,” with little understanding of what they are doing
and why, the purpose of the activity, and its significance in terms of their learning of
physics (i.e., demonstration and illustration of theoretical principles developed in the
lecture course). This study attempted to assist students in understanding problems and
procedures more thoroughly, to enable them to develop their own unique perspective and
protocol for an investigation, develop the skill of problem solving, and understand more
of the process of doing science. Two activities were developed as modifications of the
traditional activities included in the electronics unit of the teaching laboratory—one
pertaining to the meter, the other pertaining to the diode. Pre-lab questions were
developed to assist students in preparing for the problem-solving activities during the
investigations and an explicit attempt was made to encourage them to develop their
procedures on their own, with occasional reference the “cookbook,” which they had read

in advance of the laboratory session.



The second part of the study documents and analyses students’work during the
laboratory exercises. A case study is developed to document the nature of students’
learning in the laboratory. Students’ understanding of laboratory work will be examined
in terms of their hypotheses during the laboratory investigations, their development of a
plan for their investigation, how they carry out their plan and collect data, their analysis of
data and attitudes toward laboratory work. Specifically, I am interested in finding answers

to questions such as:

How do students working in the groups understand the problem of the laboratory

activity?

How do students design strategies for solving the problem?

How do students implement a plan to collect and analyze data to answer the

problem?

The advantages and limitations of this design will also be discussed in order to
draw reasonable conclusions and implications for the use of constructivist approaches in

the present conditions in Vietnam.

Significance of the study

It is hoped that this study brings a useful innovation to university teaching in
Vietnam. The study should help inform physics teachers about how to improve laboratory
instruction, increasing the value and quality of the laboratory in science education. This
study is seen as an important part of the effort to improve the quality of education in

Vietnam.



Chapter II
Review of Related Literature

A “Project 2061 report (AAAS, 1989) on literacy goals in science, mathematics

and technology in the USA states that:

The present science textbooks and methods of instruction,
often actually impede progress toward scientific literacy.
They emphasize the learning of answers more than the
exploration of questions, memory at the expense of critical
thought, bits and pieces of information instead of
understandings in context, recitation over argument, reading
in lieu of doing. They fail to encourage students to work
together, to share ideas and information freely with each
other, or to use modem instruments to extend their
intellectual capabilities. (p. 14)

It is apparent that students are often in full command of science terminology and,
for example, might be able to write down the Schroedinger equation without any
difficulties. However, there often is no deep understanding. How can teaching help
students to develop deep understanding of the nature of science and gain experience in

scientific inquiry?

Constructivism is a contemporary philosophical viewpoint that can be applied to
the teaching and learning of science. In the first section of this chapter I describe the
nature of constructivism, and the constructivist view of teaching and learming science. In
the second section the role of experiment in learning science is discussed and

implications of the constructivist perspective for the laboratory are presented.



The nature of constructivism

Von Glasersfeld (1992) notes that:

From the beginning of the 5™ Century B.C., the skeptics have
shown that it is logically impossible to establish the “truth”
of any particular piece of knowledge. The necessary
comparison of the piece of knowledge with the “‘reality” it is
supposed to represent can not be made, because the only
rational access to that reality is through yet another act of
knowing. (p. 5)

Skeptics of the realist perspective remind us that it is impossible to judge how
well our mental images correspond to reality because the only way we can perceive reality
is through these images. But if our strategies for determining truth rely solely on the
“correspondence” between knowledge claims and reality, we are left with an
impoverished view of science. Surely, scientific knowledge depends also on pragmatic
and coherence truth strategies. A more useful discussion might call into question what is
meant by a scientific “fact” and draw attention to how scientific observations can be

“theory-laden.” Goldstein and Goldstein (1978), for example, recognize that:

There is a difference between the commonsense view of
“facts” as hard, inescapable, unchangeable things and the
reality in science where the things we call facts are fuzzier.
Facts have a culturally conditioned component and are partly
created by the theories we hold, and thus one subject to
change if the theories themselves are changed. (p. 18)

An example in twentieth century physics illustrates these ideas. In 1913, Niels
Bohr proposed a visual model to represents the hydrogen atom as a planetary system in
which the proton is 10" cm in diameter and 1,840 times as heavy as the electron. The
distance between the two is approximately 5x 10” cm with the electron acting like a large

but incredibly swift cloud, revolving about the proton about 10'® times per second. This



model accounted with amazing success for the light emitted by the hydrogen atom. The
electron’s motion produced a sort of “harmony of the spheres™ which became visible in
its spectrum. However, experiments have shown that there was a kind of light, which the
electron could reflect, and it was supposed that the reflected light came from a definite
point on its orbit. From Bohr’s theory, which claimed the existence of these orbits, it
followed that a certain time is required for any signal to be reflected. In this instance that
time is about 10°'? seconds: the electron needs at least that much time to interact with a
light wave. This means that the light wave would indicate where the electron was, but the
number of orbits described in 1 second is, according to Bohr’ s theory, about 10'¢. Hence
in that minuscule interval the electron would have revolved many million times. Clearly
there is something wrong with the theory. Many difficulties of this sort arose in
connection with the Bohr model, and the theoretical physicists of the 1930s and 1940s
had difficulty using the Bohr model to picture the atom in terms of visible things. The
scientists constructed a model of the electron that was viable in its representation and
explanation of observed data at that period in time. But no matter how elegant, that model

can not claim absolute truth.

According to Tobin (1993), “A constructivist perspective acknowledges the
existence of an external reality but realizes that cognizant beings can never know what
that reality is actually like” (p. 4). He points out that “Constructivism is not concerned
with the question of knowledge as a representation of truth; rather, it focuses on the

manner in which knowers construct viable knowledge” (p. 4).

Von Glasersfeld (1992) states that:



Viability--quite unlike “truth”--is relative to a context of
goals and purposes. But these goals and purposes are not
limited to the concrete or material. In science, for instance,
there is, beyond the goal of solving specific problems, the
goal of constructing as coherent a model of the experiential
world as possible. (p. 7)

Knowledge enables an individual to pursue goals in the multiple contexts in
which actions occur. Knowledge must be viable not only personally, but also in the social

contexts in which actions are to occur (Tobin, 1993).

The constructivist perspective on learning and teaching science

As noted earlier, constructivism is a contemporary philosophical viewpoint that
can be applied to the teaching and leaming of science. From a constructivist perspective,
then, science is not the search for truth, but a process that helps make sense of the world
(Wildy & Wallace, 1995, p. 145). According to Von Glasersfeld (1987) a constructivist

perspective can be summarized by two main principles.

The first principle is that knowledge is not passively received but actively built up
by the learner not by passive reception from a teacher, but by an active and vivid interplay
between the learmer’s existing understanding and current experiences. The second
principle of the constructivist perspective states that the function of cognition is adaptive
and serves the organization of the experiential world, not the discovery of ontological
reality. Different interpretations of events may occur because of differences in
background, culture, interests, education, and priorities in life. In other words, a particular
event may carry a different meaning for one person than it does for another (MacKinnon,
1990, p. 4). From these principles of constructivism, MacKinnon (1990) has commented

on the matter of science teaching as follows:

10



(1) Teachers must first develop strategies that will permit
them to become aware of their students’ ideas about natural
phenomena and scientific concepts; (2) These ideas must
then be taken into account in the instructional program in
order to provide a foundation for extending concepts, or
constructing new concepts and the meaning derived from
them; and (3) As learning is seen to be a purposive activity,
students should be actively engaged in the leaming situation
and should become aware of the purposes that lie behind
instruction. (p. 24)

If learning is not a purposive activity, students will not know where to look, or
how to look, in order to make observations appropriate to the task at hand or how to

interpret what they see. Gunstone, Richard, Fensham and Baird (1991) stated that:

When learners have a different theoretical framework from
that assumed by the teacher, they may look in a different
(wrong?) place, with different wrong interpretations,
sometimes even vehemently denying observational evidence
that conflicts with their existing views. (p. 182)

According to Piaget’s theory, the learning process consists of a continuous
sequence of small steps. Each step is initiated when the individual encounters an object or
idea that is not familiar and thus can not be fit into her or his mental framework. This
encounter engenders confusion, called “disequilibration™ or “cognitive conflict.” The
learner then begins to manipulate the new object or idea and works through a process
termed “equilibration” or self-regulation to modify her/ his mental structure to
accommodate the new unfamiliar phenomenon. Saunders (1992) develops a constructivist
learning model of the interaction between the learner and the environment. Figure 1
shows the connections between the leamer’s cognitive universe (intemal) and the

physical universe (external).

11



Internal World
(world of the Mind)

External World
(World of Natural objects
and Phenomena)

Cognitive Universe
Cognitive structures
(ideas and beliefs )

Natural Universe
Objects and Phenomena
(The stuff of reality)

Assimilation

(Taking of environmental
data into the cognitive
structures through the

sensory apparatus)

Expections
(predictions)

Observations
(measurements)

Differences between one’s predictions
and one’s measurements cause a state of

| ]

Disequilibration

Accommodation o
(modifying cognitive

structures so they are
consistent with
experience)

Figure 1: Saunder’s model of cognition




When the leamer’s expectations (predictions) do not coincide with experience
(measurement) the result is disequilibration. Disequilibration can result in the
modification of one’s schema, that is, the learner restructures his or her schema such that
expectations are more in agreement with one’s experience. This schema restructuring
process is interpreted as meaningful leaming. Leamers construct knowledge through a
psychologically active process in which knowledge structures are sometimes highly
resistant to change. Disequilibrating experiences can result in modification of these
cognitive structures and hence give rise to increases in learners’ understanding of the
world (Saunders, 1992). Equilibration is the regulatory process by means of which
asstmilation and accommodation are kept pace. According to Piaget, the actual changes in
thinking take place through the process of equilibration. Piaget assumed that people
continually test the adequacy of their thinking processes in order to achieve that balance.
If we apply a particular scheme to an event or situation and the scheme works, then

equilibrium exists. Woolfolk (1995) states that:

If the scheme does not produce a satisfying result, then
disequilibrium exists, and we become uncomfortable. This
motivates us to keep searching for a solution through
assimilation and accommodation, and thus our thinking
changes and moves ahead. In order to maintain a balance
between our schemes for understanding the world and the
data the world provides, we continually assimilate new
information using existing schemes, and we accommodate
our thinking whenever unsuccessful attempts to assimilate
produce disequilibrium. (p. 32)

It is plausible that learning occurs as students try to make sense of what is taught
by trying to fit new ideas with their own experience. In the context of the classroom, two

central premises of the constructivist perspective are (1) knowledge is constructed in the

13



mind of the leamner (2) on the basis of pre-existing cognitive structures or schemes. Thus
a constructivist account of leaming is concerned with the “intents, beliefs and emotions of
individuals as well as their conceptualizations, and recognizes the influence that prior
experience has on the way phenomena are perceived and interpreted” (Driver &

Oldham, 1986, p. 106).

Saunders (1992) suggested that:

The teacher can not modify the student’s cognitive structure,
only the student can. The teacher can assist students with
cognitive restructuring by placing them in situations which
result in disequilibration. The teacher can not convey or
transmit meaning. The teacher can only transmit words.
Meaning must be created by the student. (p. 137)

A constructivist perspective has important consequences for the role of the teacher

in a classroom. Yager (1996) stated that:

The teacher is viewed as a facilitator of knowledge
construction (that is, as a guide in students’ individual
construction processes) rather than as a person who transfers
knowledge to the brains of the students. Teachers and
students are seen as partners in the teaching and learning
situation. Consequently, students are given more command
of their own leaming and more responsibility for it. Relations
between students and teachers are more symmetrical than in
teacher-dominated classrooms. (p. 52)

The teacher’s role is to monitor student understandings and guide discussions so
that all students have opportunities to put language to their experiences and to engage in
activities, justifying, and evaluating alternative points of view (Tobin, 1993). From a

constructivist perspective, Hodson (1996) suggested four main steps for the teacher:

14



e Identify students’ ideas and views.

e Create opportunities for students to explore their ideas and
test their robustness in explaining phenomena, accounting for
events and making predictions.

e Provide stimuli for students to develop, modify and where
necessary change their ideas and views.

e Support their attempts to re-think and reconstruct their ideas
and views. (p. 127)

The role of experiment in learning science

Hodson (1993) advocated that teachers should accept a mentoring role in
students’ laboratory learning. He asserted that “‘the only effective way to leam to do
science is by doing science” (p. 128). In the laboratory a problem may be given for which
the students have not yet leamed a method of solution, or a situation can be creaied in
which a problem exists but has yet to be identified by the student. These are situations in
which students can be encouraged to develop skills considered to be creative and orginal.

( Hofstein & Lunetta, 1982, p. 207).

The prototype for the modes of inquiry for Grades 9-12 in the National Science
Education Standards (NCSESA, 1993) supports the view that laboratories should promote

scientific thinking so that a student can engage in science as the scientist does.

Inquiry in the classroom is a means of promoting and
students’ curiosity and questioning spirit. Inquiry is a critical
component of the science curriculum at all grade levels and
in every domain of science. It serves four essential functions:

e To assist in the development of an understanding of scientific
concepts.

e To develop an understanding of the nature of scientific inquiry.

e To develop the skills and the disposition to use them-necessary
to become independent inquirers about the natural world.

¢ As a model of how we know what we know in science. (p. 55)

15



Many science educators agree that experiments play a key role in teaching and
learning science in traditional and constructivist settings. However, within the
constructivist perspective the role of experiments in the learning process is viewed with
more caution than in traditional approaches. In the traditional approach Germann,

Haskins and Auls (1996) indicated that:

These studies report that in general, laboratories are highly
structured in that they provide step-by-step detailed
instructions. They usually ask students to manipulate
materials, make observations and measurements, record
results, make qualitative and quantitative relationships, draw
conclusions, make inferences and generalizations, and
communicate and interpret the results. These manuals,
however, did not provide opportunities for students to pose a
question to be investigated, formulate a hypothesis to be
tested, or predict experimental results; to design
observations, measurements, and experimental procedures; to
work according to their own design; or to formulate new
questions or apply an experimental technique based on the
investigation they performed. (p. 482)

Therefore, in the traditional approach, some of the cognitive work has been done

for the student instead of by the student (Saunders, 1992, p. 138).

The effects of a constructivist approach in laboratory activities

Problem solving

A study was conducted by Roth (1994) to investigate whether and how students in
a constructivist laboratory environment (a) frame questions for laboratory inquiry and
design strategies for finding answers, (b) implement their plans to collect data, and (c)
analyze the data to answer their initial question and construct new knowledge. Forty-six
students from three sections of an introductory physics course for high school juniors

participated in this study. The central finding of this study claimed that problem solving
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in a constructivist approach is more akin to everyday out-of-school contexts than to a
traditional teaching approach. He suggested that “there is evidence that the kinds of
problem solving skills students leamn in school do not transfer to those in out-of-school
life” (p. 200). He cencluded that “as students pursue these questions of their own interest,
they not only learn to gain pleasure from inquiry, they also gain ownership over problems

and solutions™ (p. 216). He indicated that:

Framing problems is an important skill in everyday
environments, where problems often are undefined or ill-
defined, in contrast to textbook problems students encounter
in schools, which are well defined and of extremely limited
context. This skill is so important that Schon (1983)
considers it central for effective problem solving. (p. 216)

Gallet (1998) conducted a study to compare a “cookbook-formula™ with a
problem-solving laboratory. The research involved two first-year classes and one second-

year class in a chemistry teaching laboratory. The result of the data analyses showed that:

Problems should be structured so as to present a “puzzle,”
not an illustration of what students already know; it should
include topics for which current knowledge is incomplete.
Students should be required to prepare a plan in advance for
how to proceed, rather than using manuals and written
instructions in laboratory work. They should be required to
write reports using a very flexible format. Only with
discussions, interpretations, inferences, and conclusions do
experiments play a meaningful role in learning. With
problem solving teaching, the laboratory can be used to
identify students’ preconceptions and to extend or modify
such conceptions. (p. 77)
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Blind alleys

Roth (1994) investigated cases in which students framed research questions and
planned experiments in which they did not observe the expected effect. He termed these

situations *“blind alleys.”

He noted that many students investigated “blind alleys,” and commented:

The experience of blind alleys would help students in
constructing an understanding of the nature of scientific
inquiry that is close to the description provided by scientists
and sociologists of science alike. (p. 210)

Ritchie and Rigano (1996) conducted a study to describe the work done by
students in an undergraduate chemistry laboratory from a constructivist perspective. The
research involved two students in high school (years 11 and 12) in an interpretive study of
how the students dealt with their daily frustrations and compared their observed practices

with descriptions of undesirable school practices. The authors also used the term “blind

alleys.” They indicated that:

Hopefully, what they got out of that was that you don’t have
to get the right answer or wrong answer in research. You get
an answer which might agree with what you believe happens.
But then if doesn’t agree you sort of change the theory to fit
the experiment. You don’t change the experiment to fit the
theory. (p. 810)

Ritchie and Rigano (1996) concluded that ‘““This was an important realization for

the students on their way to becoming independent researchers™ (p. 810).

Roth (1995) stated that:

Regular experience and discussion of blind alleys would also
help students in developing an understanding and appreciation of
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the nature of scientific inquiry as a tentative enterprise
continuously under construction. Such use of blind alleys could
counteract the students’ tendency to think of the scientific
enterprise and its products as rigid and absoluie. (p. 125)

It is plausible that from a constructivist perspective, such problematic situations
provide favorable conditions for leaming, because the problem solver is facing conditions
for which no known procedures are available (Wheatley, 1991). Such problem solving in
ill-structured domains (from a student’s perspective) may lead to blind alleys, unexpected
results that constitute insurmountable barriers to finding answers for research questions

(Roth, 1994).

Conceptual understanding
A study was conducted by Fischer, Aufschnaiter, and Von Stefan (1993) which

investigated constructivist theory in the planning and performance of a unit on
“electrostatics” and the analysis of students’ learning in terms of the development of the

complexity of their cognitive skills. They suggested that:

(1) Words for new objects, properties etc., are used only when a corresponding

meaning is constructed.

(2) The meaning of words changes during the learning process. (p. 165)

Roth (1994) investigated discussions and “negotiations” in student learmning. He
recognized that, “Students learned to incorporate different viewpoints into their own
understanding, to elaborate their own understanding because they had to defend their own

ideas, or to compare each other’s explanations to produce a better report” (p. 214).
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From the laboratory reports students submitted, Roth (1994) points out that
“Students were concermed not only for the meaning of the actual data, but also for

understanding the transformation to which they submitted these data” (p. 214).

Ritchie and Rigano (1996) conducted research on how students develop their

laboratory techniques and conceptual understanding. They suggested that:

There seemed to be too many new pieces of apparatus,
techniques and information for the students to grasp the
concepts involved from beginning of the project. As the
students became more competent with the laboratory
procedures, their understanding accelerated. (p. 805)

Independent research

Although there are differences in relative conceptual backgrounds among
students, they bring to their work a stock of embodied laboratory practices. However,
Roth (1994) found value in comparing students’ work with that of scientists, particularly

pointing out similarities between the two.

Ritchie and Rigano (1996) commented on how the students in their study

developed as independent researchers. They suggested that:

The students did not leam the lab techniques by observing
their supervisor at work for lengthy periods, followed by a
gradual increase in supervised participation. Instead, the
students were afforded greater autonomy. They, rather than
their supervisor, maintained control of the project. While
their supervisor’s input was required at the beginning, the
students determined how much additional input from the
supervisor they required. This model of participation was
consistent with the supervisor’s perceived role and enabled
the students to exercise greater control and owership over
their actions than is evident from descriptions of traditional
apprenticeship models. (p. 811) '
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The nature of student-student interactions and the peer group-teacher

interaction

Ritchie and Rigino (1996) also commented the student-student relationship, the
result of the data analyses shown that negotiated styles of working have been linked to
higher motivational levels. Roth conducted two studies (1990, 1996) to investigate
interaction among students and interaction between student groups and teachers using a

constructivist approach in the physics laboratory.

Roth (1996) paid attention to teacher-student interactions in the laboratory. He

suggested that:

First, teachers need to monitor the participation of group
members during the discussions and encourage each
individual to contribute to the generation of ideas and
interpretations. Second, a brainstorming session at the
beginning of a new experiment may help to engender new
ideas in less creative students. Third, each student can be
assigned the task of generating at least one focus question
before coming to the planning session for a new experiment.
Fourth, teachers need to foster the establishment of norms
which ask students to demand of each other elaboration,
justification and backing of individuals ideas. In order to
help students develop these skills, teachers may need to
model such practice during large group as well as small
group interactions. (p. 442)



Summary

The review of related literature has shown strong support for applying
constructivist thinking and approaches in the general physics teaching laboratory in
Western contexts. It is felt that constructivist thinking and approaches could prove to be

effective in Vietnam universities as well.

The research studies have often compared one method of the traditional laboratory
with a constructivist laboratory. It is possible that if differences in leaming actually did
occur between these two methods, but differences may have been masked by confounding
variables, by insensitive instrumentation, or by poor experimental design. It is valuable to
maintain a critical stance as one investigates new teaching approaches in the general

physics laboratory.
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Chapter 111
Design of The Study

General Goals

This study investigated an approach in the teaching laboratory course designed to
improve the learning of science among university physics students. It is hoped the
students will begin to understand the process of scientific investigation and the nature of
quality laboratory learning at the College of Natural Science. The students attending this
course should develop problem-solving skills, reducing the “cookbook’ quality of

laboratory investigations.

Selection of students

Six students were selected and invited to participate in the study. How were these
students selected? First, I sought from the office of the Faculty of General Education of
the College of Natural Science a list of about 300 first-year basic science students. 11
female and 20 male students representing “high™ to average groups were given a
questionnaire (see Appendix E). Of the 31 students selected, 20 returned the
questionnaire. This questionnaire included questions to determine students’ achievement
in high school and their mark on the university entrance examination. From data collected
through the questionnaire, [ selected six of the highest achieving students (three females
and three males) and invited them to participate in the study. I chose six students because
I decided to observe two groups of three students during the two laboratory activities. |
chose to use groups of three students for the laboratory activities because I was interested

in their discussion and interaction with respect to making sense of the procedures they
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would follow. I didn’t want the groups to get too large (four or five students) because that
would limit the opportunity for each student to observe the phenomena of interest (the
apparatus was too small to be clearly observed by a larger group). I chose two groups
because I wanted to focus on the two laboratory activities (meter and diode) in succession

according to the schedule presented below.

The students were informed of the nature and purpose of the study. They were
given consent forms before participating in the experiment. They understood that they
could withdraw their participation in the study at any time, and that their participation

was completely voluntary.

The following is a description of the students who participated in the experiment,
including their marks in three subjects (Mathematics, Physics, Chemistry) of the College

of Natural Science entrance examination. | have used pseudonyms in this document.

The first student: Nguyen Doan Sau (Male)

- Mathematics: 7.5 Physics: 10 Chemistry: 8.5

The second student: Nguyen Thanh Cong (Male)

- Mathematics: 8 Physics: 8 Chemistry: 8

The third student: Vo Phi Cuong (Male)

- Mathematics: 7.5 Physics: 7 Chemistry: 9

The fourth student: Pham Thi Thanh Ha (Female)
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- Mathematics: 6.5 Physics: 8.5 Chemistry: 7.5

The fifth student: Dang Vo Ai Loan (Female)

- Mathematics: 6.5 Physics: 7.5 Chemistry: 7.0

The sixth student: Dinh Thi Thuy Linh (Female)

- Mathematics: 7.5 Physics: 6.5 Chemistry: 6.5

All of the students had just finished high school, and were in their first year of
University. None of the participants had taken a laboratory course in physics in high

school.

Setting up and carrying out the experiment

The study was conducted in a teaching unit which took place during four weeks.
The syllabus of the course was the same for all 300 students enrolled in the traditional
general physics laboratory (one three-hour session per week is held for 60 students at a
time, with four laboratory instructors present to assist them). The six students who
participated in this study, therefore, were accountable for the two laboratory activities in
the same way as the other students enrolled in the course. The difference in their
experience in the laboratory consisted in the pedagogical approach taken in the written

materials and in the role of the teacher, as will be discussed below.

In the first week, the students learned error analysis, accuracy and precision. The
same approach was used for all 300 students. In the second week the six participating

students were divided into two groups of three, one that would work on the meter activity
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while the other group worked on the diode activity. The students could choose partners

with whom they felt comfortable working. Group one included Sau, Ha, and Loan; Group

two included Cong, Cuong, and Linh. In the third week, group one and two switched

activities. During the last week, the students took a mid-term examination.

The content of the laboratory course is based on the syllabus of the curriculum for

first-year basic science students. After week two, the activity of the diode session was

limited by the equipment and the content. Therefore, the study only focussed on the meter

session (using a galvanometer as an ammeter or voltmeter see Appendix A).

Laboratory session Group 1 Group 2
Week 2 Diode Meter
Week 3 Meter Diode

Table 1: Schedule for laboratory session




Camera

Diocde Meter

O OO0 O OO

Figure 2 Diagram of the laboratory

Before week one, the students read relevant sections from the laboratory
manual-—what I have referred to above as the “cookbook” (see Appendix A)—and at
least one additional source (see Appendix B). At the beginning of the laboratory session,
the six participating students also received “‘pre-lab” questions (see Appendix C) which
were designed to prepare them to carry out the investigation without referring, step-by-
step, to the manual. Twenty minutes were allotted for work and discussion related to the
pre-lab questions, and one set of answers was prepared by each group to hand in. The
answers to the pre-lab questions were read by the teacher and researcher and discussed to

help make sense of the students’ work on the investigations.
At the laboratory

In the pre-lab questions, the students were asked relevant questions that could lay
the foundation for their investigation. One of the main activities included in the pre-lab
section was an opportunity for students to discuss their understanding of the tasks

included in the investigations. Group members discussed the problem and how they could
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set up the experiment (without referring to the manual). The pre-lab activity also required
students to use theory to predict experimental results. In this part, one student in each
group had to make a presentation to the teacher to explain the experimental set-up. The
teacher gave hints about where the students needed to change their ideas about the set up

of the experiment.

In addition, the teacher gave assistance with the apparatus as required. However,
the pedagogical approach of the teacher was very different than the “traditional
approach,” in which students are merely told the answers to their questions. In this
approach, the teacher probed the students with further questions and gave only clues to
assist them in their work. When it became evident that students were unfamiliar with the
equipment (such as the variable resistor and how to adjust the power supply), the teacher
gave them the necessary information (e.g., connect positive to positive; negative to

negative in direct current).

After recording their predictions and discussing them with their partners, the
students set up and performed a series of experiments in the laboratory. The students
compared the results of their investigations with their initial predictions. During the entire
laboratory, the teacher was available for individual consultations. Again, his role was to
stimulate the students to think more deeply about the theory and concepts involved in the
solution of the problem. During the laboratory activities, my role was as an observer and
an interviewer. The majority of my time was spent observing and taking notes. At times [
asked students questions about their activities and how they understood the pre-lab

questions in order to clarify my understanding of their actions.
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Evaluation of the course

In order to encourage the participants to work collaboratively in their group, 40%
of students’ grades were based on their group work in the laboratory and 60% of their

grade was based on individual reports.

In order to consider students’ attitudes toward this approach to the laboratory
work a questionnaire was used with, items related with Liker scale (strongly disagree,
disagree, undecided, agree to strongly agree). The items were based on studies of

Hofstein, Ben-Zvi and Samuel (1976), as follows:

SO D U A SA

1. Performing an experiment in the general 0 0 0 0 0
Physics laboratory increases my interest
in the subject.

2. I'would like to study in this lab. 0 0 0 0 6

3. ['would rather perform an experiment myself 0 0 0 0 0
than watch a teacher perform the same
experiment.

4. Ilike the equipment in this lab. 0 o 0 0 0

5. [ prefer designing strategies to solve a problem 0 0 0 0 0
by myseif rather than follow cookbook.

6. Solving a problem in the laboratory gives 0 0 0 0 0
me a lot of satisfaction.

7. It is impossible to understand the subject 0 0 0 0 0
taught without performing experiments
in the laboratory

8. Learning physics without doing experiments is 0 0 0 0 0

uninteresting.
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9. Performing experiments helps me to 0 0 0 0
understand the theory material.

10. I prefer doing the experiment myself rather than O 0 0 0
asking the teacher what the results of the
experiment are.

I1. T am very interested in working in a 0 0 0 0
general physics lab since it teaches me
how to work in a neat and organized manner.

12. I do not like physics experiments because 0 0 0 0
the observations are never exact.

13. Lab work in physics is boring and routine. 0 0 0 0

14. I prefer lessons in the classroom because the 0 0 0 0
lab is terribly disorganized.

The following questions were included in the questionnaire

1. After studying in this laboratory, would you tell me about the advantages and

disadvantages of this laboratory? Pleasc explain.

2. Do you think this laboratory will very helpful for your study in the future?
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Chapter IV
Transcript and Analytical Comments

[ was interested in examining how students work together to identify and make
sense of the problem. The students were asked relevant questions that could lay the
foundation for their investigation. Each group had to submit a laboratory report on this
part, without the aid of the teacher.

Analyses of the videotapes focussed on the discussion in the group. Naturally,
there comes into existence leadership in the group. The analysis below focuses on the
group including Sau, Loan, Ha: Sau held the central role as he initiated most of the ideas
and he was the most interactive member during the group discussion. Sau’partners, Loan
and Ha, rarely volunteered an idea. Especially, Ha contributed very little to the
discussion. Both appeared to wait for Sau to verbalize his thoughts. Sau knew from the
pre-lab reading (see Appendix A, B & C) the main principles governing the
galvanometer. Although somewhat passive, Loan and Ha were very attentive. The

following episode illustrates this point.

Interaction between student-student

Questionl: How can you measure the current and voltage across a resistor?

Sau: It is easy. To measure the current in the resistor R, an ammeter is
placed in series with the resistor, and to measure voltage of a
voltmeter, it is placed in parallel with the resistor.

Loan: Yeah, How about question 2?

Question2:  Can you explain the principal component of a galvanometer?
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Sau:

Loan:

Sau:

Question3:

Sau:

Loan:

Questiond:

Sau:

Loan:

Loan:

It operates on the principle that a coil carrying a current in a
magnetic field experiences a torque which is proportional to the
current. This torque rotates the coil until it is balanced by the
restoring torque provided by the mechanical suspension of the coil
that it is proportional to the current in the coil.

Yeah, this torque also is limited by current in a magnetic field.
(Draws figure and points to the coil deflected at an angle)

When the coil carries a current, the magnet exerts a torque on the
coil proportional to the current causing the coil to twist. The

deflection read on the scale is proportional to the current in the
coil.

Assume you have a milliammeter whose resistance is 100 Ohms
and whose full-scale deflection is I milliampere. What must be the
resistance of the Shunt needed to convert the meter to read a full-
scale deflection of 100 milliamperes?

(Draws the circuit)
I got the Shunt is 1.01 Ohm
Me to0.

Assume you have a milliammeter whose full-scale deflection is 1
milliampere and whose resistance is 100 Ohms. What must be the
resistance of a series multiplier to convert this meter to a voltmeter
whose full-scale deflection reads 10Volt?

I used Ohms law and I got R, = 9,900 Ohms.
[ agree with you.

Writes the answers for the group

In this situation, the central role adopted by Sau during the discussion phase was

silently sanctioned by the two other members. The interaction in this group was clearly



asymmetric. Although the attempt was made, it is not clear that Sau helped Loan and Ha
to modify their understanding of the principal component of the galvanometer. There is
some evidence in their discussion that the principle component of the galvanometer was
eventually understood by Loan, but it is not conclusive. According to Piaget, if the
information is found to be inconsistent with the student’ mental framework, the student
becomes confused. This confusion is termed disequilibrium or cognitive conflict. So if
the individuat works alone, especially when the student is still in the concrete operational
stage, the disequilibrium is so great or so severe that the student can not understand the
new situation.

Some people might think of the students’ experience with the meter in terms of
Piaget’s “‘disequilibrium” and “accommodation.” But in this situation it is very likely that
the meter was so unfamiliar to the students that they did not have any established
understanding about how it worked. Therefore, this situation might be thought of in terms
Piaget’s “assimilation,” that is, this is new information for the students. However, when
students work in the groups, they may help each other accommodate and assimilate new
information. The important point is that when we design a problem solving laboratory
(not cookbook), we need to pay attention to students’ current understanding and prior
experiences with the apparatus.

Sau held the central role in the group. Through interaction with his group, he had
an opportunity to check and construct his knowledge. According to Tobin (1993),
knowledge must be viable not only personally, but also in the social context in which

actions occur. For this laboratory we recognize that every person in the group has a
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unique background, experience, education and priorities in life. Women are traditionally
shy and quiet in Vietnam, and this group dynamic is no different.

In the traditional *“cookbook’ laboratory, students simply follow directions. In the
problem solving approach, however, students need to discuss problems and explore the
phenomena in order to think through how the problem might be solved. Therefore, 1
focussed on how the students understood the problem as the initial part of my analysis of
their {aboratory activity. The following excerpt illustrates this kind of discussion as
students attempt to understand the problem:

Loan: 1 think that we should convert the galvanometer into an ammeter,
then into a voltmeter.

Sau: Yeah, I agree with you, however, first we have to measure the
resistor r of the galvanometer.

Ha: Yeah.

It is apparent that the students in this study demonstrated that they could
understand this problem. It is quite different for students to grapple with questions and
discuss a problem for themselves, as they attempt to apply what they have learmed from
the textbook to solve problems in the laboratory. Hopefully, this will result in more
“purposive” activity in the laboratory.

In the group including Cong, Cuong and Linh, Cong held the central role. In the
following excerpt Cong, Cuong and Linh attempted to design strategies to identify the
resistance of galvanometer. The teacher gave hints why we have to connect the circuit in
series with the galvanometer and two resistors R and R’.

Cong: Oh, I see R’ is connected to suit current power supply. We used
plexiglass box I (see Appendix D). How many Ohms for R and R’?
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Cuong:

Cong:

Cuong:

Linh:

Cuong:

Cong:

Linh:

Students used wires to connect the circuit as illustrated below:

galvanometer
R *
W m
Voltmeter

gh\

)

L
Vv

From the textbook, we have R’ = 100 §2 R = 5 KS2.

We adjust the power supply voltage so that the galvanometer reads
ImA.

1%
We read volimeter and from r, =—— R’ we got rof
{

galvanometer.

Yeah, but we have to calculate the error of experiment.
Yeah.

We should repeat three more times with R’=100, 200, 300£2.

Yeah, I agree with you.
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Cong was confused about the value of R and R’, but Cuong helped Cong to

modify the value. Linh modified this to complete the experiment. Although their ideas

came from the textbook, members of this group their shared understanding’ readily with

each other.

The next section shows the various strategies students used for solving the

problem of converting the galvanometer into an ammater or a voltmeter:

Sau:

Loan:

Sau:

First, we have to identify the resistance r of the galvanometer, If
we want convert the galvanometer into an ammeter, we need to
identify the shunt R, and then we identify the resistor Ry, to convert
the galvanometer into a voltmeter,

I see, that in order to convert the galvanometer into an ammeter to
read a full-scale deflection of 10 mA (according textbook) we need
to know the resistance inside of galvanometer and then we place
the resistor R; in parallel to convert the galvanometer into an
ammeter.

Yeah, because of according Kirchhoff s rules, the resistor in
parallel R, makes the current I decrease when it travels through
the galvanometer.

galvanometer
i r

AN
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Sauw:

Loan:

Sau:

To convert the galvanometer into a voltmeter, we place the resistor
R, in series with galvanometer, I think that R, is very large.
Because from Ohm's law V=ILR.

Do you think we just use Ohm’s law?
But, when the resistor satisfies Ohm’'s law?

Well, when the resistor R remains constant as voltage (V) and
current I are varied, for example if the resistor is not varied by
temperature.

Students show that they can use the theory to solve problems. However, they can

not design strategies to identify the resistance r of the galvanometer.

Sau:

Sau:

Loan:

Loan:

Drawing the circuit such as

galvanometer

\_/

Voltmeter

|
it

\Y

We just connect the voltmeter in parallel with the galvanometer,
and then we can calculate the resistance of galvanometer.

(Look at textbook)(see appendix A).
Yeah, you are right, but look at the circuit in the textbook. We have

to connect two resistors. Do you know why we have to connect two
resistors?
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Sau’s ideas are right, but if the students connect the galvanometer directly to the

power supply voltage, the galvanometer will burn up. It is apparent that students don’t

know the function of the equipment so in the first experiment they can not design

strategies to solve the problem.

Interaction between teacher and students

Next, after Sau shows the experimental set-up the group has decided upon, the

teacher gives hints about where they need to change their ideas. I paid attention to the

interaction between the group and the teacher.

Teacher:

Sau:

Loan:

Teacher:

Loan:

Sau:

Teacher:

Why do you have to identify the resistance of galvanometer?

We should know the resistance r of the galvanometer to place the
resistor R, or R, when we convert the galvanometer into ammeter
and voltmeter.

Teacher, can you explain for us about the instruments for the
experiment Sir?

In this experiment, we have a power supply voltage which can vary
Sfrom 0 to 12Volts, the galvanometer, some electrical wire to
connect to terminals, two variables resistor box (see Appendix D),
three plexiglass box (see Appendix D), and a DMM (digital
multimeter), which we can use as voltmeter, ammeter.

How can we use this resistor box? How about the power supply
voltage?

Teacher, in this situation we only use direct current, is that right?

Yeah, be careful when you connect to the terminal of the meter.
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Sau: (Drawing the circuit)

galvanometer

ANGA %

Voltmeter

?{/‘-

\"

Sau: We just connect the voltmeter parallel with the galvanometer, and
then we can get the resistance of the galvanometer.

Teacher: Yeah, you are right, but look at the circuit in the textbook, we have
to connect two resistors. Do you know why we have to connect two
resistors?

galvanometer
R’
-/% @
Voltmeter
R /)

h
%

A

Students look at the textbook and then:



Loan:

Teacher:

Sau:

Loan:

Teacher:

Because the resistance of the galvanometer is too small.

Usually, we connect the resistor R’ in series with the galvanometer
to decrease current from power supply voltage though the
galvanometer.

Oh, I see, R, R’ is to decrease the current to protect the
galvanometer.

Teacher, how can we use the resistor box Sir?

(Gives an example to adjust the resistor box)

Next, students set up the experiment by themselves as shown in the following

diagram. The schematic information they used from the laboratory manual is also shown

in Figure 3.

galvanometer

Resistor box R’

/:\4 an
Power supply \___

/./'
From 0 to 12V

* .
\ Voltmeter

5 s
; \_—Xgul,\{ummﬂcr measure volimeter

Plexiglas box
Resistor box R

[




220V

+ -

mA
N\ S -
galvanometer

o

Figure 3. Identify the resistance r of galvanometer (lab manual)

Sau:

Loan:

Sau:

Sau:

Loan:

Teacher:

Sauw:

Teacher:

Sau:

Well, we can design strategies to measure r of the galvanometer.

We can put the resistor box R'=100 Ohms and the resistor box
R=5 K$2

From the electric circuit in the textbook we can adjust the resistor
R= 5K R’=100 Ohms, adjust the power supply until [= ImA,
and from Ohm's law we have V= i. (R'+ r), We get:

r=K_-R'
i

To calculate the error we measure three more again r...
Yeah, you are right.

Why do you put R= 5KS2?

To reduce the current through the galvanometer.

Why are you adjusting the power supply voltage so that the
galvanometer reads ImA?

I think that is easy for us calculate, that is all.
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Teacher: We should choose the value that is easy for us calculate.

Teacher: Why are you adjusting R'=10082, 20082, 30052?

Loan: Because we need to know the error r of experimental result.
The teacher reminds the students how to arrange apparatus.

At this point, the teacher’s question is an attempt to help the students understand
the experimental set-up. While the students demonstrate some familiarity with the
apparatus, the teacher’s probing and assistance reveals that they have little understanding

of the equipment.

For the first experiment, the students measure the resistance of the galvanometer.

The teacher checks the circuit for safety and protection.

Loan makes a mistake in using the resistor box. Therefore, their result was wrong

as shown in the following excerpt:

Sau: Ha, can you adjust R = 5 KS2?
Ha: OK, ldid.
Loan: (Adjusts R'= 100 £2).

Sau, Loan, Ha, look at the galvanometer and the voltmeter.

Ha: We got V=022 Vandl = ImA.
Loan: (using calculator)

Loan: We got r = 120 $2

Ha: We repeat with R* = 200 S2.

42



Loan: (Adjusts Resistor R’).

Instead of adjusting R’=200 €, Loan adjusted R’=222 Q, making a mistake when
she used the resistor box. Therefore, their result was wrong. Loan got r= 100 L, when

R’=100 . The second time r =120 Q, with R’=200; the third, r =140 , with R’=300 €.

Loan: Why we repeat the value r but the result is very different.

Sau: Yeah, the resistance of the galvanometer should be only one
number.

Ha: Something is wrong in the circuit.

Sau: Let me see.

Ha: We should ask the teacher.

Teacher: You should check it by yourself.

The group checked the circuit together.

Loan: Oh, I made a mistake because I adjusted the knob of the resistor
box R’ wrong.

Sau: Yeah, I hope so. We should measure it again.
The group repeated the first experiment
Loan: Yeah, that is right.

Loan got r = 120 Q when R’=100 Q. The second time r =114 §, with R'=200;

the third, r=116 Q, with R’=300 Q.

Sau: We should repeat 3 more times.
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Ha: OK.

Loan: Igotr = 114 2 when R'=400 S2 r=116 £, with R'=500, r =114
£, with R’=600 £2.

Sau: Yeah, the result is very good.

F=—t —=11567=116Q

o))

6
Y.~
Ar[ =1 @ =1.67
6
The result of experiment: r = 116+ 28 (paper report).

It is apparent that in this laboratory students became more independent in the
research. In the traditional laboratory, students usually follow a cookbook so if their result
is wrong they do not recognize the error. From a cookbook perspective, students would
repeat the experiment only three times. But in this situation, students repeated the
experiment six times. It is apparent that students can demonstrate the ability to make
accurate measurements to the appropriate precision and judge the reasonableness of the

results.

Design strategies improve

In this part of the laboratory, students had to convert the galvanometer from ImA
to 10mA DC. I paid attention to their predictions using mathematical conversions to solve
the problem. Usually in the traditional laboratory, students will not know why they had to

identify the resistance of the galvanometer. In this course, in the second experiment,



students must identify the resistance of a shunt resistor needed to convert the
galvanometer into an ammeter. They must use the resistance of the galvanometer to
determine the value of a shunt resistor before they do the experiment.

From theory we can calculate:

R=-""_-1 _12800.
I-i 9
( paper of Sau, Ha, Loan)

After the students in this study predicted the resistance of the Shunt resistor R, to
convert the galvanometer into an ammeter. [ paid attention to another group which
included Cuong, Cong, Linh: although their design strategies were drawn completely

from the textbook, I focussed on the understanding, step by step, in the following excerpt:

Teacher: How can you design an experiment to identify the shunt resistor R;
while converting the galvanometer into an ammeter?

Cong: First, we adjust the resistance of the resistor box R’ to zero and the
resistance of the resistor box Rto 1 K.

Teacher: Why are you adjusting the resistance of resistor R’ to zero?

Cuong: Because first we need to adjust the power supply voltage so that
the ammeter reads 10 mA. If the resistance of resistor R’ is a
difference of zero, the current will go through the galvanometer,
we can not identify R’.

It is apparent that the students knew each step and why they were taking it.

As the students began setting up experiment, I paid attention to whether or not

they referred to their textbook. I was wondering whether the students could design

strategies to solve this problem. Figure 4 shows how the apparatus was set up, and the

pertinent information from the laboratory manual.
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Figure 4. Convert galvanometer into ammeter (lab manual)

Teacher: How can you identify R; while converting the galvanometer ImA to
10mA?
Sau: Adjust to R’=0, because first, we adjusted the power supply

voltage so that the ammeter reads 10mA. We adjusted the
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resistance of the resistor box R'=0 to a current through the
galvanometer of 0.

Loan: Adjusting the resistance of resistor box R at a certain value protect
the ammeter.

Sau: Adjust the power supply until the ammeter reads 10mA and then
we increase the resistance of resistor box R’ by steps until the
current of the galvanometer reads ImA.

Sau: We stop increasing the resistance of resistor box R’ when the

ammeter reads 10mA and the galvanometer reads 1mA.

It is apparent that the students can design strategies to solve the problem. In the
traditional laboratory, students compiete physics laboratory exercises without knowing
why they took each step. Therefore, it is very difficult for students to remember this
experiment. At this point, the students knew each step and why they were taking it. In this
situation, students indicated that, when they understood the problem, they could think of

solution processes and products.

In the third experiment, students had to convert the galvanometer from ImA to 6
Volt DC. The students set up the experiment by themselves without assistance from the

teacher.
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Figure 5. Convert galvanometer into voltmeter (lab manual)

The students also decided what to do with the equipment, as well as how many
measurements to make. It is seen that when they become more competent with the

apparatus and procedures of the laboratory, their design strategies improve.

A concern for understanding and meaning

[ am interested in the paper report of the students. The following except from one

of reports illustrates these students’concem for experimental results.

(In this part, they report the result of the resistor R to convert the galvanometer to

an ammeter.)

From theory we got:
R =" -1 _12800
I-i 9
The value of the resistor R, from experiment 12.952

The “cookbook™ version of this activity does not require the students to calculate

the error. In this exercise, however, students decided that they had to calculate the error.

48



AR“ =£=>AR: :.A’-X_RJ=

R r r

5

0.22.

The experiment result: R, = 12.89+0.22Q.

The result completely suit with theory
(The paper report Loan, Sau, Ha)

The students used theory to predict the result. It seemed that they understood the
experimental result is never exactly accurate, so they calculated the error. In the
traditional laboratory, the student’s report does not include the error. With this, I think
that the students in this laboratory demonstrated a deeper understanding of the

expernimental process.

Next, I examined the introduction and purpose sections of the students’ report in

terms of their understanding of the meaning of the laboratory exercise.

(The paper report of Sau)
Introduction:

To measure the current and the voltage of the circuit we use the ammeter and the
voltmeter. Have you ever been interested in the components and the principles of
the ammeter or voltmeter? The galvanometer reads 1mA. If you want to use the
galvanometer to measure larger current or convert it to a voltmeter, what would
you do?

(The paper report of Loan)

The purpose of this experiment is to understand the components and the
principles of the ammeter and the voltmeter. We need a way to convert the
galvanometer from reading 1mA to an ammeter that reads larger current, or to
convert the galvanometer to a voltmeter.

It is apparent that Sau and Loan had a awareness of the problem.

After finishing their calculation of the resistance of the shunt resistor R, the

textbook asked the students to plot a graph i = f(I) by decreasing power supply, step by

49



step, and reading the value on the galvanometer and ammeter. I focussed on their

conclusions and the recommendations.

1 1 2 3 4 S 6 7 8 9 10
{ 0.1 0.2 0.305 | 0.4 0.505 | 0.608 | 0.705 | 0.8 0.9 1
(Paper report of Sau}

Draw conclusions: graphing the result i =f(1) is a straight line, so we can use this
graph to regulate the galvanometer readingImA to an ammeter reading 10mA.

(Paper report of Loan)

In graphing i = (I ) is of straight lines, i=kl. Therefore, we can identify the value
of I (Ammeter) if we know the value of i (galvanometer).

(Paper report of Ha)

In graphing i= f(I) is a straight lines.

In the traditional laboratory the students only draw the conclusion that this graph
forms a straight line. It is seen that, when the students understand the steps of the
experiment or design strategies to solve the problem, they develop a much deeper
understanding for the meaning of the results. It is apparent that there were different levels
of understanding for meaning among the students in this group. Ha contributed very little
to the discussion of the laboratory activities; therefore, the laboratory activities
contributed little to her understanding. It is seen that factors such as reading ability of the
pre-lab, existing knowledge of physics are poor in Ha’s case. Ha rarely attended to the
discussion, leaving the teacher in a position of not knowing when to assist and change her
ideas. Ha was completely “frozen” by the questions in this laboratory activity, even

though she got high marks on College of Nature Science entrance examination.
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Problem solving skills

According to Newell and Simon (1972) a person is confronted with a problem
when he or she wants something and does not know immediately what series of actions
he or she can perform to get it (p. 351). In this study I wanted to develop a problem-based
laboratory activity that was realistic in terms of the everyday practices of scientists.
According to Maloney (1994), if we want to stress problem-solving skills, we need to
make general problem-solving procedures, such as heuristics, an explicit part of our
instruction and provide opportunities to practice these procedures (p. 352). The traditional
laboratory approach in Vietnam has not provided opportunities for students to practice

problem solving.
Activities in the traditional laboratory on the meter have included the following:

Identify the resistance of the galvanometer, experimental set-up a ammeter have the shunt
resistor, experimental set-up a voltmeter. The students follow, step by step, the procedure
in the laboratory manual. Therefore, traditional laboratory work does not allow for
student initiative. Students can do the experiment without knowing why they have taken
each step, and there is no room for student hypotheses and error analysis. Sometimes, the
student understands the experiment only after the experiment is over. Finally, the students
are not taught to assume responsibility in a group.

The activities of this study are represented schematically in Figure 6
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Figure 6. The laboratory activities of this study

During the laboratory activities, the students had to define problems for
themselves. According to Roth (1994) when students frame their own problem, the
solution processes and products are often entailed in the problem (p. 20). The students in
this course also put forward hypotheses, become responsible in the group. made errors,
discussed the problems and drew conclusions. The teacher only gave answers about using
equipment, and stimulated the students with questions. It is apparent that, in this
laboratory exercise the students had opportunities to practice the kind of problem solving
skills that Polya (1945) developed in a four-step general framework for problem solving:

Understanding the problem, devising a plan, carrying out plan, and looking back.



The result of the measure of students’ attitude to laboratory work is presented in

Table 2, below.

Table 2: The result of test of students’ attitude to laboratory work.

SD D 8] A SA
1. Performing an experiments in the general physics | 0/6 [ 0/6 |0/6 | 4/6 2/6
laboratory increases my interest in the subject.
2. I would like to study in this lab. 0/6 0/6 1/6 3/6 2/6
3. I would rather perform an experiment myself 0/6 |[(0/6 |0/6 2/6 4/6
than watch a teacher perform the same
experiment.
4.1 like the equipment in this lab. 0/6 |0/6 |3/6 |3/6 0/6
5. I prefer designing strategies to solve problem by | 0/6 0/6 |0/6 3/6 3/6
myself rather than follow cookbook.
6. Solving a problem in the laboratory gives o/6 |0/6 |0/6 |3/6 3/6
me a lot of satisfaction.
7. It is impossible to understand the subject taught 0/6 0/6 | 0/6 5/6 1/6
without performing experiments in the
laboratory.
8. Learning physics without doing experiments is 06 [(0/6 [0/6 |5/6 1/6
uninteresting.
9. Performing experiments help me to understand 0/6 | 0/6 1/6 | 2/6 3/6

the theory material.
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10. 1 prefer doing the experiment myself rather than | 0/6 0/6 0/6 4/6 2/6
asking the teacher what the results of the
experiment are.

11. I am very interested in working in a general 0/6 0/6 0/6 5/6 1/6
physics lab since it teaches me how to work in a
neat and organized manner.

12. I do not like general physics experiment because | 1/6 5/6 0/6 0/6 0/6
the observations are never exact.

13. Lab work in physics is boring and routine. 176 | 3/6 2/6 0/6 0/6

14. I prefer lessons in the classroom because the lab | 1/6 | 4/6 2/6 0/6 0/6
is terribly disorganized.

(SD: Strongly disagree, D: Disagree, U: Undecided, A: Agree, SA: Strongly Agree).
The survey shows that all of the participating students answered with agreement

or strong agreement to the statements. This was consistent with my observations of

students’ problem-solving. It seems that the problem-solving approach helps students to

increasing their interest in the subject.

If students lack the necessary prior knowledge, it is likely that many students will
complete laboratory exercises without understanding what they were doing and what
conclusions or meaning they should draw from the exercises. In Vietnam, high school
students study physics passively and often become frustrated in the general physics
laboratery when they enter university. In the recent years, high school graduates prefer

going on with their studies at college or university, even though some of them fail the
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college entrance examination once or twice. Many of these students are now attending
private colleges or the open university instead of entering a secondary professional
school. As a result there is a great diversity in students’ abilities and background
knowledge. It seems particularly important, therefore, for teachers to identify students’
ability near the beginning of the laboratory course, so that the teacher can help them. A
quiz could consider factors such as reading ability, existing knowledge of physics and
mathematics. If the students have adequate prior knowledge, they may construct their
understanding of the inquiry’s problem based on what they already know about the issue.
When problems are appropriately matched to the abilities of students, attitude and
motivation are increased. The following quote shows this.
4/ b‘ur‘ Jva; na; ,h.,’ P~ Yo it e ""3 e ho  bav Hege kn N"o‘n;
75*"1,‘ cnfc. ‘m‘g 4o bai Mhwe bimm o e g nbng bal hoc
qurgin phat cha  bhic’ dou tin. cd wn thec hamk g b, 6o ,CUo:; i

Aa @2’ che 9aa' ’h;r;v 4buc 'alnm A‘-'lr’ theo . Ua cvn’ 0513, ch ;\'a/cAa’:,ru";v‘

Ao PI,,.," g.,"dfng nhing dim B hoc Fory hl"va' Aoc nn‘y . af/ a&cg’
Voo oo com wit boc hip w1 Say "':3 . Uik nhd #bw; hany Hoa
Phan tek , met ‘3,;‘. e , Ny oo Houeh . Xa ho':n , no Ada brb "4 brim
ve ?r—uf)/ Cleo 4N )obm'/ /n} A kha® nérg sang o By cohg VI¥T
ced ban Abpm.

I feel lucky to have participated in this laboratory. What I have leamed in
the first experience with a problem-solving laboratory has been very
valuable. What I have learmed about problem solving will be valuable in
my future and I can apply problem solving skills in analytical chemistry,
which I plan to major in. I understand that scientific inquiry is more
creative than [ thought and I am interested in this aspect.

In the traditional laboratory the students completed laboratory work without

knowing why they took each step. If the student does not know where to go with the
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investigation, he or she is unlikely to arrive at any worthwhile conclusion. The time to
think about the scientific questions, the procedural options, the analysis of data, or the
development of specific scientific concepts and science process skills is usually limited.
Therefore, the traditional laboratory approach may not only fail to teach students science
process skills and science concepts, it may also become tediously boring. From this stand-
point, I understand why students in mathematics, informatics, and biology do not enjoy
the general physics laboratory. But with the problem-solving laboratory all of the students

reported that they could remember every step of experimental process.

3. Qa_quel it A mgfidors e chy d Mt eal] bt
- }‘f"? "@”ﬁﬁjm et it B ﬁ@;’ﬁmj Ao pe e et STS4Eory
A tugdt afides Ao Aty Hitmio e ec b dtbaiz, thadrto md.

Because we solved this laboratory by ourselves we can remember every
step of the solution. We understand why all the steps more were necessary.

On the basis of the results of this investigation, Sau and Loan enjoyed a successful
experience and they became more independent in their research. From their concern for
understanding and meaning, the students in this laboratory made more of an effort to
understand the laboratory procedures than those who simply copied procedures from the
manual. The most important result of this part of the study of this laboratory was that the
students learned how to understand the problem for themselves, and had opportunities to

practice problem-solving skills.
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The following is what the teacher had to say about the problem-solving approach

in the general physics laboratory:

—
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This approach is good for helping students understand the purpose of the
experiment before the investigation, the teacher’s hints help students
develop a profound understanding of the phenomena seen during the
investigation. At the same time students must have an open mind to build
their knowledge by comparing the experimental results with the theory.
They see how experiments are done, and the role of experimental physics
in science. This approach helps students realize that applying the theory
depends on a lot of ideal conditions, which helps them prepare for science
research in the future.

From this approach students received knowledge of the investigations and
had a good understanding of the purpose of the exercises.
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Even in those cases where student participation was not equal, for example in the
case of asymmetric interaction, the group work was characterized by responsibility and
independence. In this situation at least one member of the group assumed the
responsibility of designing the experiment with the assistance of some suggestions from
the teacher. The results show that Ha was a less able student and was not compelled to
comprehend the laboratory activities, partly because the more able partner did the
activities for her. It is apparent that student-student interactions may have an influence on
group performance. The results also showed that there is no assurance that students
automatically build these associations with appropriate prior knowledge. Here the

teacher’s work load is heavier. According to the teacher
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The teacher will have intensive work, because of one-to-one work with
students, it is better if the classes are smaller.

The role of the teacher in productively supporting the students’ investigations

in a problem-solving laboratory is crucial.

in chapter five.
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Chapter V
Conclusions, Limitations and Implications

This chapter discusses the major results arising from the study. Following this
discussion, the limitations of the study are mentioned. Finally, the implications of the

research including questions for further research are presented.

Conclusions

The most important result of this study was that the students began to leamn
problem-solving skills that usually appear in the work of practising scientist. In a
problem-solving laboratory, the students can learn to deal with scientific problem-solving
without experiencing failure and considerable frustration. Such an approach to the general
physics laboratory helps students become independent researchers. The main finding of
the study, therefore, is that laboratory activities can be designed as problem-solving
exercises in which students must use the information from theory courses to construct
hypotheses, justify their hypotheses with reference to their understanding, identify
problems and find their own solutions.

The study also revealed that problem solving achievement was influenced by
important variables such as (a) student behavior, (b) student-student interaction, (c) the
context and equipment in the laboratory, (d) students’ prior knowledge, and (e) the
interaction of the teacher.

This result is consistent with the model of a research-based rationale for teaching

science by Clough & Clark (1994), as shown in Figure 6 below:
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Figure 6. Components of a research-based rationale for teaching science.

It is apparent that student actions determine student goals, which means that the
students have to actively study to construct their understanding rather than simply
receiving solutions from the partner or teacher. If the learner is to actively construct
knowledge the learner must be actively involved in the learing process (Lutz, 1996, p.
40). So this kind laboratory exercise requires students to take responsibility for their own
learning.

However, the teacher has a great influence on the active study of students.
Mackinnon (1993) proposed that teachers must first develop strategies that will permit
them to become aware of their students’ ideas about natural phenomena and scientific

concepts. I think some of the strategies explored in this study would be effective for this

60



purpose; the teacher must deal with individual students and get them engaged in
meaningful activities. The activities of teaching that would be useful for this kind of
laboratory investigation include: (1) encouraging and accepting student autonomy,
initiation, and leadership, (2) asking students to elaborate on their responses, (3) allowing
sufficient wait time after asking questions, (4) encouraging students to interact with each
other and with the teacher, (5) asking thoughtful, open-ended questions, and (6) asking
students to articulate their theories about concepts before accepting the teacher’s (or
textbook) explanations of the concepts (Lochhead & Yager, 1996, p. 31). It is apparent
that the constructivist leaming environment is suitable for problem-solving achievement
providing there is sufficient support available in the instructional program and activities
of the teacher.

The context, activities, and equipment in the laboratory also influence the active
study of students. Because there is a great diversity of students at the College of Natural
Science the problem-solving context should be buiit, step-by-step, from simple to more
complex aspects. Questions should ask students to focus on explanations of their
laboratory observations. To begin each investigation, every student should write answers
to pre-lab questions, which helps students to cue to the appropriate knowledge and shows
them whether or not they know the answers. Students should also have opportunities to
ask the teacher for help with questions they can not answer. The manual should require
students to prepare a plan in advance for how to proceed rather than using the
“cookbook’ at the time.

The equipment has to suit the context of these activities in the laboratory. The

College of Natural Science needs to invest in some new equipment so students can enjoy
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their study in the laboratory. At the beginning this study many of the students told me the

equipment was too old so they did not want to study in this laboratory.

Limitations of the study

The purpose of this study was to investigate students’ leamning in the general
physics laboratory. The results of the study were based primarily on the performance of
six students in the laboratory and one activity in the laboratory. Participants were drawn
from the population of first-year basic science students of the College of Natural Science,
and they were not randomly selected. Therefore, some conclusions drawn from the study
might not be representative of other students in the population, and other laboratory

activities

Implications

Through the experiment, the head of the general physics laboratory and the
teacher who participated in this study gave me some ideas about the design of the general
physics laboratory activities, and how this laboratory is used in my College.

I think some research questions need to be addressed in further studies:

e How many students can study in this laboratory?

e What are the representations students construct in such a laboratory
compared to those they construct in the traditional laboratory?

e I[s there a significant difference in student achievement between
students working in a group of three and students working in pairs or

individually?
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Appendix A
Translation from laboratory manual

Ammeter and Voltmeter

(Students read relevant sections from the main textbook)
In this experiment you will leamn the way to construct an ammeter and an
voltmeter from a galvanometer, as well as you the way to use an ammeter and voltmeter

with Direct current (DC).

. Theory

I.1 The galvanometer (ammeter)

The galvanometer is shown Figure 1

s ”

- The electromagnet, call the armature, consists of a coil of very fine wire

wound on a solt-iron ball as a core.
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- The complete armature is delicately pivoted upon a jewel bearing and is
mounted between the poles of a permanent horseshoe magnet. Attached to
these poles are two solt-iron pole pieces which concentrate the magnetic field.

- The pointer is attached to the armature coil. The spring opposes the rotation
and brings the pointer back to the no-current position when the current ceases.

The galvanometer is used to measure a small current, measured in microamperes

Hinh 2

Let R, be value of a resistance of the galvanometer; the galvanometer is connected

the resistor Ry, in series to suit the current running through it.
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To measure the larger currents we place a small resistance R, in parallel with the
galvanometer, called a shunt resistor.

R.(I-i)=(R, +R,)i

s

i
R, =-—(R, +R,)

The total resistance of R R,, and Ry is called the resistance of the ammeter.

(R, +R,)R,
'_RK+R,,+RS

To measure different currents we use the shunt resistor, as show in Figure 3:

Hinh 3
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An ammeter can measure the current such as 15S0pA to 1.2A by using the shunt resistors

R, R2 R; Ry, Rs. For example, if the current is 3004A, we use the second knob with the

shunt resistors R> + R3; + Ry + R;s.

Because the resistance of the galvanometer is too small, we should not connect it
directly to power supply.
1.3 Voltmeter

The voltmeter (DC) consists of ammeter (usually the galvanometer) placed in

series with the resistor R, which has a very large resistance, as shown in Figure 6.

—
i

+Q- —
_'_ *
l
|
I

o

Hinh &

The potential difference across the resistor.
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V = Rp+ R)).i

Therefore, we can read the value of voltage.

R =

14

—-R =

i

v
[

< ~<

BecauseR, << —
i

The resistance of voltmeter R, =R, +R, =R, =

Y
P

To measure the different voltages we place the resistors as show in Figure 7.

[ mv ]
v
v Cnd Ro E

—O O—
Hiéu &ién the phd: do

Hinh 7
The larger the resistance of the voltmeter more exact is the measurement. Suppose

the power supply had a voltage of E, and a resistance of Ro The potential difference

R

J

—L _E
R, +R,

J

across the resistor of the voltmeter is: v =

The error is
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It is apparent when Rj— oo the error equals zero.

il. Experiment

I11.1 Identify the resistance of the galvanometer:

1/ Apparatus:

a. The power supply voltage variable from O to 12 voltage.
b. The galvanometer ImADC.

c. The voltmeter DC.

d. Two resistor boxes R and R’.

e. The Plexiglass box 1.

2/ Experiment:

- Using the plexiglass box 1, connect up the circuit as shown in Figure 9.
+ C -

BVAO.\ ‘ mA

S ! <+ ) -
220 V | LA
] + @
2vDA\_
. @ " R

Hinh 9

71



Adjust the knob of the power supply voltage to a current of zero, adjust the
resistor box R to SKQ.

Adjust the resistor box R’ to 100€2.

Turn on the power supply and adjust the power supply voltage so that the
galvanometer reads ImA and read the value on the voltmeter.

We have V=(R; + R')1

We got R, =~Y——R’
i

Repeat the experiment with another values of the resistor box R’ such as 200,
300, 40092.

Calculate the error.

v Ri R AR

40092.

II1.2. Shunt resistor for direct current.

1/ Apparatus:

The power supply voltage variable from 0 to 12 volts.
The galvanometer to convert ammeter 10mA
A standard ammeter

Two resistor boxes R and R’.
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- The plexiglass box 2.

2. Experiment:

- - T = 1
. «— mA-ké
: t @ : cd shunt
i E Al N
1 +
L + 0 x —_ - .TA;‘_A —
220VAC AN
— - R

Hinh 10

- Using the plexiglass box 2, connect up the circuit as shown in Figure 10 and
adjust the resistor R’ to zero.

- Adjust the resistor R to 1000€2.

- Tum on the power supply.

- Adjust the knob, step by step, of power supply voltage so that the standard
ammeter reads [0mA.

- Increasing, step by step, the resistance of the resistor box R’ (using knob x0.1,
x1, x10) so the galvanometer reads 0.9mA

- Adjust the knob of the power supply voltage so the standard ammeter reads
10mA and the galvanometer reads 1mA.

- Reading the value of the resistance R’, and check with the expression:

Rii =R, (I-1)

- Decrease the power supply, step by step, and read the value on the

galvanometer.

- Write the value of the resistance of R’
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- Write the value of the current, as indicated by the ammeter and the

galvanometer.

Draw the conclusion from graph i =F().

II1.3. Voltmeter:

1. Apparatus:

- The power supply voltage variable form O to 12 voltage.
- The galvanometer.

- A standard voltmeter which reads 6 Volts.

- One resistor box R.

- The plexiglass box 3.

[§S)

. Experiment:
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vén k¢

|
:
$
i

220VAC J2VDC DCmdu,

|

Hinh 11

Using the plexiglass box 3 connect up the ciicuit as shown in Figure 11, and

adjust the resistor R to 11,10092.

Tum on power the supply voltage and adjusting the power supply voltage so

the standard voltmeter reads 6 Volts.

Decrease the resistance of the resistor R so that the galvanometer reads ImA
and the standard voltmeter reads 6 volts.

Write the value of the resistance R

Adjust the knob of the power supply voltage, step by step, and read the value

of the standard voltmeter and the galvanometer.

A" 0O I 2 3 4 5 6

I

Draw the conclusion from graph i =F(V).
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Appendix A

Laboratory manual

Bai sé
AMPE KE VA VON KE

Bai thuc tip ndy nhdim gitip sinh vién ndm ving cdch cdu
tao va cdch s cdc déng hd ddng va do hiéu dién thé trong cd hai
trwyng hop : dong dién mét chibu va dong dién xoay chidu.

I. LY THUYET :
I.1. Ampe k& khung quay ( ampe k€ mét chiéu ) :

Ampe ké va dién k& c6 cdu tao nhu dién k& khung quay,
gdm cé cdc bé phan chinh nhu sau (hinh ) :

Sdt non Nam chdm

Hinh 1

— M#dt khung d&y hinh ch nhét c, gm mdt 86 vdng day, di
dong quanh méjt truc.

~ Mot 16i s&t non hinh tru F, dat trong khung, cung truc.
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— M6t nam chim vinh ciw NB; khung day va loi duge dat
gira hai cuc Nam - Bic cua nam cham.

— Mot kim bing nhém, ¢6 dinh vao khung, dich chuyén
trudc mét bang chia d6: kim cin bing nho mét doi trong a. Mét 1o
so xodn tao mét ngiu luc xodn cin bing vdi ngiu luc dién ti cua
khung khi cé dong dién chay qua khung.

Midy duoc cdu tao nhu thé chi duoc dung do cdc déng dién
yéu ¢ microcampe.

Goi R, la dién tré cua
khung, trong dién ké ngusi ta
rdp néi tiép vdi khung mét dién
trdg bo chinh Ri. thich hop véi yéu
cdu su dung (hinh 2).

Dé do cdc dong dién lén
hon, nguwsi ta phdi ghép song
song dién ké& vdi mot dién tré R,
goi 1a shunt.

Hinh 2 Muon cho kim léech hét
mat chia dé khi dong dién [ chay qua hé thong (ampe k&) thi ta
phdi chon shunt R, sao cho :

R(I-i)=(R; + Rt

i
= H(R‘ +R,)

Dién trd tuong duong R, cia R, , R; va Ry, goi 1a dién tré cia
ampe ké :

R - (R *Rb’Rs
! Rg +Rb+R'
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Pé c6 thé do cdc

Ry cwng d6 khdc nhau ngwi
— ta thudng mdc cdc dién tro
shunt véi mét dién ké& nhy

l @ hinh 3 : mét ampe ké co
thé do duwoc cdc dong 150

MA,.. ...1,2A ta dung dién
trd shunt gém cic dién trg
R\, R, Ri, R Rs Thi du dai
__ vdi dong tdi da 300 uA, ta
dung ndc thd hai, hic d6
Hinh 3 dién tré shuntla R, + R, +
Ri + R: con R, duge coi nhy dién trd bs chinh.

Vi ndi trd R, cia ampe ké rit nho riat nho nén khong dwoc
néi hai ddu ampe ké vao 2 cuc cia ngudn dién : chdy ampe ké&.

L3. Volt k& mét chiéu:

Vén ké chiéu dugc tao bdi mét ampe ké (thudng la
microampe k&) méc ndi tifp vdi dién tré phu R, r&t l6n. Ampe ké
¢6 mot ngi trd R; (xem hinh 6).
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Hiéu dién thé ¢ hai ddu hé

r--g - - - " thong :
. Rp |
O 3 l V=(R,+R)i
| 1 |
! Ri
| | Vi viy thay gi ghi gid tri
-O— |  cuai trén mat cia ampe ké
' ' ngwi ta thudng ghi gid tri
Lt - = - cia V va nhu thé ta ¢6 mdt
Hinh 6 volt- k& . P& cho kim léch
v v v
Rp=—i——Ri=—i- vinéitr&R;<<T

hét chia thi phdi chon R, sac cho :
N&i tr cia volt - k& R;= R, + R, .R,:%

Mudn ¢6 nhidu giai do khdc nhau ngwdi ta mdc nhiéu dién
trd thi du hinh 7. Khi do véi giai 200 V, néi trd 1a Rs + R + Ru +
Rq + R| + R.

Néi trd R, cang 16n thi k&t quid do cang chinh xdc.

That vy, xét moét ngudn dién th& E, dién trd R, (E: hiéu
dién thé& mach héd cia nguén) . Khi dung volt - k& c6 ndi trd R, thi
sd chi cua volt- k& 1a :

R.

- J
V= (—-——Rj *R, JE
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___w\T i

5 o
Hiéu 41én the phd: 4o

Hinh 7
Sai 856 tuong déi l1a:
.E-._v._l .!_l R«i
E  E R +R,

R5 rang la khi R; -» = thi sai 36 tign tdi 0.
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th. THYC HANH :

111.1. Do néi trd cia ampe - k& :

1/ Dung cu.
a-Mét ngudn dién 0 5 12 VDC (va 0 = 12 VAC).
b - Mot mA - ké 1 mADC cé dién trd ndi R, cdn do.
c - Mét von ké 1 VDC.
d - Hai hép dién trd Rva R
e - Mot bing Plexiglass hwng ddn ldp mach dién.

2/ Thiét ifp mach vd do R,
~ Si& dung bing Plexiglass I dé mdc mach dién nhu hinh 9.

- D3t niit xoay cua ngudn dién d vj tri khéng , cho hdp
dién tré R khodng 5 K(2 .

— Cho R’ gid tr; 10012.

- MJ ngudn dién va hiéu chinh tir tif nim xoay cua nguén
vé bén phdi dé kim cia mA k& A chi t3i da (1mA). Poc 86 chi trén
von k&' 1 VDC.

Tacs:V=(R +R)isuyra:

\'4
Ri=-i--R' véi i = 0,001 A
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- Lap lai thi nghiém vdi cdc gid trj khdc cua R, thi du
20002, 30002, 400Q2.

— Tinh gid tri trung binh R; va sai 85 AR .

- Xoay niim nguén dién vé 0.

- T4t ngudn dién.

— Ghi cdc két qua do va tinh vao bang :

R v R; R t AR
100 Q
200 Q2
300 Q
400 Q
(v )=
lzvac’\ Um 2
— e ’ N -
220 V e
— .
12vDA N\
ot —
Hinh O

111.2. Thiét lap ampe ké DC cé Shunt:

1/ Dyng cy :
a - Mot ngudn dién 0 - 12 VDC (va 0 —» 12 VAC).

92



b - Mét mA - ké€ A 1mADC dwc chuyén thanh miliampe ké& 10
mADC.

c - Mot mA - k& 10 mADC méu.
d - Hai hép dién tréd.

e - Mot béng Plexiglass hwng din 1£p mgch dién.
2/ Thiét I§p mgch dién va do :

- Sit dung bang Plexiglass dé mdc mach dién nhu hinh 10.
Pién trd Rs 1a hép dién trd R’. Cho R’ bing khang.

— Cho R 12 khodng 1000 2.
— MJ ngudn dién.

— Diéu chinh ti tif nim xoay cia ngudn dién d€ ting didn
dong dién I qua mA - k& miu. Khi mA - k&€ miuchil = 10 mA thi
ngimg ting (néu nim xoay & vj trf cuc dai ma dong I khdong dén
10 mA thi gidam dién trd R).

- Téng din dién trd R’ (sr dung cdc giai x 0,1 ; x 1 va x
10), dong I qua mA k& A ting didn ti khéng va dong I qua mA- ké&
mAu hoi giam. :

— Ngimg tang R’ khi i vao khodang 0,9 mA.

— Didu chinh tif tf nim xoay cia nguén dién va hép dién
trd R’ sao cho mA- k& méu chi [ = 10 mA va mA - k& A chi 1 mA.

— Doc gid trj R’ va vdi gid tri R; do 6 trén, ta nghiém lai hé
thuc

Ri=R(I-1)

93

83



— Gidm ddn ngudén dién vé O sao cho dong dién I cia mA-ké
mdu giam timg don vi mét va doc sé chi tuong ung trén mA-ké A.

— T4t nguén dién.
—Ghigid triR, = .ooocoooo. Q

— Ghi cédc két qua vao bdng :

ImA-kémau) ] 6 1 2 3 4 5 6 7 8 9 10
i (mA-k& A)

- Vé dé thji=f€(I). Nhan xét.

L T T T le mA-ké

: ._L_w | ¢d shunt

|
;

220VAC

|

I11.3. Thiét 1§p vén ké mdt chiéu ( vén k& DC) :
1/Dungcy :

a- Mot nguén dién 0 - 12 VDC (Bjt cong tdc trén nguon
dién vé phia DC).

b - Mét mA - ké A ImADC dwoc dung dé chuyén thanh vén
ké 6 VDC.
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c - Mot von k& DC mdu, 10 VDC.
d - Mat hdp dién trd R dung lam dibn trd phy R,
e - Mot bing Plexiglan huéng din l€p mach dijn.

2/ Thiét i4p mgch dign va do -

- St dyng Plexiglass III 46 mdc mach 4ién nhy hinh 11.
DPisn trd phu R, 12 hop didn trd R. Cho R gid tri khodng 11.10062.

- Md ngudn dién. Didu chinh tif tif nim xoay cia nguén didn
d€ tang hidu dién th& @ hai ddu ngudn didn ti 0 dén 6V ( doc trén
volt k& DC mdu). :

- Gidm ddn R, kim cia mA - k& A léch ting ddn dén 1 mA,
déng thdi kim trén vén k& hoi gidm mdt chit, ngimg gidm R khi
kim cia hai ddng h8 chi gdn 1 mA (trén mA- k& A) va gdn 6V (trén
volt k& midu). Tang ngudn didn dé kim cua vén k& chi 8V. Néu
kim cias mA - k& khdng chi ding 1 mA thl hidu chinh R (nfu cén
ké ca ngudn dién ). ]

- Khi kim cua volt k&€ chi 6V va kim cia mA - k& A chi
1maA, ta ghi gid trj dién tré phu R, ( doc trén hdp dién trd R). Gidm
ddn ngudn dién ting don vi mét ( theo volt k& mlu) cho dén khéng
va ddng thdi doc gid tri tuong Ung trén mA k&.

- Ghigid triR,= £40.q

— Ghi cdc k&t qud vao bdng :

Vvoltké mdu) | 0 1 2 5 4 5 eV

i (mA - ké ) . 1

- V& dudng cong i = £ (V). Nhin xét
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Appendix B

Ammeters, Voltmeters
(One additional source)

The devices which measure current, potential difference, and resistance are called
ammeters, voltmeters, and ohmmeters, respectively. To measure the current through the
resistor in the simple circuit, we place an ammeter in series with the resistor, as indicated

in the figure 25-22.

Scale Figure 25-22

D’ Arsonval galvanometer.
When the coil carries a cur-
rent, the magnet exerts a
torque on the coil propor-
tional to the current, causing
the coil to twist. The deflec-
tion read on the scale is pro-
portional to the current in the
coil.

Since the ammeter has some resistance, the current in the circuit is changed when
the ammeter is inserted. Ideally, the ammeter should have a very small resistance so that
only a small change will be introduced in the current to be measured. The potential
difference across the resistor is measured by placing a voltmeter across the resistor in
parallel with it. An ideal voltmeter has a very large resistance, to minimize its effect on
the circuit.

The principal component of an ammeter or voltmeter is a galvanometer, a device

which detects a small current through it. The galvanometer consists of wire free to turn,
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an indicator of some kind, and a scale. It is designed so that the scale reading is
proportional to the current in the galvanometer. The galvanometer operates on the
principle that a coil carrying a current in a magnetic field experiences a torque which is
proportional to the current. This torque rotates the coil until it is balanced by the restoring
torque provided by the mechanical suspension of the coil.

Since the restoring torque of the suspension is proportional to the angle of rotation
of the coil, the equilibrium angle of rotation will be proportional to the current in the coil.
The resistance of the galvanometer and the current needed to produce full-scale
deflection are the two parameters important for the construction of an ammeter or
voltmeter from a galvanometer. To construct an ammeter from a galvanometer, we place
a small resistance, called a shunt resistor, in parallel with the galvanometer. The shunt
resistance is usually smaller than the resistance of the galvanometer. Resistors are added
in series with a galvancmeter to construct a voltmeter.

Figure illustrates the construction of an ammeter and voltmeter from a

galvanometer. = —RD—B{:}—'@—

Ammeter Voltmeter
Examplel: Using a galvanometer with a resistance of 208, for which 5.10 gives
full-scale deflection, design an ammeter which can read full scale when the current is 5A.
Since the total current through the ammeter must be SA when the current through
the galvanometer is just 5.10*A, most of the current must go through the shunt resistor.
Let R be the shunt resistance and I; be the current through the shunt. Since the

galvanometer and shunt are in parallel, we have I;Rg=IRsand I + [;=5A
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The value of the shunt resistor should be Rs = [,R,/ [,=2.10°Q.

Example 2: Using the same galvanometer as in example | designed a voltmeter
which will read 10 V.

Let R, be the value of a resistor in series with the galvanometer.

We have [(Rp+R)=10V thus Rp,= 20KQ.

Note:

The ammeter is used to measure the flow of current through a conductor
somewhat as a flow meter is used to measure the flow of water through a pipe. In both
cases the meter is inserted in series with the circuit under test.

The voltmeter is used to measure the difference of potential (electrical pressure or
voltage drop) between two points in a circuit somewhat as the pressure gage is used to
measure the water pressure in a pipe. In both cases the measuring instrument is
connected in parallel with the circuit under test.

Questions:

1. Explain how a galvanometer may be converted into an ammeter; into a voltmeter.

2. Explain how you would find the resistance of a resistor using an ammeter and
voltmeter.

3. Assume you have a milliammeter whose resistance is 100 Ohms and whose full-
scale deflection is 1 milliampere. What must be the resistance of the Shunt needed
to convert the meter to read a full-scale deflection of 100 milliamperes?

4. Assume you have a milliammeter whose full-scale deflection is 1 milliampere and
whose resistance is 100 Ohms. What must be the resistance of a series multiplier to

convert this meter to a voltmeter whose full-scale deflection reads 10Volt?
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Appendix C
Pre-lab questions activities
I think that the pre-lab question provides advantages over a more traditional

laboratory.

Pre-lab question gives the students the opportunity to interact with their group,

and gives students time to think about questions and concerns before experiment.

Questionl : How can you measure the current and voltage across a resistor?
Question2: Can you explain the principal component of a galvanometer?
Question3:  Assume you have a milliammeter whose resistance is 100 Ohms
and whose full-scale deflection is 1 milliampere. What must be the
resistance of the Shunt needed to convert the meter to read a full-
scale deflection of 100 milliamperes?

Question4:

Assume you have a milliammeter whose full-scale deflection is 1
milliampere and whose resistance is 100 Ohms. What must be the
resistance of a series multiplier to convert this meter to a voltmeter
whose full-scale deflection reads 10Volt?



Appendix D

The resistor box R’

4
[ 5 A

ST e

Two The knobs adjust the resistance of the resistor box R’
terminals to
connect For example, this position, the resistance is 1.20hm
plexiglass
box

The resistor box R’ has a resistance from 0 to 10000hm.

The plexiglass box 1

1

@ @ O —@

The wires were connected at the back of plexiglass box

® o

|

Terminals connect to the power supply voltage, the resistor box or galvanometer
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Appendix E

Questionnaire

Dear friends,

I am a teacher of department of physics of College of Natural Science. At present,
I am doing my thesis in Science Education at Faculty of Education of Simon Fraser
University, Canada. My thesis involves the study of applying constructivist approach in
general physics laboratory. I am hoping to have your help. Some of you will be invited to
participate in an experiment as part of my study from September 15, 1998 to October 15,
1998. The purpose of this questionnaire is to help me to have some information about you

and based on which I will invite you to participate in the study.

In order to help me, you please answer the questions given in the next part. Your
answers will be used only for this study. Please note that [ will make selection based on

my own needs in terms of educational research.

I hope that you will answer this questionnaire fully. Thank you very much for your

cooperations, and good luck in your academic studies.

Investigator

Lam Quang Vinh
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Please answer the following question

@ Student full Name:

® Sex Male Female

@ Your marks in the following subjects on the entrance examination of College of

Natural Science.
Mathematics: Physics: Chemistry:

Have you ever leamed physics laboratory at high school?

Please let me know your address or phone number so that I can contact you.

@ Phone number:

B  Address:
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Appendix F

VIETNAMESE MINISTRY OF EDUCATION AND TRAINING-
NATIONAL UNIVERSITY OF HO CHI MINH CITY

College of Natural Science
Ho Chi Minh City

ACKNOWLEDGMENT LETTER
Simon Fraser University
Bunarby, British Columbia, V5A 156
Canada

Dear Sir/Madam:

According to the proposed research of Mr. Lam Quang Vinh submitted to the
College of Natural Science on June, 1998; The faculty of General Education of
College of Natural Science permits Mr. Vinh:

1.Choosing 6 students base on his own needs in terms of educational research.

2.Teaching some topics in General Laboratory during four weeks in the Fall

session 1998.

Mr. Vinh is also allowed to make his observations, to interview students and to
ask students for completing questionnaires on students* attitudes forward learning
laboratory and science.

The College of Natural Science is very pleased to provide his with available

facilities to help him to accompiish his rescarch.

Head of Faculty of General Education

The College of Natural Science.
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