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Abstract 

Most science educators agree that the laboratory is  an  intepl and necessary 

aspect of the l e m i n g  experience in science courses. However, many researchers 

suggest that the potential of the iaboratory 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 

opponunity for students to  "think for themselves," o r  to experience science as a proçess 

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 tnnscripts, 

student laboratory reports, a questionnaire used to m e s u r e  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 irv-rtigations. Of particular interest was students' abilities to design strategies to 

solve the problern without referring to a "cook-book." This study also shows the 

complexities of laboratory leaming, particularly in terms of the students' background 

knowledge and experience as key elements of their ability to rnake meaning. Finally, the 

problem-solving approach used in the laboratory provides opportunities for students to 

develop and practice their skiils 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 Z 

Introduction 

In recent years, since the establishment of the "open door policy" of the 

Vietnamese government, there has k e n  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 modem 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 welt as 

special short-term graduate and pst-graduate courses. Under the direct management of 

the ColIege 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 nmow 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 tu the problem 

At the national conference of Rectors and Directors of universities and colleges in 

Hanoi, Vietnam, February 1998, Party General Secretary ix 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. 

.4t 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 crisis. 

Students' knowledge of basic science is very low and lacking in 
modemization. 

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

Students are passive in their leming. They only take notes of their teachers' 
lectures. 

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

Laboratones 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 learning. 



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 lemers" (p. 346). He 

suggests that: 

Students need to be actively thinking about what is k ing  
presented if they are to retain the information. They need to 
be alen 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 lems,  he or she will appreciate the 

view of leaming 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 GlasersfeId, 1987). Hodson (1996) States that: 

During the 1980s and earIy 1990s, constructivist approaches 
to leaming science have become increasing prominent as 
teachers and cumculum developers have sought to locate 
Ieaming in the personal understanding and experience of 
individual leamers- (p. 1 15) 

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

1 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). 1 have always been concemed with helping 

students to understand the nature of science and providing expenences in scientific 

inquiry. Most science educaton agree that the laboratory is an integral and necessary 

aspect of the leaming 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 exarns many of them 

cornplain to me that there are too many things to remember and. therefore. they have low 

achievernent. 

1 have recognized many problems in the general physics laboratory, but 1 believe 

there are two pnmary 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, investigati ve approac h. 

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 signi ficance of t heir 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 learning. (p. 178) 

In order to improve the effectiveness of laboratory instruction 1 hope to apply a 

constmctivist approach in the  general physics laboratory. Ritchie and Rigano (1996) 

stated that: 

A common response to the constmctivism 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 intrductory 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 canyinp out the tasks. 

Students frequentiy follow the "recipe," with little understanding of what they are doing 

and why, the purpose of the activity, and its significance in tems 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 ski11 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-ne 

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 exemises. A case study is developed to document the nature of students' 

leaming in the laboratory. Students' understanding of laboratory work wili 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, 1 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 problern? 

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 teachen about how to irnprove 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 206 1" 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 exarnple, might be able to wnte 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 1 describe the 

nature of constructivism, and the constructivist view of teaching and leaming science. In 

the second section the role of expriment in leaming 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 "ttuth" 
of any particular piece of knowledge. The necessary 
comparison of the piece of knowledge with the "reali ty" 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 

irnpoverished view of science. Surely, scientific knowledge depends also on pragmatic 

and coherence truth strategies. A more useful discussion might cal1 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 cal1 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 exampIe in twentieth century physics illustrates these ideas. In 1913, Niels 

Bohr proposed a visual mode1 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 lom9 cm with the electron acting li ke a large 

but incredibly swift cloud, revolving about the proton about 1016 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 becarne visible in 

its spectmm. 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 

tirne is about 10 ' '~  seconds: the electron needs at least that much time to interact with a 

light wave. This means that the Iight wave would indicate where the electron was, but the 

number of orbits de~cribed in 1 second is, according to Bohr' s theory, about 1 0 ' ~ .  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 concemed 

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 "truthV--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 mode1 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 penonally, but also in the social 

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

The constructivist perspective on Iearnhg and teaching science 

As noted earlier, constructivisrn is a contemporary philosophical viewpoint that 

can be applied to the teaching and learning 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 fint principle is that knowledge is not passively received but actively built up 

by the leamer not by passive reception from a teacher, but by an active and vivid interplay 

between the lemer's existing understanding and cument experiences. The second 

pnnciple 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 

bac kground, culture, interests, education, and priorities in li  fe. 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: 



(1) Teachers must first develop strategies that will permit 
them to become aware of their students' ideas about natural 
phenornena 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 learning situation 
and should become aware of the purposes that lie behind 
instruction. (p. 24) 

If learning is not a puiposive 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, Fensharn and Baird (1991) stated that: 

When leamers have a different theoretical frarnework 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 farniliar 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 "equili bration" or self-regulation to modi fy herl his mental structure to 

accornmodate the new un fami liar phenornenon. Saunders (1 993) develops a constructivist 

learning mode1 of the interaction between the leamer and the environment. Figure 1 

shows the connections between the leamer's cognitive universe (intemal) and the 

physical universe (extemal). 



Interna1 World 
(wortd of the Mind) 

i Cognitive Universe 
Cognitive structures 
( i d e s  and beliefs ) 

External World 
(World o f  Natural objects 

and Phenomena) 

Natural Universe 
Objects and Phenomena 

(The stuff of reality) 

Assimilation 
(Taking of environmental 

data into the cognitive 
structures through the 

sensory apparatus) 

l 1 I 
Differences between one's predictions 

and one's measurements cause a state of 

I I 
1 Disequilibration 1 

,ccommodation 
modifying cognitive 
tructures so they are 
onsistent with 
xperience) 1 

Figure 1: Saunder's mode1 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 leamer restructures his or her schema such that 

expectations are more in agreement with one's experience. This schema restnictunng 

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 nse to increases in leamers' understanding of the 

world (Saunders, 1992). Equilibration is the regulatory process by means of which 

assimilation and accommodation are kept pace. According to Piaget, the actual changes in 

thi n king take place through the process of equili bration. Piaget assumed that people 

continuaIly 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 

equili bnum exists. Woolf01 k ( 1995) States that: 

If the scheme does not produce a satisfyîng 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 leaming occurs as students try to make sense of what is taught 

by trying to fit new ideas with their own expenence. In the context of the classroom, two 

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



rnind of the learner (2) on the basis of pre-existing cognitive structures or schemes. Thus 

a constructivist account of learning is  concemed with the "intents, beliefs and emotions of  

individuals as  well as their conceptualizations, and recognizes the influence that prior 

experience has on the way phenornena are perceived and interpreted" @ri ver & 

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 o r  
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 cIassroom. 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 al1 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: 



Identify students' ideas and views. 

Create opportunities for students to explore their i d e s  and 
test their robustness in explaining phenornena, accounting for 
events and making predictions. 

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

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

The role of experiiment 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 learn 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 crealed 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. 307). 

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 al1 grade IeveIs and 
in every domain of science. It serves four essential functions: 

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

To develop an understanding of the nature of scientific inquiry. 

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

As a mode1 of how we know what we know in science. (p. 55) 



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 expenments in the learning proçess 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, laboratones are highly 
structured in that they provide step-by-step detailed 
instructions. They usually ask students to maniputate 
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 opportuni ties 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 ot a constructivist approach in lsboratory activities 

Problem solving 

A study was conducted by Roth (1994) to investigate whether and how students in 

a constructivist laboratory environment (a) frarne 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 constmct new knowledge. Forty-six 

students from three sections of an introductory physics course for high school juniors 

participated in this study. The centrai finding of this study claimed that problem solving 



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 l e m  in schml do not transfer to those in out-of-school 

li Te" (p. 200). He ccncluded 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 
wnte reports using a very flexible format. Only with 
discussions, interpretations, inferences, and conclusions do 
experiments play a meaningful role in leaming. With 
problem solving teaching, the laboratory can be used to 
identi fy students' preconceptions and to extend or modi fy 
such conceptions. (p. 77) 



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 terrned these 

situations "blind alleys." 

He noted that many students investigated "blind alleys," and cornmented: 

The experience of blind alleys would help students in 
constructing an understanding of the nature of scienti fic 
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 1 1 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 tenn "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 rnight 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 expenment to fit the 
theory. (p. 8 10) 

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 d e y s  would also 
help students in developing an understanding and appreciation of 



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 absolute. (p. 125) 

It is plausible that from a constructivist perspective, such problematic situations 

provide favorable conditions for learning, because the problem solver is facing conditions 

for which no known procedures are available (Wheatley, 199 1). Such problem solving in 

ill-stmctured domains (from a student's perspective) may lead to blind alleys, unexpected 

results that constitute insurmountable barriers to finding answers for research questions 

(Roth , 1 994). 

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 constmcted. 

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

Roth (1994) investigated discussions and "negotiations" in student learning. He 

recognized that, "Students leamed 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). 



From the laboratory reports students submitted, Roth (1994) points out that 

"Students were concerned 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 seerned 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 comptent with the labontory 
procedures, their understanding accelerated. (p. 805) 

Independent research 

Although there are di fferences in relative conceptual backgrounds among 

students, they bnng 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 learn the lab techniques by observing 
their supervisor at work for lengthy periods, followed by a 
gradua1 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 detennined how much additional input from the 
supervisor they required. This mode1 of participation was 
consistent with the supervisor's percei ved role and enabled 
the students to exercise greater control and owership over 
their actions than is evident from descriptions of traditional 
apprenticeship models. (p. 8 1 1) 



The nature of student-student interactions and the peer group-teacher 

interaction 

Ritchie and Rigino (19%) also commented the student-student relationship, the 

result of the data anaIyses 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 generatior! of ideas and 
interpretations. Second, a brainstorming session at the 
beginning of a new experirnent 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 noms 
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 
mode1 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 labratory. It is possible that if differences in learning actually did 

occur between these two methods, but differences rnay have been masked by confounding 

variables, by insensitive instrumentation, or by poor experimental design. It is valuable to 

maintain a cntical stance as one investigates new teaching approaches in the gened 

physics laboratory. 



Chapter III 

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 Naturd Science. The students attending this 

course should develop probiem-solving skiils, 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, 1 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 3 1 students selected, 20 returned the 

questionnaire. This questionnaire included questions to deterrnine students' achievement 

in high school and their mark on the university entrance examination. From data collected 

through the questionnaire, 1 selected six of the highest achieving students (three females 

and three males) and invited them to participate in the study. 1 chose six students because 

1 decided to observe two groups of three students dunng the two laboratory activities. 1 

chose to use groups of three students for the laboratory activities because 1 was interested 

in their discussion and interaction with respect to making sense of the procedures they 



would follow. 1 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 phenornena of interest (the 

apparatus was too small to be clearly observed by a larger group). 1 chose two groups 

because 1 wanted to focus on the two labomtory activities (meter and diode) in succession 

accordi ng to the SC hedule presented below . 

The students were informed of the nature and purpose of the study. They were 

given consent forrns 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 voiuntary. 

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. 1 have used pseudonyms in this document. 

The first student: Nguyen Doan Sau (Male) 

- Mathematics: 7.5 Physics: 

The second student: Nguyen Thanh Cong (Male) 

- Mathematics: 8 Physics: 

The third student: Vo Phi Cuong (Male) 

- Mathematics: 7.5 Physics: 

The fourth student: Pham Thi Thanh Ha (Female) 

10 Chemistry: 

8 Chemistry: 

7 Chemistry: 



- Mathernatics: 6.5 Physics: 

The fifth student: Dang Vo Ai Loan (Female) 

- Mathematics: 6.5 Physics: 

The sixth student: Dinh Thi Thuy Linh (Female) 

- Mathematics: 7.5 Physics: 

Chemistry: 

C hemistry: 

Chemistry: 

Al1 of the students had just finished high schoot, and were in their first year of 

University. None of the participants had taken a laboratory course in physics in high 

SC hool. 

Setting up end carrying out the expriment 

The study was conducted in a teaching unit which took place duting four weeks. 

The syllabus of the course was the sarne for al1 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 wntten 

materials and in the role of the teacher, as wi I l  be discussed below. 

In the first week, the students learned error analysis, accuracy and precision. The 

same approach was used for al1 300 students. In the second week the six participating 

students were divided into two groups of three, une that would work on the meter activity 



while the other group worked on the diode activity. The students could choose partners 

wi th whom they felt cornfortable 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-tem examination. 

The content of the laboratory course is based on the syliabus of the cuniculum 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). 

-- - - - - - - 

Table 1: Schedule for laboratory session 

Laboratory session 

Week 2 

Week 3 

Group 1 

Diode 

Meter 

Group 2 

Meter 

Diode 



Figure 2 Diagram of the laboratory 

Before week one, the students read relevant sections from the laboratory 

manual-what 1 have referred to above as the "cookbook" (see Appendix A)-and at 

least one additionat 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 refemng, 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 



set up the experiment (without refemng 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 exphin the experimental set-up. The 

teacher gave hints about where the studeilts needed to change their ideas about the set up 

of the experirnent. 

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 dues to 

assist them in their work. When it became evident that students were unfamiiiar 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 curent). 

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. Dunng 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 I 

asked students questions about their activities and how they understood the pre-lab 

questions in order to clarify my understanding of their actions. 



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 studentsT 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: 

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

1 would like to study in this lab. 

1 would rather perform an experiment myself 
than watch a teacher perform the same 
experiment. 

I like the equipment in this lab. 

I prefer designing strategies to solve a problem 
by myself rather than follow cookbook. 

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

Tt is impossible to understand the subject 
taught without performing experiments 
in the laboratory 

Learning physics without doing experiments is 
uninteresting. 



9. Performing experiments helps me to O 
understand the theory material. 

10.1 prefer doing the experiment myself rather than O 
asking the teacher what the results of the 
experiment are. 

1 1. 1 am very interested in working in a 
general physics lab since it teaches me 
how to work in a neat and organized manner. 

12.1 do not like physics experiments because 
the observations are never exact. 

13. Lab work in physics is boring and routine. 

14.1 prefer lessons in the classroom because the 
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 thi s laboratory? Pleac explain. 

2. Do you think this laboratory will very helpful for your study in the future? 



Chapter N 

Ranscript and Analytical Comments 

1 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 li ttle 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 goveming the 

galvanometer. Although somewhat passive, Loan and Ha were very attentive. The 

following episode illustrates this point. 

Interaction between student-student 

Question I :  

sou: 

How can yori measrire the czirrent and voltage across a resistor? 

Ir is easy. To measure the currerit in the resistor R, an ammeter is 
placed in series with the resistor, and to nreasure voltuge of a 
voltmeter, it is placed in parallel with the resistor. 

Yeah, How about question 2 ? 

Can you explain the principal component of a galvanomerer? 



Sarr: 

Loan: 

Qriestion4: 

Sa ri: 

b a n :  

Loan: 

It operates on the principle that a coil carrying a ciirrent in a 
magnetic field experiences a torqrre whicli is proportional to the 
current. This rorque rotates the coil unril ir is balanced by the 
restorïng torqiie provided by the nrechanical suspension of the coil 
that it is proponional to the crirrent in the coil. 

Yeah. this torque also is limited by ciirrent in a magnetic field. 

(Draws figure and points ro the coil defected at an angle) 
When the coil cam-es a criment, the nragnet exerts a torque on the 
coil proportional to the current carising the coil to twist. 7he 
deflection read on the scale is proportional to the crirrent in the 
coil. 

Assrrnle you have a rnilliamrneter whose resistance is 100 Ohnis 
and whose fill-scale deflectiun is 1 nrilliarnpere. Whar musr be the 
resistance of the Shunt needed to converî the meter to read afU11- 
scale deflection of 100 milliamperes? 

(Draws the circuit) 

I gor the Shunt is 1.01 Ohni 

Me too. 

Assiime you have a milliamnleter whose fiill-scale deflection is I 
milliarnpere and wliose resistance is 100 Ohnrs. M a t  nmst be the 
resistance of a senes ntultiplier to conven tlzis meter to a voltmeter 
whose fill-scale deflection reads 1OV0lt ? 

I used Ohms l m  and I got Rp = 9,900 Oltms. 

I agree with you. 

Writes the anwers for the gro~ip 

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

silently sanctioned by the two other rnernbers. The interaction in this group was cleariy 



asyrnmetric. 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 studentT mental framework, the student 

becomes confused. This confusion is termed disequilibrium or cognitive conflict. So if 

the individuai 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 "disequilibriurn" 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 pnor 

experiences wi th 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 



unique background, experience, education and prionties in life. Women are traditionally 

shy and quiet in Vietnam, and this group dynamic is no different. 

In the traditional "cookbook laboratory, students simply foliow directions. In the 

problem solving approach, however, students need to discuss problems and explore the 

phenornena 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 iaboratory activity. The following excerpt illustrates this kind of discussion as 

students attempt to understand the problem: 

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

S m :  Yeah, 1 agree with you, however, first rue 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 leamed from 

the textbook to solve problems in the laboratory. HopefuIly, 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 crrrrent porver supply. We used 
plexiglass box I (see Appendix D). How nlarty Ohms for R and R'? 



Crtortg: 

Cong: 

Crtong: 

Linlz: 

Cuong: 

Cong: 

Linh: 

Students used wires to connect the circuit as illustrated below: 

galvanometer 

Front the textbook, we have R' = 100 a, R = 5 KQ. 

We adjust the power supply voltage so tliat the galvanonieter reads 
1 n d .  

v 
We read voltnieter arid front 7 = 7 - R ' we got rof 

1 

gaivanonteter. 

Yealz, bitt we have to calcidate the error of experhient. 

Yeah. 

We should repeat tltree more rimes with R'=lûû, 200. 30062 

Yeah, I agree witlt yori. 



Cong was confused about the value of R and R'. but Cuong helped Cong to 

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

came from the textbook, rnemben of this group their shared understanding' readily with 

each other. 

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

problem of converting the galvanometer into an ammater or a voltmeter 

Sarc: First, we have tc identib the resistunce r of the galvanonleter, i f  
we want convert the galvanonieter into an amnieter. we need to 
identi! the shunt Rs and then we identtfj the resistor Rp to convert 
the galvanonieter into a voltmeter, 

Loan: 

Sari: 

I see, that in order to convert the galvanonieter into an arnnreter to 
read a full-scale deflection of IO mA (according te-rtbook) we need 
to know the resistance inside of galvanometer and then we place 
the resistor R, in parallef to convert the galvanonreter into an 
ammeter. 

Yeah, because of according Kirchhoffs ndes. the resistor in 
parallel Rs makes the current I decrease wlren it travels th rough 
the galvanonieter. 



Sari: 

Ha: 

b a n :  

Sau: 

To converr the galvanometer into a voltmeter, we place the resistor 
Rp in series with galvanometer, I tltink that R, is very large. 
Becartse from Ohm's laiv V= I. R. 

Do you think we jrtst rise Ohni's larv? 

But, when the resistor satisfies OIzm 's  law? 

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

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

not design strategies to identify the resistance r o f  the galvanometer. 

Sari: Drawing the circuit srich as 

Sau: We jrtst connect the voltmeter in parallel with the galvanometer, 
and rhen we can calcrilate the resistance of galvanonteter. 

(Look at îextbook)(see appendix A). 

Yeah, you are right, bltt look at the circuit in the textbook. We have 
to connect two resistors. Do you know why we have to connect two 
resisto rs ? 



Sau's ideas are right. but if the students connect the galvanometer directly to the 

power supply voltage, the galvanometer will bum 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 befween 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. 1 paid attention to the 

interaction between the group and the teacher. 

Teaclrer: Why do you have to idenrifi the resistance of galvanonieter? 

Sau: We shortld lnow the resistance r of the galvanonieter to place the 
resistor Rs or R, when we convert the galwnonieter into amnreter 
and voltnteter. 

Teaclter. can you explain for us about the instnrments for the 
e.veriment Sir? 

Teachec In this experinient, rve have a power siipply voltage whick can Vary 
from O to IZVolts, the galvanonieter, some electrical wire to 
connect to ternrinals, hvo variables resistor box (see Appendix D), 
three plexiglass box (see Appendix D), and a DMM (digital 
mrrlfimeter), whicll we can use as voltnteter, animeter. 

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

Sau: Teacher, in tkis situation we only use direct cztrrent, is that rigkt? 

Teaclr er: Yeah, be carefil when you connect to the terminal of the meter. 



(Drawing the circuit) 

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

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

v 

Students look at the textbook and then: 



b a n :  Because the resistance of the galvanometer is too small. 

Teaclrec Usrrally, we connect the resistor R' in series with the galvanonieter 
to decrease current from power srrpply voltage thorigh the 
galvanometer. 

Sart: Oh, 1 see, R, R ' is to decrease the cuvent to protect the 
galvanometer. 

b a n :  Teacher, how can we use the resistor box Sir? 

Teacher: (Gives an example to adjrrst the resistor box) 

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

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

in Figure 3. 

Rcsuior box R' 

Powcr supply 
From O to $3 

Voltmcur 

Plexiglas box 

Rcsisior box R 



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

Sarc: Well, we can design strategies to trteasirre r of the galvanometer. 

b a n :  We can put the resistor box R ' = 100 Ohms and the resistor box 
R=5 K a  

Sart: From the electric circuit in the texrbook we can adjust the resistor 
R= 5KQ R'=Zûû Ohnis, adjut the power supply until I= InrA, 
and front Ohm 's law we have V= i. (R'+ r), We get: 

Sazt : To calculate the error we nieasure three more again r.. . 

Loan: Yeah. you are riglzt. 

Teacher: Why do you prtt R= SKQ? 

Sart: To redrice the crt rrent through the galvanonieter. 

Teacher: Why are you adjusting the power srrpply voltage so that the 
galvanometer reads ZntA ? 

Sari: I think that is easy for us calculate, thar is all. 



Teachec We sliould choose the value tliat is easy for us calcrilate. 

Teacliec Why are yorr adjrrsting R'=lûûQ. 200Q 3 W ?  

Loan: Becaitse we need to know the error r of experhiental resulr. 

The teacher reminds the students how to arrange apparatus. 

At this point, the teacher's question is an attempt to help the students understand 

t h e  experïmental set-up. Whiie 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 rnistake in using the resistor box. Therefore, their result was wrong 

as shown in the following excerpt: 

Sarr: Ha, can you adjrrst R = 5 KG? 

Ha: OK, I did. 

Sarr, b a n ,  Ha, look at the galvanometer and the voltmeter. 

Ha: We got V = 0.22 V and I = InrA. 

b a n :  (using calculator) 

h a n :  We gor r = 120 R 

Ha: We repeat with R' = 200 R. 



b a n :  (Adjrcsrs Resisto r R '). 

Instead of adjusting R'=200 R, Loan adjusted R'=222 R, making a mistake when 

she used the resistor box. Therefore, their result was wrong. h a n  got r = 100 R, when 

R1=lûû 52. The second time r =120 Q, with R'=SOO; the third, r =l4O S2,  with R'=300 Q. 

b a n :  Why we repeat the value r btit the result is very di'erent. 

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

Ha: Somerhing is wrong in the circuit. 

Sarc: Let me see. 

Ha: We should ask rhe teaclzer. 

Teacher: Yorc should check ir by yorr rseiJ 

The group checked the circuit together. 

b a n :  Oh, I made a niisrake because I adjttsted the knob of the resistor 
box R' wrong. 

Satc: Yeah, 1 hope so. We shottld measure it again. 

The group repeated the first experiment 

h a n :  Yeah, that is right. 

Loan got r = 120 R when R'=lûû J Z .  The second time r = I l 4  R, with R'=200; 

the third, r =116 R, with R'=300 R. 

Sarc: We should repeat 3 nrore rimes. 



Ha: O K. 

Loan: I g o t r  = 114R.  whenR'=400Q r=116Q withRr=500. r=114 
Q, wirh R '=600 R. 

Sau: Yeah, the resrrlt is very good. 

The resrrlt of expenitient: r = 11 6 f 252 (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 d o  not recognize the error. From a cookbook perspective, students would 

repeat the experiment onty 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 1mA 

to 1OmA DC. 1 paid attention to their predictions using mathematical conversions to s o h e  

the problem. Usually in the traditional laboratory, students will not know why they had to 

identi fy 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 amnieter. They must use the resistance of the galvanorneter to 

determine the value of a shunt resistor before they do the experiment. 

Fronz theory ive can calculate: 

( paper of Sau, Ha, b a n )  

After the students in this study predicted the resistance of the Shunt resistor R, to 

convert the galvanometer into an ammeter. I 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: 

Teacliec How can yori design an experinient to identifjr the slirrnt resistor RS 
while convertiqg tlze gaivariorneter into an aninieter? 

Cong: First, Ive adjrrst the resistance of the resistor box R' to zero and the 
resistance of the resistor box R tu 1 KQ. 

Teaclier: Wzy are yorc adjrrsting the resistance of resistor R' to zero? 

Cuorzg : Becarrsejïrst we need to adjrrst the power supply voltage so tliat 
the animeter reads 10 nui. if the resistance of resistor R' is a 
difierence of zero, the curretzt wili go through the galvanorneter, 
we can not iden t i b  R '. 

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

As the students began setting up experiment, 1 paid attention to whether or not 

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

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

pertinent information from the laboratory manual. 



Powcr supply 

plvsnonrier 

Convert galvanomeier into Ammeter 

Figure 4. Convert galvanometer into ammeter (lab manual) 

Teacliec How can yolc identih R, wlzile converting the galvanomerer lnrA to 
IOrnA? 

Adjust to RP=O, because firsr. we adjusted the power supply 
voltage so thar the ammeter reads IOrnA. We adjusted ihe 



resistance of the resistor boer R'=O to a current througlt the 
galvanometer of O. 

Adjusting the resistance of resistor box R at a certain valire prorecr 
the amrneter. 

Adjust the power szdpply un til the aninteter reads 1 OrnA and then 
Ive increase the resistance of resistor box R ' by steps zrntil the 
crirrent of the galvanometer reads I n A  

We stop increasing the resistance of resistor box R ' when the 
arnnreter reads IOnvl and the galvanonleter reads I nul. 

It is apparent that the students can design strategies to solve the problem. In the 

traditional laboratory, students compiete physics laboratory exercises without knowing 

w hy 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 experirnent, 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. 



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 rnake. 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 

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

of reports illustrates these students'concern for experimental results. 

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

an ammeter.) 

Fronr rheory Ive gor: 

Tlie value of the resistor R, froni expennlent 12.9Q 

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 caiculate the error. 



AR, Ar --- ArxR,  
- * A R , =  = 0.22. 

4 r 

Ttze experiment resrtlt: R, = 13-89 + 0.2252. 

The resrrlt completely srrit rvith theory 

(The paper report h a n ,  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, 1 think 

that the students in this laboratory demonstrated a deeper understanding of the 

experimental process. 

Next, 1 exarnined 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 Suu) 

To nteasrire the crrrrent and the voltage of the circuit we rise the amnteter and the 
voltnreter. Have yori ever beerz interested in the contponenîs and the pn'nciples of 
the anrnreter or voltmeter? The galvanonieter reads InA. l f  you want to use the 
galvanonteter ro nreasrcre larger current or convert it to a voltnteter, wlrat woiild 
yori do? 

(The paper report of b a n )  

The prirpose of this experiment is to rinderstand the contponents and the 
principles ~f the anmeter and the voltme~er. We need a way to convert the 
galvanonreter from reading ImA to an anrnieter that reads larger crirrent. or to 
convert the galvanometer to a voltmeter. 

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

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

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



step, and reading the value on the galvanometer and ammeter. 1 focussed on their 

conclusions and the recommendations. 

(Paper report of Sari) 

Draw conclrrsions: graphing the resrtlt i =RI) is a straight line, so we can use this 
graph to regulate the galvanometer readingld to an ammeter reading 1OmA. 

(Paper report of b a n )  

In graphing i =AI ) is of srraight lines, i=kL Therefore. we can idenrifi the value 
of I (Anme fer) if we know the value of i (galvanometer). 

( P  aper report of Ha) 

In graphing i=f71) 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. 



Problern 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 

h e  or she can perform to get it (p. 351). In this study 1 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 foliowing: 

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 rnanual. Therefore, traditional labontory 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 experimen t 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 
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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 opponunities to practice the kind of problem solving 

skills that Polya (1945) developed in a four-step general framcwork for problern solving: 

Understanding the problem, devising a plan, carrying out plan. and looking back. 
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The result of the measure of studentsT attitude to laboratory work is presented in 

Table 2, below. 

Table 2: The result of test of students' attitude to Iaboratory work. 

1. Performing an experiments in the general physics 
laboratory increases my interest in the subject. 

3.1 would like to study in this lab. 
- - - 

3.1 would rather perform an expriment myself 
than watch a teacher perform the same 
experi ment. 

4. 1 like the equipment in this lab. 

5. I prefer designing strategies to solve problem by 
myself rather than follow cookbook. 

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

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

8. Learning physics without doing experiments is 
uninteresting. 

9. Performing experiments help me to understand 
the theorv material. 



1 
10. I prefer doing the experiment myself rather than 

asking the teacher what the results of the 
experiment are. 

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

016 

12. 1 do not like general physics experiment because 

O16 

the observations are never exact- 

13. Lab work in physics is boring and routine. 

(SD: Strongiy disagree, D: Disagree, U: Undecided, A: Agree, SA: Strongly Agree). 

The survey shows that al1 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. 

016 

1f6 

- - 

14. 1 prefer lessons in the classroom because the lab 
is tenibly disorganized. 

If students lack the necessary p i o r  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 

laboratcq 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 

016 
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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 resuit there is a great diversity in students' abilities and background 

knowledge. It seems particularl y important, therefore, for teachers to identi fy studen ts' 

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 

rnathematics. 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. 

1 feel Iucky to have participated in this laboratory. What 1 have leamed in 
the first experience with a problem-solving laboratory has been very 
valuable. What 1 have learned about problem solving will be valuable in 
my future and 1 can apply problem solving skills in analytical chemistry, 
which 1 plan to major in. 1 understand that scientific inquiry is more 
creative than I thought and 1 am interested in this aspect. 

In the traditional laboratory the students cornpleted laboratory work without 

knowing why they took each step. If the student does not know where to go with the 



investigation, he or she is unlikely to arrive at any worthwhile conclusion. The time to 

think about the scientific questions, the procedunl 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 on1 y fai l to teach students science 

process skills and science concepts, it may also becorne tediously boring. From this stand- 

point. 1 understand why students in mathematics. inforrnatics. and biology do not enjoy 

the general physics laboratory. But with the problem-solving laboratory al1 of the students 

reported that they could remember every step of experimental process. 

Because we solved this laboratory by ourselves we can remember every 
step of the solution. We understand why al1 the steps mors 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 concem for 

undentanding and meaning, the students in this laboratory made more of an effon 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. 



The  following is what the teacher had to Say about the problem-soiving 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 dunng the 
investigation. At the same time students must have an open mind to build 
their knowledge by cornparing 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. 



Even in those cases where student participation was not equal, for example in the 

case of asymmetric interaction, the group work was characterized by responsi bi lity and 

independence. In this situation at  leas one member of the group assumed the 

responsibility of designing the experïment with the assistance of some suggestions from 

the teacher. The results show that H a  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 dso 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 

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. 

Next, the comclusions, l imi t~! i~nr  and implications of this study are put forward 

in chapter five. 



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 iricluding questions for further research are presented. 

Conclusions 

The most important result of this study was that the students began to learn 

problem-solving skills that usually appear in the work of pmctising 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 soIutions- 

The study also revealed that problem solving achievement was infIuenced 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 mode1 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 o f  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 leaming process (Lutz. 1996, p. 

40). So this kind laboratory exercise requires students to take responsibility for their own 

leaming. 

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 phenornena and scientific 

concepts. 1 think some of the strategies explored in this study would be effective for this 



purpose; the teacher must deal with individuai 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. 3 1). It is apparent 

that the constnictivist learning 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 infi uence the active 

study of students. Because there is a great diversity of students at the Coilege of Natural 

Science the problem-sol ving 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 appropnate 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 



their study in the laboratory. At the beginning this study many of the students told me the 

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

Limitations of the study 

The purpose of this study was to investigate students' learning 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 conctusions drawn from the study 

might not be representative of other students in the population, and other laboratory 

activities 

Through the expriment, 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. 

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

How many students can study in this laboratory? 

What are the representations students construct in such a Iaboratory 

compared to those they construct in the traditional laboratory? 

1s there a significant difference in student achievement between 

students working in a group of three and students working in pairs or 

individual ly? 
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Appendù A 

Translation from laboratory rnanual 

Amnieter and Voltmaeter 

(Students read relevant sections from the main textbook) 

In this experirnent you will learn the way to constmct an ammeter and an 

voltmeter from a galvanometer, as well as you the way to use an ammeter and voltmeter 

with Direct current (DC). 

1. Theory 

1.1 The galvanometer (arnmeter) 

The galvanometer is shown Figure 1 

S6t non  am chUm 

Hkihl 

- The electromagnet, cal1 the m a t u r e ,  consists of a coi1 of very fine wire 

wound on a solt-iron bal1 as a core. 



- The complete armature is delicately pivoted upon a jewel bearing and is 

rnounted 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 

Ampe kg l 

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

the resistor Rb in series to suit the current running through it. 



To measure the larger currents we place a small resistance R, in parallel with the 

gaivanometer, called a shunt resistor. 

Rs (1 - i )  = (R,c + Rb)i  

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

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



An ammeter can measure the current such as 15Op.A to 1.2A by using the shunt resistors 

RI, R3. R3. &, R5. For example, if the current is 300pA, we use the second knob with the 

shunt resistors Rz + R3 + &+ Rs. 

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 Rp which has a very large resistance, as shown in Figure 6. 

The potential difference across the resistor. 



V = (Rp+ Ri).i 

Therefore, we can read the value of voltage. 

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

1 

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

the resistor of the voltmeter is: v = R~ E 
R, + Ro 

The error is 



It is apparent when Rj + = the error equals zero. 

i 1. Experiment 

III. 1 Identifv the resistance of the galvanometer: 

1 / Apparat us: 

a. The power supply voltage variable from O to 12 voltage. 

b. The galvanometer 1mADC. 

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. 



- Adjust the knob of the power supply voltage to a current of zero. adjust the 

resistor box R to 5KS2. 

- Adjust the resistor box R' to 100SL. 

- Tum on the power supply and adjust the power supply voltage so that the 

galvanometer reads 1mA and read the value on the voltmeter. 

- We have V= (Ri + R')i 

v - We got Ri = - R' 
1 

- Repeat the experiment with another values of the resistor box R' such as 200, 

300,40051. 

- Calculate the error. 

111.2. Shunt resistor for direct current. 

I f  Apparatus: 

- The power supply voltage variable from O to 12 volts. 

- The galvanometer to conven ammeter 1OmA 

- A standard arnmeter 

- Two resistor boxes R and R'. 



- The plexiglas box 2. 

2. Experiment: 

- 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 LOOOR. 

- Turn on the power supply. 

- Adjust the knob, step by step, of power supply voltage so that the standard 

ammeter reads IOmA. 

- Increasing, step by step, the resistance of the resistor box R' (using knob xO. 1, 

x 1, x 10) so the galvanometer reads 0.9mA 

- Adjust the knob of the power supply voltage so the standard ammeter reads 

lOmA and the galvanometer reads 1 mA. 

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

Ri i = Rs (1-1) 

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

galvanorneter. 

- Write the value of the resistance of R' 



- Write the value of the current, as indicated by the arnmeter and the 

galvanometer. 

- Draw the conclusion from graph i =F(I). 

111.3. Voltmeter: 

1.  Apparatus: 

- The power supply voltage variable fonn O to 12 voltage. 

- The gaivanometer. 

- A standard voltmeter which reads 6 Volts. 

- One resistor box R. 

- The ptexiglass box 3. 

2.  Experiment: 



- Using the plexiglass box 3 connect up the ciïcuit as shown in Figure 1 1 ,  and 

adjust the resistor R to 11,lûûQ. 

- Turn 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 gahnometer reads 1mA 

and the standard voltmeter reads 6 volts. 

- Wnte 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. 

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



Appert& A 

Laboratory manual 

AMPE v/L VON KÊ: 

Mi thqc @p nAy nhhm giup uinh vïén ndm vimg dch  d u  
t+o vik d c h  si$ d c  dbng hi3 dhg  VA do hieu di@x th6 tmng cd hai 
t d h g  hop : dong &en met chibu và dong a n  xoay chibu. 

1.1. Ampe kb khung qaay ( unpe ké'mt chidu 1 : 

Ampe ké và dign kd c6 d u  q o  nhii âien kd khung quay, 
g6m 4 c8c phân chinh n h ~  MU (hinh ) : 

- MQt khung d6y hinh chu nh& c, gbm Mt a6 vbng &y, di 
dông q d  mot WC. 

- Met 16i dt non hinh try F, et tmng khung, cùng tryc- 



- Môt nnm chdm vhih cüu NB; khung day và loi dwc dot 
giib hai cqc Nam - Bbc cua m m  chbm, 

- Met kini bbng nhôm, c6 dinli vdo thuilg, *ch chuyen 
triiac môt Mng chia dô: k m  c h  bhng nha rnôt doi trong a. Mot lb 
so x d n  .O rnôt n d u  lgc x d n  d n  b h g  vdi ng&u 1- diên tii d a  
lihring khi cd dong &en chqy-qua khung. 

MOy dwc d u  @O n h ~  th6 chi dwc dùng do chc dbng dien 

ei R, 1& diên td cua 
khiing, trong diéii lie. ngiéai ta 
rdp noi tigp vdi khung n*t dien 
td b6 chfnh R. thich hup vdi y&u 
cdu sii duiig (hinh 2). 

Dê do CAC dbng dien ldn 
han, ng&i ta phzii ghép Song 
song dién ke* vdi môt diên trd R 
goi Id shunt. 

Mwn cho kim lech h6t 
xn& chia de khi dbng diên 1 chay qua hé th6ng (ompe kg) thi ta 
phéi chon shunt R sa0 ch0 : 

Dien td tiwng dilang R, c h  R , % VA RG goi là diên t& ciia 
ampe kg : 



De c6 th& do cdc 

e d n g  dô klidc nhou n@i 
ta thaihg mdc csc diên td 
shunt vdi mot dien kd nhu 
hinh 3 : mot ampe kë' c6 
th6 do dwc  cdc dong 150 
&.. ... 1.2A ta dùng dien 

? 
trü shunt gdm d c  dien t d  
Ri, RA R, K. a. Thi du da'i 
vdi dong td"i da 300 fi, ta 
dùng nb'c thtt ha4 hic 46 

IT'ah 8 dien tdshunth RL+R3+ 

R, + &, d n  RI dwc coi n h ~  diên trù bb' chinh. 

Va n@i t d  R, ciia ampe k6 h't nho fi't nhô nên không dwc 
n6i hai 4bu ampe lié* v8o 2 cgc cua n d n  dien : chly ampe Ir&. 

1.3. Voit Lé* anet chibu: 

Vôn ké chi& dt.tqc Mo bai Mt ampe ké (thutmg ld 
microampe k6) d e  n6i ti6p vdi dien td phu 4, dt ldn. Ampe kg 
cb mot n@i td R, (xem hinh 6). 



Hiêu diên the u hai dBu he 

tri vây thay gi ghi gi8 trj 
cika i triin mat ciia ampe kd 
n@i ta t h m g  ghi gid t i  
cùa V v h  nhd the' ta US mot 
volt- Ire' . Dg cho k m iech 

h6t chia thi phài chon R, saci cho : 

M& c6 nhiau girri do khdc nhau ngiribi ta d c  nhisu di@n 
t& tbi du hinh 7. Khi ' do vdi giai 200 V , nôi tr6 là ik + R, + R, + 
Rd+& +R,. 

Nai td R, cdng Ibn thi kgt qg<ïi do d n g  chinh d e .  

Th@ vgy, x& met npidn diên th6 E, d@n tr6 R (E: hiéu 
&en th6 mach hd d a  ngu6n) , Khi dùng 
sô* chi ciia volt- kê' 1à : 

volt - k e  c6 nei td R, thi 



Hinh 7 
Sei so' t-g dôï ls: 



III. TH* HANH : 

111.1. Do nbi ta+ cria ampe - kéœ: 
1/  Dung m.- 

a - Môt ngdn dien O -+ 12 VDC (vd O + 12 VAC ). 

b - Mijt mA - ké* 1 mADC c6 diijn tra n@i R, c h  do. 

c - Môt v6n lie 1 VDC. 

d - Hai hep dien tr6 R voi R'. 

e - Môt bang Plexiglors bu6ng d&n ldp moch diên. 

2/ Thibt k#p maeh va & R, 

- Si3 dung b n g  Plhglars 1 dê mdc nqch dien nhir bnh  9. 

- D@t niit tony c h  nnpub dien d tri không . cho hgp 
dien tri5: R khoiing 5 W2 . 

- Md n&n dien VA hiéu chhh tir tir ntim xoay eiia n g d n  
vé ben phtii d6 kim cik mA ke A chi tb'i da (1mA). Doc s6 chi tr&n 
van kd 1 VDC. 

vbi i = 0,001 A 



- Lâp hi thi nghiêm vdi cdc gi6 trithic ciia R', thi du 
200(1,3ûûQ 40012. 

- Tinh gi8; te trung blnh R, va sai aô' a . 
- Xoay num ngdn di@n vb O. 

- Tdt ngudn dien. 

- Chi d c  kdt quà do vh tinh vào bàng : 

111.2. Thi't ;tep ampe kb DC c6 Shunk 

I/ Dyng cy : 

a - Met n g d n  diijn O + 12 VDC ( VA O + 12 VAC ). 



d - Hai h&p &en M. 

e - M@t bang P1exigh.s h d n g  ddn ldp -ch di@n. 

- Sa dung Ung  P1exighm~ dg d c  mech dien nhu hinh 10. 
Dien td R. U h@p di@ t d  R'. Cho R' ùàng khdng. 

- Cho R là khoàng lûûû 

- D i h  chinh $ii tir nuim xoay cùa ngudn dgn dB tgng U n  
dbng âiên 1 qua mA - kd mau- Khi mA - kg d u  chi 1 = 10 mA thi 
ngimg Ung ( d u  num xoay b tri cvc &i mih dbng 1 kh6ng d h  
10 mA thi giam diên td R). . . 

- Tang a n  .mn trd R' (air dyng cdc giai x 0.1 ; r 1 va x 
10). dbng 1 qua mA kB' A tëng a n  tif không VA dbng 1 qua mA- kê' 
d u  hai g . m .  

- Ngimg tang R' khi i vho khoiing 0,9 mA. 

- Di& chinh tir tir nfim xoay cùa ngdn âi@ VA hep d*n 
td R'sao cho mA- k 6 d u  chi 1 = IO mA và mA - k 8 A  chi 1 mA. 

- Doc gia tri R' vB vdi giil h.i R, do i9 trên, ta nghiêm lai hij 
th& 



- Gi6m dDn n g d n  dién vê O sno cho dong ciiên 1 cua mA-kd 
d u  giam timn du11 vi q& vi doc s6 chi tuaiig h g  trên mA-Lê* A. 

- Tdt n g d n  âiêii. 

- Ghi gid t i  R, t .............- i2 

- Ghi cdc k6t qui vjio bing : 

111.3. Thi6-t 1l/p vôn kê* m+t chidu < v8n ka DC) : 

a- M@t nguon dién 0 + 12 VDC (&t d n g  tdc trên ngudn 
dién v& phio DC). 

b - Môt mA - ke A lmADC dqc diing d6 chuyen thanh vôn 
kd 6 VDC. 



c - MQt vbn M DC d u ,  10 VDC. 

e - MOt bang Plexigîan h m g  an i4p -ch wn. 

- Sa3 dvng Plamiglau III âé d c  -ch W n  nhir Mnh I l .  
Dien td phu EZ, II hep a n  td EL Cho R gié t i  ùhdng 11.10012. 

- hW ngdn a n .  Dib chinh W U n h  w y  ciin ngdn diqn 
d%tllngh*u dÿnth6t3 hai d lungtdnd i~ntüOdéngV(bpc t~n  
volt kC: DC d u ) .  

-Gi&mddn R.kimcùamA-kBAI@chtllngdBnabn I d .  
ddng thùi kim M n  vdn ké.hai gidm mot ch&. nghg Mm R khi 
kim c h  hai dbng hb chi g8n 1 mA ttdn mA- Irb A) vd gdn 8V (Wn 
volt kg du). Tang ngubn dien d6 kim c h  vbn kg chi 6V. N6u 
kirn ciàa mA - kb' lchdng chi ddng 1 mA thi h*u chbh R ( d u  d n  
kg ci ngdn dien ). 

- Khi Ium c h  volt ké chi 6V va kim CU. mA - ké A chi 
h A ,  ta ghi gid trj dien t d  phu 5, ( doc trên hQp dien tib RI. Gidm 
ddn npudn di4n vi ( theo volt kg d u )  cho a n  U6ng 
và ddng thai doc giâ tri tirang h g  M n  mA kg. 

- Ghigi6 tri&- J40.n 
- Chi cbc kdt qud vdo b8ng : 

- V8 d h g  cong i s f (VI. Nhgn x6t 





Ammeters, Voltmeters 
(One additional source) 

The devices which measure current, potenti al di fference, and resistance are calied 

ammeters, voltmeters, and ohmmeters, respectively. To measure the current through the 

resistor in the simple circuit, we place an arnmeter in series with the resistor, as indicated 

in the figure 25-22. 

n p  25-22 
IYhs0nv.l gilvrnometer. 
When the coi1 d e s  a cur- 
nnt, the magner aerb a 
toque on the coi1 propor- 
timd to the curmt, ausing 
the coi1 to twist. The deficc- 
lion mad on the d e  ïs PFO- 
portional to the cunuit in the 
cos 

Since the ammeter has some resistance, the current in the circuit is changed when 

the ammeter is insetted. Ideall y, 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 arnmeter or voltmeter is a galvanometer, a device 

which detects a small current through it. The galvanometer consists of wire free to turn, 



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 t h e  

pnnciple that a coi1 carrying a current in a magnetic field experiences a torque which is 

proportional to the current. This torque rotates the coil unti l 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 parriIlel 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 arnmeter and voltmeter from a 

gal vanorneter. P-7 
Ammeter Voltmeter 

Examplel: Using a galvanometer with a resistance of 20Q, for which 5. lo4 gives 

full-scale defiection, design an ammeter which can read full scale when the current is 5A. 

Since the total current through the ammeter must be 5A when the current through 

the galvanometer is just 5 . 1 0 " ~ ,  most of the current must go through the shunt resistw 

Let Rs be the shunt resistance and 1, be the current through the shunt. Since the 

galvanometer and shunt are in parallel, we have IgRgI,R, and 1, + 4 =5A 



The value of the shunt resistor should be Rs = I,Rd I,=?-. 10-'!2. 

Example 2: Using the same galvanometer as in example 1 designed a voltmeter 

which will read !O V. 

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

We have Ig(Rp+Rd=lOV thus Rp= 2 0 W .  

Note: 

nie ammeter is used tu measure the jlow of ctrrrent through a conductor 
sontervhat as a florv meter is used to measure the flow of water through a pipe. In both 
cases the nreter is inserted in series with the circuit under test. 

The voltmeter is used tu measure the diflerence of potential (electrical pressure or 
voltage drop) beîween two points in a circirit sonlewlzat as the pressure gage is used tu 
rneasure the warer pressrire in a pipe. In both cases the nreasriring 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 miIliammeter whose resistance is 100 Ohms and whose full- 

scale deflection is 1 milliarnpere. What must be the resistance of the Shunt needed 

to convert the meter to read a full-scale deflection of 100 rnilliamperes? 

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 IOVolt? 



Appendix C 

Pre-lab questions activities 

1 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 concems before expenment. 

Questionl: How can yorr measrire the crcrrent and voltage across a resistor? 

Question2: Can yoli explain the principal contponent of a galvanometer? 

Qrtestion3: Assume you have a niillianmeter whose resistance is 100 Ohnis 
and whose jirll-scale deflection is I milliatnpere. What rnust be the 
resistance of the Shunt needed tu convert the nieter to read a firll- 
scale deflecf ion of 100 milliamperes ? 

Question4: Assunie yorr have a millianinieter whose $dl-scale deflection is I 
milliampere and whose resistance is 100 Ohnis. What nrust be the 
resistance of a series multiplier to convert this meter to a voltrneter 
whose $dl-scale deflection reads 10Volt ? 



Appendix D 

The resistor box R' 

Two 
terminais to 
connect 
plexigIass 
box 

The knobs adjust the resistance of the resistor box R' 

For example, this position, the resistance is 1.20hm 

The resistor box R' has a resistance from O to 10000hm. 

The plexiglass box 1 

f l  The wires were connected at the back of plexiglass box 

Terminais connect to the power supply voltage, the resistor box or galvanometer 



Appendix E 

Questionnaire 

Dear friends. 

I am a teacher of department of physics of College of Natural Science. At present, 

1 am doing my thesis in Science Education at Faculty of Education of Simon Fraser 

University, Canada. My thesis involves the study of appfying constructivist approach in 

general physics laboratory. 1 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 1 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 1 will make selection based on 

my own needs in tems of educational research. 

1 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 



Please answer the following question 

Student full Narne: 

Sex Male Female 

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

Natural Science. 

Mathematics: Physics: Chemistry: 

Have you ever learned physics laboratory at high school? 

Yes O 

No O 

Please let me know your address or phone number so that 1 c m  contact you. 

Phone number: 

Address: 



VIEîNAMESE MiNlSTRY OF EDUCAnON AND TRAINiNC- 
NAIiONAL UNIVE- OP HO CHI MMB CITY 

CoUege of N d  Science 
Ho Chi Minh City 

S i o n  Fraser Univenity 
Bunuby, British Coiumbii V5A 1S6 
Cuirdr 

t.Chwskg 6 dudents b u e  on his own ne& in tams of d u c u i o d  ~ u t . l c k  

2,Taching some topics in Gcncd L.boratory during four wetkf in the FIU 

session 1998. 

Mr. V i  is Jso aiiowcd to nukt his obmtionr,  to uitavicw students and to 

ask studairs for complethg q u d o ~ ~  on studcnts' rttmides forwud le3iniUig 

labontory and science. 

The Coiiege of N d  Saence is v a y  p l d  to provide his with avaiiable 

H d  of Frculty of Gtneral Eduution 

The CoUcgc ofNitutal Science. 




