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fdefine IRRX AO0 // HPI-6FFR4 N

fdefine V_1 Al // Light Bulb
fdefine V_2 A2 // Potentiometer

void setup() {
Serial.begin (9600);
}

void loop() {
int r = analogRead (IRRX);
analogRead(V_1);

int a

int b = analogRead(V_2);

Serial.print (x);
Serial.print ("\t");
Serial.print (a);
Serial.print ("\t");
Serial.println(b);

delay(100);
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Abstract

Effects of Exploring Systematic
Errors on Teachers” Perception of
Experimental Error and Laboratory

Instructions

Daehyun Park
Physics Education Major
Department of Science Education

The Graduate School

Seoul National University

It 1s very difficult to obtain the conventional true value of
textbooks in Inquiry experiments of elementary and secondary
schools. Teachers consider that the experimental error is very large
due to the lack of experimental equipment and environment, and
immaturity of experiment. And teachers show little interest in the
cause and correction of errors. However, efforts to find the cause of
the error and reduce the error are important in understanding the
characteristics of the experimental method and the experimental tools
to make the mastery of the experiment, and for the experimenter to

understand the nature of science and background theory related to the
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experiment.

According to previous studies, laboratory instruction is recognized
as an effective teaching method to achieve the goal of scientific
education, which is to improve scientific inquiry ability. However, in
the school, the frequency of laboratory instructions is small, and the
laboratory instructions are focused on acquiring knowledge. The
reason why laboratory instructions are not conducted well in school
1S because of the environmental factors that make experiments
difficult and the difficulties experienced by teachers in laboratory
instructions. According to previous studies on laboratory instructions,
when there is an error in the experimental results, teachers think
that, rather than finding the cause in detail, the error occurs because
the experimental equipments are poor and students are unskilled in
experimenting. However, if the cause of the error is regarded only as
the experimental environment and the inexperienced students, the
laboratory instruction loses meaning without achieving the original
goal of improving scientific inquiry ability.

In this study, we interviewed physics teachers working in science
high schools to see if there were the same difficulties in laboratory
instructions even 1in schools with relatively good experimental
environments. In addition, we analyzed the perception of experimental
error and laboratory instructions. First, even if the teachers followed
the experiment according to the textbook, the experiment result was
imprecise and inaccurate, and the problem was solved by using
precise experimental tools. In the laboratory instructions, even if
students found the cause of the error, the process of correcting the
error did not proceed. In some cases, the cause of the error could not
be found in the experiment using the experimental kit. And teachers

were having difficulty about correcting systematic errors. The
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primary goal of secondary school physics experiment is to compare
the experimental results with theories to confirm the validity of the
theory and to improve students’ scientific inquiry ability. However,
there are systematic errors that are not revealed in the experimental
tools and process, and it i1s difficult to achieve this goal without
correcting them.

We investigated whether teachers perceived the importance of error
correction and whether there was a change 1in attitude about
conducting laboratory instructions, through the activities of
understanding and correcting the causes of systematic errors. There
are several types of experimental errors, random errors or careless
errors are related to the individual’s experimental skill, and can be
resolved through long experience or precise experimental tools.
However, compared to the random errors, the systematic error is a
systematically inherent in the experimental apparatus, so it 1is
important to understand the operation of the experimental tool rather
than the experimenter’'s experience. In addition, understanding of
systematic errors, rather than random errors, can be effective in
inducing changes in teachers’ attitudes of laboratory instructions by
recognizing the role of errors in experiment and the importance of
error correction.

In order to find an experimental topic that would be effective for
teachers to understand systematic errors, we examined the
experimental tools contained in the physics experiment textbooks, and
found experiments that are likely to cause systematic errors related
to the experimental tools. Since it is difficult to find and eliminate
systematic errors in all experiments, and the elimination of systematic
errors itself is not the goal of this study, we chose an experimental

topic that facilitates the process of discovering, analyzing, and
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correcting systematic errors. Each topic was selected from mechanics,
electromagnetics, light and wave, and modern physics. we designed
physics experiments for exploring systematic errors using smart
measuring instruments, open source hardware, and general-purpose
measuring instruments, and asked teachers to perform these
experiments.

Three teachers participated in this study, taking charge of physics
at science high school. Participants in the study had teaching careers
of 20 years or more, 10 years or more, and less than 5 years,
respectively. We could also classify the causes of systematic errors
according to the type of experimental tools used when designing
experiments using smart devices, open source, and general-purpose
devices. In the experiments using smart devices, the operating
principle of the devices caused the systematic errors. In the
experiments using general-purpose equipments or open source
hardwares, the physical quantity of the experimental tools used as an
ideal condition was the cause of systematic error.

After participants performed these experiments, interviews were
conducted to find out what changes occurred in the perception of
errors. Participants in this study changed their existing notion that
the occurrence of errors was inevitable in the experiments through
the exploring systematic errors. They also said that the
understanding of systematic errors influenced to consider the tools
used in the laboratory instructions. And they expressed that it gave
an educational meaning emphasizing the importance of understanding
and correcting errors.

In this study, we found that the systematic errors can be largely
divided into two types according to the experimental apparatus, due

to the operating principle of the apparatus itself and due to the
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limitation of the experimental environment. Based on these results, we
presented in the flowchart the process of finding the cause of
systematic errors and correcting the measured values.

The study is summarized as follows. Teachers generally do not
doubt occurrence of errors in experiments, they think that it is
difficult to correct the errors. However, when the experimental results
deviate from the theory, if the error analysis is neglected, the
laboratory instructions turns away from the nature of science.
Therefore, teachers’ activities are needed to explore the nature of
error and recognize its importance. Although the random error is not
systematic, since the systematic error is inherent in the device itself,
it 1s easy to systematically find the cause of the error and analyze
the effect. Therefore, we designed a physics experiments aimed at
finding, analyzing, and understanding the systematic errors using
appropriate experimental topics and devices, and let teachers perform
them. After that, we interviewed to see how teachers’ perceptions of
experimental errors have changed. And we found that experience of
these physic experiments can also affect the teachers’ perception of
the laboratory instructions.

We expect that, if the results of this study are expanded and
applied to In-service training programs for experiments, teachers will
be able to recognize the relationship between theory and experiment,
and it will help students understand the nature of science through

laboratory instructions.
keywords : Systematic errors, Teachers, Experimental errors,

Laboratory instructions, Physics experiments, Experimental tools
Student Number : 2011-31081
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