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ABSTRAK

Tujuan kgian ini addah untuk membangunkan satu Ssem pembdgaran makmd
berasaskan komputer (MBL) bagi eksperimen Hukum Fzik Tekanan Gas di
peringkat Pendidikan Tinggi. Kgian ini dibahagikan kepada 2 bahagian; bahagian
pertama melibatkan pembangunan ssgem dan bahagian kedua idah kgian perseps
terhadap penggunaan ssem yang telah dibangunkan. PHOENIX (Pengelog Data)
addah perkakasan utama ddam sgem ini yang diperoleh dari Inter-University
Accelerator Centre (IUAC), New Ddhi. Pakakasan lain yang digunakan idah
penderia suhu dan penderia tekanan. Perkakasan tersebut dikawa oleh komputer.
Penderia ini ditentukur sedlaras dengan piawvaan tekanan den suhu. Data dan
parameter yang diperolehi daripada penentukuran digunakan daam koswer untuk
menentukan nilai tekanan dan suhu berdasarkan voltan penderia itu. Rekabentuk
koswer untuk ssem ini berasaskan modd indruksond Analysis, Design,
Devel opment, | mplementation, and Eval uation (ADDIE), sementara pengaturcaraan
koswer menggunakan Bahasa Python (sdah sau Perisan Terbuka). Koswer ini
menyedigkan satu eksperimen bagi Hukum Gay-Lussac (Hukum Tekanan).
Eksperimen ini mengukur perubahan tekanan dan suhu gas ddam sau keldang
Erlenmeyer. Koswer ini memgparkan data pada skrin komputer medui grdf.
Bahagian kedua addah kgian yang dijdankan ke atas 41 responden terdiri daripada
pelgar yang mengambil subjek termodinamik bagi menjdankan latihan eksperimen
dengan menggunakan sgem yang dibangunkan. Aspek perseps mdiputi
antaramuka pengguna, paparan gre, penggunaan perisan, pemasangan perkakasan
dan nota panduan. Andiss data mengguneken kaedeh Statistik diskriptif dengan
lima skada Likert. Skor purata min 401 diperolehi daripada dapatan kgian. Ini
menunjukkan koswer berpretas baik. Penggunaan koswer boleh dikembangkan
untuk penggaran dan pembdgaran bagi pelbaga peringkat penggian.



ABSTRACT

The purpose of this research was to develop a Microcomputer-Based L aboratory
(MBL) system for gas pressure law experiment used in tetiary physics education.
The research was divided into two parts; the first part wes to develop the system
and the second part was to study the perception towards the use of the built system.
The main hardware of the sysem was the PHOENIX (Daa Logger) which was
obtained from Inter-University Accelerator Centre (IUAC), New Delhi. Others
hardware used were temperature sensor and pressure sensor. These hardware
components were controlled by a computer. The sensors were calibrated according
to the standard reference of pressure and temperature. The data and parameters
obtained from the calibration were usad in the courseware to determine the pressure
and temperature based on the voltage of the sensors. The courseware design for this
sydem was developed based on the Andyss, Desgn, Development,
Implementation, and Evauation (ADDIE) indructiond model, while the
courseware programming was written by using the Python Language (one of the
Open Source Software Systems). This courseware provided an experiment for the
Gay-Lussac's Law (Gas Pressure Law). This experiment measured the change of
pressure and temperature of the gas in the Erlenmeyer flask. The courseware was
able to display the data in the form of graph on the computer screen. The second
part of the study was conducted on 41 respondents who joined the thermodynamics
course to run the laboratory exercise using the built system. The perception aspects
dudied were user interface, graph display, use of coursaware, installation of
hardware and guide note. The data analysis was done by usng descriptive statistics
with the five-point Likert scae. An average mean score of 401 was obtained from
the result. This shows the courseware has good performance. The application of
this coursaware can be expanded in the teaching and leaning for other level of
education.
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CHAPTER 1

INTRODUCTION

This chapter begins with the Microcomputer-Based Laboratory (MBL) system and its
application. This chapter dso discusses the research background, problem statements,
research objectives, research questions, sgnificance of the research, limitation and
delimitation of the study. This is followed by the definitions of terms, framework of

the study and summary of the chapter.

11 MBL System and Its Application

Generdly, the MBL sysem can be divided into two mgor parts, hardware and

software. The hardware part conssts of data logger and various types of sensors. The



oftware part is to execute data logging, data processing and display the redl-time plot

on the computer screen.

Scientists need experiments to veify theories. For students, they need to do the
experiments in order to understand the theories. So, the experimentd exercises are
very important in learning physics. MBL sysem is one of the practica approaches to
run the experiments. However, the MBL hardware and software in the market are very

expensive for school, matriculation, college and university laboratories in Mdaysa

For the thermodynamics course, there are many experiments which require the
use of thermometers and bourdon gauges. Additiondly, the students need to take both
readings a same time. Therefore, this manud data collection will produce errors. So,
it is totdly different if the students use the MBL system. The MBL system enables the
user to gather both data smultaneoudly. For these reasons, researcher deveoped a
low-cos MBL sysem using a data logger incorporated with the temperature and
pressure sensors. The courseware program far controlling the syssem was written by
usng the Python Programming Languege verson 2.4.3 (one of the Open Source

Software System).

12  Research Background

Conventiona practicd exercises in learning Physics normdly require students to

follow specific procedures and solve specdific questions provided in the laboratory



manua. Hence, longer period of time is used to conduct these routines of recording

the data manualy, plot the graph and doing the data andysis.

In the MBL systlem, dl routine jobs are computerised and therefore save the
time for other activities. The MBL activities can be programmed as to encourage
Students to creste questions and solve the problems themselves, instead of depending
on the limited scope of the questions provided in the laboratory manud (Krgak and
Layman, 1993).

To use the MBL system, the students need to fix or probe sensors to a system.
The probe is attached to a computer, where it provides utility for Sudents to accessthe
ingruction and information displayed. Students will have the opportunity to perform a
red experiment and compare to Smulaion experiment. Hence, they will gan new
learning experience in performing experiment by using the MBL system. Students will
be able to collect and record data and then plot the graph immediately on the monitor

screen of the computer.

Snce the MBL activities can be diversfied, the teachers who develop the
experiments will aso increase the knowledge and credtivity in developing new
experiments. As Stenberg (2003) cdamed, "science teachers who progressively
upgraded the MBL technique, which could attract students' attraction, would have the
opportunities to engage students intdlectualy, to explore more meaningful and

exciting subject matter".



Generaly, the cogt for the MBL sysem development and the use of the MBL
goparatus is relatively higher than the cogt for the conventiond manud system. The
cost will be even higher if the sysem is to be goplied in dl stages of education
(Gintautas and Hubler, 2009; Ajith Kumar, 2008). In order to make it possible for the
MBL sysem to be used in education, the cost mugt be cut down. A group of workers
from the Inter-Universty Accderator Centre (IUAC) had taken up this task. They
developed the PHOENIX Development Sysem for Designing Science Experiments.
This hardware package was chegp enough for college levd or even schoal |aboratories
to own and enabling them to do experiments and performed numerica andysis of the
data usng computers (Ajith Kumar, 2008). To make it chegper, the software
development for package uses the Python Programming Language from the Open
Source Software (OSS) system.

OSS system offers free access and paid access with afordable pricing. This
offer leads to the foundation of the Mdaysan Public Sector OSS Magter Plan (OSCC
Maaysa, 2007) which aims to reduce totd cost pad for the ownership and increase
freedom of choice of the software usage. The magter plan includes the developmertt,
implementation and roadmap to edablish an Open Source Competency Centre

(OSCC) which runs the OSS gpplication in the adminigtration of the Public Sector.

In line with the country's aspiration, researcher used the python programming
language for software development in this project. Python programming language is
available on the website and it can be easily downloaded.



13 Problem Statements

The annoyances of errors in scientific experiments are unavoidable but the errors can
be reduced. In the conventiond experiment for thermodynamics, there are two types
of errors. Thefird type is the random errors which are due to incorrect eye position of
the observer or incorrect ingrument when making measurement. The second type is
the sysematic errors which are due to the eror in cdibration of ingrument or
imperfect methods of obsarvation (Northrop, 2005). The students will find out the
overd| erors ater comparing the experimenta result with theoretical result. The
students will have to repeet the whole process of the experiment in order to have more

precise result.

For example, Figure 11 shows the Pressure Law experiment for secondary
schoal in Mdaysa (Chang, Koay Kheng Chuan & Yew Kok Leh, 2007). The am of
the experiment isto investigate the relationship between the pressure and temperature
of gas when volume is congtant. However, the thermometer measures the temperature
of water. This will generae the sysemdtic error. While reading the data from the
thermometer or bounder gauge, the students may get incorrect data due to incorrect
gye pogtion (random error). Additiondly, they need to gather both readings, the

temperature and pressure ssimultaneoudly.
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Figure 1.1 Conventional Pressure Law Experimental Setup

The MBL system can overcome the difficulties faced in the conventional way
of performing the gas pressure law experiment. The random errors can be reduced
because the data are recorded by temperature and pressure sensors. The systematic
error is corrected because these sensors are placed in the gas system. Nevertheless, the
standard MBL system and apparatus available in the market are foreign products and
they are expensive (Taylor, 1997; Ajith Kumar, 2006; Gintautas and Hubler, 2009).
The software to run the experiments remains the property of the manufacturer and
cannot be accessed. So, the application cannot be diversified. The component parts
and servicing are all depending on the manufacturer alone which causes delay and

high maintenance cost. Those problems are summarised and listed below:

1. Random error which is due to incorrect eye position of the observer.
2. Systematic error which is due imperfect methods of observation.
3. The data of pressure and temperature cannot be recorded simultaneously.

4. The cost of MBL system in the market is too expensive.




14 Research Objectives

The man purpose of the research is to devdop a Microcomputer-Based Laboratory
(MBL) Sygem in Gas Pressure Lav Experiment for Tertiary Physics Education.
Then, a sudy on students perception through the use of the gpparatus was carried out.
The development includes the cdibration of sensors, courseware development,
designing of the complete Gas Pressure Law experimentd st and the gpplication of
the sysdem (hardware and coursaware) for the Gas Pressure Law experiment. The
sysem adopts the technology of the PHOENIX (Daa Logger) from IUAC ad
incorporates with specific sensors. The process of the experiment is controlled by a
computer. Courseware development is done by using the Python Programming
Language which is one of the Open Source Software (OSS) systems. In order to

achieve these goals the objectives of this research are liged below.

1. To develop a MBL system incorporating the technology of PHOENIX (Daa
Logger), pressure sensor, temperaiure sensor and the courseware package
developed by using the Python Programming Language.

2. To design a complete experimentd st (Gas Pressure Law) for use in the
thermodynamics course.

3. To vdlidate the complete experimenta st (Gas Pressure Law) for use in the
thermodynamics course.

4. To study the students perception on the complete MBL experimenta system.



15 Research Questions

The focus in this research is the development of a complete MBL experimental set for
the Gas Pressure Law experiment. The development is followed by a perception study
on the use of the MBL experimental set. The outcomes of the survey are expected to

provide answers to the following questions:

1. Do the respondents have the prior experience in performing the Pressure Law
experiment in the secondary school?

2. What are the perceptions of respondents about the design of MBL package?

3. What are the difficulties experienced by respondents who use the experimental
apparatus?

4. What are the weaknesses of the MBL package?

5. How can respondents perceptions be used to improve the MBL package?

16 Significance of the Resear ch

The built MBL system is meant to be used for laboratory exercises in UPS. It is
because the gas pressure law experiment in universty gill using the conventional
method. The quantities (pressure and temperature) were observed and recorded

manually.



This hardware is relatively cheap. The components are available in our local
suppliers. Schools and colleges can get these materias easily within reasonable short
time. However, the teachers and instructors need to study, modify and develop the
experimental set to suit their laboratory exercises and aso learn to understand the

development of the courseware.

On a large scale, this idea will be accepted by the government authorities to
improve teachers attitude towards exploring new knowledge in this MBL package
(hardware and courseware development) for teaching and learning in science. At the
same time, the science laboratory facilities in school and universities can be upgraded

from time to time.

17 Limitation and Delimitation

The respondents of the study were limited to the undergraduate students who were
taking the course TFA-2043 Thermodynamics, Physics Departments, UPSI. Therefore,
the result cannot be used to generdlize the perception of tertiary students at large

which should include students from other universities and tertiary institutions.

The scope of the hardware used in the research was delimited to the use of
only 2 types of sensors (pressure and temperature sensors). The delimitations include

the range of the pressure sensor between 20 - 250 kPa. Additionally, the result and
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discussion will be focussed only on the Gas Pressure Law experiment. The Boyle's

Law and the Charles's Law are excluded.

18 Definitions of Terms

The following terms were used throughouit this study and are defined as follows:

1. Microcomputer-Based Laboratory Sysem - the integration of computer
hardware and software in the form of the interfaces and sensors for use in the
science laboratory (Tomshaw, 2006). Widiga (2002) defined the
Microcomputer-Based Laboratory (MBL) as a device design to collect the data
via various probes, which detect physical quantities and then store the data in
the computer. In this study, the pressure and temperature sensors are used in

the gas pressure law experiment.

2. Gas Law Experiment - gas law experiments are to investigate the
relationship among pressure, volume and temperature of a gas (Young and
Freedman, 2004). In this study, the dependence of pressure on temperature was
investigated. The pressure - temperature relationship (for constant volume) is

called the Gay-Lussac's Law (Gas Pressure).





