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INTRODUCTION
1. Rationale

Lao PDR is currently in a period of industrializati and modernization to keep up with the
development of science and technology and integvéte the world economy of knowledge. By 2020 the
aim of Lao PDR is to escape the poverty and undeetdpment.

For achieving this goal, Laos Ministfy Education has set up an educational model 202
order to educate students with thermodynamic seatigurnior high school, teachers currently teatrhost
by lecturing theory and not using experiment. Tisispartly because teacher still are fraid of gsin
experiment in teaching. In their thought, demaigin experiment is not effective in teaching phgsiFor
example when the teachers teach the concept ofamehtemperaturesufficient knowledge, intellectual
competence and good moral qualities.

For , they lust explains the thermaémpdmena in daily life, or use simple experimeotde¢lp
students understand the concept. The experimeotd akat , heattrasfer and heating value are siepd
not scientific, so that they are not effectivedadhing to develop the experimental competencstéaient in
the classroom. The cause of this that the availitioratory equipment used to teach these colieatitl
limited, with or without sufficient facilities need to meet the teaching requirement. Especiallyabie of
the experimental equipment about technical apjtinatis of great concerm here.

To combat the problem and improve quality of Ptyseaching in juniir high school, we choose our
research topic as “construction and useof expet@hequipment in teaching section “thermology”- pitg
grade 8 to develop experimental competence oestgdn lao people’s democratic republic”.

2. Limitations

The dissertation is to design some experimentakcds on the basis of analyzing the experimental
competence structure and using these experimeetatas in teaching section"thermology” - Grade 8
physics in secondary schools in Lao PDR accordingeaching solutions problem solving to to enhance
students’ experimentl competence.

3. Delimitations
+ Objects
- Knowledge content of Thermal Physic8,gade junior high school.
- Practical competence in problem-based learnnéimguphysical experiment.
+ Scope of the research

The teaching process of thermal physics foggde students in the secondary school, Salavgim Hi
School, Salavan district, Salavan province, Laos.

4. Scicentific hypothesis

If the construction and use of experimental equiptniased on analyzing the experimental capacity
and using these experimental devices in teachictjoséthermology" - Grade 8 physics in secondary
schools in Lao PDR according to teaching solutjgnoblem solving will develop experimental competnc
5. Research goal

- To study the theoretical basis of teaching talnthe development of the experimental competence
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of students, especially, theories on the constinaind use of laboratory equipment in physics tegc{8th
grade)

- To study textbook content to determine the kadgé about thermal physics that 8th grade studawmsto
acquire, then identify the experiment necessavifglucted.

- To survey the teaching status ofthermal physic8th grade, in order to understand the current
teaching and learning method, the’ difficultiese¢her and the common mistakes of students abeumah
physics, the current stateo of laboratory apparasusell as the usage of those facilitesin secgrstarool.

6. Research method

- Study referentce: books, articles, theses, datgan, Physics 8 textbooks, this is to build the
theoretical basis and procedure using the expetimen

- Research in the laboratory: design, manufaenuoldest the experimental apparatus

- Do survey: observation, lesson plan reviewydision with teachers and students.

- Pedagogical practice: apply the lesson portgalithhe secondary school..

7. New contribution
In terms of theory:

- Proposed experimental competence structure in ghysaching.

- Proposed some suggestionsin teaching Thermolagpeade — ®hysice to develop the student's
experimental competence.

In terms of reality:

- Construcct experimental competence equipmentaoy out 18 experiments in teaching
"Thermology"- greade"8Physice.

- Build learning activitive (formation and use ofmdwledge) associated with constructes
experiments.

- Compile 7 lesson portfolios, using designed legnactivites and constructed experimental
equipment.

- Evaluate the experimentce competence of studetite study thermologygreade  Bhysics.

CHAPTER 1: LITERATUREREVIEW

There are many researches in the world about algtar@ing methods and problem - solving skill
implementation in teaching physics in junior amshisr high school. Organizing activities, constigt
experimental equipment, and using these faciliies important parts of the learning procedure. The
experimental equipment is a means of teaching empte the active learning for the student, there by
enhancing their excitement and learning outcomegaally in the development of the experimental
competence of student.

For the purpose of constructing and using laboyasmuipment in teaching physics to develop

student’s experimental competence, we have studedverview of the following issues:

- Review on competence and experimemapetence..

- Review on the construction and use of laborateguipment in teachingphysics to develop



experimental competence.

- Review on the study of the construction and u§daboratory equipment in the field of
thermodynamics.

1. 1. Competence and experimental competence

+ Competence

- Competencerefers to the ability of an individual a certain field - which help her toaccomplish
work effectively as expected..

- The concept of competencecomes from the LatirdWoompetentia” which means "to respond".
Today, this concept is understood in many differesaty. So far there have beenmany researchers on
competence.

+ According to P.A. Rudich, competence is the pslagical nature of a person who governs the
acquisition of knowledge, skills and technique &# as the effect of performing an activity.

+ Gerard and Roegiers (1993) examine competena dategration of skills that allow one to
recognize a situation and respond to it in a nhtana integrated manner.De Ketele (1995) argues tha
competence is a set of skills that affect a pddicsituation in a given situation in order to slroblems
posed by the situation.

+ Experimental competence

In our research on experimmenttal competence, we bansulted on the conceptual contents of
some theses or concepts in some articles and books:

- According to Josephy (1986), evaluatainexperimental activity in physics through the GCE
includes four processes planning (experimental ggesenhancement and clarification), implementation
(observation, manipulation , data collection, iptetation (data processing, reasoning, predictiod a
explanation), communication (reporting, receivimjormation), no hierarchy or sequence is implied By
presenting the processes and skills in this padatiarder.

- Millar (2004) has identified that priaefl work includes all activities related to thesebvation and
manipulation of the objects that we study. Thr picat activities include both laboratory and home
activities. Practical activities help students knémd act like a scientist.

- The experiment competence is one efgpecific competenes that are formed through kysigs
teaching. When solving practical problems, studehtve to apply knowledge the combination of menta
activities and the pratical knowledge of the phgistechniques and their own life experience. Theeefit is
possible that these experimental exercises witheod students’experimental competence.

1. 2. The studies about constructing and applyingxperimental equipment in teaching Physics

We have read and studies theses dissertationgdetatthe topic of "Constructing and using
experimental equipment of Thermal Physics":

Recentlythere has been a great dealidfest done by graduate students, master and bachedtents
in Physics Department about the construction ardofi€xperiment in teaching in secondary schduotg)
schools and universities, such as Dang Minh Chubogng Xuan Quy, Nguyen Anh Thuan, Tran Hung
Dung, Pham Van Nam, Nguyen Thi Thanh Huong, Ha Dulyeng.
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The authors have raised topics on thetooction and use of physics experiments. The e b
these studies to study the construction of experiatdactilities (eg: new experiments, constructi@ld
experiment supplelement and experiments set ughenphysics of teaching process) and research on
experimental uses (eg, using experimental equipteedévelop the processes in problem-solving teach
and developing the scientific process in theoretiod practical ways.

1. 3. The studies about constructing and applyingxperimental equipments in teaching Thermal
Physics

There are also many studies about teaching thgsalics, particularly, the thesis and dissertation
of the following authors:

- The author Nguyen Thi Thuy mentioné@stering student problem solving ability in teaghi
under LAMAP thermodynamics - junior high school".

- The author Pham Thi Ngoc Thang mentiones "Actiei-reliance, physical knowledge awareness
in thermodynamic teaching for 8th grade studewtlimic high schools.

- The author Nguyen Van Giang referre to "Actigarning, self-reliance, and creativity of students
in the teaching of the chapter: Preservation amaah§formation of Energy in Physics 9".

- The author Vu Thi Thanh Mai mentiones "Studyihg organization of cognitive activities of
students in teaching some knowledge of thermodycgirim 8th grade in secondary schools towards the
development of students in creative search aa#/ifproblem solving to improve teaching effectivene
1. 4. The studies in Lao People’s Democratic Republ

In Laos, there are dissertations, journals thablires the organization of teaching to develop
students’ competence such as: Houngsavang KeomiXaylada Khoutphachan, Chanthasin Onkeo,
Phouthkt Silapa, Phaylavanh Chittavong, Bouta Sauli

The contents of each author's reseahederred to the construction and use of laboyagquipment
to develop active and creative activities of thadents, while the research on experimental competen
not available. Many and if any are just simple lging simple laboratory equipment, no learning $aakd
worksheet and laboratory exercises to assess s$sdearning outcomes as well as the Empowering
Experiences), no in-depth study of the methodolofjteaching organization. Particularly, the study o
physics teaching in the construction and use ofntbdynamic laboratory equipment to develop the
experimental competence of students has not yetdy@aied in high school and junior high schools&os.
Based on the above-mentioned overview, we seeishaktcessary to study how to construct and use

experiments in physics teaching in secondary seshindlao PDR to develop the experimental competence

CHAPTER 2: THEREOTICAL BACKGROUND OF CONSTRUCTING A ND PRACTICAL BASIS
EXPERIMENTAL EQUIPMENTS IN TEACHING PHYSICS TO DEVE LOP
STUDENTS’ EXPERIMENTAL COMPETENCE

2. 1. Experimental competence
2. 1. 1. Definition of Competence

In our opinion, competence is a complex psychokgittrinsic which converges many factors such
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as knowledge, skills, skills, attitudes, willingsetw act and responsibility. The concept of commpme
linksto the ability to act. Action competenc is tjusnw kind of competence, but when competency
development, we also imply the development of actempetency.
2. 1. 2. Definition of experimental competence
We can summarize the experimental competence ability to combine knowledge and skills with

psychological attributes such as excitement, helefd will to accomplish the task. Experimental
competence includes the identification of expentak purposes, experimental design (including the
selection of experimental instruments, and datdecbn during the experiment), implementation
(assembly, experimnet conduction, data record amckgsing, and evaluation of the results).
2. 1. 3. Structure of experimental competence

The experimental competence’s structu-~
includes 4 factors:

Identyfy the purpose of the experiment
- Identyfy the purpose of the experiment

- Design experiment

- Carry out the designed experiment D et

-Analyze the results and evaluate ti

experiment

Identyfy the purpose of the experiment:
yfy purp P Carry out the designed experiment

- Perform logical reasoning in orde

to identify the hypothesis to test

- Determine the conclusions that shot T L L

be drawn from the experiment.

Figure 2.Practical competence structure
+ Design the experiment:
- Identify the necessary material
- Determine the experimental setup
- Propose experimental procedure
- Predict (data sheet).
- Propose method of data processing
- Select the optimal experiment plan
« Carry out the experiment:
-Study the parts of the real device
- Assemble, arrange and conduct experiment wifhipenent
- Conduct the experiment as the planned withegalpment
- Data collection (qualitative data)
+« Data analysis and evaluation
- Data processing (qualitative data)

- Draw conclusions from the experiment resul
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- Evaluate the advantages and disadvantiddbe experimental design
2. 2. Teaching physics toward experimental competea development
To develop the student's experimental competeneeaiss the following measures:

2.2.1. Develop learning tasks associated with pracal work to develop student experimental
competence

Based on the components and behavior parametesgpefimental competence, the teacher should
hold the learning activities in which the studeas lthe opportunity to reveal his or her correspaomdo the
paramater.

Below we present some examples of specific aetviti teachingthermology. Corresponding to eadh s
list the behavior parameters of the experimentadetence that students are expected to reveahyhdeselope their
experimental competence.

2.2.2. Develop and improve laboratory equipment to support experimental activities

On the basis of theoretical physics heay; especially on the development of experimental
competence of students, we focus mainly on thenartgin and use of demonstrationl equipment. of the
teacher. meanwhile, we also propose a procedureons$trucing experimental upon thecompetence of
student.

a. General requirements for the construction of labratory equipment for teaching physics

- Scientific-technicalrequirements

- Pedagogical requirements

- Economic requirements

b. Aesthetically pleasingProcess of building expariental devices in teaching physics

- Determine the purpose of the thermal learninglkadge, see the curriculum and textbooks, need
to add more, what to reduce in the textbook.

- Refer to the textbook of Grade 8 Physics of Laind Vietnam to compare the program content and
select it to suit the students' knowledge.

- Analyzing experimental capacity structure fromiethto clarify the empirical tasks that need to be
assigned to students to help students form and |laevieehavioral manifestations of experimental
competence.

- Develop a process of knowledge buildimogn which to determine how to use experimentscinos
days.
2.2.3. Organize learning problems- based learningf teaching new contentechnical application
2. 2. 2. Problem-basedlearning procedure in ordeotdevelop students’ experimental competence

In order to apply the type of problem solving tdaghin the process of teaching Physics knowledge
in an effective way to develop experimental cagadpecifying each stage must be done in the tegchi
process.

A specific Physics knowledge is important. We buiid process of building and using experiments

in teaching problem solving organizations for aserg according to Figure 2.2.



R —— 3| Construct of experimental
competence

Identify physics
content Identify available

equipment
_)I Aims of the courses
| :
Construct new
l 1 equipment

Develop courses material
(work sheet, assessment tools,

)

|
!

Assess experimental
[ competence of pupils

Figure 2.2: Procedure of teaching and learning for development of stdentexperimental competence

Derived from the analysis of the experimental cot@pee structure, the teacher determines the
corresponding teaching purpose based on the steidsilt as well as the actual physical conditidrtle
school. , the purpose of teaching must be speciiar and measurable.

In order to determine the purpose of teaching withdevelopment of the experimental competence
of the student, the teacher develops experimenapment on the basis of testing laboratory equigme
meeting the teaching purpose. teaching to devetgpreeal ability or not needing to make new or nefithe
experimental equipment to suit the content of &aehing.

Student performance assessment is based on bebamiponents of experimental competence, each
knowledge content is evaluated according to diffefeehavior indicators, depending on the suitabiit
experiments and the ability of students.

2. 2. 4. Constructing experiment exericesand usirtgsks associated with solving experiment exercises

Besides constructing experimental equipment fongisn experiments in physics teaching to
develop students' experimental competence in problesed learning, we have also developed a nunfiber o
experiment exercises project or assignment forestiscto practice the ability to use experimentsractice

The content must be scientific, not it to the experiments in the teaching procesaniy for
students to conductexperiments familiar to dafly, lthe material must be easy to find and apprapt@the

student. For example: let students select simpht easy-to-find tools in daily life such as firewood
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charcoal, plastic, water, pot thermometer for sttgléo design experiment for measuring of each et
this type of exercise is different for studentsdevelop behavior that defines instruments or expamis
such as: (assemble the experiment in steps, provelednd get good results).
2. 5. Current status of constructing and using expanental equipment in teaching thermal physics in
secondary schools in Laos.
2. 5. 1. Purposes of investigation

- Teaching status of teachers (teaching organizateaching methods, construction and use
laboratory equipment in teaching).

- Difficulties of the teacher when teaching thermyimaimics and difficulties of students when
studying thermology.

- Understand the necessity of the teacher for #rhtory equipment in general and for the
thermodynamic laboratory in particular.
2. 5. 2. Investigating method

- Interview with the teacher, the teacher questiine, the student questionnaire, review the lesson
plans of the heat unit lessons in junior high sthoo

- Attend classroom and learn the use of laboratgripment.

CHAPTER 3: CONSTRUCTING AND USING EXPERIMENTAL EQUI PMENT IN THE PROCESS
OF TEACHING KNOWLEDGE CONTENT OF PHYSIC THERMAL 8

3.1. Necessary experimentsin teaching “Thermal phics”

With this set of experiments, we can carry out pegdments corresponding to 7 knowledge,
contents:

- Experiment 1: Feeling hot and cold

- Experiment 2: Measure temperature of the object

- Experiment 3: Measure water temperature

- Experiment 4: Measure body’s temperature

- Experiment 5: Measure temperature at the clagsro

- Experiment 6: Heat conduction of solids

- Experiment 7: Heat convection of gases

- Experiment 8: Heat radiation

- Experiment 9: Heat conduction depends on thereand distance

- Experiment 10: Heat convection depends on tfierdnce in temperature

- Experiment 11: Absorption of heat depends orctier

- Experiment 12: Factors influencing the tempermtihange

- Experiment 13: Experiment to varify the equatimihheat equilibrium when mixing the same
substance (hot and cold water)

- Experiment 14: Measuring the heating caloritue of fuels

- Experiment 15: Investigating the tranformatidmechanical energy into heat



9

- Experiment 16: Investigating the tranformatidrneat into mechanical energy

- Experiment 17: Heat engine model

- Experiment 18: Simple heat engines
3. 2. Construcingexperimental equipment used in tefing “Thermal physics”

3. 2. 1. Experiment about heating calorific value fofuels
3. 2. 1. 1. The needs ofconstruction

In this knowledge, the activities and experimed&digns have not been suitable with the contdnts o
the knowledge. For example, the experimental egeiggnis not scientific, inaccurate, not interestiog
students, and difficult to find some fuels in preet.. The content of this knowledge in texbooks@ises on
theoretical presentation or simply doing simple exkpents. It not linked to the development of shide
experimental competence. Student just do as thehoods instructed by the teacher.

Thus, to develop the experimental competence afests, it is very crucial to have the accurate
laboratory equipment with high scientific reliabyli Therefore we have improved and built up thethea
exchanger productivity test equipment for studeatgonduct experiments. For example, let students d
experiments to determine the heat value of fuedsl urs everyday life,tiindentify- which fuels hasagl heat
and poor heat. These experiments help studentthawekills of meansuring and determining the tacsd
in experiments, and collecting and processing data.

3. 2. 1. 2. Components of the experiment equipment

The equipment consists of the
following components (Figure 3.1):

- Cylindrical milk cartridges (27]
are perforated at the top and at the froi
used to make the base stand. Alcoho
beads (28). Mini electronic scales (29
Rubber button with holes (30). 330m
Coca Cola can (31).

- Bottom base made of beer car

(32) used to place Coca Cola bottles al
oil thermometers (22).
Figure 3.1Equipment of calorific value of fuels

3. 2. 1. 3. Experiments conducted

Experiment 1: Measure the calorific value of threekinds of fuels: alcohol, candles and kerosen.

a. Purposes ofexperiment
- Identyfy the calorific value of three differefutels
- Know the calculated calorific value through tbemula of water heat.

b. Experimentsetupand conduction



10

- Fill 300ml of water in to the Coca Cola
can(31), use a rubber stopper to close the can(3
and then insert the thermometer into the rubbe
stopper (22).

- Place the Coca Cola can on the milk ca
(27) and use the cradle under the Coca Cola ce
(32).

- Take the same amount of alcohol, cmdl
and kerosene, then burn the three fuels completely

- Read the temperature value of watéorbe

boiling with alcohol, kerosene and candles.
- Use alcohol burner (28) to burn comgiet

and measure the temperature of the water. Figure 3.2: Alcohol, fire and candles

- Repeat the experiment with keroseme @andles correspondingly instead of school ireoaihd
measure the temperature rise, then use the fonmgkiculate the heat value of the fuel.

Table 3.1: Calorific value

Increase of Change in B
Water Heat Calorific value
NO. Fuels @ temperature temperature ) (Jka)
’ (c) (c) ’
1 Kerosene(59) 300g| 726 | =71 | At=45 Q=56700 | g=11340.f0
2 Alcohol(59) 300g | 26 | t=64 | At=38 Q=47880 | g=9576.f0
3 Candles(59) 300g| 426 | =42 | At=16 Q=20160 | g=4032.f0

c. Experiment results
The calorific value of the kerosene is greatenttige alcohol and the candle. (The longer the heat
loss is in the environment, or the boiling wateamarates, the greater the error in boiling water. )
3. 3. Compile the detailed teaching processfortherah physics
3.3.1.The plan of teaching the heat value of the fuel
3.3.1.1.Learning Objectives
After learning this content, students can:
- Make logical assumptions to outline wioetest: different fuels have different heat easlu
- Determine the conclusionsneedes to draw fromeiperiment: which fuel among kerosene, alcohol and
candles, give us more heat.
- Propose experimental steps: desigrex@rpnts or experiments steps with measurements,
observations and results ...

3.3.1.2. Diagram of scientific process for knowledgformation

Pose the problem

Situation:
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- To boil 200ml of water, burn thd50g of candle orl00g of oil.

Problem statement

- What quantity represents for how well fule relesheat ?

Problem solving

Propose hypothesis

Q

+ —is a characteristic of heat value.
m

Verify the hypothesis
Hypothesis

Determine the heat value to as burningouarfuels such as alcohol, kerosene and candles..

Design the experiment
+ Take the sameamount of three fuels by measunmgiass.
+ Use a thermometer to measure the temperaturbeofvater when boiling by alcohol, candles 3
kerosene, respectively.
+ Calculate the heat generated when using diffduerté and then record the results in the table.
+ Finally, calculate the calorific value.
Conduct theexperiment

Experiment results

Increase of Change in -~
Water Heat Calorific value
NO. Fuels @ temperature temperature ) (J/ka)
’ (c) (c) ’
1 Kerosene(59) 300g| /426 | &=71 | At =45 Q=56700 | g=11340.70
2 Alcohol(59) 300g | £26 | =64 | At=38 Q=47880 | g=9576.f0
3 Candles(50) 300g| ;426 | ©=42 | At=16 Q=20160 | g=4032.f0

nd

gonclusions

- Q/ mis the specific characteristic for the hestie, the higher the Q / m, the greater the befgut.

Figure 3.3: Diagram of scientific process of knowlge formation lesson “Calorific value”
3.2.1.3. Detailed teaching process
Objectives

Teacher's activities Students’ activities

Activity 1: Problematic situation and problem statement (work in class) (5 minutes)

Teacherhas students to calculate and predict
To boil200ml of water, burn thet50¢g - Students issues and predictions
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of candle orl00g of oil.

Problem statement:
- What quantity represents for how well fy

releases heat ?

Students issues

Activity 2: Propose solutions (work in class) a

nd erify byexperiment (work in group) (60 minutes)

Experiment 1: Measureleaseedheatofalcohol
candlesandkerosene.

- Questions: when burning out different fug
such as alcohol, kerosene and candles, W
fuel will releasethe most heat?

- Teacher asks students to predict and
students design experiments according to th
predictions
- Teacher divide students into groups, studg
do experiments under the guidance of teache
- Calculate the calorific value of alcohol, can
and kerosene.

- Use the obtained data to calculate the calo

Q

value according to the formulaq=

- Students answer the questionnaire in the workg
5.01

IS

hictStudents propose experiment plans and con
experiments according to the worksheet §
ltdSupportive sheett 5.02

1esepPour water 300nlinto a can of Coca Cola
+ Measure the initial water temperaty

re
eM8e water for a while, burn until the amount ok fir
'Burns out, and record the water tempera
dighermometer in the results table.

Wit

+ Repeat the experiment but replace the alcohdi
lileindles and kerosene
Council  undertakes the following tasks:
+ Calculate thermal efficiency by formula
qz%: Q =CmAt =Cm(t, —-t,)

Activity 3: Present the results (15 minutes)

- Teacher invite representatives of each grg
to report the results of each experiment.
- Teacher should: clarify conclusions wh
students report.

- Teachers may rewrite the expression

concepts.

upshe group reports to the class and draws cormigs
that the water temperature boiles as using keeo
d

a

eimcreases faster than boiles using alcohol andlesn
Thus, the haetvalue of kerosene is greater thanoth

afcohol and candles.

Activity 4: Inform, supplement and apply knowledge(5 minutes)

- After the groups have reported the resy
teacher have to comment, inform, supplem
knowledge and emphasize the main knowle
content.

- Teacher concludes for students the nj

contents of the lesson.

- The water temperature boiledas using kerog

increases faster than boiledusing alcohol

Its,
ent

dge

ain

ene

an&tudents take note the conclusions.

hee

duct
.01

ture

sen
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candles. Thus the heat value of keroseng is

greater than that of alcohol and candles.
- The heat value of alcohols, candles and| oil
obtained from the experiments deviated from
the actual value due to the fact that the water did
not receive completely the heat from the burne

fuel..

3.3.1.4. Assessement rubrics for experiments
Experiment 1: Measure heat value ofalcohol, kerosenandcandles

Table 3.2Evaluation of behavioral expression in the expeninmeasuring heat value of alcohol, kerosene

and candle
Level of evaluation
NO. Behavior Level | Level | Level | Level
1 2 3 4
1 Perform the logical reasoning to draw the vadifie
consequence
2 Determine the conclusions that need to be dramn fthe
experiment
3 Propose the experiment procedure
4 Assemble and set up the experiment with realcgevi
5 Conduct the experiment
6 Collect data
Table 3.3: Specify the evaluation of practical comgtence
Behavioral
_ Level Criteria
expression
Lesson 5: Heat value of fuels
Experiment 1: Measure heat valueofalcohol, candlesakerosene
Students describe logical reasoning and make imatcassumption that:
M- 11 all fuels release the same heat.
Execute Students execute logical reasoning and make themgs®on to verify
logical M2. 1.1 | under the teacher's guidance that: kerosene release heat than alcohpl
reasoning in and candles do.
order to Students execute logical reasoning and make rigbtiraption to varify
identify  the under the teacher's guidance that: fuels such esséwme, alcohol and
things to test M3 1.1 candles release heat when they burn out and tlosdwe emits more heat
than alcohol and candles do.
M4.1.1 Students state conclusions that need trd@n but not sufficient that the
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purpose of the experiment isto find out that theokene releases mo

heat than alcohol and candles

re

M1.

1.2

Student describe conclusions that need to be dbawnot sufficient: The
purpose of the experiment was to find out thatkis®sene releases mg

heat than alcohol and candles.

Determine
the

conclusions

M2.

1.2

Students describe conclusions that need to be dumder the teacher’
guidancethat the purpose of the experiment is teraéne the heat valu

of fuels such askerosene, alcohol, and candles.

[72)

D

that need
drawing from

the

M3.

1.2

Students identify sufficient conclusions by themsslthatthe purpose
the experiment is to determine the heat value efsfisuch askerosen

alcohol, and candles.

o

experiment

M4.

1.2

Students determine their own conclusions suffityeaind analyze the
basis of purposes thatthe purpose of the experimeatapply the formulg
Q=Cm (t - t )and g = Q/m to calculate the calorific value effusuch

askerosene, alcohol and candles.

1%

=

M1.

2.3

Students describe experiment plan inaccuratelybtiiatg water by

alcohol, kerosene and candles, then observe thadneeter.

M2.

2.3

Students describe experiment plan inadequatelymdeguringmass ¢
water to boil, measuring the same mass of the ttuels and burning oy

each fuel to investigate the temperature increase.

~—

Propose the
experiment

procedure

D

M3.

2.3

Students propose experiment plan accuratelyanduatkdg under the

teacher’s guidance that measure mass of wateritonfasure the sam
mass of the three fuels and burn out each fuel neestigate the
temperature increase of water, then use the fortautzlculate the heg

value of each fuel.

D

At

M4.

2.3

Students propose experimental plan accuratelyandquadely by,
themselves thatmeasuremass of water to boil, medbkarsame mass

the three fuels and burn out each fuel to investighe temperatur
increase of water, then use the formula to caleuta¢ calorific value o

each fuel

Df

D

f

M1.

3.2

Students assemble, set the real experimentalipregat

up
inaccuratelylikeburningkerosene and then takingewah top for boiling,

using the thermometer to measure the temperatarease.

Assemble and
up the

experiment

set

M2.

3.2

Students assemble, set up the real experimentgreqat accurately by
inadequatelylikeputtingthe water kettle on top dfkncan to boil, using

alcohol, candles and kerosene in order to boil wate

—

with real

device

M3.

3.2

Students assemble, set up the real experimentgregot accurately an

adequately under the teacher’s guidance likeputtiagvater kettle on to

O
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of milk can to boil, plugging the thermometer inktee rubber stopper an

seal, using alcohol, candles and kerosene in ¢odeoil water.

Students assemble, set up the real experimentgregot accurately an

adequately by themselves likeput the water kettiedap of milk can tg

Ma.3.2 boil, plugging the thermometer into the rubber ptapand seal, usin
alcohol, candles and kerosene in order to boil wvate

ML 3.3 Students conduct the experiments as plan but rexttlgx students bur
alcohol before taking water to boil and then plug thermometer in.
Students do the experiments as plan but not coatplestudents plug th

M2. 3.3 | thermometer into the rubber button and seal thdekdly that button

thenboil water using alcohol, kerosene and candles.

D

Conduct the

Students do the experiments as plan exactly andpletaty under the

teacher’s guidance - students plug the thermonati@the rubber button

1SS )]

experiment | M3. 3.3
seal the kettle by that button, place the kettleagnof milk can, then boi
water using alcohol, kerosene and candles.
Students do the experiments as plan exactly angletely by themselves
M4, 3.3 Students plug the thermometer into the rubber higeal the kettle by thé
button, place the kettle on top of milk can, theil lvater using alcohol
kerosene and candles.
M1. 3.4 Students record some data: Record 1 irel3data.
M2. 3.4 Students record complete data: Record [Jfate.
Students record complete and accurate data unglguidlance of teacher
Collect data | M3. 3.4 | Write the data out and follow the plan when usitgplaol, candles an
kerosene.
M4, 3.4 Students can collect complete and accurate datde \tie data out an

follow the plan when using alcohol, candles and&ene.

3.4. Design some experimental exercises and projeasks

Experimental exercise 1IMeasure calorific valueof fuels

Problem:

1. Heat valueof a fuel is determined by the fornguta M

In which:

g _ Cm(tz — t1)
M

+ q = Heatvalue with unit ( J/Kg )

+ M= completely burned mass of fuel ( Kg)
+ C = Specific heat of water 4200 (JAKQ

+ m= mass of water (Kg)

+ t1= Initial temperatureC )
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+ t2= Final temperature °C )

Use the following equipment: thermometail furnace, cooking pot, filter, charcoal, fireed and
plastic sheet, to design and conduct experimermstermine the heat value of charcoal, woodwood and
plastic sheet.

Solution
- Experiment Design: Measuring the mass of charéwalvood and plastic sheet (chosen for equal jnass
- Pour water into the cooking pot (have equal r@wf water in three cases).

- Place the pot on the ground and usecolf wait for it to burn completely and then measthe

temperature of the water to record the results.

- Repeat the experiment using firewood plastic sheet instead.

Q _Cm(t,-t)
M

- Based on the above formulp=—- , Calculate theheatvalueof threefuels. Which ore ha

the highest heat value.
Students
When students design experiment and measeréhedhtvalue of fuel, they have the opportunity to
develop the following behaviorindices.
- Design of experiment, propose experimeptan (determine stepsto conduct experiment fsch

measuring mass of water and pouring water intetto&ing pot, assembling and setting up the experime

- Conduct experiments (assembling thesments properly in steps, carrying out the azrtiene,
recording adequate data).

- Collect data (reading out the themomigtgication, collecting standard data).

- Analyse data (Calculating the heat valwharcoal, wood and plastic according to thegipie of

heatrelease of fuels).

CHAPTER 4: PEDAGOGICAL EXPERIMENT
4. 1. Purposes, objects va goals of pedagogical elment
4. 1. 1. Purposes ofpedagogical experiment
- To test the feasibility of prepared teachinggesses and laboratory equipment, thereby modifying
teaching processes and improving thebuilt-up laboysexperiments to develop the student's experiahen
competence.
- To evaluate the experimentalcompetence of théesits through the contents of seven lessons of
the Thermal Physic&8yrade in secondary schools in Laos
4.1. 2. Objects andgoals of pedagogical experiment
+ Objects ofpedagogical experiment
- Investigating objectsare 8th grade studentseicoisdary level, Salavan High School, Salavan
district, Salavan province, Laos.
+ Goals of pedagogical experiment

- Investigate students and teachers' pedagogyghrpolls.
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- Monitor and directly observe pupils during clase.

- Analyze images, camera and worksheet duringxperimental teaching hours.
4. 1. 4. Pedagogical experiment plan

The pedagogical experiment plan is compiled witbihds.:

- The roundonewasconducted with 49 students frebrirary to April 2017at Mr. Keo Junior High
School, Salavan district, Salavan province,.

-The round two was conducted with 2&8dsehts at Salavan Secondary School, Salavan Djstric
Salavan Province, , from September to November 2017
4.2. Result
4.2.1.2. Results of student assessment in experirtedmound 1

After practicing the first round of pedagogy, waeufid that the experimental competencewas not
developed at a high level, most of them only adtelevel 2 and level 3 of behavioral expressionsfune
excellent students in a class. The student's abditonduct experiments is very low. For examagcher
helps students to determine thmateriasl and ttmlassemble the experiment, to conduct the expatjne
collect and process the data.
4.2.1.3. Difficulties in teaching students

The student's ability to perform experiments waskvandslow. The result of behavioral expression
was low.

- Students have not been taught by ikekithd method, so they do not know how to dedignexperiment,
and how to record the results of the data. Sortitialiresults were poor.- One teaching periocedaly little for
students to complete the experiment.

- Some students write poorly, do not degixpentactively.

- Students have not so many opportunitiegpproach the new. Therefore, they are not geog atthe
new learning strategies, especially group workjastéearing and project learning
4.2.1.4. How to overcomethedificulties in round 2

- To combat the problem of poor studemtfgrmance, we suggest to organize a tutorial om tw
conduct an experiment, so students know the expetimteps and methods of conducting experiments
before the lesson.

4.2.2. Result evaluation of round 2 in pedagogicakperiment
4.2.2.1. Specific evaluation forteaching processeach content of knowledge
A. Quantitative evaluation:
In evaluating the learning process of each contenhave evaluated according to the behavioral peters
of the practical competence as follows:
1) Perform logical reasoning to decide what to. test
2) Determine the conclusions that should be drawm the experiment
3) Identify the laboratory equipment to be used
4) Determine the experimental setup

5) Propose steps for conducting the experiment
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6) Get to know the real experimental parts

7) Assemble, arrange and conduct ex
8) Conduct the experiment
9) Data collection

10) Data processing

periment wahaguipment

11) Draw conclusions from the experiment results

B. Assessment steps and assessment methad evaluation the student's

competence

experimental

When evaluating students, we rely on worksheédgos, images. Thanks to these tools we have set

up our own rubrics to evaluate each lesson.

To evaluate the behavioral expressiomxgferimentalcompetence in an experiment, we haesech

behaviors that are consistent with the contentafring.

Example: Evaluating a student to conduct erpamts with the content about heating value ofduml

experiment 1 is that we are evaluated accord

ingedollowing behavioral parameters.

ExampleExperiment 1. Measure the heatingvalue ofalcolmio&ene andcandles

Table 4.1: Behavioral levels collected from the washeet 1

Problem:

- If we use the three fuels (alcohol, kerosenecardiles) to boil the same amounts of water in

same period, which fuel will releasethe most heabmpletely burned?

Question Student’s answers Leve
Question 1: Which fuel among alcohol,Kerosene produces the most heat among| the
kerosene and candles release the mostheat[?three fuels.
Question 2What is the purpose of theThe purpose of the experiment is to measure the
experiment? heating value of alcohol, kerosene and candles.4
Question & Design an experiment Pour water into the Cocaa Qaittle and plug
the thermometer into the rubber button, use3

alcohol to burn the Coca Cola bottle and then

see how the thermometer indication chan

compared to the value before burning.

ges

Question 4:Assemble, experiment with real

equipment

- Directly observe and watch the video: T

direct observation showed that students

he
1

assembly right as designed experiment plan3

such as measuring the amount of water,

plugging the thermometer into the rubber

stopper, burning alcohol, he/she need teacher’s
help in some steps.
Question 5:Conduct the experiment - Direct observation and recorded video

the
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showthat students exactly followed the pl
using fuel in order as alcohol, kerosene

candles but it is not enough time for student

finish the experiment

Question 6:Data collection

- Students record data into the notebook
inadequately.: They record data of a fuel s

as alcohol: initial temperaturg=R5, =100 and

At =75, Q=4144,1, A=31390.

Through the answers of students 1, froi3, 4, 5 we can collect data well for the purpdke,design
of the test is quite standard so it reached leyeille in the question 2, students responded ctiyreo they
reached a high level, 4. Finally, in the questipth@y did not collect enough data due totime cairdls and

were not able tocalculate, hence theymay reach Zeve

4.2.2.3. Evaluation of students’experimentalcompetee throughbehaviorsin eachexperiment.

A. Evaluation results of student 1

Here is an example of a summary table that calldihaviorindices for student 1 through

experiments in pedagogical experiment.

Table 4.2: Levelof behavior indices of student 1

LEVEL OF QUALITY CRITERIA

EXP

HVY | HV | HV

HV
4

HV
5

HV
6

HV
7

HV
8

HV

HV
10

HV
11

EXP1

EXP2

EXP3

EXP4

EXP5

Wl N N NN

EXP6

EXP7

EXP8

EXP9

N[ W N N N N N N | -

EXP10

N} W W N N N N N PP

EXP11

Wl Wl N B W W N NN

Wl W Wl N W W B W NP DN

EXP12

w

EXP13 3

EXP14

EXP15 3 3
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We present a number of graphs of behavior indidestudent 1(AlavanhAthvylay ). During the
course of 15 experiments for 5 behaviors: 1, B @nd 11, we selected these five behaviors bedhege

were performed in multiple experiments, other batrawlices are presented in the appendix.

STUDENT1

/ \/ —+—BFHAVIOR 1

LEVEL BEHAVIOR

EXPl1 EXP2? EXP3 EXP4 EXP5 EXPo EXP7 EXPS EXP9 EXPIOEXPI11EXP12EXPI4EXPI1S
Figure 4.1.The graph illustrates the development of studesderimentalcompetence during the course of

experiments based on the behavioral expressioariofm logical reasoning to decide what to test)

Through the graph demonstrating the competencuaient 1 in the behavioral expression 1, it is
clear that the development of this student's coemuet From experiment 1 to experiment 3, the irs@ea
behavioral expression was equal, and from expetirdeio experiment 6, the behavioral expression
increased gradually, and in experiment 6, the thémonductivity test was dependent on the natuck an
distance students achieved. The highest level [(Bvéollowed by the 7 and 8 experiments, and thedt
was reduced to the 8, such as the temperature-deperariation of the sample and the nature of the
decrease to the level of 2. From experiment 10xfmeement 15, the level of increase of the behaior
expression is equal. Itcan be concluded that toidemit has a developmental regression good expatiae

force.

STUDENT1

3 =
2 > - . . - /\/
/ —+—BEHAVIOR 2

1 *> W

LEVEL BEHAVIOR

o

EXPl1 EXP2 EXP3 EXP4 EXP5S EXP6 EXP7 EXPS EXP9 EXPl10 EXP12 EXP13 EXPIS
Figure 4.2. The graph illustrates the development of studeptattical competence during the course of

experiments based on the behavioral expressiorft{ig the conclusions to be drawn from the experith

In the Behavior Indicator 2, student 1 demonsttata clear increase in level of
experimentallcompetence.Initially from experimentolexperiment 2 student 1 was stopped at a loel lev
and in experiment 3, she was increased to the BJerom experiment 3 to experiment 8 (experimemis
heat conduction, heat convection and heat radjatstudent 1 keeps steady at behavior level 2, from

experiment 8 to experiment 15 to level 3 (only XPeximents were used to test the equation for takerm
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equation, students reduced the level down to LBugFrom here it can be concluded that this stutlasta

good experimental development

STUDENT1

—+—BEHAVIOR 2

LEVEL BEHAVIOR
-»
b
4

a

EXFP1 EXP2 EXP3 EXP4 EXPS EXP9 EXPI11 EXP15
Figure 4.3. The graph illustrates the development of studeptattical competence during the course of

experiments based on the behavioral expressiafe8t(fy the necessary experimental equipment).

Behavioral expression 3 was conducted in eighteements, which clearly illustrate the
development of student experimental competencelletrel of development is divided into two regiothg
first one from experiment 1 to The experiments atydents 1 kept the same level of developmentkasIL
2 and gradually from Experiment 5 to Experimentiié&eased to Level 3. The empirical development of
Student 1 for the Behavioral Indicator 3 good.

4. 3. Summary

After two rounds of pedagogic experiment, througle organization of teaching, supervision,
monitoring and evaluation students’ practical cotapee, we drawsomefollowing conclusions.

The teaching process has reached the goals diimgacThe construction and use of laboratory
equipment for the 8th grade on therml physics hiasutated interest in learning, making studentsvact
self-conscious and they have actively carried batdéxperimental procedures, arranged and asserfided
experimental equipment during the experiment, gesl and participated in evaluating the results, a
hence they improve theirpractical competence cenatdly.

The teaching process has met the requiremennpfementation of new teaching objectives but still
relevant with current and future progress in tewhdime. Organization of learning through the ude o
worksheet andsurveys shows that students operatigh level with a mix of individuals and groupsis
clearly demonstrates the importance of laborat@yigment used in group teaching or in stations. The
equipment is designed to meet the requirementsiefice, engineering, pedagogy and aesthetics, venech
well-used to produce a wealth of experiments theltlygood results in developing thepractical corapeé

of students.



