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Abstract

This study aimed to investigate the effectiveness of using a computer simulation-
based program on the academic achievement and developing scientific thinking skills
among fourth- grade students in the Science subject for the international program. The
study was conducted in the International Independent School in the capital city of
Amman, Jordan, during the first semester of the academic year (2023/2024). To achieve
the study objectives, a quasi-experimental design was used, with a total of (41)
intentionally selected and randomly distributed fourth-grade students. They were divided
into two groups: the experimental group, consisted of (20) students, studied using the
computer simulation program (PhET Interactive Simulation), and the control group,
consisted of (21) students, studied using the traditional method. An achievement test and
a scientific thinking skills test were used as study tools. The results showed the
effectiveness of using the computer simulation based program (PhET) on academic
achievement and the development of scientific thinking skills in favor of the experimental
group. In light of these results, the study recommends the necessity of incorporating
simulation-based computer programs in the educational process, especially in science
subjects, due to their clear positive impact on academic achievement and the development

of students' scientific thinking skills.

Keywords: Computer Siumaltion Based Program, Academic Achievement ,Scientific

Thinking Skills, Science Subject.
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The main objectives for the Energy Chapter according to the ( Next
Generation Science Standrads- NGSS ):

Objective Standard

Students will identify the different forms of energy. 4-PS3-2

Students will use evidence to explain the effect of the energy

an object has on its speed. 4-PS3-1

Students will observe that energy can change from one form | 4-PS3-2
to another and transfer from place to place.

4-PS3-3
4-PS3-4
Students will observe that many forms of energy can change
: 4-PS3-2
to give heat energy.
Students will make observations to provide evidence that 4-PS3-2

energy can be transferred from place to place by heat.
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Acadmics Achievement Exam

Part Obijectives Standard | Mark

A. | | cananalyse, create and evaluate the energy 4-PS3-2 /5
transformations in different situations.

B.1 | I canrecognize and explain the effect of suing solar panels | 4-PS3-2 /3
B.2 | and solar powered cars on the environment. /1
C.1 | I can describe how energy transforms in some objects. 4-PS3-4 /2
C.2 /1
D.1 | I cansuggest an eco-friendly way to generate electricity. 4-PS3-2 /1
D.2 | I cananalyse and apply the energy transfer in an object. 4-PS3-2 /2
Total /15
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A. Circle the correct answer. /5

1. Your mom asked you to hold a hot pot of water that is on the stove.
What should you do to protect your hands from the heat? (/1)

a

b
C.
d

Wear a pair of gloves while holding the pot.

Put the pot on a cold surface before touching it.

Blow your hands to cool them before touching the pot.
Wrap the pot in a cloth before holding it.

2. When setting up a domino chain to show energy transfer, which of
the following would be the most creative approach for transforming
potential energy to kinetic energy? (/1)

a. Using dominos of the same size
. Using dominos of the same colour.

b
C.
d

. Arranging the dominos in a zigzag pattern.

/s

Using dominos of different colours.

3. You’re tasked with making a device that transforms wind energy
into mechanical energy. What’s the most creative approach to
achieve this? (/1)

a. solar panel under a tree.

b. Building a windmill to spin when the wind blows.
c. Connecting a flashlight to a battery.

d. Attaching a flag to a pole.

4. You are tasked with inventing a machine that transforms sound into
electricity. Which component would you include in your design to achieve
this unique energy transformation? (/1)

a

b.
C.

. A microphone that captures sound waves and converts them

into electrical signals.

A Dbattery that stores electrical energy to power the machine.

A solar panel that absorbs sunlight and converts it into

electricity.

. A'wind turbine that generates electricity from the movement of
air.
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5. In a given scenario, a person pushes a box across a floor, and the box
comes to a stop. To evaluate the situation, which of the following best
explains the change in energy? (/1)

A. Kinetic energy was converted into thermal energy due to friction.

B. Chemical energy was converted into Kinetic energy due to
friction.

C. Solar energy was converted into thermal energy due to friction.

D. Kinetic energy was converted into thermal energy due to burning.

>

\ B

B.1. What do solar-powered cars use to make solar energy? Do you
think solar powered cars are good for the environment? Why / why
not. Justify your answer. (/3)

B.2. Do you think using the solar panels is effective instead of using
non- renewable energy sources? Justify your answer. (/1)

C.1. Use the words from the box to identify the types of energy
transformation in each of the pictures. (/2)



65

electrical energy, chemical energy, heat energy.

Y,

v

»
>

C.2. What is the input energy in each of the pictures below: (/1) energy
transformation?

D. Read the following questions and answer them. (/3)

1. Asia, a grade four student who lives in a remote warm area with no
access to electricity, but she needs light for her study. How can you help
Asia generate electricity using natural resources that are readily
available and eco-friendly to her environment? (/1)

2. Examine and distinguish the energy transfer that occurs when a bowler
releases the ball down the lane and knocks down the bowling pins.
Draw the types of energy involved, and how they change during this
experience? (/2)
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Questions

Answer
Key

Part A

1. Your mom asked you to hold a hot pot of water that is on a.

the stove. What should you do to protect your hands from

the heat?

2. When setting up a domino chain to show energy transfer, d.

which of the following would be the most creative
approach for transforming potential energy to kinetic

energy?

3. You’re tasked with making a device that transforms b.

wind energy into mechanical energy. What’s the most

creative approach to achieve this?

4.You are tasked with inventing a machine that transforms a.

sound into electricity. Which component would you
include in your design to achieve this unigque energy

transformation?

5. In a given scenario, a person pushes a box across a floor, a.

and the box comes to a stop. To evaluate the situation,
which of the following best explains the change in energy?

Part B

B.1 What do solar-powered cars
use to make solar energy? Do you
think solar powered cars are good
for the environment? Why / why
not. Justify your answer

Solar powered cars use the solar
panles, yes they are good for the
environment as they don’t pollute
the air.

B.2. Do you think using the solar
panels is effective instead of using
non- renewable energy sources?
Justify your answer.

Yes, using solar panels is effective
because they use the enrgy from
the sun which is a renewable
resource.
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Part C

C.1. Use the words from the box to
identify the types of energy
transformation in each of the
pictures

Electrical energy to Heat energy.

C.2. What is the input energy in
each of the pictures below

Chemical energy.

Part D
D.1 Asia can use the solar energy.
D.2 - The ball will give the pins kinetic

energy through energy transfer.
-Students has to draw the falling
pins.
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Part A+ Part C Answer Key

Correct (1) Incorrect (0)

Q1:Your mom asked you to hold a hot pot
of water that is on the stove. What should
you do to protect your hands from the
heat?

Q2: When setting up a domino chain to
show energy transfer, which of the
following would be the most creative
approach for transforming potential energy
to kinetic energy?

Q3:You’re tasked with making a device
that transforms wind energy into
mechanical energy. What’s the most
creative approach to achieve this?

Q4: You are tasked with inventing a
machine that transforms sound into
electricity. Which component would you
include in your design to achieve this
unique energy transformation?

Q5: In a given scenario, a person pushes a
box across a floor, and the box comes to a
stop. To evaluate the situation, which of
the following best explains the change in
energy?

C.1 : Use the words from the box to
identify the types of energy transformation
in each of the pictures

C.2: What is the input energy in each of
the pictures below?
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Part B+ Part D

B.1: What do solar-powered cars use to make solar energy?
Do you think solar powered cars are good for the
environment? Why / why not. Justify your answer

Depth of Response:

1 Point: Shallow or
lacking explanation.

2 Points: Fair
understanding with partial
explanation.

3 Points: Thorough,
detailed explanation with
specific examples.

B.2: Do you think using the solar panels is effective instead of
using non- renewable energy sources? Justify your answer

D.1: Asia, a grade four student who lives in a remote warm
area with no access to electricity, but she needs light for her
study. How can you help Asia generate electricity using
natural resources that are readily available and eco-friendly to
her environment?

0 Point : no answer or
Shallow or lacking
explanation. .

0.5 Point: Fair
understanding with partial
explanation.

1 Point: Thorough,
detailed explanation with
specific examples.

D.2: Examine and distinguish the energy transfer that
occurs when a bowler releases the ball down the lane
and knocks down the bowling pins. Draw the types of
energy involved, and how they change during this
experience?

0 Point : no answer or
Shallow or lacking
explanation. .

1 Point: Fair
understanding with partial
explanation.

2 Points: Thorough,
detailed explanation with
specific examples.
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Scientific Thinking Skills Exam

Part Objectives Standard | Mark
A. | I can observe how energy changes from one form to
another. 4-PS3-2 /3
B. | I canapply scientific ideas to design, and test a /6
device that converts energy from one form to 4-PS3-4
another.
C. | I can develop ways to conduct electricity. 4-PS3-4 /6
Total /15

Dear fourth graders, kindly answer the following questions
for a research use.
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Choose the correct answer. /15

Part A

1. When you observe a running faucet, what form of energy
transformation are you witnessing? /1

a. Light to motion

b. Electrical o thermal

c. Potential to kinetic

d. Sound to electrical

2. When you listen to music on headphones, what type of
energy are you experiencing? /1
a. Electrical energy
b. Light energy
c. Sound energy
d. Potential energy

3. What occurs when you feel the warmth of the sun on your
face? /1

a. Conduction

b. convection

c. radiation

d. reflection

Part B

4. If you have a spring and a ball, explain how the energy
transforms as you compress the spring and release the
ball. /1

a. Potential to kinetic
b. Kinetic to potential
c. Thermal to electrical
d. Sound to light



5. You have a battery-powered fan. Describe the energy
transformations involved when you turn the fan on. /1
a. Electrical to kinetic
b. Thermal to electrical
c. Sound to potential
d. Kinetic to light

6. Imagine you have a cup of hot cocoa. Explain how all three
forms of heat transfer (conduction, convection, and
radiation) are involved in cooling it down. /1

a. Conduction through the cup, convection in the liquid,
and radiation to the surroundings.

b. Conduction through the liquid, convection through the
cup, and radiation from the surroundings.

c. Conduction in the surroundings, convection in the cup,
and radiation through the liquid.

d. Conduction through the surroundings, convection
through the liquid, and radiation from the cup.

7 . If you wanted to generate electricity using the power of
flowing water, what type of energy conversion would be involved?
/1

a. Kinetic to potential

b. Potential to kinetic

c. Thermal to electrical

d. Sound to motion

8. Imagine you are teaching a friend about the concept of
energy conservation. Develop a simple experiment or
demonstration to illustrate this concept. /1

a. Turning off lights when not in use

b. Comparing energy usage before and after insulating a home
c. Both A and B

d. None of the above
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9. If you were explaining energy conservation to a friend, what
simple actions could you suggest for them to save energy at
home? /1

a. Leave lights on all the time

b. Turn of f electronic devices when not in use

c. Open windows during the winter

d. Keep the refrigerator door open

Part C

10.Why does a negatively charged balloon stick to a neutral wall?
/1

a. Because the wall becomes negatively charged.

b. Because the balloon becomes neutral.

c. Because opposite charges attract.

d. Because like charges attract.

11.If you were camping in the winter and wanted to stay warm,
which material for your sleeping bag would be the most
effective at reducing heat loss through conduction? /1

a. Metal

b. Wood

c. Plastic

d. Insulating foam

12. Why might a scientist choose a black material for a heat-
absorbing surface, and a white material for a heat-reflecting
surface? /1

a. Black materials conduct heat better.

b. White materials absorb more heat.

c. Black materials reflect heat better.

d. White materials are better conductors.
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13. Why are electrical wires often coated with rubber or plastic
(usually black or white)? /1

a. To make them look nice

b. To protect the wires from damage

c. To increase electrical conductivity

d. To change the color of electricity

14.If you wanted to keep a drink cold on a hot day, what material
for the container would be the most effective at reducing heat
gain through conduction? /1

a. Metal

b. Glass

c. Plastic

d. Ceramic

15. Why is it important to unplug electronic devices when not in
use? /1

a. To save electricity

b. To prevent them from breaking

c. To make them last longer

d. To reduce their weight

16.You want to pick up small pieces of paper using static
electricity. What material would be best for this task?
a. Rubber

b. Metal
c. Glass
d. Plastic
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Questions

Answer Key

Q1

b

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Q11

Q12

Q13

Q14

Q15
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Questions

Answer Key

Correct (1)

Incorrect (0)

Q1: When you observe a running faucet, what form of energy
transformation are you witnessing?

Q2 When you listen to music on headphones, what type of
energy are you experiencing?

Q3: What occurs when you feel the warmth of the sun on
your face?

Q4: If you have a spring and a ball, explain how the energy
transforms as you compress the spring and release the ball.

Q5 :You have a battery-powered fan. Describe the energy
transformations involved when you turn the fan on.

Q6: Imagine you have a cup of hot cocoa. Explain how all three
forms of heat transfer (conduction, convection, and radiation) are
involved in cooling it down.

Q7: If you wanted to generate electricity using the power of
flowing water, what type of energy conversion would be
involved?

Q8: Imagine you are teaching a friend about the concept of energy
conservation. Develop a simple experiment or demonstration to
illustrate this concept.

Q9: If you were explaining energy conservation to a friend, what
simple actions could you suggest for them to save energy at home?

Q10: Why does a negatively charged balloon stick to a neutral
wall?

Q11: If you were camping in the winter and wanted to stay warm,
which material for your sleeping bag would be the most effective at
reducing heat loss through conduction?

Q12 :Why might a scientist choose a black material for a heat-
absorbing surface, and a white material for a heat-reflecting
surface?

Q13: Why are electrical wires often coated with rubber or plastic
(usually black or white)?

Q14:1f you wanted to keep a drink cold on a hot day, what material
for the container would be the most effective at reducing heat gain
through conduction?

Q15: Why is it important to unplug electronic devices when not in
use?

Q16: You want to pick up small pieces of paper using static
electricity.What material would be best for this task?
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Below are brief lesson plans for each of the topics that were included
in the “Enegy Chapter” for a 45-minute timeframe using PhET
simulations in a computer lab for Grade 4 students:

1. What is Energy?

Objective Define and identify different forms of energy using PhET simulation.

NGSS
Standards - PS3.A: Definitions of Energy, PS3.B: Conservation of Energy and Energy Transfer

Vocabulary - Energy, Kinetic Energy, Potential Energy, Heat Energy, Light Energy, Sound Energy
Schedule
Introduction: Quick energizer — Teacher discusses previous experiences with energy,

-5 mins introducing the concept of forms.
PhET Simulation Activity: Teacher aloows studnets to explore "Energy Skate Park"
- 20 mins simulation in pairs; list and discuss various forms of energy observed.

Independent Work: Individual assignment — Students use the simulation to create a
- 10 mins digital poster showcasing different energy forms.

Hands-On Activity: Studnets play "Energy Charades" to reinforce understanding of
-5 mins energy forms.

Conclusion: Students discuss simulation findings, review vocabulary, and Teacher assigns
- 5 mins a reflective writing task on the effectiveness of simulations in learning about energy.

2. What are Potential and Kinetic Energy?

Introduce the concepts of potential and kinetic energy using the ""Energy Skate Park™
Objective PhET simulation.

Materials Computers with internet access

Time Activity

5 Introduction: Teacher sparks students’ interest with a short video clip showcasing potential and
mins  Kinetic energy in everyday life. Teacher discusses observations with students.

PhET Simulation Activity: Teacher guides students through the "Energy Skate Park™ simulation.
20 Teacher asks studnets to observe the experiment with skateboard height and speed, relating it to
mins potential and Kinetic energy using (PhET Simulation) .

10_ Group Sharing: Each pair presents their "Energy Machine" to the class, emphasizing creativity
MIN  and understanding.
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Time Activity

5 Conclusion: Teacher discusses real-world applications of potential and kinetic energy (e.g., roller
mins coasters). Teacher assigns a reflection where students draw their favorite energy transformation.

3. How Does Energy Change Form?

Explore energy transformations using the ""Energy Forms and Changes' PhET simulation
Objective and creative storytelling.

Materials Whiteboard and markers,Everyday objects .

Time Activity
5 Introduction: Teacher starts with a quick energizer like a dance to demonstrate different forms of
mins energy. Discuss identified energy transformations.

20 PhET Simulation Activity: Teacher introduces the "Energy Forms and Changes™ simulation.
mins  Students explore energy changes in scenarios like a bouncing ball or a burning candle.

10 Creative Activity - Energy Transformation Storyboard: In small groups, students create a
mins storyboard illustrating an energy transformation story. They can use the whiteboard or paper.

5 Group Presentation: Each group presents their storyboard, emphasizing different energy
mins transformations depicted.

Conclusion: Teacher discusses the diversity of energy transformations and their real-world
5 relevance with studnets . Teacher cocnludes with a fun activity like "Energy Charades," where
mins students act out different transformations.

4. What is Heat Energy?

Define heat energy, recognize its sources, and conduct a simulation-based

Obijective experiment on heat conduction.
NGSS - PS3.A: Definitions of Energy, PS3.B: Conservation of Energy and Energy Transfer,
Standards PS1.B: Structure and Properties of Matter
Vocabulary - Heat Energy, Thermal Energy, Conduction, Convection, Radiation.
Materials Computers with internet access
Time Activity

5 mins Introduction: Teacher defines heat energy and discuss its sources.

20 PhET Simulation Activity: Studnets explore "Energy Forms and Changes" simulation with a
mins  focus on heat energy and sources.

10 Independent Work: Individual assignment — Students are asked to conduct a virtual heat
mins  conduction experiment using the sources from (PhEt Simulation) and document observations.

10mins Group Sharing: Each group presents their insulating structure and explains its effectiveness.

Conclusion: Students share their experiment findings, discuss insulating structures, and review
vocabulary. Teacher assigns a reflective writing task on the advantages of simulation-based
5 mins experiments.
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5. How Does Thermal Energy Travel?

Objective Understand different methods of thermal energy transfer using PhET simulations.

NGSS - PS3.A: Definitions of Energy, PS3.B: Conservation of Energy and Energy Transfer,
Standards PS1.B: Structure and Properties of Matter
Vocabulary - Thermal Energy Transfer, Conduction, Convection,Radiation, States of Matter
Materials Computers with internet access
Time Activity
5 Introduction: Teacher highlights the importance of understanding thermal energy transfer methods
mins and introduce key vocabulary.
20 PhET Simulation Activity: Studnets explore the "States of Matter” simulation to observe thermal
mins energy transfer.
10 Independent Work: Students are asked to create a diagram illustrating different methods of
mins thermal energy transfer.

Hands-On Activity: Studnets are asked to create a small experiment to demonstrate conduction,
5 convection, and radiation. Under the teacher’s supervision. ( This experiment is to be done at the
mins science lab in the second day)
5 Group Discussion: Studnets discuss different ways thermal energy can travel, relating it to real-life
mins examples.
5 Conclusion: Teacher reviews vocabulary and assigns a short writing task on an example from daily
mins life where they experienced thermal energy transfer.
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Chapter Energy

Lesson Trasformation Of Energy

Recommended | Phet Interactive Simulation

Simulation

Simulation https://phet.colorado.edu/sims/html/energy-forms-and-
Link changes/latest/enerqy-forms-and-changes all.html
Learning Predict how energy will flow when objects are heated
Objectives or cooled, or for objects in contact that have different

temperatures.

Describe the different types of energy and give
examples from everyday life.

Describe how energy can change from one form of
energy into another.

Explain conservation of energy in real-life systems.

Design a system with energy sources, changers, and
users and describe how energy flows and changes one
form of energy into another.
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Tell the energy story for real-life systems.

Operation The teacher visits the provided simulation link.
Program The teacher operates the program by clicking on the
Information word "Systems."

Program The teacher uses the mouse to click on elements and
Sections utilizes the keyboard to activate various functions.

The teacher explores different forms of energy, such as
thermal and light energy.

Integration of
the Program
into Teaching

The teacher presents the program link to the students.
The teacher explains the concept of energy and its
significance

The teacher explains the function of various elements in
the program interface, such as shapes representing types
of energy.

The teacher guides students to explore energy
transformations in the displayed forms.

The teacher gives students the opportunity to
experience different presented scenarios.

The teacher discusses the results with students,
emphasizing the understanding of energy
transformations in different scenarios.

The teacher assists students in solving a problem related
to energy transformations in daily life using the
program

The teacher encourages students to discuss energy
transformations and the type of energy in each scenario.

Notes

The teacher can use the "Intro™ program as an
introduction to the lesson.

https://phet.colorado.edu/sims/html/energy-
forms-and-changes/latest/energy-forms-
and-changes all.html
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