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INTRODUCTION
Purposes of practical work
Most teachers would agree that good-quality practical work can engage students, help them 
to develop important skills, help them to understand the process of scientific investigation, 
and develop their understanding of concepts.
The Framework for practical science in schools identifies numerous ways in which practical 
work can support learning in Physics, from ‘Personal, learning and thinking skills’ to ‘How 
science works’

Practical work brings science to life, helping students make sense of the universe 
around them. That’s why we’ve put practical work and at the heart of our Physics A-level 
specification. Really effective practical activities enable students to build a bridge between 
what they can see and handle (hands-on) and scientific ideas that account for their 
observations (brains-on). Making these connections is challenging, so practical activities 
that make these links explicit are more likely to be successful (Millar, 2004).

“In the less effective practice, insufficient attention is paid to the coherent development of 
the skills and attitudes valued by employers, including resilience, resourcefulness, team-
working and the ability to communicate effectively. “

ETINI Chief Inspectors Report 2014-16

Skills Development
• Planning
• Manipulation of equipment
• Observation
• Analysing
• Evaluating

Experiential Learning
• Test out ideas
• Test out theories
• Develop problem solving 

strategies
• Develops team work and 

taking responsibilities
• Developes students as self 

learners

Independent Learning
• Students work at their own pace
• Students work at their own level
• Supports differentiation by 

outcome, task and questioning
• Builds student confidence

Learning in Different Ways
• working in teams
• Working as individuals
• Manipulating materials and 

objects
• Observing using all senses
• Informal dialogue with peers 

and teachers

Practical Science 
Supports
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The purpose of this Practical E-book
This e-book has been developed to support you in advancing your students to fluency in 
science. It is designed to support teachers, technicians and teaching assistants in
improving the effectiveness of practical work through using, tailoring and managing
practical activities to meet particular learning outcomes.

Our aims are to develop and improve: 

1. clarity of the learning outcomes associated with practical work;
2. effectiveness and impact of the practical work;
3. sustainability of this approach for ongoing improvements;
4. teachers’ abilities to assess the way they teach practical science at all levels and 

increase their confidence in producing good-quality lessons for the benefit of the young 
people.

This e-book should only be seen as a starting point. It is not intended to stifle innovation 
and we would encourage teachers to try different methods. Teachers can vary all 
experiments to suit their and their students’ needs. Students who are given a method 
which is fully developed, with full, clear instructions, will be able to demonstrate some 
competencies like following written instructions but not others such as researching and 
reporting. Teachers should modify each of the practicals to allow your students greater 
freedom to develop and demonstrate these wider practical skills.

The collection of practical worksheets in this file have been adapted to suit the CCEA GCE 
Physics Specification from the following websites:

http://www.nuffieldfoundation.org/practical-physics/topics 

https://tap.iop.org/

http://thephysicsteacher.ie/

http://www.aqa.org.uk/subjects/science/as-and-a-level/physics-7407

https://www.miniphysics.com/ 

http://nadp.sws.uiuc.edu/cal/PDF/MulltimeterUse.pdf 

http://pdst.ie/sc/physics 

http://www.schoolphysics.co.uk/age16-19/
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1. To determine the density of a solid or liquid
Students with have studied density in detail at GCSE level science and will apply their 
knowledge in this worksheet

Technical information

• All matter has mass and volume.  Mass is a measure of the amount of matter an object 
has.  Its measure is usually given in grams (g) or kilograms (kg).  Volume is the amount 
of space an object occupies.  There are numerous units for volume including centimetres 
cubed (cm3), metres cubed (m3) and litres.

• Mass and volume are physical properties of matter and may vary with different objects.  
For example, it is possible for two pieces of metal to be made out of the same material 
yet for one piece to be bigger than the other.  If the first piece of metal is twice as large 
as the second, then you would expect that this piece is also twice as heavy (or have 
twice the mass) as the first.  If both pieces of metal are made of the same material the 
ratio of the mass and volume will be the same.

• We define density () as the ratio of the mass of an object to the volume it occupies.
The equation is given by:

The symbol M stands for the mass of the object, and V the volume.  Density has 
the units of mass divided by volume such as grams per centimetre cube (g/cm3) or 
kilograms per metre cube (kg/ m3).

Equipment List

• Ruler, 15 or 30 cm
• Micrometer
• Vernier calipers
• Top pan balance (0-1 kg)
• cuboidal samples of different metals and non-metals, e.g. materials kit
• Overflow can
• Liquid samples
• Water bath
• Can
 
Method

Determine the density of an object with a regular shape

• Obtain a set of objects (cube, cylinder, sphere, etc.) made of the same material. 
 
Calculate the density by measuring the mass and volume of your samples. 

• Measuring the Mass: Measure the mass of your samples using a top pan balance.You will 
make this measurement three times and calculate the average.  Record your results in 
the table.
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Trial Sample 1 Sample 2
1
2
3

Avg.

• Measuring the Volume: To determine the volume of an object with a regular shape 
there are standard equations that may be used. The equations for three common 
shapes are given below.

  
 
 
 
 
 
           

• Measure the relevant dimensions of your sample and record the reading in the 
tables below

 
Sample #1

Trial Length / cm Width /cm Height / cm
1
2
3

Avg.
   
Calculate the volume of Sample #1 using equations above. Show all work

Volume =  
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Method
 
 

Determine the density of an object with a regular shape
 

• Obtain a set of objects (cube, cylinder, sphere, etc.) made of the same material.
 

Calculate the density by measuring the mass and volume of your samples.
 

• Measuring the Mass: Measure the mass of your samples using a top pan balance.

You will make this measurement three times and calculate the average. Record 

your results in the table.
 

Trial Sample 1 Sample 2

1   

2   

3   

Avg.   

 
 
 

• Measuring the Volume: To determine the volume of an object with a regular shape

there are standard equations that may be used. The equations for three common
shapes are given below.

 

Sphere Cube Cylinder
 

V =
4

⋅π ⋅ R3

3

 
V = L ⋅W ⋅ H

 

V =
π 
4

 
⋅ R 2 ⋅ H

 

• Measure the relevant dimensions of your sample and record the reading in the tables 

below
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Sample #2

Trial
1
2
3

Avg.

• Calculate the volume for Sample #2. Show all work

Volume =   

• Calculate the Density

Specimen Volume / cm3 Mass / g Density / gcm-3

   
   
Even though both objects have different shape and volume what did you observe 
about the density of the samples?

Unlike the mass and volume that may be different for each specimen, all objects 
made of the same material will have the same density.  Because of this the density 
is often used  to  identify  unknown  substances  or  to  determine  the  percent  
composition.    The densities of various substances are given in Table.

Solids Density /
gcm-3

Lead 11.37
Silver 10.57
Copper 8.92
Brass 8.90
Nickel 8.57
Iron 7.90
Aluminum 2.67
Marble 2.60 - 2.84
Granite 2.65
Rubber 1.10 – 1.19
Oak 0.80
Pine 0.35 – 0.50

Density of solid substances.  Densities are in gcm-3.
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Determine the Density of an object with an irregular shape

• Obtain a set of irregularly shaped samples.  Calculate the density by measuring the mass and volume.
• Measuring the Mass using a top pan balance.

Trial Sample 1 Sample 2
1
2
3

Avg.

• Measuring  the  Volume:  The  volume  of  an  irregularly  shaped  object  can  be determined by 
measuring the amount of water it displaces.  Fill a graduated cylinder about half way with water.  Note 
the level of the water.  Submerge your sample and mark the new water level. You can also use an 
overflow can and a graduated cylinder.

 
Sample 1 Sample 2

Final volume of water
Initial volume of
water
Volume of sample

  

• Calculate the Density

Specimen Volume / cm3 Mass / g Density / gcm-3
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mass and volume.
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1   

2   

3   
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• Measuring the Volume: The volume of an irregularly shaped object can be

determined by measuring the amount of water it displaces. Fill a graduated cylinder

about half way with water. Note the level of the water. Submerge your sample and

mark the new water level. You can also use an overflow can and a graduated
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 Sample
 

1

Sample
 

2

Final volume of water   

Initial volume of
 

water

  

Volume of sample   

 
 
 
 
 

• Calculate the Density
 

 
Specimen

Volume /
cm3

Mass /
g

Density /
gcm-3
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2. PHYSICS INTERACTIVES
Source:  www.physicsclassroom.com/Physics-Interactives/About-the-Physics-

Interactives

The physics classroom.com is an excellent resource. 
The founders saw that physics teachers were in a bit of 
a predicament due to a number of schools/pupils/parents 
investing in tablets in an effort to provide every learner with 
a web-connected computing device. As Physics teachers 
we’ve learned to depend upon a collection of interactive 
web resources that were built on the backbone of plug-in 
technologies such as Java, Flash, and Shockwave. And now 
very few of these resources work on the devices that our 
students hold in their hands. The rapid emergence of these 
modern devices has left a void in our traditional instruction. 
The Physics Interactives helps to fill that void.

The Physics Interactives is a growing collection of 
interactive materials that works well on as many modern 
devices as possible, thus supporting students and 
teachers. These Interactives provide students, teachers and 
classrooms with a collection of learning activities that are 
rich with interactivity and functional on mobile (phones 
and tablets), Chromebooks, and laptop and desktop 
devices.

What Are Physics Interactives?

According to  www.physicsclassroom.com/Physics-Interactives/About-the-Physics-
Interactives

 
“Each Interactive is a self-contained environment that begs the learner to interact. 
Such interactions may involve any of the following:
• asking a what-if question and having a tool to pursue the answer;
• changing a variable and observing an outcome;
• conducting a cause-effect study of the relationship between variables;
• collecting data from a simulated environment and looking for relationships;
• engaging in a game-like environment in order to accomplish a prescribed goal;
• reflecting on a question and answering it; and
• making a decision based on one’s conceptions of physics.

Many of the Interactives come with a classroom-ready set of pages to be printed and 
distributed to the class. These pages provide direction, guidance, leading questions, 
and tables for organising collected data. The Interactives do not require such 
handouts. The activity sheets are simply provided as a service to those teachers who 
would like to use them with their classes and as an example of how an Interactive 
could be used to engage students in a classroom activity.

www.physicsclassroom.com/Physics-Interactives/About-the-Physics-Interactives
www.physicsclassroom.com/Physics-Interactives/About-the-Physics-Interactives
www.physicsclassroom.com/Physics-Interactives/About-the-Physics-Interactives
www.physicsclassroom.com/Physics-Interactives/About-the-Physics-Interactives
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3. APPS ON PHYSICS BY WALTER FENDT
Another excellent site which offer vibrant interactive simulations is
www.walter-fendt.de/html5/phen/

The following simulations which are presently available are suitable for GCE Physics

Mechanics Oscillations and Waves
Motion with Constant Acceleration 
Equilibrium of Three Forces
Resultant of Forces (Addition of Vectors) 
Resolution of a Force into Components 
Projectile Motion
Elastic and Inelastic Collision Newton’s 
Cradle
Uniform Circular Motion

Simple Pendulum Spring Pendulum 
Coupled Pendula
Forced Oscillations (Resonance) Beats
Standing Wave (Explanation by 
Superposition) 
Standing Longitudinal Waves
Interference of two Circular or Spherical 
Waves Doppler Effect

Electrodynamics Optics
Magnetic Field of a Straight Current-
Carrying Wire
Lorentz Force
Direct Current Electrical Motor Generator
Simple AC Circuits 
Electromagnetic Oscillating Circuit 
Electromagnetic Waves

Refraction of Light
Reflection and Refraction of Light Waves 
(Huygens’)
Refracting Astronomical Telescope 
Interference of Light at a Double Slit 
Diffraction of Light at a Single Slit

Nuclear Physics Physics of Atoms 
Law of Radioactive Decay Photoelectric Effect

To access any of the above simulations visit: www.walter-fendt.de/html5/phen/

4. DESIGN YOUR OWN SIMULATIONS USING THE APP PHYSAMAJIG
Source: www.spritehand.com/p/physamajig.html

Create your own Physics Games and Simulations! Just sketch 
something out and it is translated into a realistic physics object. 
Add attributes such as bounciness, friction, and joints – then 
create your own games by adding Behaviours to the objects. 
Several sample games are included – play basketball, land a 
ship on the moon, destroy critters with your cannon.

Download from: 
www.microsoft.com/en-gb/store/apps/
physamajig/9wzdncrdlvst

There is a series of YouTube videos to help 
you get started. 
www.youtube.com/watch?v=YDM2jFgCQMM

http://www.walter-fendt.de/html5/phen/
http://www.walter-fendt.de/html5/phen/
http://www.spritehand.com/p/physamajig.html
www.microsoft.com/en-gb/store/apps/physamajig/9wzdncrdlvst
www.microsoft.com/en-gb/store/apps/physamajig/9wzdncrdlvst
www.youtube.com/watch?v=YDM2jFgCQMM
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5. TURNING your SMARTPHONE into a mini Science LAB
In many secondary schools, students are not allowed to use their smartphones for 
good reason: it hampers personal communication in school. However, nearly all 
students (and teachers) have these powerful little helpers in their pockets. They all 
have the potential to access the Internet, and have the world’s knowledge at their 
fingertips, (even if they’ve left their textbooks at home.)

Thanks to their smartphones, they also own 
high-tech laboratory equipment that most 
schools can only dream of. They can measure 
their GPS coordinates (latitude, longitude), 
altitude, pressure, acceleration, angle of 
rotation, magnetic fields, voltage (of stereo 
input) and, last but not least, they may have 
two high-resolution cameras. It is unwise 
to use mobile phones or tablets in lieu of 
actual data loggers where different groups 
might share results and the quality of data can 
vary between devices possibly putting some 
students at a disadvantage.

Again this is a complementary activity to 
reinforce key learning concepts and enthuse 
the pupils as well as offer ample opportunity to 
stretch and challenge our pupils’ investigative 
and analytical skills. Some great ideas into 

experiments that you can do in your physics classroom can be found at the website 
below. Don’t be put off by German language – this is an international site and much of 
it is in English!

www.science-on-stage.de/page/display/en/3/70/0/istage-2-smartphones-im-
naturwissenschaftlichen-unterricht

www.science-on-stage.de/page/display/en/3/70/0/istage-2-smartphones-im-naturwissenschaftlichen-unterricht
www.science-on-stage.de/page/display/en/3/70/0/istage-2-smartphones-im-naturwissenschaftlichen-unterricht
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The standard sensors available on most phones are:

1.   Gyroscope Sensor
 The Attitude (rotation) sensor provides the pitch, roll and yaw (azimuth) angles of 

the smartphone or tablet relative to the normal horizon. It is a part of the Device-
Motion information computed by the device’s operating system from the main 
sensors.

2.  Light Sensor
  Light sensor is applied to detect the light intensity of the environment, and then 

adjusts screen brightness and determines whether to turn off the keyboard light. 
Test the effect by putting your phone in dark place and retrieving it.

3. Orientation Sensor
 Orientation sensor is applied to detect direction status of the device, i.e. auto 

rotate screen when device is rotated horizontally. It can also be used as measure 
equipment like Spirit Level.

4. Proximity Sensor
   Proximity sensor measures the distance between two objects, usually the device 

screen and our hands/face etc. Test the effect by moving your hand forward and 
backward in front of the device in Sensor Box for Android or iOS device.

5.  Temperature Sensor
  Temperature sensor provides information about your device temperature, thus you 

can take action when the temp is too low or high.
6. Accelerometer Sensor
 Accelerometer sensor is applied to detect device directions, i.e. auto rotate 

screen when the device is rotated vertically. It is also widely used in game 
development.

7. Sound
 Sound detects the sound intensity around you and provides you detailed 

information about the intensity changes.
8. Magnetic Field
 Magnetic Field is used in many areas like metal detection and compass, which 

bring us lot convenience in our life.
9. Pressure
 Pressure is used to detect environmental pressure, thus to forecast weather and 

temperature.

There are thousands of apps to exploit the data provided by all these sensors, so many 
measurements in natural science can in principle be carried out and analysed with the 
help of smartphones. These apps provide you with an advanced viewer and monitor for 
the standard sensors available in your phone.
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We look at some of the more popular ones that are being use by our students.

1. SENSOR KINETICS
www.rotoview.com/sensor_kinetics.htm#sthash.c87zDxVz.dpuf

This app can be downloaded

Sensor Kinetics for Android         Sensor Kinetics for iOS

Source: www.rotoview.com/index.htm

If you want to optimise and learn about the electronic sensors on your smartphone, 
Sensor Kinetics is an app that will help you and your pupils see these sensors in action 
and discover how they work.

Experiment with the magnetometer and find out how to manipulate its onboard 
compass with a simple magnet. Measure the effect of gravity on your phone. 
Or maybe you are just curious to know how fast your phone’s accelerometer works?

Sensor Kinetics provides you with an advanced viewer and monitor for the standard 
sensors available in your phone or tablet and provides a comprehensive look at the 
combined operations of all the sensors. (Sensor Kinetics Pro is a paid version of this 
app (£0.79) that gives you the ability to apply filters to the data stream, save the 
sensor data to your phone and export it to your computer.) You can use Sensor Kinetics 
to monitor and understand the behaviour of the sensors while you change the delay 
setting or activate/deactivate specific sensors.

Each sensor is attached to a sophisticated chart viewer. For educational users, the app 
includes comprehensive help files which are intended to provide students with hands-
on knowledge of how these sensors interact with smartphones and suggests numerous 
experiments you can perform right on your phone or tablet. 

www.rotoview.com/sensor_kinetics.htm#sthash.c87zDxVz.dpuf
http://www.rotoview.com/index.htm
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A. Accelerometer 

Source: www.rotoview.com/accelerometer.htm

An accelerometer is a sensor for testing the acceleration along a given axis. When a 
physical body accelerates at a certain direction, it becomes subject to a force equal to:

F=ma
in accordance with Newton’s Second Law. In this formula, m is the mass, a is the 
acceleration. Therefore, accelerometers are built on the principle of measuring the 
force exerted on a test body of a known mass along a given axis.

The following drawing schematically shows the structure of an accelerometer.

In Newton’s day, accelerometers where built using a test mass (shown in red) held at 
rest with springs and having a scale showing the acceleration along the sensitivity 
axis. Note that the unit g is equal to the acceleration subject to all bodies at the 
surface of the earth due to gravity, and is equal to about 9.8 m/s². 

In the early 1950s, accelerometers were used in inertial navigation systems, and their 
structure has been modernized to include an easy electronic interface, and to replace 
the springs with magnetic forces. In the early 1990s, a new generation of MEMS 
devices (microelectromechanical systems) integrated the accelerometer into a single 
silicon structure.

Use the Sensor Kinetics app to learn about the Accelerometer

Sensor Kinetics displays realtime charts for the three axes of the accelerometer 
embedded in your phone. The charts can be viewed in either portrait or landscape 
mode. Students can design and conduct interesting experiments while measuring 
accelerations and gravity effects with their phone’s built in accelerometer.

http://www.rotoview.com/accelerometer.htm
http://www.rotoview.com/accelerometer.htm
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The accelerometer readings are in m/s² and are measured along the X, Y and Z axes.
Source: www.rotoview.com/gyroscope.htm

The gyroscope sensor measures rotational velocity 
along the Roll, Pitch and Yaw (Rotation around the 
vertical axis) axes. It depends on the property of rotating 
mass as illustrated in the following schematic drawing 
of the classical mechanical gyroscope. Gyroscope is 
second most popular sensor in today’s smartphone, 
after the accelerometer sensor.

Similar to the accelerometer, modern gyroscope sensors for mobile devices utilize 
MEMS technology. Sensor Kinetics displays realtime charts for the gyroscope. It shows 
the rotation rates along the pitch, roll and yaw axes. The charts can be viewed in either 
portrait or landscape mode.

Students can conduct interesting experiments while measuring rotations with their 
phone’s built in gyroscope. The gyroscope reading in the main and summary screens 
are displayed in radians per second. The chart view integrates the rotational velocities 
to obtain graphs of the roll, pitch, and yaw of the device.

http://www.rotoview.com/gyroscope.htm
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B. Magnetometer (Magnetic Field sensor)

Source: www.rotoview.com/magnetometer.htm

The magnetometer sensor in your tablet or smartphone also utilises modern solid 
state technology to create a miniature Hall-effect sensor that detects the Earth’s 
magnetic field along three perpendicular axes X, Y and Z. The Hall-effect sensor 
produces a voltage which is proportional to the strength and polarity of the magnetic 
field along the axis each sensor is directed. The sensed voltage is converted to 
digital signal representing the magnetic field intensity. Other technologies used for 
magnetometer may include magneto-resistive devices which change the measured 
resistance based on changes in the magnetic field.

In addition to general rotational information, the magnetometer is crucial for 
detecting the relative orientation of your device relative to the Earth’s magnetic north. 
Sensor Kinetics displays realtime charts for the three axes of the magnetometer 
embedded in your phone. The charts can be viewed in either portrait or landscape 
mode.

The magnetometer sensor is crucial for detecting 
the orientation of your device relative to the Earth’s 
magnetic north. The magnetometer readings 
are reported in micro Tesla units (µT). When 
experimenting with this sensor, you can see the 
effect of device rotation relative to the magnetic 
north, or you can move a magnet near your device.

Experimental idea: Detect the electromagnetic 
fields near you!

Move the phone around the room or outside and 
watch how the readings change. Move the phone near 
a magnet to see how it reacts. Speakers and older 
phones are also great places to take a magnetic field 
reading. The residual magnetic field of the Earth at 
0° latitude, 0° longitude is around 31.9 µT. How do 
your results look? Did using the phone app help in 
understanding how to measure magnetic fields?

Track a magnetic field while you take the mobile with yourself. Check if your bed is 
EMF free! Appliances, microwaves and sockets could be now radiating you. You can 
view the raw data of the magnetic fields that are all around you on a digital display. 
Over a thousand research studies have linked EMFs to important biological effects. 
EMFs have been associated with symptoms such as nausea, headache, fatigue, 
anxiety, mental confusion, memory loss, sleep disturbance, itchy or burning skin 
sensations, and skin rashes. The electromagnetic radiation come from broken or lose 
wires behind the wall, or electrical socket, appliances and other electrical devices in 
the home. Finding pipes or other metallic objects underground or behind walls. Clocks 
and radios near the bed may also contribute. 

http://www.rotoview.com/magnetometer.htm
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C. Linear Acceleration sensor

Source: www.rotoview.com/linear_acceleration_sensor.htm

The linear acceleration measures the acceleration effect of the device movement, 
excluding the effect of Earth’s gravity on the device. It is typically derived from the 
accelerometer, where other sensors (e.g. the magnetometer and the gyroscope) help to 
remove linear acceleration from the data. Linear accelerations are shown in 
m/s2. A simple method to determine the linear acceleration using only a three-axes 
accelerometer is to approximate the gravity sensor readings using a low-pass filter 
on the accelerometer data, and then subtracting the gravity measurements from 
the accelerometer full measurement. Better linear acceleration measurements are 
obtained when the gravity measurements are enhanced with sensor-fusion following 
our discussion of the modern gravity sensor. You can use the experiment below to 
verify the importance of sensor-fusion in measuring linear acceleration.

When used in conjunction with a hand-held device, 
the device is often stationary, and cannot sustain 
continuous accelaration in one direction (unless the 
user travels within a vehicle that is subjected to wild 
accelerations). Therefore, the linear acceleration 
components in the accelerometer measurement 
are transient in nature, with a tendency to return 
to 0. Sensor Kinetics includes a unique 3D viewer to 
demonstrate the linear acceleration concept. It shows a 
ball suspended in the center of a box with virtual springs. 
Any linear movement in any direction will cause the ball 
to move in the movement direction proportionally to the 
linear acceleration. Once acceleration is stopped (e.g. 
during constant movement) notice that the ball returns 
to the center of the box. The following image illustrates 
the iPhone 3D viewer for linear acceleration sensor:

Sensor Kinetics displays real-time charts for the three components of the linear 
acceleration along the x, y and z axes of the device. The linear acceleration charts can 
be viewed in either portrait or landscape mode.

www.rotoview.com/linear_acceleration_sensor.htm
http://www.rotoview.com/linear_acceleration_sensor.htm
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Experiment Idea

Comparing the linear acceleration sensor and the accelerometer.

Hold the device face up and make “up and down” movements. The accelerometer’s raw 
readings will show Earth’s gravity plus variation on the Z axis due to the movement. 
The linear acceleration sensor reading will show acceleration only when the device is 
moved. Earth’s gravity effect is zeroed out.

A better demonstration can be made with the Chart Viewer in the Sensor Kinetics 
app. Run the Chart Viewer by tapping the title of the linear acceleration sensor. Start 
the chart and slowly rotate (tilt) your device to all directions without making lateral 
movements. You can see only small changes recorded in the chart. Repeat the same 
with the accelerometer sensor and you will see that similar rotations record significant 
readings in the accelerometer chart due to Earth’s gravity.

Gravity sensor

Source: www.rotoview.com/gravity_sensor.htm

The gravity sensor measures the acceleration effect of Earth’s gravity on the device 
enclosing the sensor. It is typically derived from the accelerometer, where other 
sensors (e.g. the magnetometer and the gyroscope) help to remove linear acceleration 
from the data. 

When a device with gravity sensor is held up, the source of gravity acceleration is, of 
course, the gravity pull of the Earth. Therefore, when the gravity sensor discloses the 
X, Y and Z components of the sensed gravity, one can calculate the tilt of the device 
relative to the face of the Earth. Ancient gravity sensors for measuring tilt were made 
by a small body (e.g. a sphere) that is tethered to a wire connected to the device. 
Crude angular scales were used to determine the inclination of the wire relative to a 
perpendicular reference line to the Earth.

In modern mobile devices, the physical sensor 
that measures acceleration is the accelerometer. 
The accelerometer, however, measures all the 
accelerations that affect the device, which are the 
sum of the gravitational acceleration and the linear 
acceleration associated with the movement of the 
device. A crude estimate of the gravity on hand-held 
device can be made on the accelerometer reading 
using a low-pass filter that minimizes the linear 
acceleration. 

Sensor Kinetics for the smart phone includes a 3D 
graphic view that shows the three components of 
gravity along the X, Y and Z axes of the device.

Sensor Kinetics displays real-time charts for the three 
components of gravity along the X, Y and Z axes of 
the device. The gravity charts can be viewed in either 
portrait or landscape mode.

http://www.rotoview.com/gravity_sensor.htm
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Experiment idea: Comparing the gravity sensor and the accelerometer as 
follows:

Hold the device face up and make "up and down" movements. The 
accelerometer's raw readings will show Earth's gravity plus variation on the Z 
axis due to the movement. The gravity sensor reading will show constant Earth 
gravity along the Z axis regardless of the movements.

D. Attitude (Rotation) sensor

Source: www.rotoview.com/attitude_sensor.htm

Using the main sensors screen in the Sensor Kinetics app, you can verify the 
stability of the attitude sensor by monitoring the globe when the device is 
stationary. The globe follows your pitch and roll changes. You can experiment 
with yaw (azimuth) angle when you rotate the device while it is placed on a 
flat surface. Gyroscope sensor can measure six directions at a time. You will 
be able to see the effects immediately by rotating your phone slightly. Now 
Gyroscope sensor is mostly used in 3D game development, and possibly 
indoor navigation in future.

Use the Sensor Kinetics app to learn about the Attitude (Rotation) Sensor

Sensor Kinetics for the iPhone 
includes a simple globe viewer that 
changes the attitude of the globe 
based on the iPhone rotation, as 
shown here:

Sensor Kinetics for the Android demonstrates 
the use of the Rotation sensor to control 
RotoView style view navigation, allowing you 
to compare the reduced drift of the Rotation 
sensor compared to a pure gyroscope 
(no-fusion) sensor.

http://www.rotoview.com/attitude_sensor.htm
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Sensor Kinetics displays realtime charts for the three rotation axes of the device: the 
roll, pitch, and azimuth. The attitude (rotation) charts can be viewed in either portrait 
or landscape mode.

2. SENSE IT
Source: play.google.com/store/apps/details?id=org.greengin.sciencetoolkit&hl=en

Sense-it gives access to all the sensors on your smartphone. 
If you are curious about the sensors your device may have 
and what you might do with them, use this app to record data 
and generate graphs from your sensors, or check the type and 
hardware model of your sensors.

How can you use your sensors?

You can use your sensors to collect data for a project or investigation. You can set up 
“projects” by selecting the sensors you need and deciding on the rate at which they 
log data (e.g., samples per second). The Sense-it app will produce a log of the sensor 
data, visualize it in graphs, export it as a CSV file, so you can share it with others 
(e.g. through email). The data you collect could be further processed by using other 
software, such as spreadsheet programs.

The app is linked to the nQuire-it site (www.nquire-it.org). You can link to nQuire-it 
missions, then add data on your Android device, or you can create your own mission 
for other people to join and contribute data.

Depending on the hardware of your Android device, you may have access to the 
following sensors:

• Accelerometers and gravity sensors
• Gyroscope and compass
• Magnetic field
• Proximity
• Light intensity
• Ambient temperature, atmospheric pressure, and relative humidity 

https://play.google.com/store/apps/details?id=org.greengin.sciencetoolkit&hl=en
www.nquire-it.org
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The Sense-it app implements further software sensors including:

• Sound intensity, using the device’s microphone.
• Location, using GPS.
• Network signal strength.
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3. POCKET LIGHT METER
Source:   itunes.apple.com/gb/app/pocket-light-meter/

id381698089?mt=8 
Source:  play.google.com/store/apps/details?id=com.nuwaste.

plm&hl=en_GB

This app is available to download on iOS and android platforms

A light meter that is always in your pocket. It measures reflected light, and allows 
reciprocity calculations.

http://itunes.apple.com/gb/app/pocket-light-meter/id381698089?mt=8
http://itunes.apple.com/gb/app/pocket-light-meter/id381698089?mt=8
http://play.google.com/store/apps/details?id=com.nuwaste.plm&hl=en_GB
http://play.google.com/store/apps/details?id=com.nuwaste.plm&hl=en_GB
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4.  TURN YOUR PHONE INTO A SPECTROSCOPE USING SpectraSnapp or 
LightSpectra apps

SpectraSnapp By The American Physical Society

Source: itunes.apple.com/gb/app/spectrasnapp/id582838193?mt=8

LightSpectra by Philip Weetman

Source:  play.google.com/store/apps/details?id=weetman.
LightSpectra&hl=en

These apps allow users to turn their iPhone or iPad into a spectroscopic device that can 
analyze common sources of light.

Both these apps make use of the iPhone’s camera to image spectra of any light source. 
You’ll need to make a few quick adaptations first, however. You’ll have to create a 
makeshift spectrometer to append to your phone’s camera. The SpectraSnapp app has 
the full details on how to build your device which requires just a few items:

• A diffraction grating
• Black construction paper
• And electrical tape (black works best)

This simple add-on goes over your iPhone’s camera and point it at anything that glows.
A YouTube video of these instructions is also available: 
www.youtube.com/watch?v=FJ1xOWl5Axk

http://itunes.apple.com/gb/app/spectrasnapp/id582838193?mt=8
http://play.google.com/store/apps/details?id=weetman.LightSpectra&hl=en
http://play.google.com/store/apps/details?id=weetman.LightSpectra&hl=en
www.youtube.com/watch?v=FJ1xOWl5Axk
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The SpectraSnapp app breaks apart the incoming light into its separate wavelengths. 
You can see how different kinds of light sources all have their own unique signatures. 
Use the comparison tool in the app to match your spectra sample to a library of 
common sources, and you can tell what’s generating that light! Astronomers use this 
same technique to figure out what elements make up distant stars.

Our world is filled with different light sources: fluorescent office lights, sodium street 
lamps, and bright neon lights to name a few. Now you can see all of the emission 
spectra of these light sources Characteristic colours emerge because every element 
or chemical compound has its own emission spectrum. When an atom's electrons are 
excited, it will emit photons of specific wavelengths. Atoms emit photons of various 
energies when electrons are excited from one energy level to another.

The magnitude of the energy jump for the electrons determines the energy – 
and subsequent colour – of the emitted photons. Using an instrument known as 
a spectrometer, physicists can see the unique emission lines for an element or 
compound. With SpectraSnapp, now you can too!

Experiment idea

After you’ve made your spectrometer, just point your camera 
at any nearby light sources to reveal the underlying emission 
lines. Once you snap your picture, it’s time for analysis.

The app lets you do some basic photo editing to perfect your 
spectrum sample. You can crop, rotate, change the brightness, 
and alter the contrast for your spectrum image.

Next, you can compare your spectrum to our library of spectra 
for a number of other light sources. The library includes 
spectra for many gas discharges and common light sources. 
By comparing your spectra, you can start to see how your 
sample generates its light. Maybe your sample looks like a 
sodium discharge, or maybe it looks more like the red and 
orange heavy emission of neon.
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5. USING THE CAMERA
Modern smart devices often have very capable cameras, some manufacturers are 
producing mobile devices with a CCD (charged couple device; the sensor which 
actually collects the light) of more than 20 mega pixels. There are many novel ways in 
which this can be used in the classroom as shown with the spectroscopy apps above.

Slow motion

Some mobile devices have a slow motion mode, these typically capture video at 120 
frames per second (normally it is 25 fps), so they allow you to see very fast occurring 
events at 1/4 or 1/8 the actual speed. They can be used to observe impact force.

Sharing

A very powerful way of using phone cameras in lessons would be to ask students 
to take pictures of their experiment, whilst setting up, and when finished, e.g. 
constructing electrical circuits. The photos could be sent to the teacher’s computer 
via Bluetooth or WiFi, and then used as a plenary activity. Students can discuss why 
certain circuits were not working, the varying readings from meters, etc. Speak to your 
IT support department about enabling your classroom computer or laptop to work with 
shared media. If this is not possible, an alternative would be to ask students to upload 
their photos to a cloud service such as Dropbox or Google Drive. Files they upload 
would appear on your computer almost instantaneously.
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3. MAKING YOUR OWN MOVIE OR TRAILER: IMOVIE
Source: itunes.apple.com/gb/app/imovie/id377298193?mt=8

With a streamlined design and intuitive Multi-Touch gestures, 
iMovie lets you enjoy your videos and tell stories like never 
before. Browse your video library, share favourite moments, 
create beautiful movies, and watch them on all your devices in 
iMovie Theater. And with the iMovie extension, it’s fast and fun 
to make every video more memorable – directly in the Photos 
app. You can make Hollywood-style trailers, create beautiful 
movies and save and share video easily.

Here are the 6 ways to use iMovie with your students:

Source:  www.educatorstechnology.com/2013/02/6-way-to-enhance-students-learning.
html

1-Create engaging presentations

This is probably the primary function of iMovie. Apple designed iMovie in such a way 
that it becomes next to impossible for any other software developer to beat it. The 
presentations created by iMovie are highly distinguished and are ideal for classroom 
teaching. Show your students how to create presentations using pictures, text and 
sound and let them experiment with its different features.

2-Create How to Videos

iMovie can be used for creating tutorials and guides for students. Teachers can create 
a how-to iMovie around a concept taught in the classroom and students can then 
burn it into a disc or load it into an iPod and take it home and practice it with the 
appropriate instruction. It can also be uploaded into the classroom blog for everyone 
to access any time they want. This is also a great way to help those students who were 
unable to attend the class when the concept was taught.

2-Create Video reports

Students can use iMovie to create high-quality video reports to demonstrate their 
comprehension of abstract concepts.

3-Provide out-of-school experiences

Both teachers and students can use iMovie to document and record events outside of 
the school and that has relevance to the units being taught in the classroom e.g., field 
trips. These iMovies can be brought to the classroom and shared with the whole class.

4-Use iMovie for classroom projects

Using iMovie in classroom projects is a great way to promote a culture of collaboration 
and co-operation among students. They can work in groups to create iMovies that 
includes text, photos, and sound to represent their projects. While watching works of 
others, students can have the chance of giving feedback to their peers.

itunes.apple.com/gb/app/imovie/id377298193?mt=8
itunes.apple.com/gb/app/imovie/id377298193?mt=8
http://play.google.com/store/apps/details?id=weetman.LightSpectra&hl=en
www.educatorstechnology.com/2013/02/6-way-to-enhance-students-learning.html
www.educatorstechnology.com/2013/02/6-way-to-enhance-students-learning.html
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5-Digital story telling

Students can use iMovie to tell stories using digital media including pictures, images, 
and music. This can improve their verbal fluency and their communicative skills.

6-Create book trailers/reports

Students can use iMovie to create engaging book trailers and this is how they can do it 

• Read a book/physics article
• Create a summary
• Plot summary on story board
• Select images to match student writing
• Use iMovie to create book/report trailer
• Enhance it with music and transitions

7. USING QR CODES IN YOUR LESSONS

As mobile learning and technology is more readily integrated within classroom 
settings, QR codes can be used as an interesting method to capture a student’s 
attention and make lesson material more interactive.

Quick response codes, also known as ‘QR’ codes, are images that can 
be scanned using a free app on a smart phone; QR codes are a form 
of barcode. By scanning a QR code image through a mobile device, 
information can be accessed including text, links, bookmarks and 
email addresses.

In the Physics classroom, QR codes can be used in a variety of ways to make a lesson 
more interactive. The advantages of this type of lesson are:

• Get students out of their chairs
• Saves paper
• Promotes exploration
• Shows learning all around us
• Learners interact with the world around them
• Technology for 21stcentury learners
• QR code readers save the history to help students go back and study/review
• Saves transition time
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How do I create a QR Code?

You can Generate your own QR codes using a website such as www.qrstuff.com/ and 
put them in worksheets, in emails and online.
 
What apps are needed to scan a QR code?

There are many choices for QR scanning apps. You will need to choose one that works 
with the devices your students will be using. Here are a few of the more popular ones 
to consider:

QR Reader for the iPhone QR Droid Code Scanner QRbot- QR Code Reader 
& Creator with Barcode 
Scanner

QR codes are fun because they make simple tasks interactive. This website can make 
it easier to generate a set of resources: www.classtools.net/QR/create.php

Here are some ways to get started using them right away in your classroom:

Practical work: Ever feel like your students rush through a lab procedure, omitting 
important steps? Turn each lab step into a QR code. Scanning each step will force your 
kids to slow down and process the main idea.

Study tools: Pass out QR codes at the end of a lesson for students to include in 
their notes. (Print them on labels to save time!) Students can visit the QR code for 
homework to view a short video, visit a website or access an important document from 
home. How about creating an interactive review using QR codes?

Self-checking answers: This one is so easy to do and encourages independence! You 
can take any existing worksheet or task card set and turn the answers into QR codes 
for self-checking.
 
Question of the Day: Post a question or task as a QR code projected on your board to 
immediately engage students when they walk into the room.

Learning Centers: Post a QR code that will link students to the directions for a 
learning center. Students can scan to find out the required tasks at a learning station. 
If you are using mobile devices, include QR codes to videos and interactive websites as 
well!

Absent Work: Use QR codes on a calendar to help students keep pace with your class 
when they are out. If you post notes or activities on your website, use the QR code to 
direct them to the specific materials they missed.

www.qrstuff.com/
www.classtools.net/QR/create.php
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Bulletin Boards: Encourage interaction with your bulletin boards by posting QR codes 
that link students to more in depth information!

Posting important information outside your classroom door: You can do this for 
events, clubs or your teacher contact information.  
(Generate a ME CARD at QRStuff.com)

8. TRACKER FOR MOTION ANALYSIS  

Source: physlets.org/tracker/ 

Tracker is freeware which analyses motion from a video clip, produces a range of 
graphs from it, and can then calculate various quantities based on the motion. 
It is immensely useful in the science classroom, both in teacher demonstrations, 
and student practical investigations.

A short video clip of an 
experiment needs to be 
recorded. It is important that 
the camera is stationary – 
perhaps fixed to a tripod, and 
whatever is being recorded 
is well illuminated with a 
colour which contrasts the 
background. Tracker could be 
used for class-wide activities, 
or perhaps as a differentiation 
tool for certain groups. A 
little bit of time invested 
in perusing the basics with 
your class can have profound 
effects when they engage 
positively with the software.

Tracker is available to 
download at 
physlets.org/tracker/ 
and is available for Windows, 
Mac OSX, and Linux operating 
systems. The link page also 
has can find many videos to 
download to help you learn 
how to use tracker. Typical 
results and data analysis are 
shown here:

QRStuff.com
physlets.org/tracker/
physlets.org/tracker/
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Video Physics

Source:  www.vernier.com/products/software/video-physics/
  
This is a very handy app from Vernier for the Secondary physics classroom. Video 
Physics brings automated object tracking and video analysis to iPhone, iPod touch, 
and iPad. Capture video of an object in motion and then tap to track the object 
automatically. Video Physics instantly creates trajectory, position, and velocity graphs 
for the object.

Video Physics is perfect for science students 
and teacher. Perform on-the-go analysis of 
interesting motion. Measure the velocity of 
a child’s swing, a roller-coaster, or a car. Or, 
take a video of a basketball free throw shot or 
a conversion kick in rugby. Video Physics will 
display the path of the ball and provide graphs 
of Y against X, the (X,Y) coordinate position and 
the velocity as a function of time.

Running on all iOS devices it allows the students 
to analyse the motion of moving objects in 
videos.

Using the app, students can capture video of 
an object in motion, then track it automatically 
by tapping on the object in the video, frame 
by frame. Video Physics can instantly create 
trajectory, position, and velocity graphs for the 
object. The processed video can be saved to the 
camera roll.

With the app students can capture a new video 
using the built-in camera or choose a video 
from your Photo Library. There are some handy 
sample videos included with the app 
(see above) so that you can practise how to 
work the software.

The software will track an object automatically or the students can manually add 
points to the video frame. The app will use an object of known size within the video to 
set the scale. It’s a good idea to include something like a metre stick in shot. Highlight 
this object in the app, and set the size, then the distances involved can be calculated 
automatically. It’s very clever!

www.vernier.com/products/software/video-physics/
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Once the data is collected, the app will produce graphs of trajectory, x/y position and 
velocity.

Tips on using the Video Physics App:
• Try to use a blank wall or sheet of paper as a 

background. Objects that are very different 
than their background (black/white) work 
best for automated tracking. It is also 
helpful to use a background with uniform 
colour and shading. If the background is too 
busy, there may be issues.

• Do not move the camera when filming. 
Analysis assumes the camera is fixed in 
position. Use a tripod or some other way to 
fix the camera in place.

• The object in motion should remain 
approximately in a plane perpendicular to 
the viewing direction.

• Place an object with known dimensions, 
such as a metre stick in shot, the same 
plane as the motion. Use this to scale the 
video.
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MOBILE APPLICATIONS FOR THE PHYSICS CLASSROOM
Over the past few decades, the influence of technology upon society and education 
has been immense. While there are a lot of applications available at the app store, 
choosing the right one for your students can fundamentally change the way they look 
at the process of learning. Educational apps are making things easier for children to 
understand. Textbooks are often found to be tiring and boring for pupils if overused, so 
replacing them with colourful pages and moving animations can make learning fun to 
the core.

Benefits
1. More Social and Entertaining

Learning is no more a passive activity, it’s even more active with applications.

2. Availability 24/7

 Unlike school, mobile applications are available round the clock. No need to be 
worried about schedules. Anywhere can be a classroom. App learning is not time-
bound learning, its relaxed learning.

4. Using free time

 This is where mobile apps prove their worth. Mobile app learning is one among the 
wisest choices of utilising your free time actively. Some leisure time can be utilised 
to learn something new with the help of a learning app. Entertainment guaranteed 
without wasting time.

5. Green way to learn

 While millions of trees are cut down for making papers for the traditional method 
of learning, mobile apps require just a download. It means a greener earth for 
future generations. Mobile learning process has sustainability. Completing a lesson 
with an app is can be effective as it is learning from experience rather than from 
compulsion.

6. Systematic Learning Activated

 Smart learning is one thing and systematic learning is next. App based learning 
enables both. Mobile apps help in systematic learning. Apps are arranged in such 
a way that it promotes not only a craving for learning but systematic learning. The 
apps are arranged in a systematic way that it becomes possible for students to go 
with the flow without even realising.

7. Portability

 There are no constraints for mobile phones. Learning will not be confined to the 
classrooms alone.
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A Collection of all the science apps that are suitable for science education are reviewed 
and linked to on the following website sciencenetlinks.com/collections/science-apps/ 
This is up dated regularly.

Some to get you started!

 MINDS ON PHYSICS. The Minds On Physics apps are designed 
to be a learning and assessment tool. Student’s answers are 
immediately evaluated and feedback regarding their correctness 
is given. Students continue to answer questions in an effort 
to progress through the assignment. Behind the scenes, the 
program is constantly analyzing student answers, looking for 
patterns of missing. When a pattern is observed, students are 
alerted of the pattern and provided links to online help that is 
specific to the questions that are being missed.

www.physicsclassroom.com/MOP-the-App 
Created by the website www.physicsclassroom.com

KHAN ACADEMY. Khan Academy offers practice exercises, 
instructional videos, and a personalized learning dashboard that 
empower learners to study at their own pace in and outside of the 
classroom.

www.khanacademy.org/

TED. TED videos can be used as a way to get students thinking. 
Check out Ed.TED.com which is packed full of short, animated 
lessons created specifically for students.

www.ted.com/

http://sciencenetlinks.com/collections/science-apps/
www.physicsclassroom.com/MOP-the-App
http://www.physicsclassroom.com
www.khanacademy.org/
www.ted.com/
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TWO-THIRTY VOLTS.
REVISION OF GCSE ELECTRICITY TOPIC
This app offers electricity revision notes and quizzes for 
secondary level Key Stage 3 and GCSE Science students.

  Topics include: Electric charge - Electrical circuits - Electric 
current - Electrical safety - Electrical symbols - Sources of 
electricity - Electromagnetic Induction - Generators - Ohm’s Law 
- Transformers - Transmission of electricity

 www.twothirtyvolts.org.uk/

(Coming soon to the Android)

WOLFRAM PHYSICS. There are two apps in this series. They act as 
quick physics references. These apps will help you work through 
your mathematical and theoretical physics problems, and learn 
physics concepts.

Topics from Physics I:

•   Solve linear and rotational kinematic equations
• Calculate forces of gravity, friction, and springs
• Calculate motion of rockets, pendulums, collisions, and more
• Perform calculations involving mass, weight, density, energy, 

work, and power
• Do unit conversions
• Look up laws of physics and common physics constants 

Topics from Physics II:

• Calculate properties of solids, including stress, pressure, 
deformation, and more

• Calculate properties of fluids, including drag, buoyancy, 
hydrostatic pressure, and more

• Solve a variety of electricity and magnetism calculations
• Perform ray optics calculations, including Snell’s law, 

lensmaker’s equation, thin lens equation, and more
• Compute wave effects, including properties of diffraction and 

thin film interference
• Do common thermodynamics calculations, including the ideal 

gas law, Joule’s first law, and more
• Look up laws of physics and common physics constants 

products.wolframalpha.com/courseassistants/physicsI.html

http://www.twothirtyvolts.org.uk/
http://products.wolframalpha.com/courseassistants/physicsI.html
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 PARTICLE PHYSICS ADVENTURE. The Particle Adventure is an 
interactive introduction to the world of quarks, the Higgs boson, 
neutrinos, antimatter, the fundamental forces, extra dimensions, 
dark matter, accelerators and particle detectors One can skim 
through or take the time to dig into topics of special interest. The 
journey is filled with cartoons, animation, news of recent physics 
discoveries, quizzes, pop-up windows, and quotes. While the 
content is guided by renowned physicists, the Particle Adventure 
has a look that reflects its student designers. There is student 
artwork and student humor. Indeed, a big part of the site’s appeal 
is its reliance on humor, thanks to the talents of students. 

www.particleadventure.org/ 

PARTICLE ZOO. A useful app to explore the basics of particle 
physics
www.particlezoo.net/

LOUGHBOROUGH WAVE LAB. Loughborough Wave Lab is an 
educational learning app designed to aid students in their 
understanding of electromagnetic wave concepts in an engaging 
and entertaining way!

 Features include:
–  Virtual pond
– Persistent Sinusoidal Pulses
– Virtual Ripple Tank
– Waveguide Simulator
play.google.com/store/apps/details?id=uk.ac.lboro.
el.wavelab&hl=en_GB

RIPPLE TANK FREE. A simulation of a ripple tank, or wave tank. 
Make waves with your finger, or view examples including such 
wave phenomena as interference, diffraction (single slit, double 
slit, etc.), refraction, resonance, and the Doppler effect.

itunes.apple.com/gb/app/ripple-tank-free/id453342553?mt=8 

http://www.particleadventure.org/
www.particlezoo.net/
http://play.google.com/store/apps/details?id=uk.ac.lboro.el.wavelab&hl=en_GB
http://play.google.com/store/apps/details?id=uk.ac.lboro.el.wavelab&hl=en_GB
http://itunes.apple.com/gb/app/ripple-tank-free/id453342553?mt=8 
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 SOUNDOSCOPE. Your device becomes an oscilloscope to analysis 
sound!

itunes.apple.com/gb/app/soundoscope/id494240165?mt=8

MYSCRIPT CALCULATOR. Easy, simple and intuitive app. 
Just write the mathematical expression on the screen then let 
MyScript technology perform its magic converting symbols and 
numbers to digital text and delivering the result in real time. 
Solve mathematical equations by hand without actually having 
to crunch the numbers yourself!

www.myscript.com/calculator/

PHOTOMATH. Photomath reads and solves mathematical 
problems by using the camera of your mobile device in real-time. 
It makes math easy and simple by educating users on how to 
solve math problems.

photomath.net/en/

SIM PHYSICS. This app is a collection of 50 games with over 
350 levels to help you deeply engage with the physics behind 
rollercoasters, cannon, cars, cameras, lenses, mirrors, charges, 
magnets, electricity, free body diagrams, waves, tires, helicopter 
blades, swings, gravitation, friction, towing and more!

 Each game invites the player to tackle new challenges and 
figure things out. Whether it is helping an eskimo get home or 
firing cannons to hit targets or playing ice-hockey with electric 
charges, students will have plenty of opportunities to exercise 
their creativity, figure out what works and what doesn’t and build 
confidence in their abilities. While the students are engaged 
in hands-on learning, SimPhysics tracks their interactions 
and allows teachers to see in real time how the students are 
progressing.

itunes.apple.com/gb/app/simphysics/id563669432?mt=8

itunes.apple.com/gb/app/soundoscope/id494240165?mt=8
http://www.myscript.com/calculator/
https://photomath.net/en/
https://itunes.apple.com/gb/app/simphysics/id563669432?mt=8
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 QUIZLET. Flashcards and study tool

Quizlet makes studying fun, easy, and effective. Create your own 
sets of study material or choose from millions created by other 
Quizlet users, then master your subject with powerful interactive 
learning tools:

– Make your own flashcards
– Put your memory to the test with Learn
– Race against the clock in a game of Match
– Share with classmates or your students
– Listen to automatic pronunciations in 18 languages
– Enhance your studying with images and audio

quizlet.com/

 GOSKYWATCH PLANETARIUM. Easily and quickly identify and 
locate stars, planets, constellations and more with the touch or 
by pointing to the sky

itunes.apple.com/gb/app/goskywatch-planetarium-for/
id364209241?mt=8

 NASA VISUALIZATION EXPLORER. This is the NASA Visualization 
Explorer, the coolest way to get stories about advanced space-
based research delivered right to your iPad. A direct connection 
to NASA’s extraordinary fleet of research spacecraft, this app 
presents cutting edge research stories in an engaging and 
exciting format. See the Earth as you’ve never seen it before; 
travel to places otherwise unavailable to even the most intrepid 
explorers! Download it now, tap into the power of NASA’s cutting-
edge research today and check for new stories every week!

svs.gsfc.nasa.gov/nasaviz/

https://quizlet.com/
itunes.apple.com/gb/app/goskywatch-planetarium-for/id364209241?mt=8
itunes.apple.com/gb/app/goskywatch-planetarium-for/id364209241?mt=8
https://svs.gsfc.nasa.gov/nasaviz/
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SOLAR WALK ™. SOLAR SYSTEM PLANETS, ORBITS, AND MOONS 
WITH PICTURES, SOUNDS AND LESSONS

 Solar Walk stands out among other astronomy apps having a very 
beautiful and smooth graphics and animations. The Earth as well 
as other planets look so realistic that you can even see the clouds 
together with the relief of mountains, lakes, oceans.
 
3D SOLAR SYSTEM: play with the 3D model by moving around the 
Solar System. Zoom in, zoom out, investigate it from different 
angles. You can observe not only the current position of planets 
in our solar system but also learn their position at a definite 
period of time in the past or in the future!
For this use Time Machine feature.

FLY to the PLANET: having chosen a planet from a far, tap an 
image of a “rocket” to fly straight to the planet. Enjoy a beautiful 
and realistic image of a planet!

itunes.apple.com/gb/app/solar-walk-solar-system-planets/
id347546771?mt=8 

COSMIC DISCOVERIES. Cosmic Discoveries contains over 1000 
images of everything from the pockmarked surface of Mercury 
to the majestic Horsehead Nebula, culled from the Museum’s 
archives and Science Bulletins, as well as dozens of space 
agencies and observatories around the world. All the photographs 
appear on the app’s initial screen stitched together to form one of 
the most iconic shapes in our Solar System – the gas giant Saturn 
and its rings.

itunes.apple.com/gb/app/cosmic-discoveries/id396546761?mt=8

itunes.apple.com/gb/app/solar-walk-solar-system-planets/id347546771?mt=8
itunes.apple.com/gb/app/solar-walk-solar-system-planets/id347546771?mt=8
http://itunes.apple.com/gb/app/cosmic-discoveries/id396546761?mt=8
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Appendix
Learning Environment and ICT

In a learning environment we accept that effective learning happens when students 
are actively engaged with the learning tasks. Zirkin and Sumler (1994) “the more 
interactive the instruction the more effective the learning outcome was likely to 
be” Jon Pearse and Mary Ainley, (2001), cite four studies (Bosco 1986; Verano 1987; 
Fletcher 1989; Stafford 1990) each of which examined the use of interactive videodiscs 
in learning and concludes that it is the increased level of interactivity which results 
in better learning achievements, retention of knowledge and better attitudes towards 
learning than traditional classroom lectures. Interactivity has held a high profile in 
education circles for a long time phrases such as ‘learner centred’; ‘hands on’, and 
‘activity based’ all fit well within the constructivist philosophy of learning and imply 
interactivity in one form or another.

The attention of the learner may be gained by various techniques; initially, appealing 
to the learner’s interests and later through various stimuli changes during the 
presentation of the course material.

Instruction using technology allows many natural stimulus changes: switching 
attention between computer, data screen and group learning refocuses the learner on 
the task.

Leonard Newton and Laurence Rogers strongly advocate the “appropriate use “of ICT, 
where by the aims and objectives of the science lesson are clearly defined first and 
then ICT activities chosen and designed to serve these objectives. They discussed the 
purpose of science education, which included the acquisition of knowledge and skills, 
understanding of the processes of scientific investigations, and the development of 
scientific attitudes such as curiosity, problem solving, perseverance and respect for 
evidence. They concluded that in effective science lessons, teachers’ work hard to raise 
pupils’ engagement in challenging, ‘minds on’, and sustained activities.

In case studies carried out by Mevarech et al, (1991), they concluded that in a wide 
range of situations involving working with computers, pairs or small groups of children 
not only appear to perform tasks better than individuals, but also learn more form 
doing so. This is true even with different types of software developed specifically 
for individual use, such as drill and practice software. Piaget himself saw children’s 
active construction of their own understanding fundamental to their cognitive growth, 
and view peer interaction as a peculiarly potent source of progress (Piaget 1932.) 
“Technology doesn’t change practice – people do” (Loveless, 1995: p.63). Mortimore 
(1999) highlights the need for a view of ‘learning communities’ in which learner and 
teachers are co-constructors of knowledge, and defines pedagogy as ‘any conscious 
activity by one person designed to enhance learning in another’ (1999:19). In 1995 
Loveless reflects on the way in which teachers need to think about how ICT might 
affect their teaching strategies:

“It is by knowing when and how to intervene to encourage pupils autonomy and 
contributions that influence the quality of the learning experience for both the child 
and the teacher. Knowing when to stand back in order to allow the child time to work 
through uncertainty to solutions; knowing when to provide new information or skills 
to equip the children in their task; knowing when to ask a question to challenge or 
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divert; knowing how to balance guidance and sharing of expertise with providing 
opportunities for children to think and work things out for themselves – such 
knowledge implies ‘intelligent action’ on behalf of the teacher. It is this intelligent 
action that lies at the heart of effective teaching skills, and which reflective teachers 
develop throughout their teaching careers.”

Simulations – Virtual experiments and visual aids to help explain phenomena 
The advantages and disadvantage of using ICT simulations in the science classroom 
are well documented (e.g. Scaife and Wellington; 1993; Baggott, 1998). As a result 
of early work which demonstrated that pupils were able to engage in investigations 
that were not only impossible to replicate in a school laboratory, but also above the 
mathematical abilities of the learners, (Papert, 1980, Kurland and Pea, 1983, Cox 
1984), a substantial number of simulation and modelling programmes have been 
developed and evaluated. There is a basic difference between these. Bliss et al, (1992) 
distinguished simulations as the exploration of existing models, and modelling as 
the expression of learners’ ideas in constructing their own models. Mellar et al (1994) 
demonstrated that pupils were able to investigate much more complex models if they 
were provided in simulations than if they had to build their own. Margaret Cox has 
reviewed research carried out over the past two decades on the educational use of ICT-
based simulations and modelling, and concludes that the main contribution made to 
pupils’ understanding of science is through the acquisition of investigative skills and 
improved understanding of some scientific concepts and processes. 

(Cox, 2000).

Some simulations add concept labels, which you cannot see – for instance in showing 
the movement of a bouncing ball force and velocity labels will be added so it is 
possible to see what is happening to these parameters as the ball moves. According to 
Jerry Wellington the main advantages of simulations are:

(a) Reduces costs
(b) Saves time
(c) Safer
(d)  Motivates pupils more that traditional practical work (very little evidence to 

support this).
(e) Easy to control variables.
(f)  Less management problems easier to conduct that traditional laboratory 

experiments.
(Wellington 2000:202)

The main disadvantages (‘Dangers’) he discusses are:
(a) Confusion with reality
(b)  Pupils are given the impression the variables can be easily equaled and 

independently controlled.
(c)  They are based on models and every model has limitations and is based on 

certain assumptions. Users are only able to manipulate factors and variable 
with in the model being used.

(d)  Double idealizations – using a computer model of a scientific model of 
scientific model which itself is an idealization of reality - “the idealization 
involved in modelling is doubly dangerous in simulations which involve a 
model of a model”
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Use of models – Exploring relationships, predicting and testing theories
Models form another important resource (a powerful tool) for science teachers. Pupils 
can learn from models, but they also need to learn about models, because modelling 
is intrinsic to science. Models are not the real thing – but an aid to help focus on a 
particular phenomenon of aspect of an object.

Parkinson (2002) defines four types of models“Scale model, Analogue model, 
Mathematical model which allow pupils to manipulate a situation and find out what 
happen if parameters are changed, Theoretical model which brings together a range of 
experiences and theories”

(Parkinson, 2002:86)

He places emphasis on encouraging pupils to think about the limitations of models, 
so that they become familiar with the functions of models as an aid to thinking. 
Mathematical models so much a favourite of Physics are always idealised cases. 
Theoretical models are inevitably large generalizations of very complex processes and 
incorporate a multitude of evidence and theorizing. What is important is to help pupils 
to recognise the leap of imagination, which has occurred in creating the models in the 
first place, and the arguments, which go toward supporting the model.

Practical work – Using sensors, interfaces and data logging software
Potentially useful attributes of data-logging technology in classroom use have been 
identified (Rogers & Wild, 1996) and the development of software tools has provided 
new opportunities to explore experimental data (Rogers 1997). Research into the 
impact of data logging on pupils’ learning in science has indicated the contribution 
computer-generated graphs can make to pupil’s appreciation of the meaning in the 
data, and of the advantages of computer-drawn graphs over manual methods (Barton 
1997). Outside the UK, Nahkleh has reviewed research into the effects of MBL on 
learning (Nahkleh 1994); and Weller (1996) has considered more generally the benefits 
of new technology. With respect to data logging in science, research indicates that the 
technique offers genuinely scientific experiences to pupils. Moreover, it can contribute 
to pupils’ skills in scientific inquiry; and add to their understanding and interpretation 
of graphically presented information a lot of research has been done in this area 
at the moment. In this literature review we take a brief look at the advantages and 
disadvantages of data logging.
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Advantages
1. Better graphing skills
According to Mokros and Tinker (1987), graphing is a key symbol system in science 
for conveying information about experimental measurements, summarising the 
covariance of two or three variables over a large number of measurements. The ability 
to draw, analyse and interpret graphs is crucial in the study of science. Students are 
expected to transform data collected in experiments into graphs. A study by Stuessy 
& Rowland (1989) showed that students using data logging had higher gain scores 
on a graphing skills test than other students. Settlage (1995) also showed that many 
students developed an increasingly sophisticated understanding of graphs and 
many students increased their graphing repertoire and sophistication of interpreting 
graphical representations.

2. Better understanding of science concepts
Settlage (1995) made the following findings concerning learning via data logging: 
data logging contributes to the students’ science learning, especially in the form of 
increased facility with scientific inquiry and development of science concepts. Disessa 
(1987) demonstrates that data logging shows promise in helping students restructure 
their understandings. One main reason being more time can be devoted to the 
interpretation of the findings in practicals using data-logging systems.

3. Better understanding of scientific experimentation
Some researches reported a positive effect on the development of scientific 
enquiry skills, that is, the ability to identify and manipulate variables, conduct fair 
experiments, make predictions and analyse and interpret results. Friedler, Nachmias 
and Songer (1989) found students were more critical about computer-presented 
information. They showed improvements in abilities to plan, control variables while 
designing an experiment, make detailed predictions and justify them on the basis 
of their previous experiments. Zuman and Kim (1989) also reported that students 
became more confident in their own abilities to design experiments, articulate 
hypotheses, control variables, interpret data and make conclusions based on the data 
and the hypotheses.

4. Greater interest in practical work
Many studies have shown that data logging system is satisfying for students in a 
variety of education levels and motivating them to participate in science laboratory 
work (Bross 1986). One major reason being, with such system using non-conventional 
digital equipment, the collection and transformation of analog data from the 
environment into digital data is in approximately real time (Nakhleh, 1994) and 
students find this fascinating and interesting.

5. Enhanced computer literacy
The use of the computer system in association with the data-logging system 
provides more opportunities for students to work on the computer and use computer 
application programmes.

This can help build up their confidence and interest in using computer systems.
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Disadvantages
1. Reduced practice of graphing skills
The skills of graphing should be part of student learning and all opportunities must 
be provided to ensure students know how to draw a variety of graphs. Graph skills 
should include: identifying the appropriate type of graph-bar or line – to present 
data; providing a useful title for a graph and correctly labelling the x and y axes; 
constructing a bar or line graph when given a data table; interpreting a graph 
by showing the relation between the dependent and independent variables and 
interpolating and extra plating information from a line graph (Chiappetta, E.L. 1998). 
With the data-logging systems taking over the graphing part and the controversial 
findings of the impact of data-logging systems on graphing skills of students, the fear 
that graph construction ability may drop is quite genuine.

2. Loss of conventional methods of data collection
The traditional methods of data collection have their value and there is a danger that 
this may fade out. Thus, in the design of the curriculum, a suitable balance between 
traditional experiments and data-logger experiments must be worked out.

3. Understanding of concepts in science
Nakhleh and Krajcik (1994) in a study found that students using any technology 
seemed to build they understanding predominantly on a macroscopic level and 
did not relate them very well to microscopic and symbolic system representations. 
Nakhleh (1994) has pointed out some limitations of research findings on data-logging. 
Research findings on data logging may be difficult to generalise because most 
research studies were experimental in design.

To better prepare students for the science and technology of the 21st century, the 
current science education reforms ask science teachers to integrate technology and 
inquiry-based teaching into their instruction. We encourage teachers to apply “a 
variety of technologies, such as hand tools, measuring instruments, and calculators 
[as] an integral component of scientific investigations” to support student inquiry. 
Utilising technology tools in inquiry-based science classrooms allow students to work 
as scientists (Novak & Krajcik, 2006, p. 76). Professional development programs in 
which teachers collaborate with other teachers, reflect on their classroom practices, 
and receive support and feedback have been shown to foster teachers’ professional 
development (Grossman, Wineburg, & Woolworth, 2001; Huffman, 2006; Loucks-
Horsley, Love, Stiles, Mundry, & Hewson, 2003). With these ideas at the forefront, this 
fact file is designed to facilitate a learning community where science teachers can 
learn to integrate technology into their teaching to support student inquiry.
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