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Dr. David Purvis 

“Teaching science to children can be the most 
wonderful and exciting experience.  But having 
content knowledge is not enough for success at 
upper elementary-middle school level; what a 
teacher really needs to know is how-to-teach, how to 
engage students in hands-on, inquiry-based science.” 

—Dr. David Purvis, Assistant Professor of Education, Marist College, Poughkeepsie, New York

‘Dr. Dave’ is a university academic and a classroom teacher dedicated to improving and energiz-
ing science teaching for children.  After obtaining his doctorate in Microbiology and conducting post-
doctoral research at the Roche Institute of Molecular Biology, Dr. Purvis decided to become certi•ed to 
teach in the New Jersey public school system.  During twenty years of teaching science at elementary, 
middle, secondary and college levels, he has developed the innovative activities and approach practiced 
in these books.

Dr. Purvis has been Visiting Professor, Rutgers University New Brunswick, New Jersey, a consultant 
for the Columbia University School, and continues to volunteer as a guest teacher in the classrooms of 
local schools. 

As well as being the author of Dr. Dave’s Science Teaching Manuals, he gives workshops for teach-
ers about Hands-on Science.

To book Dr. Purvis for a workshop or seminar, contact:
Dr. T. M. Kemnitz, Royal Fireworks Press  
Box 399 Unionville, NY 10988  
tel: 845 726 4444 or email:  mail@rfwp.com

Based on his years of experience as a classroom science teacher and now as a men-
tor and instructor to budding science teachers, Dr. Purvis has written one of the most 
comprehensive, creative and useful manuals for teaching science it has been my plea-
sure to read.  His devotion to constructivist pedagogies and love of science as a way of 
knowing and understanding the world is evinced on every page.  All science teachers, 
whether just beginning their careers or seasoned educators, will derive great bene•t 
from Dr. Purvis’s meticulous and innovative approach to a wide range of topics.   

—Marc A. Meyer, M.Phil., Ph.D, Associate Head of School,  
Brown School, Schenectady, New York
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Everything you need to teach a unit on the Digestive System is 
here, with full-color illustrations, hints and tips and detailed activi-
ties.  There are diagrams and colorful images for classroom presen-
tations on the accompanying CD.

The aim of the manual is to enable children to discover and 
construct knowledge for themselves and to give teachers the 
resources and information to make the learning exciting.  There 
are dozens of activities and topics to choose from at various 
levels and a wonderful ‘end-of-it-all’ class demonstration to 
simulate how the digestive system works.

The easy lesson demonstrations use basic materials such as crackers, construc-
tion paper, oil, and marshmallows.  There are reproducible worksheets to offer as homework or in-
class assignments; safety tips, advice on how to keep students focused; enrichment extensions, vocabulary word 
lists, and puzzles reinforce the learning of them.
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Unit:  The Digestive System  11

Topic:  Esophagus and the Stomach

Student Activity ± The Human Digestive System
•  The assignment can be given at any grade level, and it can be made to any size.  In general, stu-

dents glue construction paper cutouts of the various organs onto a human body outline.  The size 
of the human body outline can range from actual student size to a standard piece of construction 
paper.  Older students are able to construct smaller, more precise models. 

Give directions to your class on how to cut out and glue the 
human body outline onto a black piece of construction paper.  If 
you use white glue, it’s handy to have small plates and tooth-
picks available.

Teaching tip:  It may be dif•cult for students with motor dif•-
culties to cut out the outline. 

•  Students draw and cut out the organs of the digestive system from dif-
ferent colored construction paper.  After gluing them on, the organs are 
labeled to !nish the assignment.  Tell your students to be sure to leave 
enough room for a title if desired.

Teaching tip:  Consider running this activity as an in-class assignment 
(instead of a homework assignment).  For students who may not •nish 
in one class—have small envelopes for them to store unglued pieces.

Larger scale models can be made, although these are more cumbersome for classroom construc-
tion and storage.  As before, construction paper can be used to cut out and labeled with the vari-
ous organs of the digestive system.  The cutouts are then glued on.  Students can also label the 
lungs, heart, and brain to gain a more thorough perspective of the human body.

Teaching tip:  Both diagrams are excellent examples of integrating art 
into your science curriculum.  Students whose academic strength lies 
within the visual realm of multiple intelligence will enjoy completing this 
assignment and others like it.

•  These projects are very large, so if you don’t have the wall space for 
them, they might make good decorations for the hallway.  Pairing your 
students or placing them into groups reduces the number of “bodies” 
to hang up.  These posters have some weight, so use pushpins or small 
pins to attach them to the wall.

Student Activity ± Word Searches

Quick description:  Students complete a word search using unit vocabulary words; some of which will 
be covered later in the unit.  Three puzzles are provided:  two contain words that are written backwards, 
while one does not.  Choose the ones that are appropriate for your students.  See pages 3–8 in the Teach-
er Resources for reproducible student pages and the answer keys.

Materials:
 glue
 construction paper
 scissors
 human body template
 markers

Unit:  The Digestive System  17

Topic:  The Small Intestine and Lactase

2. Enzyme at Di•erent Temperatures

Students can test the activity of the enzyme in an ice water-bath, at room temperature and in a 
boiling water-bath.  Add the same amount of enzyme to each tube, and let them sit for 5 minutes 
at the temperature before dipping in the glucose test strip.

Be sure students understand that the milk itself should be at 
the correct temperatures before the enzyme is added.  The 
tubes of milk should already be in the ice and hot water-bath 
when the enzyme is added.  Otherwise, the enzyme will have 
a chance to work until the temperature is reached.

Safety tip:  Keep the boiling water-bath secure and be sure stu-
dents use caution when removing the tubes.  If you don’t have 
any test tube holders, use cups.  Only one student per group 
should be at this station.  Safety goggles are recommended.

3. Varying the Concentration of the Enzyme

Students prepare several cups, and vary the amount of enzyme added to each one.  The materials 
used in this variation are the same as those listed in the previous experiment.

4. Comparing Di•erent Brands

Students add the same amount of enzyme from different manufacturers, and test each sample at 
the same time. 

5. What is the E•ect of pH?

This is simple to run if you already have bottles of the pH buffers available.  Simply add the 
same amount of each buffer to the respective cups, then add the enzyme.  Wait 5 minutes and 
then check for the production of glucose with the test strips.

Materials:
 test tubes, ice, hot water
 milk
 lactase
 pipettes
 glucose test strips

Materials:
 cups or test tubes pH 4 buffer
 milk pH 7 buffer
 lactase pH 10 buffer
 glucose test strips pipettes
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Unit:  The Digestive System  

13

Topic:  The Small Intestine and Lactase

Extension:  The small intestine is sub-divided into 

three sections:  the duodenum, jejunum, and ileum.  

Think of a mnemonic for DJI to help your students 

remember this sequence.
Project this image of the small intestine and reiterate how long the 

pathway actually is.  Point out how folded and convoluted the in-

testines are.  Observe the sharp turns in some parts of the pathway, 

and tell your class that food moves slowly through the intestine, 

spending anywhere from two to six hours.  Once again, don’t hold 

your students accountable for this fact.

If you have one, human models of the digestive system are excellent 

visuals to show to your class; these models help students visualize the 

placement of the digestive organs within the scale of the whole human 

body.  You can use the model as you progress through the digestive sys-

tem, showing the respective organs as you cover them.  While many of 

these models are very expensive, models that are more economical can 

be purchased from some suppliers.

Digestive Enzymes in the Small Intestine

•  The important point to teach about the small intestine is that the majority of chemical digestion oc-

curs in the small intestine.  Tell your class that the small intestine secretes many digestive enzymes 

to !nish the chemical digestion of the food slurry that comes from the stomach.  Here in the small 

intestine food is completely broken down into small molecules.  The small intestine is also where 

the majority of nutrients from food are absorbed into the bloodstream.  Project or write the notes 

below to introduce your class to these enzymes.  Take this opportunity to review with your students 

the names of enzymes and their substrates. 

Fact:  The human body produces over 20 different digestive enzymes.  Some of these are sold as 

supplements by certain companies to treat digestive disorders.

Digestive
Enzymes

Most found in the small intestine
Lactase ± breaks down lactose in dairy productsProteases ± break down proteinsLipases ± break down lipids, fats, oils
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If you have ever struggled to understand and teach basic electric-
ity, this book and CD will provide you with the fundamentals of 
circuits, insulators, conductors, batteries, resistance, magnetism, 
and how to make an electromagnet and a battery from lemon 
juice.  

There are dozens of practical experiments, pertinent jokes, 
and ideas for taking the lesson further for gifted students.

Included throughout the instructor will •nd safety advice 
and budget tips, quizzes and wordgames, and an awareness 
of likely student reactions to the material being taught.
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Topic Sequence
Electricity

 Topic:  Insulators and Conductors

10 
Unit:  Electricity

•  It is interesting to see how the students identify the pencil.  Many will test the wood and conclude that it is an insulator.  It takes a !ne hand to touch the wires to both ends of the graphite and see that the graphite is indeed a conductor of electricity—any student that achieves this really deserves praise!  After the activity is complete, discuss the results as a class and demonstrate this for all the students.  The pencil really makes a good analogy to a wire.  

•  During your class discussion, ask the culminating critical thinking question:  “What do all conduc-tors in this experiment have in common?”  The answer, of course, is that they are all metals.  This is an important concept in the study of electricity, and if you can guide your class to discover this, then you’ve had a successful lesson!  Project or write these notes.

Common Conductors
 Copper Iron

 Aluminum Silver
        

Common Insulators
 Rubber Glass

 Plastic Wood

Student Activity ± Crazy Circuit
Quick description:  Now that students have discovered what 
materials are conductors, have them make a crazy circuit with 
as many different materials as possible.  An example of a small 
“crazy” circuit is shown at left.

Teaching tip: Students demonstrate creativity and originality 
when they combine ideas or materials in unusual ways.

What city has no people?
Electricity

Student Activity ± Crazy Conductors
Quick description:  Students complete a graphic organizer on conductors.  See pages 12–14 in the Teacher Resources, located in the back of this manual, for two student versions of the reproducible dia-gram, as well as the answer key for this assignment.

The graphite is a conductor

The wood is an insulator of electricity
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Unit:  Electricity  

17

 Topic:  Batteries
•  The batteries that students are most familiar with are the common D-cell.  Show them the battery 

again and read out 1.5 Volts on the label.  Some students may know or have discovered that the 

voltage is additive, meaning that two 1.5 Volt batteries will yield 3 volts.  A light bulb hooked up to 

two batteries will be much brighter than a light bulb hooked up to just one. 

Materials tip:  If you are serious about teaching electricity, battery holders are invaluable.  They 

are also cheap.  In addition, alligator clips are very handy and make connections a snap.  Order 

a bunch of them.

When does a battery go shopping?
When it runs out of juice.Teacher Demonstration or Student Activity ± Lemon Battery

•  It is relatively simple to make a battery from a lemon.  The citric acid in the lemon serves as the 

electrolytic connection between the two metals.  Like all batteries, all you need are two different 

metals.  Some possible combinations are listed below. 

•  The best nail to use is a common galvanized nail (coated with zinc), and the best pennies to use 

are either Canadian pennies or US pennies minted before 1982.  Both kinds of pennies are made 

of pure copper.  All you have to do is to stick the nail and the penny into the lemon, being sure that 

the penny and nail do not touch.

•  Don’t get too excited and think that the lemon bat-

tery will be able to light a typical light bulb—this 

battery doesn’t produce a lot of electricity.  You 

might be able to light a low voltage LED light 

with 3 or 4 lemons hooked up in series.  The best 

way to prove that electricity is being produced is 

to hook up your lemon battery to an ammeter to 

measure the current being produced.

Materials:
 strips of zinc and copper

 a penny and a dime a galvanized nail and a piece of copper

 magnesium and copper

ble.  The
 Order 

 Topic:  Electricity and Magnetism

32 

Unit:  Electricity

•  Tell your class that generators in power plants produce enough electricity for whole towns and cit-

ies.  Understanding what makes the coils or magnets spin in big generators is a key concept.  Big 

generators have turbines; these are basically big fan blades.  When the turbines turn, the generator 

spins and produces electricity.

•  In power plants that burn fossil fuels, the turbines are turned by steam produced from boiling wa-

ter.  Similarly, in nuclear power plants, the heat produced from nuclear reactions is used to boil wa-

ter which produces steam that turns the turbine.  The need to boil water is why all power plants are 

located on a body of water.  Ask your students if they can think of other ways of making turbines 

spin.  Water and wind would be examples and represent renewable, non-polluting energy sources.

Student Activity ± Making an Electromagnet

• It’s simple to make a working electromagnet using an iron nail, wire and a battery.

•  The !rst step is to wrap the nail with an insulated cop-

per wire.  Just be sure to wrap the wire all in the same 

direction—counter clockwise or clockwise, but not 

both.  The more coils that are wrapped around the nail, 

the stronger the temporary magnet will be (although this 

also depends on the strength of the battery).

•  Hook up the wire ends (with the insulation stripped off) to the 

battery.  The electromagnet should now work!  Touch the tip 

of the nail to a pile of paper clips.  Pick some up and then dis-

connect the wire from the battery.  The paperclips will fall off 

as soon as the electricity stops "owing, demonstrating that the 

electromagnet is a temporary magnet.

Safety tip:  Thin, un-insulated wires can get hot if you use a 

strong battery and leave the wires connected for an extended 

time.

•  One way of measuring the strength of an electromagnet is the 

number of paper clips it can pick up.  A more elaborate way 

of measuring the strength is to suspend the nail with the nail 

head facing down.  Attach a very light cup or platform to a 

much lighter nail.  Attach this to the electromagnet and start 

adding weights until the cup drops.

Extension:  Students can try experimenting with the number of coils, the placement 

of coils, and vary the type of core used (e.g. an aluminum core doesn’t work well).

Materials:

 iron nail

 insulated copper wire

 battery

 paper clips
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Teach the structure of the Sun, show the planets, asteroids and 
meteors, and demonstrate revolution and rotation.

This is a visually stunning book with accompanying CD for 
the projection of images.  It will inspire teachers and students 
and enable them to better understand our Solar System.  The 
series hallmark of simple explanations enhanced with engaging 
class activities using readily available materials, is beautifully 
presented.
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Our Solar System

Unit:  Our Solar System  1

Our Solar System
Topic:  Introduction to Our Solar System

Objectives
Students will identify the eight planets within our Solar System 
Students will order the eight planets from the Sun

Key Points
The Sun is at the center of the Solar System
There are eight planets in the Solar System, and many smaller dwarf planets
Pluto has been reclassi•ed as a dwarf planet
The Sun is the only star in our Solar System 
Stars seen in the night sky are not part of our Solar System

Vocabulary Words
Solar System Planets Asteroids Sun Star
Neptune Dwarf planet Mercury Venus Earth
Pluto Mars Jupiter Saturn Uranus

Start the Class 
•  There are several ways of starting a unit on the Solar System.  In general, the •rst class is an 

introductory class where you want present the general features of the Solar System—the planets 
and asteroids—and get the class interested in the topic.  There are several ways of achieving this, 
depending on what is available to you and what you prefer.  You should de•nitely show beautiful 
pictures of the entire Solar System to target all those visual learners.  Project the images found in 
this manual’s accompanying disc.

When displaying the image to the right, be sure to tell 
your students to observe the presence of an asteroid 
belt between Mars and Jupiter.  For now, you can 
mention that the asteroid belt contains more than 
40,000 rocks of various sizes and shapes.  Be aware 
that not all images of our Solar System show the as-
teroid belt.  Also note the presence of a comet in this 
particular image.

NASA: Jet Propulsion Laboratory

Unit:  Our Solar System  15

Topic:  The Structure of the Sun

Corona – A hot layer of gases that forms the outer atmosphere of the 
Sun.  The corona is only visible during an eclipse.  Remind the stu-
dents that the Earth has an atmosphere, and so does the sun.  Show 
the image of the Sun with the Moon in front of it (eclipse) for a vivid 
illustration of the corona.

Core – The center of the Sun where the nuclear reactions 
that generate all of the sun’s energy occur.  Project the im-
age at left and review the structural names.  An optional 
demonstration is to take an apple and slice it in half in front 
of your class to show them the core of the apple.

Sunspots – These dark spots on the surface of the Sun are 
very “cool” and their presence is related to the appearance 
of the Northern lights, or aurora borealis on Earth.  Use a 
marker and put some spots on the orange.  Actually, these 
spots are cooler than the rest of the Sun and turn out to be 
huge electromagnetic storms that send out lots of solar en-
ergy.  Project the images shown.  For mysterious reasons, the 
number of sunspots peaks on an 11-year cycle.  

Technology integration:  Search the internet for “sunspots” and “ animation” to produce a list 
of sites that show how the sunspots move along with the rotation of the Sun.

•  The photo below is a NASA ultraviolet image that shows glowing loops of gas erupting around a 
sunspot.  The mechanism of how this occurs in sunspots is not well understood.

You can mention to your class that ancient cultures were 
aware of the existence of sunspots, as under the right con-
ditions, sunspots can be observed with the naked eye.  The 
earliest written record of sunspots was made in 28 BC by 
Chinese astronomers.  Other cultures such as the Aztecs 
and Greeks also appeared to be aware of their existence.  
In 1610, Galileo was the !rst western astronomer to ob-
serve sunspots through a telescope.

Fact:  In peak conditions, sunspots and solar storms inter-
fere with satellite and cell phone communications.

Wikipedia

NASA

NASA
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Topic:  Introduction to Our Solar System
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Unit:  Our Solar System

•  If you choose to do a KWL worksheet to start this unit, be aware 

there are several misconceptions that children have about space.  

As you have your class discussion, incorrect statements should be 

followed with a positive comment such as, “Well, that is inter-

esting—that is one of the things that we want to •nd out from our 

studies”.•  One of the !rst things your students should learn is the order of 

the planets from the Sun.  List them using the images.  It is fun to 

have students make up their own mnemonic to learn the sequence 

of planets, or you can simply use the famous mnemonic below 

(although Pluto is included).  Actually, this might be a good time 

to mention how Pluto has been “demoted” to a dwarf planet.  Be 

sure to write your class mnemonic on the board.  My Very Educated Mother Just Sold Us Nine Pizzas

Writing integration:  Have the students write the mnemonic in their 

notebooks or journal.
Teaching tip:  None of these images is to scale with respect to dis-

tance from the Sun or the relative size of the planets.  
•  Take the time to project multiple images of the Solar 

System—the more images you show, the better.  Reinforce 

the order of planets by projecting the image below, which 

also shows the three dwarf planets that have been discov-

ered to date in the Solar System.  Tell your class that this 

last image is to scale in respect to the size of the planets 

(but not in distance to the Sun).

Extension:  One of the reasons 
why Pluto was demoted to a 
“dwarf planet” was the discovery 
of Eris, which is actually bigger 
than Pluto (see image to the left).  
There are three dwarf planets that are currently 

recognized, and many more will probably be even-

tually discovered.  The Kuiper belt (beyond Pluto) 

is suspected of having over 200 possible dwarf 

planets.

http://chandra.harvard.edu

NASA/JPL

International Astronomical Union - Wikipedia
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This is a visually attractive and empowering teacher manual and 
CD combination in which Dr. Dave covers salinity, waves, tides 
and currents, the different layers of the Oceans, food chains, 
plankton, •sh, mammals, and other life.  The unit is enlivened 
with content-based jokes and with hands-on activities that all 
can join in.

Students will learn the answers to such questions as:  How do 
whales measure distance by echolocation?  What is a tsuna-
mi?  They will learn how to demonstrate the different types 
of waves and measure wavelength…and more.
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The Oceans

Unit:  The Oceans  3

 Topic:  Where Are The Oceans?
Teacher Demonstration ± Pie Chart Earth

•   Another very simple demonstration is to take a circular piece of construction paper and fold it in half two times.  Show the equal 25% segments and cut off about a 30% piece (slightly more than ¼).  Hold both pieces in your hands to illustrate how much more ocean there is than land.  A simple student activity is for students to make this themselves using blue and brown construction paper.  This concept could also be integrated into a math lesson where students explore the ideas of percentages using concrete manipulatives. 

  

Names of the Oceans
• Project the image below to show students the names and locations of the oceans. 

Teaching tip:  A blank image is provided on the 
accompanying CD.  If you choose, you may proj-
ect this image and have students come up to the 
screen and label the oceans as well as the conti-
nents.

What do you use to cut the ocean?
A seasaw.

Class Activity ± Catch the Earth
•   Another way to give young students a sense of the proportion of 

land and ocean is to play a catch game with an in!atable blow-up 
ball of the Earth.  These balls usually cost less than $10.  Pass the 
Earth around the class like a beach ball.  Each time a student catch-
es the ball, the student makes note if his or her right thumb is on 
land or the ocean.

Teaching tip:  The catching activity also helps primary grade stu-
dents to learn their right from their left.

The ball is passed around the class and each time, the position of the thumb is noted and record-ed—a student can make a record of these numbers.  If you were to do this 100 times, the number of “thumbs on ocean” and “thumbs on land” would be around 70/30.  Ask your students why “thumbs on water” happened so many more times than “thumbs on land.” 
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The OceansTopic:  Ocean Waves
ObjectivesStudents will explain how wind produces waves

Students will relate wave size to wind strength

 Students will understand how energy is transferred by a wave

Key PointsWaves are simply caused by winds

In general, the stronger the wind, the bigger the wave

Water does not really •ow forward in a wave

A wave can be thought as moving energy 

Hurricanes can produce huge waves

Tsunamis are produced by earthquakes, not wind
Vocabulary WordsWave 

Energy 
Crest

Trough  
Wavelength 

Amplitude 
Tsunami

Start the Class•   Do a quick review about what your class has already learned about the oceans.  The !rst thing to 

teach about waves is that they are caused by the wind.  Place any large clear container of water on 

your desk in front of the students, take a big breath, and blow out over the surface to illustrate this.  

Students will be able to see some small surface waves that are generated.  Bigger waves can be 

made by blowing harder, which is exactly what happens in nature.
Technology integration:  Search the internet for “wave anima-

tion” and “ wind speed” to produce a list of sites that show wave 

animations that you can project for your class.  Some of these 

sites allow you to adjust the wind speed to see the effects on wave 

height.  Your students will enjoy setting wind speeds at hurricane 

strength.  Wave size also depends on the length of time the wind 

blows, as well as the distance that the wind blows over open water.

Great Wave off of Kanagawa  

by Japanese artist Katsushika Hokusai
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 Topic:  Currents

Unit:  The Oceans  

21

Teacher Demonstration ± Density Currents

•   This is the simplest demonstration that shows how cold water naturally sinks in warm water.  The 

night before your lesson, freeze some blue ice cubes.

Demonstration tip:  If you forget to make the blue ice cubes, 

just crush up a cube and add a couple of drops of food color-

ing. 

•  Float a blue ice cube in a glass of warm water.  Immediately a 

stream of blue-colored water will sink down as the ice melts 

in the warmer water.  Tell your students that this is an example 

of a current.  The cold water sinks because it is denser than the 

warm water.  In the ocean, cold water from poles moves to-

wards the Equator, where the water is warmed by the Sun. 

•  You can run this demonstration as a student activity if you have 

frozen a bunch of colored ice cubes for your class.  The activ-

ity becomes inquiry-based if you don’t tell the students that the 

cold water will sink in the warmer water.  Let the students make 

their own observations and then guide them to understand why the cold water sinks:  it is denser.  

One way to assess the students for this activity would be to have them to draw a labeled diagram of 

their observations.

Teacher Demonstration ± Temperature Currents

•   This demonstration is more involved to set up and takes more time to run.  Fill a clear glass bak-

ing dish with water and elevate it so that you can put a candle under one end and a container of ice 

cubes under the other end.  You need to wait !fteen minutes or so until the temperature difference 

has been established. 

•   Now carefully add several pipettes of hot red water to the warm side, and several pipettes of blue 

cold water to the cold size.  The blue cold water sinks to the bottom and spreads out horizontally, 

but not vertically, while the hot red water rises and spreads out across the surface.  This is an 

example of a current powered by temperature differences.  Tell your students that in a similar way, 

cold water at the poles sinks and moves toward the warm Equator, where the water rises again.
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This is the perfect introduction to teaching and learning chemistry 
at the elementary level: it is all about liquids, solids, and gases and 
includes lots about slime!

Student activities include making crystals and experiencing the 
processes of evaporation and condensation.

Teachers are guided to teaching the molecular differences be-
tween solids, liquids, and gases in depth.  Experiments call for 
readily available materials.  Support resources are a CD, safety 
advice and budget tips, quizzes and wordgames and advice 
about real classroom situations and potential hazards.

The unit provides an excellent grounding for students in us-
ing the scienti•c method and performing accurate experiments.
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Unit:  Phases of Matter  19

 Topic:  More About Water and Ice

Student Activity ± Does the Mass of Ice Change as it Melts?
•  Most children have no idea if the mass of ice will change as it melts into a liquid.  Have your 

students make their hypothesis, and then measure the mass of an ice cube (or snow if available) on 
a double pan balance.  This experiment can be performed in cups or in ziplock bags.  The ice can 
be kept right on the balance, and after the ice completely melts, have the students re-measure and 
record the mass.

Materials:
 cups or ziplock bags
 snow or ice
 double pan balances with weighing chips

        

Activity tip:  If you crush the ice 
cubes, the ice will melt much 
quicker.  Placing the cups on a 
sunny windowsill also will speed 
up the melting.

•  Give the students an assignment during the time it takes the ice to melt.  One possibility is simply 
to make up a result table like the one below using a ruler or the computer. 

Activity tip:  If too much time 
passes and the room is especially 
warm, and the activity is done in 
open cups, the liquid water will 
start to evaporate, and then the 
mass will decrease.         

Will the Mass Change?
 Substance Mass

 Ice 15 g

 Melted ice 15 g

•  To incorporate some art into the activity, students can make the decorated poster as shown below.  
This assignment is more visual, and children enjoy making it—not to mention they make attractive 
additions to the walls of your classroom or bulletin boards.

Show an example or project the poster to the left for your students to 
see. There is nothing like showing students an examplar to set your 
high expectations for the assignment; just make sure you cover up the 
results so the students can’t see them.  Use construction paper for the 
background and students can decorate the poster as they see !t.  The 
table is made on white paper and then cut and pasted onto the back-
ground.  See see page 16 in the Teacher Resources for a copy of the 
grading rubric.

•  Afterwards, be sure to have a class discussion so that everyone realizes that the mass of ice does 
not change as water melts from a solid to a liquid.  Don’t be surprised if you have few students 
whose results do change; either the mass decreases or increases.  As a class, try to explain these 
results, without making the students feel bad, so that everyone learns that the mass of melting ice 
should stay the same.  

Unit:  Phases of Matter  29

 Topic:  Crystals

There are several variations to this recipe.  Most sources give 
directions that approximate the following:

 Day 1 ± Mix six tablespoons of water, six tablespoons of 
salt, and six tablespoons of the liquid bluing in a small bowl.  
Add a couple tablespoons of ammonia, and place the piece of 
charcoal or sponge into the bowl.

 Day 2±3 ± Pour into the bottom of the container (not directly 
on the charcoal or sponge) a fresh solution of water, salt, 
bluing, and ammonia.  In addition, add a few drops of food 
coloring directly on top of each piece of sponge or charcoal 
that you have.  To maintain the crystals, replenish the bowl 
with a fresh solution of water, salt, bluing, and ammonia as 
needed.

•  The complete science behind the crystallization really isn’t 
for elementary students.  Keep it simple by explaining that 
bluing contains small blue particles that the salt crystallizes 
upon as the liquid evaporates.  Over time, the liquid contin-
ues to move up into the sponge where it eventually evapo-
rates, leaving behind more and more salt crystals.  The blu-
ing solution itself is relatively harmless, but you wouldn’t 
want the liquid to spatter into students’ eyes or onto their 
clothes, so safety goggles are recommended.  The picture 
to the right shows crystals after 3 days.

Student Activity ± Salt Crystals
Quick description:  Fill a jar halfway with very warm water and dis-
solve as much salt as you can (the teacher could do this as a batch for 
the class and then distribute the salt water).  Point out that solid salt is 
being dissolved into the liquid water.  Tie a paper clip or bead to the 
end of a thread or thin string, and then tie the thread to a pencil and 
suspend it in the solution, being careful not to let the string touch the 
bottom of the container.  Canning jars are good, as are any tall skinny 
jars.  That’s all there is to it!  It takes about a day for the crystals to 
become visible, and then they will get progressively bigger as the days 
pass.  You could have the students make a labeled diagram of the ap-
paratus as well as their observations.

Materials:
 liquid bluing
 container
 piece of charcoal or sponge
 salt
 water
 ammonia
 food coloring
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 Topic:  More About Water and Ice
•  This is a good time to talk about safety.  Tell the students not to taste or touch the salt, and even 

though the salt is safe, they have to practice good science skills.  Tell them that a real scientist 

would never touch the powder. Activity tip:  Cubes of store-bought bags of ice are easier to crush than homemade ice cubes, 

which are thicker.  Check to see if your cafeteria has an ice machine that makes these cubes. Measurement tip:  It’s an excellent teaching 

demonstration to show your class how to mea-

sure the mass of 20g of salt without making a 

mess.  The easiest way is to put two identical 

cups on both sides of the balance, and then add 

a 20g chip to one side.  Now the salt that you add to the other 

cup truly represents 20 g. 
•  Table salt (NaCl) will work !ne.  You can also use the commercial ice-melting salt (CaCl) and 

compare the two different types of salt.  After around 30–40 minutes the amount of liquid in the 

cups can be measured in a graduated cylinder.  Compare the amount of liquid in the control cup 

versus the cup that contains the salt.  While you are waiting for the melting, students can work 

on depicting the results in a simple table, or if time permits, into a bar graph or small poster such 

as those shown below.  Two versions of a reproducible blank graph paper can be found on pages 

17–18 in the Teacher Resources. 

Does Salt make Ice Melt?
 Sample 

Volume of melt-water

 Ice 

5 ml
 Ice + salt (NaCl) 

10 ml
 Ice + salt (CaCl) 

14 ml
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This unit is about plant and animal cells, their similarities and 
their differences.  Students will learn about cell parts and func-
tions including the cell membrane, lipids, diffusion, osmosis, 
prokaryotes and eukaryotes, organelles, the genetic code, and 
viruses.

This thorough and detailed manual introduces complex sub-
jects through simple yet dramatic experiments.  Students will 
learn the parts of the microscope and how to use it.  They 
will learn about laboratory reports and how to write one.
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Unit:  The Cell 
5

Topic:  Cell Theory

Eggcellent Experiment Laboratory Report
•  There is a lot of !exibility with running this particular activity.  You could have students write up the procedure of the experiment, or simply record their results and observations in the result table.  Alternatively, the eggcellent experiment is a good choice for students to write up as a full-scale sci-enti"c report, complete with an introduction, materials, procedures, results, and conclusion.  Stu-dents can start making the result table, and then add to the report as the activity progresses through the week.  Below is the grading rubric for the assignment, which can be found on page 1 of the Teacher Resources in the back of this manual.

Teaching tip:  Don’t make this seem like a huge major writing project.  Create a relaxed learning environment by telling students they will have plenty of class time to work on this write-up (as long as they take advantage of this time).

Parts of Report Criteria
Introduction

• One paragraph

• States the purpose of the experiment
• Includes a hypothesis

• One or two other related sentences
Materials

• Lists all the materials used in the experiment
Procedure

• Treats the eggs carefully

•  Writes the steps of the experiment in numerical fashion as 
shown below 
  Step 1 Measure circumference of egg 
  Step 2 Remove eggshell by soaking egg in vinegar 
  Step 3 etc…

Results
• Measurements are accurate
• Correct use of metric units
• Uses a ruler or the computer for the table

Conclusion
•  One or two paragraph discussion of the experiment 

- What did you learn? 
- Explain the results 
- What could you do differently? 
- Did you have any problems? 
- Was your hypothesis correct?

Other
• Spelling and grammar

• Neatness and professionalism
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Unit:  The Cell

Student Activity ± The Eggcellent Experiment (Day 2) 

•  After 24 hours most of the eggshell will be dissolved in the vinegar.  Demonstrate to your students 

how to carefully remove the membrane-bound eggs from the cups.  Show your students the egg 

and discuss how this membrane normally isn’t seen when an egg is cracked open.  Observe that 

while the membrane is pretty tough, students have to be gentle when handling the eggs.  Remind 

students the purpose of a membrane:  to hold a cell together.  If this membrane was soluble in wa-

ter, then the egg would just fall apart. 
•  There probably will still be traces of the white shell on the egg.  

Most of the remaining shell can be removed by carefully rub-

bing your !nger on these areas as the egg is rinsed in a gentle 

stream of water.  There may be solid pieces of eggshell on some 

eggs; if so these eggs can be soaked for another day in a fresh 

solution of vinegar.  Once the shell is completely removed, the 

egg has a yellowish color. 

Activity tip:  The egg won’t smell because the vinegar preserves the egg by “pickling.” 

•  As previously mentioned, the eggshell is dissolved by the chemical reaction between vinegar and 

the eggshell, which is made of calcium carbonate.  In the reaction below, the hydrogen ions (H
+) 

come from the vinegar.  Interested students can learn more about this reaction, which is an acid-

base reaction.  A good critical thinking question to ask is “What could be added to the vinegar to 

make the calcium become a solid again?” or, “How can the solid calcium be recovered?”  The 

answer:  add a base. 

•  Students measure and record the circumference of the egg us-

ing the string again.  The egg is noticeably larger after being 

removed from the vinegar.  This is due to the diffusion of water 

and vinegar into the egg, which is a topic covered on page 25 of 

this manual.  Instruct your students to place the egg in the next 

solution:  water.  Use distilled water if you have it; if not, tap 

water works just !ne.
Eggcellent Experiment Laboratory Report

•  Since there are !ve parts to a full laboratory report (introduction, materials, procedures, results, 

and conclusion), students can work on any one of these as they prefer (with the exception of the 

conclusion).  Tips on writing the procedures and results are described on the next page. 

Vinegar and Eggshell Equation
CaCO

3  +  2H+ 

Ca+2  +  H
2O  +  CO

2
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Topic:  Lipid Bilayer and Proteins

Teacher Demonstration ± Proteins in the Membrane 

•  Take this opportunity to teach your class that membranes also contain many proteins.  If this is the 

 rst!your!class!has!heard!of!them,!just!mention!that!proteins!are!very!important!substances!in!the!

membrane.!!Tell!your!class!that!while!lipids!form!the!barrier!between!the!cell!and!its!outside!en-

vironment,!the!proteins!are!the!“workers”!of!the!membrane—there!are!hundreds!of!proteins!in!the!

membrane!that!do!various!jobs!for!the!cell.!!For!now,!tape!on!a!couple!pieces!of!construction!paper!

labeled!“protein”!onto!the!plastic!wrap.!

•!!You!could!mention!that!some!of!these!proteins!form!

channels!through!the!membrane,!and!let!certain!

substances!in!and!out!of!the!cell.!!One!way!to!simu-

late!this!is!to!take!a!pushpin!and!poke!a!few!holes!in!

the plastic wrap.  Tell your class that the membrane 

doesn’t!really!contain!“holes,”!but!rather!channels!

made!of!proteins.!!It!is!worth!pointing!out!that!glu-

cose!has!a!special!transport!protein!dedicated!solely!

to the transport of this crucial nutrient. 

•!!It!may!be!appropriate!for!some!of!your!students!to!

learn that there are two general categories of mem-

brane proteins.  Peripheral membrane proteins are 

those!that!are!attached!loosely!to!the!surface!of!the!

membrane,!while!integral membrane proteins are 

those!more!permanently!imbedded!in!the!interior!of!

the!lipid!layer.!!Proteins!that!form!channels!through!

the membrane are examples of integral membrane 

proteins.

Teacher Presentation ± Selective Permeability 

•!!Various!substances!need!to!be!able!to!travel!through!the!membrane!to!get!inside!and!outside!the!

cell.!In!this!way,!the!membrane!is!unlike!the!plastic!wrap.!!A!very!important!feature!of!membranes!

is!that!they!are!selectively!permeable—they!only!let!certain!substances!pass!through!them.!!State!

that!the!protein!channels!are!very!“picky”!as!to!what!they!will!let!through.

•!!Project!this!diagram,!which!gives!stu-

dents!a!sense!of!what!selective!perme-

ability!means.!!Keep!it!simple:!!the!red!

molecule!is!small!enough!to! t!through!

the!opening!in!the!membrane,!while!the!

blue!molecule!is!too!big!and!cannot!pass!

through.!!The!opening!itself!is!formed!by!

two membrane proteins.
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Dr. Dave’s Teaching Manual for Chemistry is accompanied by a 
CD that contains vivid images and diagrams which you may want 
to project for your visual learners as you proceed through your 
instructional presentation.  The CD also includes “notes” for your 
students to copy.  Reproducible worksheets are provided.

Topics covered include solutions, balancing chemical equations, 
the pH scale, chromatography and the separation of colored 
substances.  Because the chemistry unit is naturally rich in 
Physical Science topics, while students are learning about the 
reaction between vinegar and baking soda, they will also be 
engaging in learning about the Law of Conservation of Mass.

As Dr. Dave guides your teaching, you will be enabling your 
students to discover and construct knowledge for themselves by using inquiry-
based real science.
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Chemistry

Unit:  Chemistry 3

Topic:  Physical and Chemical Changes

•  Use this demonstration to attract interest not only to the topic of chemistry, but also as a lead-in to 
the activity described on the next page.  Bromothymol blue (BTB) is an excellent chemical indica-
tor that changes colors—either yellow, green, or blue.  Have a beaker of water ready that contains 
some bromothymol blue.  The solution will be blue.  Now take a single effervescent tablet, and add 
it to the beaker.  Your students will be excited to observe a beautiful color change.  Use this reac-
tion as another example of a chemical change. 

•  The tablet produces bubbles of CO2, which turns the solution 
yellow.  BTB can be safely used for simple experiments.  See 
the next page for more information on BTB, including order-
ing tips and further explanations regarding the science behind 
the color changes.

•  Baking is another example of a chemical change that children will understand.  Describe how 
sugar, !our and other ingredients are mixed together and then baked at high temperatures.  The 
heat of the oven causes the ingredients to chemically react with each other.  The baked product is 
a new substance, and none of the original ingredients can be recovered.  Project or write the notes 
below for your students.

Student Activity ± Identify Chemical and Physical Changes
Quick Description:  Students identify various chemical and physical changes on this worksheet.  See 
pages 1-2 in the Teacher Resources for a reproducible student copy and the answer key for this assign-
ment.

Physical 
Changes

Examples

Examples

Chemical 
Changes

No new substances are produced

The change can often be reversed

Melting ice

Shaping clay

Ripping paper

New substances are produced

The change often cannot be reversed

Vinegar and baking soda

Burning wax

Unit:  Chemistry 19

Topic:  Rust and Tarnish

•  Rusting is an example of a corrosion reaction.  De!ne corrosion as the breakdown of metal over 
time due to chemical reactions with oxygen.  Describe how rust weakens the metal over time.  A 
simple demonstration to reinforce this concept is to "ick the rusted steel wool with your !nger and 
observe how "akes of rust (Fe2O3) fall off.  State how this is showing how rust is weakening the 
metal.  Show or project the image below of puri!ed rust.

Art integration:  Pure iron oxide (rust) is widely used as a pigment 
in paints, ceramics, plastics, concrete, and many other materials.  
Painters such as Rembrandt, da Vinci, and Michelangelo all used 
iron oxide paints.  Iron oxide was also used by early man in primitive 
cave drawings.  If you have iron-oxide paint, students could create 
their own paintings that mimic actual cave paintings.

Economic Impact of Rust 
•  Since rust commonly corrodes the iron and steel present in metal structures, it is often associated 

with the breakdown of these structures over time.  Some of your students probably will have seen 
old automobiles rusting in a junkyard, as shown in the image below.  Rusting of iron is also a seri-
ous problem on railroads and bridges; particularly old bridges. 

•  The steels used to make modern cars are more resistant to 
rust because they are coated with zinc, a process known as 
galvanizing.  Zinc provides a protective coat, and prevents 
water, salt and oxygen from coming into direct contact with 
the steel.

•  Whenever a bridge collapses, rusting is a prime suspect for 
the cause.  The collapse of the Silver Bridge over the Ohio 
River in 1967 in Point Pleasant, Ohio was attributed to the 
corrosion of steel and the gradual weakening of the structure 
over time.  Corrosion was also !rst thought to play a role in 
the collapse of the I35 Bridge over the Mississippi River in 
Minneapolis in 2007.  Project the image to the right to give 
students a sense of this disaster.

•  However, sometimes the obvious answer isn’t the correct 
answer.  The image to the left shows a corroded piece of 
steel from the I35 Bridge.  The release of this image early 
in the investigation of this collapse led many people to 
believe that corrosion was the cause, although this was 
ultimately attributed to a design "aw in the bridge.  This 
shows students the importance of not jumping to con-
clusions before all of the evidence in an investigation is 
considered.
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Topic:  Combustion
Teacher Demonstration ± Combustion of Iron Filings

•  It’s easy to show the combustion of iron !lings by sprinkling them over a 

candle "ame.  As the small pieces of iron burn, they produce a spark that is 

reminiscent of a Forth of July sparkler.  Actually, you can tell your students 

that iron !lings are on sparkers#  Sparklers are made by coating a thin piece 

of metal with iron (and other metals).  The fact that iron sparks like this is a 

chemical property of this metal.Fact:  Sparklers that produce colored sparks are made by coating the thin 

wire with other chemicals, such as copper and barium.  
Teacher Demonstration ± Trick Birthday Candles

•  Trick birthday candles are very interesting to children.  Don’t spill the beans, instead just light the 

candle as if it were a ordinary candle.  Say a few words to review combustion, and then blow out 

the candle.  Act surprised when the candle re-lights#  Blow it out a few times to let your students 

see the re-ignition of the candle.  Children are genuinely interested in learning why this happens; in 

fact, they may directly ask you “How do they work?”•  Tell your students that “regular” candles are made of only wax, while 

trick candles have another substance in them.  Identify this substance as 

magnesium.  Describe how the magnesium has a lower ignition tempera-

ture than the candle wax.  When you blow out the candle, the temperature 

of the red-hot wick is too low to re-ignite the wax, but is more than hot 

enough to re-ignite the magnesium.  Once the magnesium lights, this 

spark is hot enough to re-ignite the wax and the candle burns again.  If 

the wick is smoking but not red hot, then the candle will not re-ignite.

Teaching tip:  Students will recognize magnesium if they have previously studied Atomic Struc-

ture and the Periodic table.  Review how magnesium is a metal, and that its elemental symbol is 

Mg.

Teacher Demonstration ± Colored Flame Birthday Candles

•  Another visually attractive demonstration is to light birth-

day candles that produce colored !ames.  These candles are 

inexpensive and can be purchased through companies that sell 

novelty items.  The wax of the candles contains chemicals that 

burn in different colors.  The color of the !ame is a chemical 

property of the chemical imbedded in the wax.  For example, 

one candle contains lithium, which produces a red !ame when 

burned.  Not only can you show the chemical properties of 

combustion, but cakes can be decorated with purple, green, 

blue, red and orange !ames"
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