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This classroom-tested teaching plan uses the four innovations of the TEMI project,
as detailed in the Teaching the TEMI Way (TEMI, 2015).

You should read this companion book to get the most from your teaching. The TEMI techniques used in
this teaching plan are: 1) productive science mysteries, 2) the 5E model for engaged learning, 3) the use of
presentation skills to engage your students, and 4) the apprenticeship model for learning through gradual
release of responsibility. You might also wish to use the hypothesiser lifeline sheet (available on the TEMI
website) to help your students document their ideas and discoveries as they work.

To know more about TEMI and find more resources www.teachingmysteries.eu

This research project has received funding from the European Community’s Seventh
Framework Programme (FP7/2007-2013) under grant agreement no. 321403.
teachingmysteries.eu

Co-funded by
FP7-Science-in-Society-2012-1, Grant Agreement N. 321403 - the Seventh Framework Program

of the European Union
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THE SE MODEL

|
NS Engage
CAPTURE STUDENTS'
/7 \ ATTENTION

When the game starts, the classroom’s main

light is off; at a certain point, a monochromatic
light is turned on (for example, a green light). A
volunteer student is asked to pick up two pieces
of cardboard of different colours (the teacher

has checked beforehand that these colours are
markedly different under the monochromatic

light being used): in the example shown in the
picture, the colours are cyan and purple. Then the
student inserts the pieces of cardboard into two
envelopes and closes them. On the top of the two
envelopes is written the name of the colour of the
cardboard inside. This procedure is repeated with
three different monochromatic lights. Under white
light, the envelopes are opened and the students
observe with surprise the ‘true’ colours of the
pieces of cardboard they have chosen.

S, I Explone

COLLECT DATA FROM
“ ‘ EXPERIMENTS

Students start their observations in the darkness
(each group should be independent from the
others and conduct the experiment while covered
with a black blanket): each group has a diffraction
grating and many different kinds of lights, from
monochromatic ones to incandescent ones. At the
beginning of the activity, students become familiar
with a monochromatic light (they can use the laser
light, for example) and they can see what happens
when the light passes through a diffraction grating.

In the second phase, by observing the light used
and the colour observed, students should observe
which colours are absorbed and which colours
are reflected by an object when the object is
illuminated with a certain monochromatic light.
Deeping their observations, students can use

two different monochromatic lights to illuminate
their pieces of cardboard. The teacher may help
students to choose particular pieces of cardboard
to better direct their exploration.

o A WHAT'S THE SCIENCE
| BEHIND THE MYSTERY?

Through observing the light used and the colour,
students should recognise which of the colours
absorbed are then emitted by the object (the
colour of a certain object under a certain light).

It is also possible that different human eyes can
see slightly or markedly different colours: this can
provoke a reflection on human physiology and its
connection with the problem of vision, which is not
only a physical problem.



Exlend

WHAT OTHER RELATED
AREAS CAN BE EXPLORED?

After having mixed the coloured lights (and having
therefore experienced additive synthesis), it is
possible to repeat the same mixes of colours
using acrylics, Ecoline, or coloured inks. This set of
experiments will give completely different results
from the previous one: this pigment mixing will
give an example of subtractive synthesis.

It is also possible to deal with the link between
the wavelength of light and colour and the fact
that not all the colours we see are present in

the spectrum or in the rainbow. This is a very
important point that should be emphasised and
discussed with the students. A very useful insight
can be provided by observing spectral lamps
though a diffraction grating.

GUESS THE COLOUR!

— \ Evaluale
g_
o — CHECK THE LEVEL OF
O =— STUDENT SCIENTIFIC

UNDERSTANDING

A possible way to evaluate students is by giving
them problems to be solved from both theoretical
and practical points of view. For example, “find a
way in which a certain word, written in red on a
white cardboard, can disappear” or “can you write a
message whose words give two different meanings
when illuminated with lights of different colours?” It
may also be useful for students to pose questions
of this kind by themselves.

THE SE MODEL

1B\ Stoumanhiy

‘ I ’ TIPS ON HOW TO TEACH AND PRESENT THIS MYSTERY

The presentation of the mystery ‘guess the colour!
is conducted via a game. It is important that the
game is performed using a precise theatrical
system: students must enter the classroom when
the darkness has already been brought about and
the three sets of coloured cardboards are placed
onto a table. They should be covered with three
black pieces of cardboard that will be removed one
by one.

O
/1N GRR

The white light of the sun or the artificial light
of the room will be turned on only at the end of
the game, at which point the students will learn
how close their guesses are to the colour of the
cardboard inside each envelope.

U/ ® \_~ TEACHING SKILLS USING GRADUAL RELEASE OF RESPONSIBILITY

Setting up the mystery: perform a game with

the class in which students are asked to pick

up a certain piece of coloured cardboard from

a set of six pieces of cardboard illuminated by a
monochromatic light. Under this light, the pieces of
cardboard seem to lose their colour.

Demonstrated enquiry (level 0).
Teacher-as-model: you show how to carry out
an enquiry process, which students then copy.
Explain your hypothesis and tests by ‘talking

©

aloud’. Students record your thinking onto their
hypothesiser lifeline sheet. Since this mystery
requires many steps to be solved, it is more
convenient to use a structured enquiry.

Structured enquiry (level 1).

‘We do it’. Students then use their hypothesiser
lifeline sheet to record their own alternative ideas
about the nature of white light. They can both
combine monochromatic lights to get white light
and divide a white light into its component via a

@ PHYSICS



GUIDANCE NOTES FOR TEACHERS

diffraction grating. Students have to record their
tests and conclusions regarding their investigation
on white lights.

In the second step, students will use again their
hypothesiser lifeline sheet to investigate how

the colours of the pieces of cardboard change if
observed in a particular monochromatic light. They
should first experience what happens when mixing
inks and then what happens when illuminating
coloured cardboards.

i!\ Resouhoes

The first video is a 1950s educational documentary
about colour. TEMI Youtube Channel:
www.goo.gl/tUDaq5

playlist> this is color

Solving the mystery:

Students are led to the explanation by using

ideas about the additive synthesis of lights and
subsequently about the subtractive synthesis

with coloured pigments. At the end of the

enquiry learning cycle, they should have a

clear understanding of why, for example, the
fundamental colours of a printer are magenta,
cyan, and lemon yellow rather than red, green, and
blue.

The following video pertains to the additive
synthesis of light and the physiology of vision. In
addition, it briefly discusses the fact that there is
no correspondence one to one between a colour
and a wavelength. TEMI Youtube Channel:
www.goo.gl/tUDaq5

playlist> colour mixing



N
Guess The coloun!

STUDENT WORKSHEET

From the game with coloured lights and coloured pieces of cardboard, you have seen that it may be very difficult
to correctly pick a certain colour under a monochromatic light. To solve this mystery, it will be necessary to travel
into the world of coloured lights.

Exlend

WHAT'S INTERESTING? WHAT'S SIMILAR?

Task: Work in the darkness if you can. Task: NOW, illuminate each cardboard with a
couple of different lights at the same
time, use all the possible combinations of
colors. Write down your observations in

“ @ gwm a table.

‘ ~WHAT'S HAPPENING?
®

P SN
«—\ Evalude
& WHAT'S MY
o— UNDERSTANDING?

Task: Look at the different kind of lights
through a diffraction grating, try
monochromatic light and light from an
incandescent bulb,. What colors do you
see in each case?

- | Expluie

WHAT'S CAUSING IT?

@ PHYSICS

questions from the topic. Solve your
quiz and go through them together
afterwards. At the end of the lesson,
hand them in to your teacher.

~—

Task: Define the color of a cardboard as the
color that appears when it is illuminated
by a white light. Then, illuminate
some colored cardboards with a
monochromatic light. Use the red, the
green, the blue and the white cardboards
first, write down in a table the color
of each type of cardboard when it is
illuminated by the red, the green and the
blue light. Can you find any pattern?

Task: Work in pairs and make a quiz with ten -



