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ABSTRACT

A surface mount typed multi-coloured Light-Emitting Diode (LED) is used as a light saurce for the hands-on
coloured light mixer. The LED consists of red, green and blue tiny sources but the mixer is designed to have
four switches corresponding to red, green, blue and yellow light. These colours correspond to students’
misconceptions of pimary coloured lights; they realize that the primary colours and the rules for lights mixing
are the same as those of paints. To generate a yellow light, a microcontroller placed between four input
switches and the LED operates both a red and green tiny sources. In addition, the microcontroller is
employed to eliminate some combinations of coloured light mixing to simplify the experiment (basic mode) for
non advanced students. If the mixer is used with more advanced students, a number of combinations will
increase and students need more analytical skills to find out the primary coloured lights (the coloured lights
that can not be produced by the mixing of any other coloured lights). Therefore, the mixer is able to use with
more advanced and non advanced students depending on the program in the microcontroller and some
modifications of the circuit. Furthermore, to introduce students an idea that other hues or shades can be
generated by mixing of these three primary coloured lights of different intensities, a tuning circuit is integrated
to vary an intensity of the green light source.
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1. INTRODUCTION

A number of science educators presented that students come to a classroom with their “Prior
knowledge”. The knowledge is often opposite to the correct understanding of the nature. Then, it is teachers’
responsibility to help enhance students changing alternative conception to scientific understanding. If the new
knowledge fit with students’ prior knowledge, it can be easily assimilated otherwise students need to shape
those teacher give to them before they can accommodate . Therefore, an effective active learning teaching
module should be designed based on students’ prior knowledge so students can assimilate what the module
give to them.

To survey students’ prior knowledge, teachers can simply pose some questions to students or use a
conceptual survey at the starting of a class. The examples of very well known conceptual survey are
Conceptual Survey on Electricity and Magnetism (CSEM), Determining and Interpreting Resistive Electric
Circuits Concepts Test (DIRECT), Force Motion Conceptual Evaluation (FMCE), Geosciences Concept
Inventory (GCIl) and Heat and Temperature Congceptual Evaluation (HTCE). For more information, students’
alternative conception can be found on the websites “.
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The alternative conceptions can be used as a guideline to design a learning track, what students
need to observe or should be emphasized, to help students change their alternative conception to scientific
understanding.

In this research, students’ alternative conception of primary coloured Iights, they realize that the
primary colours and the rules for lights mixing are the same as those of paints °, were used to optimize a
number of coloured lights and their mixing for a hands-on coloured light mixer. Furthermore, questions (what
students need to Predict, Observe and Discuss) in an activity sheet were designed based on this alternative
conception.

The mixing of lights can simply conducted by a light mixer. The mixer used 1) a microcontroller to
limit a number of the available combinations of coloured light mixing and 2) a surface mount device (SMD)
multi-colour LED (see figure 1) as the light sources. The LED can generate a uniform brightness light without
any handwork because there is no epoxy drop lens on the top ® Moreover, it consists of three tiny red, green
and blue light sources that are very close packed (~1 mm apart) so students perceive a mixing of these
beams as a one beam (see figure 2).

The activity was designed based on PODS (Predict, Observe, Discuss and Synthesize) learning
cycle *  Students were asked to predict a few questions on primary coloured lights and their mixing then they
observed some prepared coloured lights mixing. These observations and discussions on the conflicts
between students’ prediction and observation with their peer helped them to correct their misconceptions. At
the end of activity, a few questions were posed to students to confirm and enhance their scientific
understanding.

Figure 1. A SMD type mult- Figure 2: Coloured lights generated by the mixer (red, green, blue,
colour LED white, cyan, magenta, yellow and orange).

2. A HANDS-ON COLOURED LIGHT MIXER

There are many research developed the instruments used to demonstrate primary coloured light
.. 3517 . . . . . K .
mixing phenomena . To deS|gn3 a simple hands-on coloured light mixer, a schematic diagram introduced
by PlaninSic (see figure 3) is used °. The circuitry of the mixer is very simple and consists of 1) three LEDs
serve as red, green and blue light sources 2) three dimmers used to control the brightness of the three light
sources, independently. In addition, three fix resistors (R4, R5 and R6) are used to limit the maximum current
passing through a red, green and blue LED, respectively.

An LED is more appropriate to be used as a light source of a hands-on coloured light mixer than a
bulb because it can be used with a battery and the price is cheaper than those of bulbs. This means that the
LED based light mixer can be produced cheaply as a mass of teaching tools. However, LED still poses a
problem. Most students hardly perceive a mixing of red, green and blue lights with the same intensities as
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white. The reason behind this problem are 3r1§1man resolving power 18, a property of LZED that is not a point
source and can not generate uniform brightness “and is easily disturbed by an ambient light .
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Figure 3: Schematic diagram of a simple coloured light mixer.

The easiest way to eliminate the problem of an ambient light is using the mixer in a dark room which
is not available for most schools.

Gillies and PlaninSic also suggested the way to change an LED to be a semipoint source that could
generate a uniform brightness light. They used a hacksaw to saw the top part of the LED (function as a drop
lens) off then polished the sawed surface with fine water sandpaper. Finally, an abrasive polishing paste was
used to make the surface looks clearly transparent.

In addition, the problem of human resolving power can be eliminated by packing the light sources
very close together or increasing an observing dstance between students and the mixer which is not suitable
for a hands-on activity.

Fortunately, modern technology that always makes things easier is a success key of the hands-on
coloured light mixer in this research. The surface-mount device LED so-called “SMD multi-coloured LED” is
used as the light sources for the mixer. This multi-coloured LED has no lens on the top and consists of very
closely packed three internal tiny of red, green, and blue light sources. Therefore, light produced by the LED
is uniformly bright lights and viewed as one beam by the human eyes. Furthermore, the beams are bright
enough to use in a normal-lit room.

Since the objective of this research is to encourage students to discover the primary colours of light
but the simple mixer does not allow students to observe other coloured lights mixing except red, green and
blue lights. Therefore, the mixer need to be modified to have more light sources then students can find out
the primary colours of light; the coloured lights corresponding to students’ definition of primary colours that
they have already learned in the Art subject. This can be done by simply adding the extra light sources to the
mixer but we need to face the fact that too much data make more difficult for students to analyze, especially
the non advanced students. To optimize the problem, students’ misconception about primary coloured lights
can be used as a guide to provide the minimum light sources for the mixer.

As Bill Beaty posed on his website, many students realize that the primary colours and the rules for
lights mixing are the same as those of paints, only four “students’ possible primary colours of light (red, green,
blue and yellow)” are used as the light sources of the modified mixer. All possible combinations of these four
coloured lights of maximum intensities as well as their corresponding results are listed in Table 1. The details
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indicate that only combinations 1 to 5 are enough for students to change their understanding about the
primary colours of light and learn the conventional secondary colours of light. When students choose
combination 1 (mixing red with green) they should realize immediately from observation that yellow is not a
primary colour of light. Combinations 2 to 4 gve magenta, cyan, and white light sequentially helping students
learn the conventional secondary colours of light and the mixing of all primary coloured lights. Combination 5
should also convince students that the rule of coloured-light mixing is not the same as those ofﬂpaint mixing; if
it is, students would perceive the colour of the mixed lights as green. Therefore, the ' to 5" combinations
are provided for non-advanced students and the all combinations requiring more analytical skills to interpretis
suitable for instruct more advanced students.

Table 1: All possible combinations of a red, green, blue and yellow lights mixing with the maximum intensities.

Combination Mixing of Coloured lights Observedresults
1 Red and Green

Red and Blue
Blue and Green

Red, Green, and Blue

Blue and Yellow

Red and Yellow

Green and Yellow

INCHEN B

Red, Green, and Yellow

©| O N o O | W N

Red, Blue, and Yellow

=
o

Green, Blue, and Yellow

|

[ERY
=

Red, Green, Blue, and Yellow

To limit a number of available combinations of coloured light mixing, a microcontroller (AT89C2051)
placed between four input switches and the multi-colour LED is employed to control the three very tiny LEDs,
individually. Therefore, the available coloured light mixings are limited by the programme in the
microcontroller. A flowchart of the microcontroller programme used in the mixer is presented in Figure 4.
Executing the programme which is run as a loop, needs inputs from a combination(s) of the four input
switches. If the input matches, the pre-determined combinations coloured light can be observed. If there is
no match, no light will be turned on. In addition, pressing the yellow light switch activated the microcontroller
to turn both red and green LEDs on simultaneously at maximum intensities to give the yellow light.
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Red = off; Red =on;
Green = off ; Green=on, |—
Blue=off; Blue = on;
‘F Figure 4: Flowchart of the
Red=on: —— microcontroller  programme used
=on; . Red=on; . .
H  reen= it Green=oif; || in the hands-on coloured light
Blue= off; Blue = on; .
mixer.
Red = off; Red=on;
1 Green=on; Green=on; [
Blue = off; Blue = on;
Red = off; Red = off;
— Green=off; Green=on; |—
Blue=on; Blue = on;
— e e
Green=on; Combination = yellow; Green=on; [—
Blue = off; Blue=off;

As students should be introduced to the idea that other hues or shades could be generated by mixing
of these three primary coloured lights of different intensities, only one tuning circuit is added b make a green
LED change its intensity by just turning he knob. This feature generates shades of colours; ranging from
yellow to orange and pale blue to cyan. The schematic diagram and a complete set of the mixer are
illustrated in Figure 5.
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Figure 5: Schematic diagram
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e |
| FIT et
FEI(TTH e L
== n:a-E
B r—
FE T Fi
] POATT) iz
—— T FiLiAH
- T Ea
lan E7
I AR T i

Proc. of SPIE Vol. 9666 966600-5



3. ACTIVITY

The 1 hour activity is designed based on the PODS learning cycle and the aims of the activity are
encouraging students to discover, from their definition of primary colours, the primary colours of light and
observing the secondary colours also the results from mixing of different intensity of lights.

The PODS learning cycle encourage students to learn from any contradiction between their
predictionrs and observations that could be resolved during the discussion phase. Students then synthesize
their newly learned ideas and conclusions into the more general framework of their physics knowledge.
However, naive students should be given some background information in the form of simple introductory
activities to increase their confidence to make a prediction rather than just making a random or uninformed
guesses. This is because the background information is a backup for students to use logical reasoning to
make their predictions.

The activity is started with the classroom discussion to reach an agreement on the definition of
primary colours that is “Combination of two primary colours cannot produce a third primary colour when all of
them are added together, the white light will be produced”. Students then are asked to predict what the
colours are the primary colours of light.

Before students observe some prepared coloured light mixing, they have to predict and write down
their predictions in the prediction column of the activity sheet (see Table 2). Students then do the experiment
themselves on the five combinations of coloured light mixing with the same intensities as mentioned in the
second section. The combinations consist of 1) red mixed with blue 2) red mixed with green 3) green mixed
with blue 4) blue mixed with yellow 5) red and green mixed with blue. Moreover, students have to observe
the other combination which is red and green light with the intensity of green is less than those of red.

After that students discuss with their peers on these questions 1) why is yellow not a primary colourof
light? 2) What are the primary colours of light? In addition, students have to consider the correctness of this
sentence “if an object reflects red, green and blue lights with the same intensities to an eye, colour of the
object will be perceived as white”.

In the synthesis phase, students have to think about the relation between the primary colours of light
and the colour sensitivity of the colour receptors in the human eye and also the colour of the white screen
perceived by the red blindness person.

Table 2: Table of prediction and Observation.

Your group

prediction Observation

Questions

1. The colour of light produced by the mixing of red light
and blue lights with the maximum intensity is......

2. The colour of light produced by the mixing of red light
and green lights with the maximum intensity is......

3. The colour of light produced by the mixing of green
light and blue lights with the maximum intensity is......

4. The colour of light produced by the mixing of blue
light and yellow lights with the maximum intensity

5. The colour of light produced by the mixing of red
light, green light and blue lights with the maximum
intensity is......

6. The colour of light produced by the mixing of red light
and green with the green intensity is less than red
intensity is......
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4. EFFICACY OF THE HANDS-ON COLOURED LIGHT MEXER

To evaluate an efficacy of the teaching module, the module was introduced and conducted by the
researcher to four classes of 151, Year-11 female students. Students’ response to three questions of primary
coloured light and their mixing collected before and two weeks after a class was determined in term of an
average normalized gain. This gain is the ratio of the actual average gain to the maximum possible average
gain = as

o (%<S, >-%<§ >)
100- %<S§ >

<9
where < S; > and < § >are the final (post) and initial (pre) class averages

The questions are 1) what colour(s) are the primary colour(s) of light? 2) Is this sentence correct, “the
mixing of blue and yellow light on a white paper can not be perceived as green”? and 3) Can orange light be
generated by the mixing of red and green light?

Figure 6 presents students’ response to the first question. This reveals that only 30% of students
have a correct prior knowledge of the primary colours of light. While the other group of students (30%)
believes that the primary colours of light are the same as the primary colours of paints. Some students (11%)
have the idea that the primary colours of light should be the same as colours of a rainbow. These results also
support the reason behind the development of the mixer that a large number of students are confused the
three primary colours of light (red, green, blue) with those of paints (red, yellow, blue).

Students’ responses to the first question
[What colour(s) are the primary colour(s) of light?]
160 1 150
12
c
(5]
°©
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2 34
17
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Figure 6: Students’ responses to the first question.

Furthermore, students’ responses to the second and third questions as shown in figure 7 indicate that
there is only 15% of students before the instruction know the mixing of blue and yellow light can not generate
green light and some students (27%) realize that orange light can be generated by the mixing of red and
green light.
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Students’ correct responses to the second and third questions
120 -
2 100 A
o
S 80 -
5 40 51 Pre-test
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The mixing of blue and yellow The mixing of red and green
light on the white paper can not  light on the white paper can be
be perceived as green perceived as orange

Figure 7: Students' correct response to the second and third questions.

After completion of the instruction, the number of students who have a correct understanding of

primary coloured Ii%hts and their mixing is significantly increased. The average normalized gain
corresponding to the 1™ — 3™ questions are 0.99, 0.58, and 0.09, respectively.

5. CONCLUSION

The hands-on coloured light mixer developed in this research could eliminate the problems found on
the previous research as 1) a requiring of a dimly lit or dark room that was difficult to provide for general
schools 2) some modifications of light sources are needed. This could be achieved by employing two modern
technologies: a SMD multi-coloured LED set and a microcontroller. The LED has no epoxy drop lens on the
top and consists of three tiny red, green and blue light sources that are very closely packed. Therefore, the
output beams are uniform brightness and viewed as one beam. In addition, a number of the available
combinations of coloured light mixing are limited by the programmein the microcontroller. If the mixer is used
with more advanced students, the programme and the circuit need some modifications. Moreover, the mixer
was designed to use as a hands-on instrument with an ative learning based teaching module to encourage
students to investigate the primary colours of light, the coloured lights corresponding with their definition of
primary colours, and their mixing. This could help students learn science actively rather than passively.
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