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A Hands-on to Teach Colour Perception:
The Colour Vision Tube
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Abstract
One basic concept for understanding colour phenomena is the concept of vision. Although
vision seems to be quite a natural and simple thing, students are often not familiar with the
mechanism behind perceiving objects or even “the colour of objects”. This contribution
introduces a simple hands-on experiment, the Colour Vision Tube. The Colour Vision
Tube facilitates the experience of seeing “coloured” objects illuminated with other than
white light sources. These experiences support students in understanding the relevance of
the illuminating light and the conception of selective reﬂection for colour vision.
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Introduction
Colour phenomena are usually fascinating. However, it is frequently quite challenging for students to explain such phenomena based on adequate scientiﬁc concepts.
This contribution focuses on body colour phenomena. After instruction of basic
optics, students still believe the colour impression they get from an object is a ﬁxed
property of this object. (Andersson & Kärrqvist, 1983; Driver, Guesne & Tiberghien,
1985; Fetherstonhaugh & Treagust, 1992; Viennot & de Hosson, 2012). Although
they are mostly able to reproduce the laws of colour mixing, they can hardly account
for colour impressions produced by objects illuminated with other than white light
sources. We developed a hands-on experiment, the Colour Vision Tube, which can
be easily used in class to demonstrate such colour eﬀects.

Theoretical Background
Students’ ideas about vision have been investigated thoroughly and show students’
diﬃculties in explaining the visibility of objects based on light emitted by a source
and reﬂected by the object into the observer’s visual system (cf. Figure 1, physicists’
model).

Figure 1: Students’ conceptions on vision (categories based on (Guesne, 1985))

Without a basic concept of vision, it seems to be diﬃcult to develop scientiﬁcally
adequate ideas concerning colour and coloured objects. As a result, it is frequently
believed that colour is a ﬁxed property of an object, as mass is for example. Empirical research shows that misconceptions about colour are not only present among
students but also among many adults (Martinez-Borreguero et al., 2013).
Feher & Meyer (1992: p. 505–520) give a summary of the most frequently held
conceptions about colour vision:
1.
2.
3.
4.

Coloured light mixes with the colour of the object,
coloured light is dark and makes the object darker,
coloured light gives the colour to the object and
coloured light has no eﬀect on the object.

Conventional instruction is usually not successful in transforming these conceptions into adequate physical concepts about vision and colour (Andersson & Kärrqvist, 1883; Martinez-Borreguero et al., 2013). From conceptual change theory it
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Figure 2: Concepts about colour phenomena (left: frequently held student conception;
right: “new”, scientiﬁcally sound concept) (Martinez-Borreguero et al., 2013)

is known that conceptions tend to be extremely stable as they have proved to be
viable in daily life in uncountable occasions (Posner et al., 1982). Thus, students do
not feel the necessity to change their ideas; they frequently hold the idea that bodies
have a permanent colour that can be seen when they are illuminated (cf. Figure 2,
left). This theoretical background explains quite well why especially colour issues
are diﬃcult for students. In their daily lives they are predominantly in situations
where their surroundings are illuminated by some kind of white light sources.
One major issue of discussion within conceptual change is the question how to
address students’ misconceptions in order to trigger conceptual change. Conceptual change research has not come to empirically grounded solutions on this issue,
yet. Posner et al. (1982: p. 211–227), however, suggested a number of broadly
accepted requirements characterising new concepts presented to students. To support conceptual change, they recommended that students do not only need to be
dissatisﬁed with their current conceptions but the new conceptions introduced need
to be intelligible, plausible, and fruitful. The Colour Vision Tube was thought to
provide a variety of evidences that widen students’ ideas about colour vision. Their
conceptions about colour being a ﬁxed property of an object (cf. Figure 2, left)
should be reorganised in the following way: light has colour(s), objects selectively
reﬂect them and the composition of the light received by our visual system creates
a certain colour impression (cf. Figure 2, right).

Research Aims & Questions
The overall aim of this project was to promote students’ understanding of “seeing
colours”. The main idea was to create a learning environment that makes students
familiar with the experience of observing “diﬀerently coloured objects” illuminated
by diﬀerently coloured light. Our intention was to create a hands-on that is easy
to construct and also easy to handle in the classroom and above all, a hands-on
that functions as learning environment which can be individually manipulated by
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students. The purpose of the evaluation conducted was to analyse learning eﬀects
triggered by the use of the Colour Vision Tube. Our main research questions were:
1. Does the use of the Colour Vision Tube promote a sender-receiver model of
vision?
2. Does the use of the Colour Vision Tube promote students’ understanding of
selective absorption and reﬂection as basic condition for body colour phenomena?

Methods
A micro-teaching intervention based on the Colour Vision Tube was designed to be
used in semi-structured student interviews. The intervention was aimed at students
after their basic instruction in optics in year 81 . The students of our sample (N = 21,
9 female & 12 male) were aged 13 to 15 years. They were randomly selected: they
had diﬀerent school carriers and learning histories in physics, were in diﬀerent types
of schools in diﬀerent areas of Austria. In order to avoid having a sample not
representing the “typical Austrian high school student” at this age group, we also
wanted to ﬁnd out about their attitude towards physics and learning of physics. For
this purpose we used the concept of self-eﬃcacy in physics – following the scales
of PISA 2000. The students of our sample showed a mean self-eﬃcacy in physics
m = 2.392 (SD = 0.73). This quite well ﬁts the data of the Austrian PISA sample
2000 with a mean self-eﬃcacy of m = 2.37 (SD = 0.84) (Kunter et al., 2002).
In the ﬁrst part of the interview the students ﬁlled in the PISA scales on selfeﬃcacy and some other general data. Then they were given test items on colour
vision (Herdt, 1990). After that they worked with the Colour Vision Tube following
the P(redict) O(bserve) E(xplain) structure (White & Gunstone, 1992). Finally, the
students were asked to do some transfer tasks and ﬁll in test items. The interviews
were led by trained interviewers.
The data collected from the interviews were analysed concerning the lines of
argumentations students used to explain colour phenomena before and after the
short POE intervention with the Colour Vision Tube. The categories underlying
the analysis were taken from literature. The categories about students’ conceptions
on colour vision were based on Feher & Meyer (1992). As we did not ﬁnd any
students’ statements relating to the idea that coloured light is dark and makes the
object darker, this category was omitted. The categories on conceptions on vision
also had to be modiﬁed (Guesne, 1985). An additional category “reﬂection” was
created which subsumed all student utterances that mentioned that the disc in the
vision tube reﬂected light, but that did not contain any hints that this reﬂected light
(partly) entered the visual system of the observer.

The intervention with the Colour Vision Tube
The Colour Vision Tube is a hands-on made of a tube3 which is closed at one end
with a disc made of diﬀerently coloured segments (cf. Figure 3). In the middle of the
1

In the Austrian educational system basic optics (including colour phenomena) is part of the
year 8 Physics curriculum. Wave optics is part of the year 10 curriculum.
2
Self-eﬃcacy runs from 1 to 4. 1 stands for high self-eﬃcacy.
3
The tube is about 25 cm long and 8 cm in diameter. It is made of insulating material for
heating pipes.
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Figure 3: The Colour Vision Tube (CVT)

tube, there is a light inlet just big enough to insert the light source. As light source
we used a modiﬁed version of the colour mixer by Planinšič (2004: p. 138), a quite
easy to build device based on RGB colour addition of LEDs. The open end of the
tube serves as peephole for the observer. When students look through this peephole
while the tube is illuminated with diﬀerently coloured LEDs, they can experience
the eﬀect of diﬀerent illumination on the “body colour” they perceive.
During the intervention phase with the Colour Vision Tube, the students had to
work successively on two predictions:
1. What will happen if we block the hole? (ﬁrst POE cycle)
2. What will happen if we illuminate the Colour Vision Tube with red light?
(second POE cycle)
The ﬁrst prediction cycle was meant to initiate learning processes on a physical
concept of vision based on a sender-receiver model (cf. Figure 1). The second
cycle was based on the idea that the “colour of an illuminated object” depends on
the illuminant. So after observing the Colour Vision Tube illuminated with red
light, the students had the opportunity to explore the eﬀects of diﬀerently coloured
illuminants (cf. Figure 4).

Figure 4: The inside of the Colour Vision Tube illuminated with white, red and green
light

Selected results
The data collected during the ﬁrst POE cycle showed that the majority of students
ﬁrstly used common sense arguments to explain why they were able to see the
coloured disc at the end of the tube only as long as the light inlet was not blocked.
Most students used the concept of illumination without considering the necessity of
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Figure 5: Students’ ideas concerning vision before and after the CVT-intervention in
percent

light from the disc entering the eye of the observer (cf. Figure 5). After the ﬁrst
POE cycle the majority of the students did not only know that light is necessary
for vision, but they also identiﬁed the light source (the illuminant), the illuminated
object and the eye (receiver) as essential components for vision.
The second POE cycle focused on colour vision, on the apparent colour of objects
illuminated with light sources other than white. Most students initially believed that
either the colour of the illuminant or a mixture of the colour of the illuminant and
the colour of the illuminated object was responsible for the colour they perceived
(cf. Figure 6). Only a minority of students held the conception that selective reemission determines the perceived colour. Similarly, the idea that the apparent
colour of an object stays the same independently of the colour of the illuminant,
was rarely mentioned.

Figure 6: Students’ ideas concerning colour vision before and after the CVT-intervention
in percent

After the second POE cycle, about two thirds of the students were able to apply
the idea that colour impression is not a consequence of the property of objects but
a consequence of the interaction between an object and the light illuminating this
object (cf. Figure 6). However, a closer analysis showed that they had problems
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when primary colours of subtractive and additive colour mixing were used at the
same time. For example it was easy for them to use the RGB scheme to explain
why the blue and green segments4 of the disc appear to be black when using a red
illuminant. On the other hand, most students were not able to account for the fact
that yellow and magenta segments5 appear to be reddish when illuminated with red
light, while cyan segments appear to be black.

Summary & Conclusions
The hands-on we called “Colour Vision Tube” (CVT) is easy to build. Its use in
class turned out to be simple and eﬀective. Observations with the CVT support
students in experiencing colour characteristics of an illuminated object with varying
illuminants (ranging from no illumination at all to white and diﬀerently coloured
light).
In the prediction-stages of our intervention, most students were not able to verbalize the process of vision based on a physical correct model, nor were they able
to explain the physical process of seeing colours adequately. After reinforcing a
physicit’s model of vision in the ﬁrst POE cycle, students could experience the
eﬀect of diﬀerent light colours on their perception of objects in a second POE cycle.
They are used to judging the “colour of an object” when illuminated by sunlight or similar light. The lacking experience of illuminants with diﬀerent colour
characteristics seems to hinder students to internalize the concept that colour is not
a physical property of an object, but depends on how an object reﬂects light that
reaches it.
The use of the CVT gives students the opportunity to experience the eﬀects of
changing light colour on the reﬂecting behaviour of objects. This seems to support
students in developing a relationship between their visual colour sensation, the colour
characteristic of an illuminant and the reﬂection behaviour of the illuminated object.
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