The Stability of Human Colour Memory and Distribution of
Recalled Colours
James Main
Fitzwilliam College
JamesMain@cantab.net
Supervised by David J.C. MacKay
mackay@mrao@cam.ac.uk
30th May 2006
Abstract
Uniform colour stimuli were presented to a user on a screen. The user memorised a
target colour and then reproduced their remembered colour in tests lasting five minutes and
in untimed tests. In timed tests, it was found that colour memory is disrupted to a large
extent by misrepresentations of the target. The memory stability appeared greater over
longer time periods. This shows that the misrepresentation memory decays more rapidly
than that of the target.
In untimed tests, the distribution of remembered colours from targets within the redgreen spectrum was uniform whereas for targets varying in hue, this hypothesis was rejected.
An alternative model was proposed based on the quantisation of the colour range into regions
verbally described by a single colour term. This is due to the use of colour descriptions in the
memorisation of colours. Remembered colours for targets within each region are normally
distributed. The distribution widths were calculated from the proportion of remembered
colours lying within the region. This proportion was found to increase for basic colour
terms that are more accurately defined and to decrease for colours that are not aesthetically
pleasing.

1
1.1

Introduction
Aims

When a human views a colour and later recalls it from memory, there is often a colour shift
between the original and remembered colour. This study aims to measure these colour shifts in
order to investigate human colour memory.
One aspect to be studied is how the memory of a target colour is affected by the viewing
of similar shades to the target before matching the colour from memory. When a subject views
a stimulus and then repeatedly reproduces the colour from memory, are their matched colours
randomly distributed around the target or is the memory of the target disrupted by their previous
attempts at recall? One experiment used will involve a colour patch performing a random walk
from a target colour. How much control is a human able to place on the colour’s path in this case?
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The primary objective is to search for systematic colour shifts in hue. This will involve a
search for experimental evidence to support the hypothesis that many target colours will map
onto a small number of colours when recalled from memory. A model to predict the likelihood
of different colours being recalled from memory will be formed. I will also look into the role of
language in the memorisation of colour as this may be linked to the above hypothesis.

1.2

Previous Study

Numerous studies have been performed in search of systematic trends of observed colour shifts.
The results of Newhall et al [9] suggested that while there are systematic colour shifts in both
lightness and chromaticity, there is no systematic shift in hue. Please see the subsection on colour
spaces for definitions of these terms.
Various theories of colour memory have been proposed to explain these colour shifts. Bodrogi
and Tarczali [5] put forward their “cognitive effect hypothesis” stating that there are three factors
that affect colour memory. These effects are referred to as exaggeration, typicality and focality.
Exaggeration means that observers tend to avoid storing “medium” brightness or saturation in
short-term colour memory. Remembered colours shift toward extremes in lightness or to colours
of greater chromaticity. Typicality is relevant when a colour is viewed in context. Many familiar
objects or shapes are uniquely related to their typical colour. A memory will tend to shift toward
this prototypical colour. Thirdly, focality results from the decomposition of colour space into
regions described by the 11 basic colour terms in the English language. Each of these regions
has a focal colour and a memory will tend to shift toward the focal colour of the relevant region.
Heider [2] also measured these systematic shifts toward focal colours as well as noting that the
focal colours are more rapidly and consistently named. I will attempt to find evidence either to
support the theory of the use of language in colour memory or on which a new theory may be
based.
Hence it appears that language is linked to the way in which humans remember colours. In
1964, Lantz and Steffire [4] found that the ability to recognise a previously viewed colour depends
on the ability to verbally describe the colour. Furthermore, Allen [1] proposed a dual colour-coding
mechanism. A colour is encoded both as a rapidly decaying colour sensation built up from ratios
of retinal cone signals and as a longer-term language description of the colour sensations.
McKeefry and Zeki [6] studied whether the human brain’s colour centre forms a part of the
brain’s main visual areas. They found that colour stimulation was consistently associated with
the activation of an area of the brain that is distinct from the primary visual areas. Hence
it seems reasonable to conduct investigations into memory for colours without the context of a
scene. During this study, the effect of typicality in the memorisation of colours is avoided since the
stimuli used are uniform colour patches and so can not be associated with any colour in preference
to others.

1.3

Colour Spaces

In order to make measurements that allow a quantitative analysis of colour memory, it is necessary
to assign numbers to colours. One possibility would be to simply use the wavelength of light that
produces the colour. However, colours are rarely of one pure wavelength and this would be difficult
to implement. To tackle this problem, colour spaces have been developed that can represent a
colour as a coordinate position, usually in three dimensions.
The most conventionally used colour space is CIE L∗ a∗ b∗ (see figure 1). The three coordinates
in this model represent the difference between light (where L∗ =100) and dark (where L∗ =0), the
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Figure 1: The CIE L∗ a∗ b∗ coordinate system. This forms the basis of the coordinate system used
in this investigation.
difference between green (-a∗ ) and red (+a∗ ), and the difference between yellow
(+b∗ ) and blue
q
(-b∗ ). Within this space, the chromaticity C of a colour is defined as C = (a ∗2 +b∗2 ) and the


∗



hue angle H is defined as H = arctan ab ∗ .
Unfortunately, this space is far from linear with respect to perceived colour differences by
humans. The CMC(1:1) equation (1) was developed by the Colour Measurement Committee of
the Society of Dyers and Colourists as a more accurate method of determining colour differences
∆E.
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(1)

SL , SC and SH are functions of L, C and H. Their exact definitions can be found in appendix B.
For the purposes of this investigation, the CIE L∗ a∗ b∗ colour space was used with the CMC(1:1)
equation implemented to create a more satisfactory coordinate system. The units used, unless
otherwise stated, represent these calculated colour differences from the origin in CIE L∗ a∗ b∗ space.
L∗ was set at 50 for all colours used.

2
2.1

Stability of Colour Memory
Method

In order to investigate the stability of colour memory after a time of viewing other similar shades,
stimuli were generated on a high resolution colour monitor. The user viewed the screen from a
distance of 1m. The visual display consisted of a canvas of a single colour within the red-green
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Figure 2: A screenshot of the visual display used in the random walk experiment. The blue
surround was replaced by uniform grey for later experiments.
spectrum (b∗ =0). The canvas was surrounded by a complex background of 14 rectangular blocks
of equal lightness to the stimuli with varying hue angles all within the blue region. See figure 2 for
an example display. The complex background was chosen to reduce the effect that the illuminating
light has on the perceived colour and hence the results. According to Jin and Shevell [3], colours
memorised with a uniform “grey” surround show a much stronger effect of the illuminant used
during learning.
In the first experiment, the user was asked to memorise the initial target colour, presented
on the central canvas, and to click a button to begin the test when ready. The canvas colour
performed a random walk along the red-green spectrum with 0.5s between steps and step size
∆E=0.5. The user was asked to keep the colour steady at the initial target colour using two keys
as controls shifting the colour toward red and green saturation with step size ∆E=1.5. The user
was at no point shown the initial target colour after the start. Each test lasted for five minutes.
The canvas colour was recorded every 0.5s. The target colour was chosen randomly from within
the red-green spectrum.
In a second experiment, the random walk was replaced by a random jump from the target
to another colour within the spectrum. The user’s task was to reproduce the target colour via
keyboard controls. The response of the user was recorded when he or she clicked on a button
indicating satisfaction that the target colour had been reproduced. The canvas colour was then
randomised again and the sequence of events repeated. The user was not shown the initial target
colour or the accuracy of their response between trials. The test ended after five minutes.
The target colour at the beginning of each test was selected randomly from a set of values
within the chosen red-green spectral range. This set of values were every five integers ranged
within the limits of colour differences of ±50 in the green-red direction from the origin point in
CIE L∗ a∗ b∗ space. Beyond this range, the colours are very saturated and many shades are viewed
as similar to the eye. The range was chosen so as to minimise the effect of the non-linearity of the
colour space. Overall, each test was repeated three times, with a mean of 17 jumps, and hence
data points, per test.
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Figure 3: Volatility of the random walk with added human control. The volatility the similar to
that of a pure random walk over short times.

2.2

Results

For a pure random walk, the variance of the colour coordinate at time t + ∆t with respect to
the coordinate at time t is proportional to ∆t. The constant of proportionality is known as the
volatility. In the random walk experiment, the relationship between this variance and ∆t can be
seen in figure 3. As with a pure random walk, there is a clear correlation. However, the gradient
is greatest for low values of ∆t, and then settles to a constant value. For ∆t ≤ 15s, the volatility
is 0.42(±0.03) whereas for 15s ≤ ∆t, the volatility is greatly reduced to 0.23(±0.01).
A time after the start of a test, the user has attempted to reproduce the initial target colour, but
inevitably the colours do not match perfectly. From this point onwards in the test, two extremes
are possible. The first is that the user is unaffected by their misrepresentation of the target and
continues to try to reproduce the initial target. Their colour memory is perfectly stable and their
future responses can be expected to be randomly distributed about the target. The second is
that the memory of the target has been lost and replaced by the misrepresentation. Their colour
memory is unstable and the user now attempts to reproduce their misrepresentation of the target.
The stability of colour memory was investigated by looking at cases where the user’s responses
for different test runs with different target colours overlap. That is, the colours reproduced for two
different target colours are the same at equal times after the start of the tests. The continuation
of the user’s responses were compared for the two tests involved in each case. Figure 4 shows the
continuation of the user’s responses for the tests with the “greener” target with respect to the
test with the “redder” target for the random walk and jump experiments. Perfect stability of the
colour memory would show itself as a horizontal parallel to the x axis at a colour difference equal
to that between the two targets. Complete instability would produce a horizontal line on the x
axis.
The fact that all the points in figure 4 are below the x axis suggests that the memory of the
initial target colours has not been lost completely after the user has strayed from it. However,
generally the points are at a smaller colour difference than that between the target colours.
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Figure 4: The continuation of the user’s responses after tests with different target colours produced
the same response. Each point represents the mean colour difference between the test responses of
all tests where the responses overlapped. The different lines represent different colour differences
between the target colours.
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3
3.1

Favoured Colours
Method

A third experiment was conducted using a similar set up to that outlined previously. In this case,
the development of memory over time was not considered. The user was asked to reproduce the
target colour in a series of individual trials. Two different colour ranges were investigated. Firstly,
the same range as above, with target colours selected randomly from all integer values of colour
difference. In total 10 trials were carried out for each target colour. There was no time restriction
placed on the user’s response.
The second colour range used was one of constant luminosity and chromaticity values, differing
only in hue angle. In the coordinate system used in this investigation, the hue coordinate has a
period of 222. Since this hue circle of colours includes the blue region of colour space, the complex
surround to the canvas was abandoned in favour of a uniform “grey” field. This change was
implemented to prevent the user from using the surround as an aid to recalling the colour via
comparison.
The magnitude of the colour jump was bound by the values 20 and 60. This prevented the
possibility of the colour not jumping at all. It also decreased the variation in time between seeing
the target and reproducing it. Previous work by Nilsson and Nelson [7] has indicated that colour
memory is stable for at least up to 24 seconds so the extra time delay is not expected to cause a
skew in results. On the other hand, a larger jump also means that more colours are viewed that
may disrupt the memory of the original, so the jump size bounds are a sensible precaution.
The order in which the target colours produced was random. In one run of the program, 222
different target colours, one at each integer coordinate value were used. Four users took part in
the experiment. Three of the subjects completed one full set of trials. The author completed three
sets of trials in daylight and three under purely artificial lighting. In the interests of a fair test,
all trials performed by the author were done using the same equipment in the same location.

3.2
3.2.1

Results
Red-Green Spectrum

The colours reproduced by the user’s responses were recorded. Figure 5 shows the frequency with
which these response colours were reproduced. There is a prominent peak at the -35 bin lying in
the green region. Using a χ squared test to compare this result with the null hypothesis of an
even distribution away from the edges gives a probability of producing the data of 0.079. Hence
this is not a significant result at the 0.05 significance level.
3.2.2

Hue Circle

Preliminary experiments, performed by the author, using an even distribution of target colours
of varying hue showed that the variance of reproduced colours from the target varied with hue
coordinate. Figure 6 shows the preliminary raw data. The variance is at a maximum for target
colours with a hue ranging from 150 to 200. This indicates that there are a lot of blues that the
human eye sees as very similar.
This is a side-effect of the non-linearity of the colour space used. In order to provide more
meaningful results, the hue angle coordinate was redefined such that the standard deviation from
the target was constant for all hue angles. The scale for the new hue angle coordinate runs
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Figure 5: Colours reproduced in individual trials. Target colours were evenly distributed at integer
values from -50 to 50 (10 trials per target).

Figure 6: Preliminary results for targets evenly distributed round the hue circle.
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Figure 7: Hue coordinate mapping using the preliminary data.

Figure 8: Histograms showing the frequency of remembered colours for three different users - DM,
ER and HB. The bin size is three units. The mean frequency for a bin is three.
with a period of 222 as before. Figure 7 shows the mapping between the old and new hue angle
coordinates.
The histograms of the frequency of remembered colours for three of the users are displayed
in figure 8. None of these three sets taken individually provide significant results from a uniform
distribution at the 0.05 significance level. The author’s response colour histograms corresponding
to the two different lighting conditions can been seen in figure 9.
A χ squared test on these two sets of data show that these do differ significantly from a uniform
distribution. The natural and artificial lighting conditions have chance probabilities of 0.048 and
0.011 respectively given the null hypothesis.
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Figure 9: Histograms showing the combined results for three runs of the program, corresponding
to three target colours at each integer coordinate value. On the left, the viewing condition is
daylight; on the right it is artificial lighting.

10

4
4.1

Discussion
Stability of Colour Memory

For a pure random walk, the colour difference a time t apart would be distributed according to a
normal distribution of total variance σ 2 = δtt 2 , where  is the step size and δt is the time between
steps. Hence, in this case, with step size 0.5 and a time between steps of 0.5s, the volatility would
be 0.5. The results shown in figure 3 show that over small time periods (∆t ≤ 15s), the user is
able to exert little control over the variation in colour. However over longer periods of time, the
volatility drops to 0.23 showing that the user has greater control in this case.
The step size used was such that there was no perceivable difference after one step. It was
necessary to wait until the random walk had altered the colour sufficiently for a difference to be
noticed before reacting to return the colour to the target. There is a lack of control on behalf of
the user. There are thus two factors in any measurements obtained from this experiment - the
user and the random walk. It is necessary to be careful therefore when drawing conclusions based
upon evidence derived from this set up.
As for the stability of the colour memory, the two diagrams in figure 4 offer differing results but
from which the same conclusions may be drawn. It is clear that the user’s memory of the target
is not lost completely after an incorrect response. Equally, the evidence shows that the incorrect
intermediate colour does corrupt the memory of the target and some information has been lost.
In the jump experiment result, the gap=10 line is roughly twice the distance from the x axis as
the gap=5 line. This is suggestive of a proportional relationship between the initial gap and the
splitting of the paths after a crossing. More data would be needed to investigate the nature of
this relationship.
A striking feature of the graphs is that in each case the gradient is negative. The paths
continue to move further apart after coming together. In the jump experiment, this can not be
attributed to a lack of control over short times. This indicates that the memory of the target
colour becomes more stable with respect to an intermediate misrepresentation as time increases.
The user’s memory is now built up of two (or more) colours. One is the target and the other
is the intermediate that was produced. The negative gradients show that the memory of the
intermediate decays more rapidly over time than that of the target. I believe that this is because
the user looks at the target for several seconds committing it to memory, whereas the intermediate
is viewed only momentarily.
The difference in the target gap=5 results is due to the difference in experimental set ups. In
the random walk experiment, the user is aided by being able to notice small colour changes in the
walk. In the jump experiment, the user may rely only on their initial memory of the target and
intermediate responses. Hence the random walk result shows a greater splitting of the two lines
due to the extra information available to the user.

4.2
4.2.1

Favoured Colours
Red-Green Spectrum

In the case of the red-green spectrum measurements, the histogram of response colours did not
produce a significant result at the 0.05 significance level and so the null hypothesis of a uniform
distribution can not be thrown out. For the most part, the distribution does appear to be very
uniform. There is insufficient evidence to support the hypothesis that a user’s responses will tend
towards certain colours.
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Figure 10: The accuracy with which different colours were reproduced varied with target colour.
The peak at -35 may be the result of chance or may be due to problems with the experimental
set up. The colour space being used in this case is innately non-linear. Figure 10 shows that the
standard deviation of responses from target colours varies as a function of colour. The standard
deviation increases on the green side at roughly -35. This indicates that at this point, the shades
become harder to distinguish from one another. I believe that the peak is due to the colours from
-50 to -35 appearing similar to the human eye forming one region. When a target was within this
region, the user would scroll through the colours until the region was entered. Since the -35 bin
is on the boundary to this region, the user would stop here rather than continue to the middle of
the region.
4.2.2

Hue Circle

The set of tests that the author performed on the hue circle set provide strong evidence in favour
of discarding the null hypothesis. A different model can be formed based on the links discovered
between verbal descriptions of colours and colour memory [1], [4]. The users agreed that when
performing the trials, they thought about the colour verbally. Hence, we expect to find some
quantisation due to the limitations of the language. The hue circle can be split up into regions
corresponding to different colour names. If the user primarily uses these colour names to recall
the colour, then I would expect the histograms in figure 9 to be comprised of a series of normal
distributions for each region. The form of the histograms does suggest that this may be the case
as each substantial peak can be described by a single colour. However, it is not clear from this
figure exactly where the boundaries between these regions lie.
The left hand of figure 11 shows the colour paths between target and response for one user, not
the author. There are very few shifts from a target colour within what may be loosely described
as a green region (90-120) to a remembered colour outside of the region. The same can be said for
other regions. A plot showing the number of colour paths that cross through each colour (i.e. each
vertical in the left hand diagram) is shown to the right. This shows the quantisation effect far
more clearly. The boundaries between colour regions can be taken as the points where the number
of crossing paths are at a minimum. Figure 12 shows that there is a high level of agreement as to
the colour region boundaries for the author’s trials in both lighting conditions. Using the author’s
results combined, the colour regions and their boundaries are given in the first two columns of
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Figure 11: (Left) Colour paths showing the colour shift of each trial between target and remembered colours. (Right) The number of colour paths that cross vertical lines on the left hand side
diagram.
table 1. With these region definitions, a normal distribution for each region can be fitted to model
the mean of the histograms of figure 9.
4.2.3

Formation of New Model

One method would be to simply alter the parameters of each distribution until it fits best with the
histogram or give the greatest chance probability in a significance test. I believe that this would
lead to an invalid model from overfitting that may lead to unphysical results such as a model
where the total normalisation is different to the actual number of trials performed. Instead, I used
the method outlined below.

Each normal distribution represents the distribution of remembered colours from targets within
the region. The widths for each normal distribution were found by calculating what proportion of
target colours within a region correspond to response colours within the same region. This proportion, which I have termed region fidelity, was then used to find how many standard deviations
wide is the region. Once this was found, the peak value of the distribution was calculated by fixing
the normalisation of the distribution as the number of target colours inside the region. Using the
fact that the colour regions for the author’s tests in both conditions agree very well, the two sets
of results were summed to provide the most reliable data for model fitting.
The calculated parameters for the various colour regions are shown in table 1. The colour
regions that I have termed as “brown”, “yellow-green” and “turquoise” have the lowest region
fidelity values. I believe that this is because I have a looser definition of what set of colours these
terms describe. Two of these colour names are not among the 11 basic colour terms of the English
language. The only other such colour region name is “light blue”. Additionally, I find that these
colours are less aesthetically pleasing. This may have encouraged me to reproduce colours outside
of these regions.
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Figure 12: The number of colour paths crossing each colour coordinate. Minima between broad
peaks correspond to boundaries splitting the range into colour regions of different colour terms.

Colour Regions
Colour Name

Region Bounds

Region Fidelity

σ

Peak Value

Red
Orange
Brown
Yellow-Green
Green
Turquoise
Light Blue
Blue
Purple
Pink

18-38
38-59
59-72
72-88
88-118
118-133
133-151
151-184
184-203
203-18

0.82
0.73
0.62
0.66
0.88
0.67
0.75
0.92
0.79
0.94

7.0
9.1
6.8
7.9
9.4
7.0
7.4
9.1
7.2
9.5

10.25
8.30
6.85
7.25
11.45
7.70
8.75
13.00
9.50
14.00

Table 1: The colours regions, and the parameters of their corresponding normal distributions.
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Figure 13: The histogram takes the mean values of those in figure 9. The black line represents
the fitted model comprised of ten normal distributions for the ten colour regions.
Figure 13 shows the result of this new model. The model appears to broadly agree with the
data. However, it does noticeably deviate from the data between the pink and red regions and at
points where there is a sharp peak or trough in the data. A χ squared test for the new model gives
a chance probability of the histogram data of 0.78. It appears that the model does successfully
describe the data. Although the data were used in to create the model, I believe that it is valid
as it is based on the theory of the use of colour terms in memory. It is also correctly normalised
in each region separately. Intuitively, the colour regions idea seems reasonable.
4.2.4

Comparison with Other Users

The histograms of the users excluding the author contain too few data points to determine whether
the model created from the author’s data describes them accurately. However, it may be noted
that none of the sets of data produced significantly deviating results from the new model at the
0.05 significance level. Comparison between diagrams of the type in figure 12 for the three other
users suggests that, while there appears to be a good correlation between boundaries of the distinct
colour regions, there is also an element of individuality. This is to be expected as not everyone has
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Figure 14: The standard deviation from target colours is at a minimum a quarter of the way
through the test. Each data point is the standard deviation for a set of 20 trials.
exactly the same idea of when green becomes turquoise for example. Indeed, such a distinction
may be variable even for one person.
These diagrams of the frequency of colour paths crossing through each colour are found in
appendix A. The exact boundary position between regions and even the number of regions appears
to vary. For example, user DM appears to have two distinct regions that lie within the single
“green” region of the author. Perhaps this is due to an extra distinction made between “light
green” and “dark green” for example. User HB, a female, has lower numbers of crossing paths in
the “green” regions of other users indicating a greater ability to distinguish between this set of
hues. This result supports previous studies such as that of Rich [8] that have found that females
use more elaborate colour names than males.
In order to produce a reliable and unique model for each person, a larger number of data
would be needed. However, I believe that there would be great similarities between the models
since many common colour names are used almost universally. It would be interesting to study
whether people with languages that have a different colour lexicon would have different colour
regions. In particular, it may be that people of languages with fewer monolexemic colour names
split the range up into fewer regions.
4.2.5

Problems Caused by Colour Coordinate Systems

It is known that in CIE L∗ a∗ b∗ space, there are a lot of blues that the human eye sees as very
similar. The preliminary experiments performed on the hue circle showed this, as in figure 7. The
adjustment to the colour coordinate did act to produce a more linear space. However, I would
expect the form of the mapping to the new hue coordinate to vary from person to person. Ideally,
preliminary tests would be performed by users to produce a linear colour space before experimental
data were measured.
The absence of an ideal colour space remains a problem. Indeed, though both the luminosity
and lightness of the colours in the hue circle were intended to be constant, it was possible in some
cases for the user to be guided by the perceived differences in one or other of these factors. This
is a problem since the experiment is designed to investigate specifically how the user’s responses
change according to the hue of the stimuli.
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4.2.6

Improvements to Experimental Method

The program used was designed to run through the full set of 222 target colours. This took
roughly one hour to complete. The standard deviation of the user’s responses with respect to
the targets can be used as a crude measurement of accuracy if outliers are excluded. For one
user, this accuracy is shown as a function of trial number in figure 14. There is a significant
increase in accuracy after 40 trials. At first the user is unfamiliar with the program interface.
Once accustomed to it, their accuracy improves. After a time, the accuracy decreases again as
the user loses interest or performs the trials more quickly. Perhaps a better procedure would be
to split the set into four pieces and to allow the user a few trials that aren’t recorded at first to
allow them to learn the system. The conditions under which the user completed the four segments
would need to be kept as constant as possible.
Having a set of colours that a user scrolls through has the disadvantage that a user may
be satisfied with any colour from within a certain range when trying to reproduce a target, as
mentioned in section 4.2.1. The user may stop scrolling when they reach the range. This would
skew the results and possibly result in a two-peaked distribution at either edge of a colour region,
rather than one central peak. An alternative would be to present the user with a selection of
colour patches positioned randomly on the screen. The user would then pick the colour patch that
they thought most closely matched the target. However, this may cause problems due to the very
limited number of possible responses to each trial.

5

Conclusions

Over a time period of less than 15s, a human is able to exert little control over a colour’s random
walk of volatility 0.5.
After 15s, a human’s control reduces the volatility of the random walk to 0.23(±0.01). The
walk still obeys Brownian theory.
The memory of a target colour is largely disrupted by an intermediate misrepresentation of
the target, though the memory of the target is not lost completely.
The memory of the intermediate decays more rapidly than the memory of the target.
There is insufficient evidence to support the presence of a favoured colour within the red-green
spectrum. The distribution of remembered colours can be described as uniform.
The distribution of remembered colours resulting from a uniform distribution of target colours
varying in hue is not uniform itself.
Humans use a verbal description of a target colour during memorisation and recall. Due to
limitations in the colour lexicon, there are a limited number of commonly used descriptions.
The range of target colours is split up into a set of regions that can be described by a single
colour term.
The distribution of remembered colours can be described by a set of normal distributions
corresponding to each colour region. These distributions represent the distribution of remembered
colours from targets within the region.
Target colours within a region of one of the 11 basic colour terms are more easily remembered
resulting in a greater proportion of the remembered colours also lying within the region.
This proportion is decreased if the colour term is not well defined or is not aesthetically pleasing.
The number of colour regions and their boundaries varies slightly with different people. The
main features remain the same.

17

Figure 15: Colour path crossings for DM.

A

Path Crossing Diagrams

Figures 15, 16 and 17 show the frequency of colour paths crossing through each colour for the users
excluding the author. Although they do differ, predominantly the regions appear to be similar for
the different users.
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Figure 16: Colour path crossings for ER.

Figure 17: Colour path crossings for HB.

19

B

Colour Coordinate System
SL =

0.010975
(1 + 0.01765L)

(2)

unless L < 16 when SL = 0.511

SC =

0.0638C
+ 0.638
(1 + 0.0131C)

SH = SC (T f + 1 − f )

(3)

(4)

where
v"
u
u
f =t

C4
C 4 + 1900

#

(5)

and
T = 0.36+ | 0.4 cos (H + 35) |

(6)

or
T = 0.36+ | 0.2 cos (H + 168) | if (345 > H > 164)

C

Program Code

The following program was used in the third experiment of individual trials on the hue circle.

from Tkinter import * from random import * from math import *
import pickle import time
root = Tk() root.title(’Colour Memory’)
filename = "colourdata"
# Convert colour coordinates to hue angle def uphue(H, delta_E):
L, C = 50.0, 50.0
S_C = 0.0638*C/(1+0.0131*C) + 0.638
f = (C**4/(C**4+1900))**.5
if H%360 > 164.0 and H%360 < 345.0:
T = 0.56 + abs(0.2*cos((H+168)*pi/180.0))
else:
T = 0.36 + abs(0.4*cos((H+35)*pi/180.0))
S_H = S_C*(T*f+1-f)
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(7)

H_up = (H + S_H*delta_E)%360
return H_up
def table(x):
H = 0.0
E = 0.0
while E <= abs(x):
H = uphue(H, 0.15)
E += 0.15
if x == 0.0:
E = 0
return H
# converts a hue angle into RGB hex - C and L defined def
convert(angle):
C_star
L_star
a_star
b_star

=
=
=
=

50.0
50.0
C_star*cos((angle*pi/180.0))
C_star*sin((angle*pi/180.0))

Xn, Yn, Zn = 95.046, 100.0, 108.88
gamma = 2.4
delta = 6.0/29.0
f_y = (L_star + 16.0)/116.0
f_x = f_y + a_star/500.0
f_z = f_y - b_star/200.0
if f_y > delta:
Y = Yn*(f_y**3)
else:
Y = 3*(delta**2)*Yn*(f_y-(16.0/116.0))
if f_x > delta:
X = Xn*(f_x**3)
else:
X = 3*(delta**2)*Xn*(f_x-(16.0/116.0))
if f_z > delta:
Z = Zn*(f_z**3)
else:
Z = 3*(delta**2)*Zn*(f_z-(16.0/116.0))
Rs = (.03241*X - 0.015374*Y - 0.004986*Z)
Gs = (-0.009692*X + 0.018760*Y + 0.000416*Z)
Bs = (0.000556*X - 0.002040*Y + 0.010570*Z)
if Rs < 0.0:

21

if
if
if
if
if

Rs = 0.0
Rs > 1.0:
Rs = 1.0
Gs < 0.0:
Gs = 0.0
Gs > 1.0:
Gs = 1.0
Bs < 0.0:
Bs = 0.0
Bs > 1.0:
Bs = 1.0

if Rs <= 0.00304:
Rs_prime = 12.92*Rs
else:
Rs_prime = 1.055*(Rs**(1/gamma)) - 0.055
if Gs <= 0.00304:
Gs_prime = 12.92*Gs
else:
Gs_prime = 1.055*(Gs**(1/gamma)) - 0.055
if Bs <= 0.00304:
Bs_prime = 12.92*Bs
else:
Bs_prime = 1.055*(Bs**(1/gamma)) - 0.055
rd = int(256.0*Rs_prime)
gd = int(256.0*Gs_prime)
bd = int(256.0*Bs_prime)
if

rd < 16:
r = "0" + "%X" % rd
else:
r = "%X" % rd
if gd < 16:
g = "0" + "%X" % gd
else:
g = "%X" % gd
if bd < 16:
b = "0" + "%X" % bd
else:
b = "%X" % bd
colour = "#" + r + g + b
return colour
# set the initial conditions L_star = 50.0
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jumpvsE = [] scaled = []
increment = 100
# Create list of starting colour values in random order list = []
for i in range(222):
list.append((random(),i))
list.sort() list2 = [] for i in range(222):
list2.append(list[i][1])
index = 0 hue = list2[index] initial_E = hue blocker = 1
class Application(Frame):
# functions to alter the colour
def smallred(self, event):
global hue
hue += 0.2
def bigred(self, event):
global hue
hue += 1.5
def smallgreen(self, event):
global hue
hue -= 0.2
def biggreen(self, event):
global hue
hue -= 1.5
def begin(self):
global hue
global blocker
num = random()
hue = (num*80) - 40 + (num-0.5)/float(abs(num-0.5))*20 + list2[index]
blocker = 0
def forgot(self):
global hue
hue = list2[index]

#
#

def quit(self):
print "Program ended."
self.quit
sys.exit(0)
self.master.destroy()

# function to record (colour,initial colour)
def jump(self):

23

global hue
global jumpvsE
global initial_E
global index
global blocker
if blocker == 0:
total_E = hue%222
jumpvsE.append((total_E, initial_E))
file = open(filename,"w")
pickle.dump(jumpvsE, file)
file.close()
index += 1
if index > 221: # After complete cycle, produce graph and quit
self.createGraph()
self.end = self.after(10000, self.quit)
hue = list2[index]
initial_E = hue
blocker = 1
print index
# drawing a graph and logging the data
def createGraph(self):
top = Toplevel()
self.paper = Canvas(top, width=1200, height=910, bg = ’white’)
self.paper.pack({"side": "top"})
self.paper.create_line(100,890,1040,890, width=1)
self.paper.create_line(100,890,100,100, width=1)
self.paper.create_line(100,890,1000,140, width=1)
for i in range(19):
x = 100 + (i * 50)
self.paper.create_line(x,890,x,895, width=1)
self.paper.create_text(x,894, text=’%d’% (12.5*i), anchor=N)
for i in range(16):
y = 890 - (i * 50)
self.paper.create_line(100,y,105,y, width=1)
self.paper.create_text(96,y, text=’%5.1f’% (15*i), anchor=E)
total_data = jumpvsE
logfile = open(filename, ’w’)
pickle.dump(total_data, logfile)
logfile.close()
#
file = open("metric/linearise/colourdataHB","r") #
total_data = pickle.load(file) #
file.close()
points = [(100 + 4*c, 890 - 10/3.0*b) for (b, c) in total_data]
for i in range(len(total_data)):
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self.paper.create_oval(points[i][0],points[i][1],points[i][0],
points[i][1],width =3,fill=’royalblue’)
points = [(100 + 4*c, 890 - 10/3.0*b) for (b, c) in jumpvsE]
for i in range(len(jumpvsE)):
self.paper.create_oval(points[i][0],points[i][1],points[i][0],
points[i][1],width=3,fill=’red’,outline=’red’)

# setting up the colour patch and complex surround
def createCanvas(self):
self.block = Canvas(self, width=1280, height=920)
self.block.create_rectangle(1,921,1281,736, fill=’grey’, outline=’’)
self.block.create_rectangle(1025,736,1281,0, fill=’grey’, outline=’’)
self.block.create_rectangle(1,184,1025,0, fill=’grey’, outline=’’)
self.block.create_rectangle(1,736,257,184, fill=’grey’, outline=’’)
self.block.pack({"side": "top"})
# create the buttons and keyboard bindings
def createButtons(self):
self.BEGIN = Button(self,fg ="white",bg ="blue",text="Randomise Colour")
self.BEGIN["command"] = self.begin
self.BEGIN.pack({"side": "right"})
self.JUMP = Button(self, fg = "white", bg = "blue", text = "Colour OK!")
self.JUMP["command"] = self.jump
self.JUMP.pack({"side": "right"})
#
self.QUITS = Button(self, fg = "white", bg = "blue", text
= "Quit") #
self.QUITS["command"] = self.quit #
self.QUITS.pack({"side": "left"})
self.FORGOT = Button(self, fg ="white",bg ="blue",text="Forgotten Colour")
self.FORGOT["command"] = self.forgot
self.FORGOT.pack({"side": "left"})
self.GRAPH = Button(self, fg = "white", bg = "blue", text = "Graph")
self.GRAPH["command"] = self.createGraph
self.GRAPH.pack({"side": "bottom"})
self.bind_all("<Right>", self.smallred)
self.bind_all("<Up>", self.bigred)
self.bind_all("<Left>", self.smallgreen)
self.bind_all("<Down>", self.biggreen)
# continually adjust colour according to control
def setcolour(self):
global hue
hue = hue%222.0
# Convert from new linearised colour space to old colour space
x = 0.0000000000159*(hue**6) - 0.0000000143858*(hue**5) +
0.0000045709748*(hue**4) - 0.0006332473291*(hue**3) +
0.0374876782294*(hue**2) + 0.2392422373741*hue + 1.5683202944929
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self.block["bg"] = convert(table(x))
self.check = self.after(increment, self.setcolour)
def __init__(self, master=None):
Frame.__init__(self, master)
self.pack()
self.createCanvas()
self.createButtons()
self.setcolour()
app = Application(master=root)
app.mainloop()
root.destroy()
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