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I. INTRODUCTION
HE electromagnetic radiation that reaches our eye and 
produces sensations is called color stimulus. Consequently, 

this sensation produces the perception of colors in our brain. 
Three components of color perception are distinguished in the 
scientific literature: brightness, hue and colorfulness [1]:
• Brightness: the sensation can be almost blinding strong, 

medium or dim and dark;
• Hue is usually shown as a hue circle, where four

distinguishable different areas are red, yellow, green and 
blue. A yellow hue can be reddish or greenish, but can 
never be bluish; a green hue can be yellowish or bluish, but 
can never be reddish, and so on [2]. It is possible to define 
the hues between two fundamental (or unique) hue, as e.g. 
green, bluish green, greenish blue, blue. Sometimes for the 
hues that are somewhere in the middle between two unique 
hues special names is used:

a. Yellow – red: orange
b. Green – yellow: lemon
c. Blue – green: cyan or turquoise
d. Red – blue: magenta or purple

• Colorfulness has been divided by MacDonald into a five-
value scale: Starting with gray (achromatic) up to the most 
brilliant color. If no hue can be determined for a color then 
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it is gray (or white or black). Thus, with increasing 
colorfulness one can speak about a gray, grayish, 
moderately vivid, vivid and very vivid color perception.

Therefore, for example, the communication of color 
perception can be made in the following form: the person’s 
complexion who stands in front of us is medium bright, 
moderately vivid and reddish yellow [3].

However, as computer scientists, the human visual system 
can be described as follows: visual perception is the act of 
observing patterns and objects through vision or visual input. 
At the highest level, vision systems are almost the same for 
humans, animals, and most living organisms. They consist of a 
sensor that captures an image and a brain that processes and 
interprets an image [4]. Then, it outputs a prediction based on 
the data extracted from the input image, as shown in Figs. 1 and 
2. In other words, the human visual system perceives depth 
through a sequential process involving the analysis of color, 
motion, form, and ultimately, the construction of a three-
dimensional perception of the visual scene.

Fig. 1.  The human vision system

Fig. 2.  How depth is formed.
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A memory color is the general color of an object that we 
recall due to our experience with it. For instance, most 
individuals are aware that ripe bananas are yellow in color. Our 
ability to consistently replicate an object's color in our minds 
increases with frequency of exposure [5]. However, memory 
color does not always match the original color. According to 
research, these colors are stored by the brain as being brighter 
and more saturated than the colors of the actual objects. This is 
most likely a result of the fact that our brains store them as the 
most aesthetically pleasing colors of an object. Although there 
are undoubtedly differences between people in terms of 
memory colors, the majority of us share a common memory 
color for everyday objects like the human face or other natural 
objects [6]. 

Lightness, chroma, and hue shifts can be observed in short-
term memory, and neither sensory mechanisms nor differences 
in adaptation can account for these shifts [7-10]. These shifts 
can be explained by the cognitive effect hypothesis as an 
exaggeration. Focal colors, prototypical colors, and color 
regions have various effects on color perception. This results in 
various degrees of color memory shifts [11]. As can be seen, 
the previously mentioned phenomena and effects are cognitive. 
If we want to assess these in the digital world, the Cognitive 
InfoCommunications (CogInfoCom) field of research provides 
the perfect toolkit for this study. CogInfoCom is an 
interdisciplinary field that examines the relationship between 
human, information, and communication technologies [12-15]. 
Thus, it gives an opportunity to investigate several human 
factors using modern cognitive IT methods. Among others, 
human-computer interaction as well as human vision are 
investigated in the field of CogInfoCom [16-21]. 

Thus, the purpose of this article is to investigate the influence 
of various factors, including nationality, virtual reality (VR) 
game playtime, and the presence or absence of image cues on 
memory colors within the CIELAB color space. By examining 
the impact of these factors on the perception of memory colors, 
the study aims to contribute to a deeper understanding of human 
perception and its practical implications, particularly in the 
context of virtual environments and color cognition. 

In order to present this pilot study, this article is structured as 
follows. Section II presents related studies. The materials and 
methods are shown in section III. The results are detailed in 
section IV, while they are discussed in section V. Conclusions 
are drawn in section VI. 

II. RELATED STUDIES 
There are numerous studies on the subject of memory colors. 

Bartleson tested 50 participants to find the memory color for 10 
everyday objects using the Munsell color scale, which consists 
of hue, value, and chroma. The conclusion drawn from 
researching ellipses is that there is some consistency in color 
choice. This implies that the hues are not noticeably different. 
After taking hue and saturation into account, he came to the 
conclusion that two-thirds of the color selections were 2.44 
patches apart at most [6]. In a study from 2006, participants 

were asked to change the hue of several fruits so that they would 
appear grayscale. When the fruit’s original hue was changed to 
the opposite color, the subjects thought it was gray. For 
instance, to make bananas appear gray, subjects gave them a 
blueish shade (which is the opposite of yellow) [22]. These 
findings show that visual memory has a significant impact on 
how color is formed in our brain that it is not entirely based on 
the perceived information [23]. 

Studies have also revealed that the colors used in virtual 
reality video games frequently differ from those that may be 
observed in the real world, for instance, the grass in certain 
games is significantly darker [24]. Another investigation into 
memory colors was done in 2009. Sik-Lanyi determined that 
virtual reality video game addicts associated darker green color 
with grass [25]. Nationality-related research was conducted by 
Tarczali, although only the memory colors of Korean and 
Hungarian testers were compared [26]. According to the study's 
findings, “the effect of a visual cue on memory plays a 
significant role in the study of color shifts, and its presence or 
absence can alter memory in different ways throughout 
observation” [27]. A study on the impact of culture on long-
term memory span was carried out in 2014 in seven countries 
(Belgium, Brazil, Colombia, China, Hungary, Iran, and 
Taiwan). On a calibrated monitor, individuals in each country 
were shown every-day objects in more than 100 different 
colors. The testers were tasked to judge whether an object 
resembled the original object when they saw it in a particular 
color. According to statistical analysis, the averages of 
countries and the averages of all exams were significantly 
different [28]. 

A test software was developed to test the memory colors 
associated with brands [29]. In this software, participants had 
to color logos of brands. The results show that if participants 
had to remember more colors, they had selected more wrong 
colors when coloring logos of brands. 

III. MATERIALS AND METHODS 
The CIELAB color space was used since it is closer to human 

vision [30]. Color can be described in the CIELAB color system 
with the following triplets: L* is called lightness, and has values 
between 0 and 100, while a* and b* are color scales. Both range 
between the values of -128 and 127. Red-green colors can be 
found on the a* scale, while yellow-blue can be observed on 
b*. This color system is shown as a three-dimensional body, 
with the lightness (the brightness of surface colors), chroma 
(representing colorfulness) axes and hue circle (or a*, b* axes 
to describe chroma and hue) where the hue is measured as a hue 
angle. 

Participation in the tests was voluntary, and 54 people took 
part in them. Participants included both Hungarians and 
foreigners. A room that was fully dark and free of any outside 
light was used for the testing. The only source of illumination 
was the desktop display. A 60 cm distance separated each 
participant from the monitor. The tasks were explained before 
the tests began. The participants then had to fill out a form with 
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their age, gender, nationality, and how many hours they spend 
each week playing virtual reality games. According to the 
responses, students were divided into four groups: university 
students from Hungary, international students, those who play 
video games frequently (i.e. more than 20 hours a week), and 
those who do not. The number of participants grouped by 
nationality was the following: 25 Hungarians, 8 Chinese, 7 
Russians, 5 Spanish, 3 Jordanians, 2 Pakistani, 2 Tunisians, 1 
Turkish, and 1 Thai students.

The participants were grouped since the sample size was too 
small. The groups are the following: Russians, Spanish, 
Hungarians, Asians (including Chinese and Thai people), and 
African/Middle Easterners. Then, three tests had to be 
completed. The results of the tests were averaged to understand 
the participant’s memory colors. Each test had a gray 
background with the CIELAB color code of (67.1, 0.0, 0.0).

In the first test, called "Whole palette with an image cue", 
many objects that are regularly seen in daily life were depicted 
in white with black outlines. A color picker had to be used to 
color these objects. Participants are free to choose any color 
from the color pallet. Therefore, all possible colors could be 
chosen. Four images had to be colored with this method. The 
images that need to be colored contain small details that are not 
necessary for the research and can be left uncolored. The areas 
of each image that must be colored were specified by the
researcher in the room, and that part of the image had to be 
colored. There were no restrictions on the colors and there was 
no time limit. The name of the second test was “Reduced palette 
with an image cue”. Since the test’s objective was to colorize 
the identical images, it is comparable to the first one. The 
participants were unable to mix the colors in this case though. 
Instead, they were limited to 12 color options and they had to 
select from them. Thus, predefined colors were used here. They 
consisted of the long-term memory colors defined in other 
studies. Their ΔE*ab values were also considered, and the 
differences should be noticeable but not excessive. Prior to the 
testing, ten students participated in a pre-testing session where 
they were only re-quired to complete the coloring task using the 
full palette. Each memory color was averaged as a result, and 
these colors were added to the other 12 colors. The name of the 
third test was "Reduced palette without an image cue". Because 
the presence of an image cue can affect memory colors, this test 
was also conducted. There is an image cue if the object can be 
seen; otherwise, the participants must rely only on their 
imagination. Six questions were posed to the user in this case. 
An answer can be selected for each question from a group of 12 
colors that were mentioned in the previous test. The arrow keys 
could be used by the participants to navigate between the color 
groups. The other color group does not appear instantly after 
pressing the forward or back arrow keys. Only the gray 
background is visible for three seconds. This is important to 
restore the participants’ ability to distinguish between the two-
color groups. The three tests can be seen in Figs. 3-5.

Fig. 3.  Test #1: Whole palette with an image cue.

Fig. 4.  Test #2: Reduced palette with an image cue.

Fig. 5.  Test #3: Reduced palette without an image cue.

Microsoft Excel was used to calculate the means and 
standard deviations. It was also used to evaluate the tests. First, 
for each participant and memory color examined, the mean of 
the three tests was determined. Additionally, these results were 
averaged after being divided into groups based on nationality 
and the duration of time spent playing virtual reality games. 
Then, the standard deviations for the a* and b* scores were 
determined after these groups had been formed. To understand 
the differences between colors, we used equation (1). The 
numbers in the subscript represent two different colors.

∆𝐸𝐸𝑎𝑎𝑎𝑎∗ = √(𝐿𝐿1∗ − 𝐿𝐿2∗ )2 + (𝑎𝑎1∗ − 𝑎𝑎2∗)2 + (𝑏𝑏1∗ − 𝑏𝑏2∗)2         (1)
Afterward, the level of difference could be easily understood 
based on the values presented in Table I.
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Lastly, comparison was made. We compared our results 
between our groups. Our results were also compared to the ones 
of Bartleson [6], Tarczali [26], Sik-Lanyi [25], and to results 
received in our own preliminary survey.

IV. RESULTS

The results are divided into three subsections. In the first, 
they are grouped by nationality, while they are grouped by 
virtual reality video game playtime in the second one. The 
importance of an image cue is investigated in the third one. In 
the next subsections, the following abbreviations are used: Hu 
(Hungarians), As (Asians), Spanish (Sp), Russians (Ru), and 
African/Middle-Easterners (A/ME).

A. Results grouped by nationality
First, the memory color of skin was assessed. It can be 

observed in Fig. 6 that the Asian group remembered this color 
differently from the other ones.

Fig. 6. Results obtained for the memory color of skin color in the CIELAB 
system.

The results of the remaining groups were more similar to 
each other, but the differences in lightness values were more 
noticeable. Among the four groups, Russian participants had 
the brightest memory color, while the Spanish group had the 
darkest one. These results differ the most from those that are 
found in Bartleson’s research. The memory color of the Asian 
group was most similar to that of students who rarely or never 
play VR games in Sik-Lanyi’s study. Compared to this research 
as well, the memory color of the Russian group was most 
similar to that of students who spend lots of time with computer 
games. Since Tarczali’s research examined Far Eastern 

complexions in the case of Korean testers and Caucasian 
complexions in the case of Hungarian testers, it only makes 
sense to compare these results with our Hungarian group. More 
yellowish and fewer red results were obtained for each of these 
nationalities, as shown by the positive shift on the b* axis and 
the negative shift on the a* axis.

In case of the orange color, there is smaller variation between 
the groups as opposed to skin color. This is confirmed by the 
size of the ellipses as can be observed in Fig. 7. The difference 
between some groups, for example between the Spanish and 
Asian groups, was barely noticeable (∆Eab* < 1.5). The largest 
difference was also only 5.58. Compared to skin tone, it was 
13.02. There were no outlier groups for this memory color. In 
case of lightness value, there was only a difference of 2.86 
between the lightest and darkest. The memory color of the 
Asian group was slightly brighter than that of the Hungarian 
group. Similar results were obtained in Tarczali’s research, but 
the other group only consisted of Korean participants in it.

Fig. 7. Results obtained for the memory color of orange in the CIELAB system.

The next to investigate was the memory color of banana. The 
results are shown in Fig. 8.

Fig. 8.  Results obtained for the memory color of banana in the CIELAB system.

There was no large difference between the groups: the 
Hungarian group chose the brightest value, while the Russian 

TABLE I
DISTANCES BETWEEN COLORS.

ΔE*ab Meaning

0 ≤ ∆𝐸𝐸𝑎𝑎𝑎𝑎∗ ≤ 0.5 No, or barely noticeable difference

0.5 ≤ ∆𝐸𝐸𝑎𝑎𝑎𝑎∗ ≤ 1.5 Barely noticeable difference

1.5 ≤ ∆𝐸𝐸𝑎𝑎𝑎𝑎∗ ≤ 3 Noticeable difference

3 ≤ ∆𝐸𝐸𝑎𝑎𝑎𝑎∗ ≤ 6 Obvious difference

6 ≤ ∆𝐸𝐸𝑎𝑎𝑎𝑎∗ Large difference
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group the darkest one. The results were not much different from 
the preliminary testing with 10 students, but they were clearly 
different from the results in Tarczali’s study. In that research, it 
was concluded found that Korean students remembered brighter 
than Hungarian students. In our case however, there was no 
difference found between the Asian and Hungarian groups in 
terms of the lightness value of the banana. 

Next, the memory color of the sky was investigated. The 
results of this examination can be observed Fig. 9.

Fig. 9.  The results obtained for the memory color of sky in the CIELAB system.

There were greater differences in this case, both in terms of 
hue and lightness. The African/Middle-Easterner group had the 
darkest memory color of the sky, while the Hungarian group 
had the lightest one. The Russian group had the most different 
results in terms of hue. They showed a large deviation from all 
groups (∆Eab* > 12). In Tarczali’s study, the memory colors of 
Korean and Hungarian skies were similarly bright, and this fact 
was also true in our case for the Asian and Hungarian groups.

The memory color of leaf was investigated next, and the 
results can be observed in Fig. 10.

Fig. 10.  The results obtained for the memory color of leaf in the CIELAB 
system

In this case, the memory color of the Russian group was the 
most different in terms of hue, and had the darkest color. The 
other four groups differed less from each other in hue. There 
was only a noticeable difference in lightness. The Asian group 

has the brightest memory color. Compared to the literature, four 
similar groups had the most similar results to those students 
who play VR games less often, whereas the Russian group’s
result was similar to the results of students who play with VR 
games often. Tarczali concluded in her research that the Korean 
leaf was less saturated compared to the Hungarian one. In our 
case there was no large difference between the two groups.

The memory color of grass was investigated next and the 
results can be observed in Fig. 11.

Fig. 11.  Results obtained for the memory color of grass in the CIELAB system.

In contrast to the memory colors of leaf, none of the groups 
had outlier results. The Hungarian group produced the brightest 
memory color, the other ones the darkest. For leaf, the results 
of the Russian group were very similar to that of students who 
played several hours of video games in Sik-Lanyi’s study, but 
this case was not true for the grass. The results do not differ 
from the Bartleson study to the same extent as for skin color or 
leaf. In Tarczali’s research, the memory color regarding Korean 
grass was brighter and more saturated than that of the 
Hungarian grass. However, in our research, opposite results 
were found. The Asian group yielded a less saturated color than 
the Hungarian one. The results were only slightly darker.

Lastly, the memory color of river was examined. The results 
are shown in Fig. 12.

Fig. 12.  The results obtained for the memory color of river in the CIELAB 
system.
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For this memory color, the Russian group chose the brightest 
colors and the other ones the darkest colors. There were also a 
variety of results regarding hue, since none of the comparisons 
were below the “obvious difference” category. The colors of the 
Hungarian, Asian and Russian groups were closer to the 
memory colors of the students who rarely played VR games in 
Sik-Lanyi’s study. The results of Spanish and African/Middle-
Easterner groups were closer to the memory colors of students 
who play several hours of VR games in the same research.

B. Results grouped by the amount of time spent playing 
virtual reality games

Next, the participants were divided into two groups based on 
their virtual reality game time: these groups are students who
play many hours of VR games (at least 20 hours a week) or not.

Fig. 13. Results obtained for the memory color of skin color and their dispersion
ellipses. Solid line: participants who played few hours, dashed line: participants 
who played several hours.

Fig. 13 shows the results of students who play few hours 
(solid line) and of those who play several hours (dashed line) of 
these types of games. For the memory color of skin, the 
difference between the two groups was small (∆Eab* = 1.39). In 
the study of Sik-Lanyi, there was a significant difference (∆Eab*
= 20.17) between the results of the same two groups.

Fig. 14 shows a comparison of the memory colors of oranges 
and bananas in separate coordinate systems.

Fig. 14.  Results and dispersion ellipses regarding the memory colors of oranges
(left) and bananas (right). Solid line: participants who played few hours, dashed 
line: participants who played several hours.

In case of these two memory colors, there was no difference 
between participants who play several or few hours. The 
difference for bananas falls into the "barely noticeable" 
category (∆Eab* = 1.68), while the difference for oranges falls 
into the “not, or barely noticeable” category (∆Eab* = 0.18).

Fig. 15 shows the results of the memory colors of river and 
sky in a shared coordinate system. 

Fig. 15.  Results and dispersion ellipses for the memory colors of sky (dark 
blue) and river (red). Solid line: participants who played few hours, dashed line: 
participants who played several hours.

We can already see differences in hue and lightness between 
students who played several or few hours. In case of both 
memory colors, the colors of those who played several hours 
were slightly darker. The difference between the two groups 
were in the category of “obvious difference” (sky: ∆Eab* = 5.57; 
river: ∆Eab* = 3.11). In Sik-Lanyi’s study, there was a similar 
magnitude of difference between the two groups for the sky, but 
the memory color of students who play several hours was not 
darker, whereas it was is darker in our case. In the previously 
referenced study, there was a large difference between the 
colors of river. However, it was not as large as in our case, but 
those who play several hours remember darker rivers, whereas 
in the other study it was just brighter.

Fig. 16 shows the memory color results for leaf and grass in 
a shared coordinate system.

Fig. 16. Results and dispersion ellipses regarding the memory colors of leaf
(black) and grass (green). Solid line: participants who played few hours, dashed 
line: participants who played several hours.
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For these two memory colors, the difference between the two 
groups was most noticeable. For leaf, large differences were 
found (∆Eab* = 11.61), while for grass the value was even 
greater (∆Eab* = 15.99). A surprising result was that both 
groups chose similar colors for grass and leaf. In case of both 
memory colors, the darker value was obtained by the group who 
played several hours. These results strengthen the conclusions 
of Sik-Lanyi, although the two groups do not differ to the same 
extent. In the referenced study, the differences were even larger 
(leaf: ∆Eab* = 24.03; grass: ∆Eab* = 54.31). 

C. Results grouped by whether an image cue is present 
As was already described in the study, 54 people participated 

in the study regarding memory colors. They performed three 
tests for seven memory colors. In both cases, the colors for the 
second and third tasks were the same. However, their order was 
different. Out of all choices (378), 110 were the same and 268 
were different. Thus, despite choosing from the same color 
palettes, different colors were selected in 70.90% of the 
decisions. This confirms the fact that the presence of the image 
cue influences the selection of colors. 

V. DISCUSSION 
Regarding memory colors, banana and orange were those 

two memory colors that the students agreed on the most. Blue 
and green memory colors, on the other hand, led to smaller 
agreements between students. We can also conclude that 
memory colors can occasionally differ by nationality. It should 
be noted that not all memory colors differ, and not across all 
nationalities. The findings in the literature can be extended by 
our results, since culture can influence how colors are 
remembered [28]. If the results were grouped by virtual reality 
game playtime, a similar effect could be seen. Since not all 
memory colors are affected, it can only be partially verified 
whether virtual reality games have an impact on long-term 
memory colors. The memory colors of some objects were 
darker for people who spent more than 20 hours a week playing 
virtual reality games. These results build on the literature since 
playing video games caused grass to appear darker in people’s 
memories [24, 25]. The choice of colors was similarly 
influenced by the presence of an image cue, which also supports 
the findings in the literature [27]. 

When compared to the results reported in the research of 
Bartleson [6], the memory colors of leaf, skin, and grass greatly 
differ from the findings of this study. However, this difference 
is presumably due to the fact that our testing was carried out on 
a laptop. 

Naturally, this research has its own limitations as well. The 
tests should be conducted with additional people to receive 
more accurate results. Additionally, as can be seen, numerous 
international groups’ results and that of the students from 
Hungary were similar. The following question might be asked 
given that the majority of students had spent more time in 
Hungary: Can a longer stay in a foreign county affect memory 
long-term memory colors? Further investigation is necessary in 
this regard. 

VI. CONCLUSION 
To investigate the cognitive effect of what we see, an 

application was developed during this study. It used the 
CIELAB color space. Three types of tests were conducted 
regarding memory colors.  

It could be observed that the dispersion ellipses of banana 
and orange were the smallest. These two colors had the highest 
agreement between the students. The memory colors of river 
and grass produced the largest dispersion. Differences between 
memory colors of various nationalities were found, but not for 
all memory colors, and not between all nationalities. Playing 
virtual reality games also influenced memory colors, although 
this was also partially confirmed, since this cannot be said for 
all memory colors. Regarding image cues, their presence had an 
effect on memory colors.  

The colors of the second and third tasks were the same, just 
mixed. In 70.90% of the decisions, a different color was chosen 
in the third task, despite the fact that the subjects could choose 
from the same set of colors. This confirms the effect of the 
presence or absence of an image cue on color choice. 
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For these two memory colors, the difference between the two 
groups was most noticeable. For leaf, large differences were 
found (∆Eab* = 11.61), while for grass the value was even 
greater (∆Eab* = 15.99). A surprising result was that both 
groups chose similar colors for grass and leaf. In case of both 
memory colors, the darker value was obtained by the group who 
played several hours. These results strengthen the conclusions 
of Sik-Lanyi, although the two groups do not differ to the same 
extent. In the referenced study, the differences were even larger 
(leaf: ∆Eab* = 24.03; grass: ∆Eab* = 54.31). 

C. Results grouped by whether an image cue is present 
As was already described in the study, 54 people participated 

in the study regarding memory colors. They performed three 
tests for seven memory colors. In both cases, the colors for the 
second and third tasks were the same. However, their order was 
different. Out of all choices (378), 110 were the same and 268 
were different. Thus, despite choosing from the same color 
palettes, different colors were selected in 70.90% of the 
decisions. This confirms the fact that the presence of the image 
cue influences the selection of colors. 

V. DISCUSSION 
Regarding memory colors, banana and orange were those 

two memory colors that the students agreed on the most. Blue 
and green memory colors, on the other hand, led to smaller 
agreements between students. We can also conclude that 
memory colors can occasionally differ by nationality. It should 
be noted that not all memory colors differ, and not across all 
nationalities. The findings in the literature can be extended by 
our results, since culture can influence how colors are 
remembered [28]. If the results were grouped by virtual reality 
game playtime, a similar effect could be seen. Since not all 
memory colors are affected, it can only be partially verified 
whether virtual reality games have an impact on long-term 
memory colors. The memory colors of some objects were 
darker for people who spent more than 20 hours a week playing 
virtual reality games. These results build on the literature since 
playing video games caused grass to appear darker in people’s 
memories [24, 25]. The choice of colors was similarly 
influenced by the presence of an image cue, which also supports 
the findings in the literature [27]. 

When compared to the results reported in the research of 
Bartleson [6], the memory colors of leaf, skin, and grass greatly 
differ from the findings of this study. However, this difference 
is presumably due to the fact that our testing was carried out on 
a laptop. 

Naturally, this research has its own limitations as well. The 
tests should be conducted with additional people to receive 
more accurate results. Additionally, as can be seen, numerous 
international groups’ results and that of the students from 
Hungary were similar. The following question might be asked 
given that the majority of students had spent more time in 
Hungary: Can a longer stay in a foreign county affect memory 
long-term memory colors? Further investigation is necessary in 
this regard. 

VI. CONCLUSION 
To investigate the cognitive effect of what we see, an 

application was developed during this study. It used the 
CIELAB color space. Three types of tests were conducted 
regarding memory colors.  

It could be observed that the dispersion ellipses of banana 
and orange were the smallest. These two colors had the highest 
agreement between the students. The memory colors of river 
and grass produced the largest dispersion. Differences between 
memory colors of various nationalities were found, but not for 
all memory colors, and not between all nationalities. Playing 
virtual reality games also influenced memory colors, although 
this was also partially confirmed, since this cannot be said for 
all memory colors. Regarding image cues, their presence had an 
effect on memory colors.  

The colors of the second and third tasks were the same, just 
mixed. In 70.90% of the decisions, a different color was chosen 
in the third task, despite the fact that the subjects could choose 
from the same set of colors. This confirms the effect of the 
presence or absence of an image cue on color choice. 
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