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1. Abstract

In our recent work, the colour preference of several LED white lights different correlated colour
temperatures (CCTs) was investigated with a wide selection of objects.e3llés rhighlighted the
dominant effect of light itself on the colour preference of lightitrg.this study, we similarly
implemented two psychophysical experiments with the same lights thuhathing in the light booth.
It was found that the subjective ratings for the lit environmentekithpty booth were quite close to
those of the previous studies that used various coloured objects. fiugingicorroborates our former
conclusion that light dominates colour preference and we suspect ithdindling can be attributed
either to the colour memory of the observers or to the subconsciea$ @ffhruman vision. Thus, it
seems that for general mu@i€T conditions where the light sources do not have very different tgamu
shapes or object desaturation/oversaturation properties, the preferred wiitmlilgl be determined
by simply asking the observers to rate their preference for the libanvemt of the empty light booth.
To verify this wild and interesting assumption and further clarify itdiggdglity, follow-up studies are
needed.

2. Introduction

Colour preference is of crucial importance to the colour rendition quéléyight source-: 2 In current
studies, such an issue was primarily investigated by psychophysiesire&pts in which the observers
had to rate the colour appearance of certain coloured objects under sgperahental lights in a light
booth, according to their visual prefereric¢é.

It is widely accepted that colour preference varies with the presentectsitf & “However, there is
no agreement among current researchers on which objects shoulkdeénuthe light booth. The
objects included in recent research varied considerably, and included fruit atdbleg & 2 skin
tones? 8 printed image$,!* artworks!® cosmetic product®, consumer goods’ as well as combined
objects® 4 12 As summarized by Royer et al., little research has focused on diggtissiimpact of
object characteristics on colour preferetfcé’
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To address the above described issue, therefore, a series of psychophpgsitalests was conducted

as part of our recent wofR.A broad range of objects were separately adopted in the experiments,
which included 4 groups of fruit and vegetables with different celor Chinese traditional
calligraphies with different background colours, 4 pieces of artwittkdifferent colour features and a
bunch of artificial multicolour flowers. According to Royer et al., thasdscof objects were found to

be very crucial when observers evaluated the lighting conditions.

The above mentioned 14 groups of objects were separately illuminateertain white lights with
uniformly sampled correlated colour temperature (CCT) values ranging 2500 K to 6500 K. A
7-point rating method or a Bbvel ranking method was used to quantifying the observers’ colour
preference. Such work systematically investigated and compared the infhi¢heeseveral contextual
factors on colour preference, which included light, object, gender, culiffatence, as well as
individual colour preference. At last, the dominant influence of lightaour preference was well
demonstrateéf In other words, although the prerequisite and applicaluifisuch a conclusion should
be further specified, it can be assumed that at least for general multi-CGliocndhere the light
sources do not have very different gamut shapes or object desatoxegieaturation properties, the
light itself is the most important factor to influence which light ameengeral candidates an observer
will prefer.

In order to endorse our former conclusion and further investigatméthanism of colour preference,
in this study two psychophysical experiments were conducteeseradditional experiments followed
procedures that were very similar to those used previously with thenoiesvorthy exception that

there was nothing in the light booth. That is, we asked the obsévwdirectly rate their preference for
the lit neutral environment in the booth. To our knowledge, no past stualesbeen conducted in
such a manner.

3. Method

The first experiment strictly followed the procedures of the 7-paiimg experiments of our previous
work. The illumination was uniformly set to 200 Ix (measured bgstd'540 illuminance meter in the
bottom of light booth) for each lighting condition. 45 observesessed the lit environment in the
empty booth whose inner surfaces were coated with matt gray paint¢MNB3, with regard to the
same 9 lights ranging from 2500 K to 6500 K (500K interval). Mdulewjust like the former studies,
a randomly selected light source was also used twice (without inforthehn@bservers) to test the
intra-observer variability for each participant.

The second experiment was similar to the 5-level ranking case of therfarork!® The illumination
was again 200 Ix in the empty booth and the same 5 light so{26686 K, 3500 K, 4500 K, 5500 K
and 6500 K) were used slight difference was the fact that the 60 participants only needeaddseh
their most-liked and least-liked light sources, rather than ranking ther &od the whole range of
sourcesAfterwards, the preference of each candidate source was simply quanyifsedbtracting the
score of least-liked from most-liked (e.g. only 3 observers cB680 K as their most liked source,
while 40 observers regarded it as the least liked source, so the final s@BOddt was -37).
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Note that during the experiments, the order of the light sources was rand@nizedunterbalanced
between observers and each participant was asked to keep his/her eyeclbsegconds while the
experimenter changed the light source. Such a design had thesgpupeliminating any influence
from the previous lighting conditions caused by a short-term anereffect. In the 7-point rating
experiments, the observers were asked to give a response after appdficsito allow for chromatic
adaptation, while in the 5-level ranking case the participants were allowed to takelasime as they
wished It can also be mentioned that none of the observers in these additipeainents had

participated in the former studies. For more details of the experimdesseprefer to our recent
work.1®

4. Resultsand Discussion

As shown in Table 1, although different in magnitude, the resultseofwib experiments perfectly
match each other in the form of the rank order (Spearman correlatiditieoefr=1), which soundly
proves the repeatability of this work. In addition, the inter-observerrdratobserver variability of
Experiment 1 was also tested following the method used in the earlief®wad the results were also
acceptable: the inter-observer variability was 1.26-1.89 (former stud2-2021) while the
intra-observer variability was 13% (former study: 6%-17%).

Table 1 final subjective rating score of the additional two experiments

2500K 3000K 3500K 4000K 4500K 5000K 5500K 6000K 6500K

Experiment1l -1.27 -0.58 0.47 1.00 0.82 0.96 0.91 0.44 0.27
Experiment2  -37 -- 5 -- 19 -- 22 -- -9

Figure 1 illustrates the preference ratings of the former and the current siaieshat only the light
booth scenarios with the 7-point rating method are shown here. Far smténarios (i.e. the mural
painting experiment in a museum, or the ranking based experimalttg)ugh their results exhibit
similar trends, those values cannot be compared directly due to #reli# of experimental settings
or scoring rules.

As can be seen from Fig. 1, the trends of preference ratings with tegdrese scenarios (including
the empty-light-booth experiment) are quite consistent. It seemsdhatatter what is in the light
booth, the observers always responded to the lights in a similafTiisyserves as good evidence for
our previous conclusion: light dominates colour preference in ouriegreal condition.

The Spearman correlation coefficients (r values) denoted in the legend of Eifuther demonstrate

the feasibility of the proposed empty-light-booth approach. It isr dlegt apart from the orange
calligraphy scenario, the ratings of the empty-light-booth expetsrere highly correlated to those of
the other scenarios. As for the orange calligraphy scenario, as shovguiie Fi(magenta dotted line),
the low correlation (r=0.15) is possibly due to the fact that the aveatiggs of the 4500 K, 5500 K

and 6500 K lights were almost the same. In other words, it islikety that the true correlation of this

scenario was masked by the intra-observer variability of the experimenéfdreeiit should be safe to

conclude that the empty-light-booth scenario is representative of the otftergigonditions.
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Figure 1 (colour online) Comparison between the preference ratings of they dight booth
(experiment 1) and that of former experiméht3he r values in the legend denote the Spearman
correlation coefficients between the ratings of a former experiment and they-kght-booth
experiment

Furthermore, since the observ@rseach scenario are very similar in age and background (They were
all engineering students in Wuhan University, China), we assluaehe individual difference among
the observers is negligible when they are considered as a whole. In fgatevious work has already
demonstrated that compared to the influence of the light, the influencenafhhfactors turns out to be
insignificant!® Based on such an opinion, a one-way Analysis of Variance (ANQw#s used to

investigate whether the absence of objects in the booth influenced the observers’ preference rating,.

The p-values shown in Table 2 indicates the significance level with regdéné twll hypothesis (an
object in the light booth will not influence the subjective ratings) ofAIN®VA approach. If p=0.05
the null hypothesis is accepted, otherwise, the null hypothesis is rejeotddstance, for the 2500 K
lighting condition with the red fruit and vegetable scenario, a p-vali®022 indicates that putting
such objects in the light booth indeed affects the preference ratloggver, it is clear from Table 2
that for most conditions, the presented objects actually have no itdluemthe subjective ratings,
which highlights an interesting question: is it really necessary tacein objects into the light
booth?

Table 2 The p-values of one way ANOVA with reghto each lighting condition. (‘F & V’ and ‘CAL’

are respectively short for ‘fruit and vegetables’ and ‘calligraphy”)

2500 3000 3500 4000 4500 5000 5500 6000 6500

K K K K K K K K K
Red F&V 0.022 -- 0.976 -- 0.345 -- 0.761 -- 0.388
Green F&V 0.369 -- 0.047 -- 0.107 -- 0.634 -- 0.051

Yellow F&V 0.901 -- 0.581 -- 0.108 -- 0.262 -- 0.108
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Multicolour F&V 0.426 -- 0.221 -- 0.058 -- 0.188 -- 0.248
Orange CAL 0.041 - 0.978 - 0.030 - 0.022 - 0.933
Red CAL 0.014 - 0.196 - 0.456 - 0.107 - 0.987
White CAL 0.120 - 0.171 - 0.145 - 0.115 - 0.352
Light white CAL 0.009 - 0.354 - 0.734 - 0.041 - 0.568
Yellowish white CAL  0.117 - 0.206 - 0.992 - 0.444 - 0.368
Flowers 0.868 0.493 0.731 0.105 0.509 0.119 0.567 0.939 0.680

Oil painting 0.414 0.327 0.123 0.549 0.163 0.185 0.597 0.207 0.117

Meanwhile, it must be acknowledged that the ease with which we perceive padfenence actually
belies the complexity of the underlying visual processing mechanisice Sreference perception is a
multi-disciplinary issue which relates to physics, ophthalmology, tegy@nd psychology, it is really
difficult to thoroughly explain the underlying mechanism of the abmentioned empty-light-booth
experiments. However, as far as we can discern, there may be silgesplanations.

Our first hypothesis concerns colour memory. As several participantsomeshiafter the experiment,
when rating a certain light in the neutral environment of the booth, thagimed, consciously or
unconsciously, how a certain scene (e.g. a living room or a doyintould look under such a light.
Therefore, we suppose that although there was nothing in thébtigttt, the observers could rate the
colour preference according to colour objects rooted in their memories. isViimatre, such personal
memory colour objects may be much more important to each individhsgineer than thétypical’
objects, such as fruit and vegetables, consumer goods or artWerkse, under this assumption the
empty-light-booth experiment may serve as sound evidence farexious conclusiof®

The second hypothesis, which might be more important, lies in bo®sscious effect of human vision.
To date, it has been widely accepted that human vision is affected hyioztmnand sub-conscisu
processes over the whole retinal regi®@onscious vision is mainly related to the central field of view
(the fovea) with an angular subtense of about 2° radius, while subass@sion corresponds to the
regions surrounding the fovea with an angular subtense of abBdutadius. Moreover, it is also
reported that even the peripheral regions (an angular subtense of @p rediis) around the retina
may also influence human visiéhFor the light booth experiments, when participants were asked to
observe certain objects, the foveal response (conscious vision) was nusslged by the
experimenters. However, it is inevitable that the subconscious vision atsaldaffect the subjective
response, since the observers simultaneously perceived the lights ngflieotn the inner neutral
surfaces of the booth through larger angles of view. In this tzem®fore, if the subconscious vision
regarding to the lit environment of the booth was so strong that itdmraimated the cognitive process
of preference, putting any objects in the light booth may actually turtodag insignificant. To test
this rough assumption, future psychophysical studies which exchel effect of the subconscious
visual process are needed.

5. Conclusion

To sum up, in this study two empty-light-booth experimemtse implemented. Although the visual
processing mechanism of such experiments is not clearly unalrdtee results of the experiments
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profoundly confirmed the feasibility of the empty-light-booth mgzeh. In other words, there seems to
be no need to be concerned about the presented objects when evaleatoiguhpreference of a light
source, since an empty light booth with a neutral environment is wlreafficient in certain
conditions.

It is worth mentioning that, based on the above described hypothiesisurroundings of the
experimental objects (even the neutral background in the booth)nihagnce subjective preference
ratings. This statement highlights the superiority of the real sceperieents, where the
psychophysical studies were conducted under immersive conditiéhg®?4 Meanwhile, contrary to

the real scene experiments which focus on certain targeted tasgsroposed empty-light-booth
approach could serve as a universally applicable method for characterizinddine preference of

lighting for general conditions.

To make a safe conclusion, the prerequisites of this study muanpleasized. This work mainly

focuses on the colour preference evaluation of general multi-CCT conditiane the light sources do
not have very different gamut shapes or object desaturation/oversatypaijmerties. For specific

usages (e.g. the colour preference of skin or some other speciétethgrenes) or extreme lighting
conditions, it is quite likely that the corresponding objects are still needed.

In addition, the precondition and applicability of the proposed emptyigbth approach actually
needs further investigation. In fact, we suspect that the eligititbooth approach is applicable to a
broader range of conditions, since the dominant effect of light éourcpreference has also been
reported in other condition&.> % *However, the current research can only prove its feasibility for the
experimental condition used. Besides, since the parameters of the experimenta. §POET, Duv,

Rf, Rg, etc) are all varied, in this research we cannot derive any conadlegending which parameter
contributes most. Fortunately, according to current LED light-tuning techndloigyalready possible

to hold all but one of those variables constant when generating the ligbesowhich provides
potential for future work using the empty-light-booth format.

Meanwhile, it seems that the results of the empty-booth-experiments desakibed are highly
correlated with the results of research work on the whiteness perceptiohtifglig® 2¢ since they
share a similar experimental protocol while mainly differ in the way bisemwers respond (preference
or whitenesg. In this sense, the colour preference of the empty light booth atadde considered as
“white tone preference”. In future work, the relationship between these two topics should also be
further studied.
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