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Abstract: Although there is a large amount of scientific literature on the impact of colour on learning,
there is considerably less research on the impact of coloured lighting on learning. Numerous studies
have explored this traditional approach, but their results are inconsistent and lack systematic rigour.
However, the logical technological evolution towards coloured lighting remains a nascent field, with
most research focusing on colour temperature (CCT) rather than coloured lighting per se. Studies
such as this one highlight the benefits of coloured LED lighting on students’ cognitive processes, as it
is a technology which can overcome the limitations of traditional colour applications by introducing
the concept of “dynamic colour” as a key component of smart classrooms that can be integrated
into artificial intelligence (Al)-based decision making. This study, conducted in a primary school
classroom, employed a quasi-experimental design with a pre-test and a control group, and had a
duration of three months. The effect of coloured lighting on students’ cognitive processes, such as
attention, impulsivity control and figurative creativity, divided into four dimensions, was investigated.
Descriptive, variance-based and comparative analyses of the overall results reveal that coloured
light significantly influences cognitive processes, and some results are even generalisable across the
variables analysed.

Keywords: educational environment; lighting; cognitive processes; smart classroom; dynamic colour;
learning environment; artificial intelligence

1. Introduction

The impact of colour on learning environments has been extensively researched
for decades, but the shift towards the examination of coloured lighting remains poorly
documented; coloured lighting refers to the strategic use of different colours of light in
the classroom environment to influence students” academic performance and well-being
and thus their learning. In this regard, Quiles-Rodriguez et al. [1] provide a systematic
review of the literature on the impact of colour as traditionally understood, that is, in its
physical application to the elements of the classroom environment without the intervention
of coloured light. After a rigorous analysis of colour elements in the classroom, as subjects
of particular consideration or in conjunction with other environmental elements, they end
by systematising the previous literature, amounting to 35 papers considered for review,
into two large groups: research that recognises the influence of colour on the cognitive
processes of students and influence on affective-social processes.

On the other hand, although it is true that the relationship between correlated light
temperature (CCT) and brightness and learning has been widely studied, mainly for its
effects on the academic performance, attention-concentration and emotional-motivational
state of students, as will be shown in later paragraphs of this section, there are hardly any
purely educational references on the explicit implications of the colour of light (measured
in nanometres -nm-) [2]. Not being able to confuse the two relevant parameters (colour
temperature—CCT—and colour of light), which are both different in nature and measured,
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respectively, by different units (Kelvin the first one and nanometres the second one), authors
such as Suh et al. [3], Rajae-Joordens [4] and Kombeiz et al. [5] have produced the first
milestones in this incipient field of educational research on the colour of light, which has
nevertheless been studied for years in other fields of research such as interior design [6],
agriculture [7,8], medicine [9], or even astronautics [10].

Traditional studies on colours, understood as their physical application to elements,
often lack systematic and holistic methodologies [11], a deficiency that also applies to the
scarce research on coloured lighting [12]. For example, Von Castell et al. [13] claim that the
effects of environmental colour are so inconsistent that it is difficult to deduce practical
applications. Similarly, some studies suggest that visual noise and colour changes can
negatively affect school performance [14]. In contrast, other researchers have made efforts
to increase the rigour and systematic nature of their studies on environmental influences,
including colour, within the framework of large, longitudinal investigations [15,16].

The situation becomes even more worrying when we focus specifically on students
cognitive processes, a field which refers to the set of brain activities separate from socio-
affective processes [17]. Although some of the traditional studies on environmental colour
collected by Quiles-Rodriguez [1] have related physical colour to cognition, as shown by
Mehta et al. [18], Duyan et al. [19], Tuszyriska-Bogucka et al. [20] and Pourbagher et al. [21],
specific research on coloured lighting is remarkably scarce. Only a few studies, such as
those by Kombeiz et al. [5], which examine the effects of coloured lighting on creativity
at a German university, and earlier research in the primary school context [11], address
this issue. Although there is some further research on the impact of colour on affective
processes [22], this study focuses on cognitive effects, trying to help fill the significant gap
in the literature. Special mention should be made of our inspiring precedent, the work
of Quiles-Rodriguez et al. [12], who carried out an extensive exploratory intervention in
a primary school in search of cognitive, academic and emotional effects caused by the
presence of coloured lighting in the classroom, reaching conclusions sufficient to lead us to
continue researching its current impact on cognitive processes.

However, the literature on correlated colour temperature (CCT) and its impact on
cognitive processes is more substantial. For example, Mogas-Recalde et al. [23] review
18 studies exploring the connection between CCT and cognitive functions, while Llinares
et al. [24] examine the effects of CCT on attention and memory. In addition, Hviid et al. [25]
investigate how CT, combined with ventilation, influences cognitive processes such as
concentration, logical reasoning and processing speed. Despite some overlap with our
study, these works do not focus on our specific variable, “coloured lighting”. Mogas-
Recalde et al. [23] also advocate “dynamic lighting” in smart classrooms, a recommendation
echoed by Poldma [6] and Suh et al. [3], who directly address “coloured lighting” rather
than just CCT. This aspect of the dynamism of light, understood as the authors cited above
do, is not only fundamental in smart classrooms, but opens an important door towards its
management by artificial intelligence (Al) allowing for the personalisation and adaptability
of teaching and learning [26]

In the following sections we will explain the materials and methods used in the
experimental situation designed; we will then show the results obtained for each variable
from a triple analysis (descriptive, variance-based and comparative) to finally reach clear
conclusions after the necessary discussion.

’

2. Materials and Methods

2.1. Statement of the Problem, Objectives, Questions and Hypotheses
Based on the previous state of the art, our research has the following general objectives:

e GOL. To investigate how different configurations of coloured lighting improve specific
cognitive processes in primary school students.

e  GO2. To assess the effect of “dynamic colour” on students’ cognitive processes in
primary school classrooms.
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Based on this, and considering previous research that examined the effects of various
coloured lighting scenarios on students [12], we set out to further investigate cognitive pro-
cesses with a new experimental design and an expanded sample size. In this way, the weak
robustness of the baseline exploratory study, precisely because of its exploratory nature and
incomplete counterbalanced design, could now be overcome, while additionally gaining
in consistency, reliability and validity (as will be seen in the next section), allowing more
rigorous conclusions to be drawn. Thus, the proposed general objectives are concretised
through the following research questions:

e  RQI. Which configurations of coloured lighting enhance figurative creativity among
primary school students in classroom environments?

e  RQ2. Which configurations of coloured lighting enhance net attention among primary
school students in classroom environments?

e  RQ3. Which configurations of coloured lighting enhance impulsivity control among
primary school students in classroom environments?

e RQ4. What possibilities does “dynamic colour” offer to enhance students’ cognitive
processes in primary classrooms?

Since hypotheses serve as speculative solutions to the research problem [27], it is
essential that they are empirically tested [28]. Therefore, the hypotheses of this study are
formulated as follows:

e HI. Coloured lighting configurations in primary school classrooms help to enhance
students’ figurative creativity.

e H2. Coloured lighting configurations in primary school classrooms help to enhance
students’ net attention.

e HB3. Coloured light configurations in primary school classrooms help to enhance
students” impulsivity control.

e H4. The use of “dynamic colours” makes it possible to personalise the coloured
lighting to adapt it to the different cognitive processes of the students.

2.2. Methodology

This research employs a quasi-experimental design with a control group and a pretest,
very similar to what Campbell et al. [29] classify as an “equivalent materials design”. Over
a period of three months, four measurements were made for each dependent variable and
its dimensions: a pretest and three post-test measurements after the application of coloured
light scenarios. These scenarios serve as the independent variable, using colours consistent
with those studied in Quiles-Rodriguez et al. [12] and defined by Suh et al. [3], although
with some variations in the colour sequence. The “natural light” condition combines
minimal outdoor light with standard indoor lighting, while the coloured light scenarios
use LED bulbs of the colours recommended by Suh et al. [3], which are commonly found in
natural settings, with a slight infusion of outdoor light to mitigate any perceived sense of
confinement, as previously expressed by students.

As indicated in the introduction, the effects of classroom light (relative to CCT
and brightness) on academic performance, attention-concentration and emotional state-
motivation are among the most recurrent themes in the literature [2]. But this is so not
only in relation to lighting as an independent variable, but also in relation to colour as
traditionally understood [1]. Without being able to address them in their entirety, we do
consider attention (and the control of impulsivity intimately linked to it) to be crucial; this
is because of its tradition in the scientific community but also because of the importance
with which it is currently being treated historically and socially, especially when it comes to
minors [30]; as we also consider creativity to be particularly relevant, especially as praised
by the educational legislation of the Western world in its highlighting of the cognitive pro-
cesses derived from Bloom'’s taxonomy as the basis for good academic performance [31,32].
Therefore, we have analysed the following dependent variables, of which we present a
quick graphical overview in Figure 1:
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e VDI1. Net attention. By net attention we mean the ability of an individual student to
maintain sustained and efficient focus in performing a task that requires visual dis-
crimination of similar stimuli over a given period of time. Central to its measurement
are selective attention and perceptual speed, as well as the accuracy with which a
person can identify minute differences between a series of presented visual stimuli.

e  VD2. Impulsivity control. This variable refers to the ability of an individual learner to
regulate and manage his or her immediate and impulsive responses when presented
with a task that requires visual discrimination and sustained attention. This control
is manifested in the ability to avoid impulsive errors, such as incorrectly marking
pictures, by taking the time necessary to ensure accuracy in identifying differences
between visual stimuli.

e VD3. Figurative creativity. This is measured through its four dimensions: originality,
elaboration, fluency and flexibility. This variable is intended to measure an individual
student’s ability to generate original and useful ideas by interpreting and modifying
visual stimuli. This type of creativity manifests itself in the ability to think divergently
and to create new forms, images and designs from provided graphic elements. The
four dimensions mentioned above which constitute the variable are the very ones that
the test we will use establishes as integral to figurative creativity and, therefore, are
necessary for its quantification.

natural light

orange light

[ INDEPENDENT VARIABLE ] » coloured |Ight in4scenarios//>
green light

\ purple light

originality

elaboration

i

[ DEPENDENT VARIABLES J—>

figurative creativity in4 dimen%‘ fluency

flexibility

impulsivity control

Figure 1. Complete overview of variables and dimensions.

The instruments used to collect data on the dependent variables were identical to
those used by Quiles-Rodriguez et al. [12]: the “Faces Test” provides measures for both
net attention and impulsivity-control within an application time of only 3 min [33]; the
“Torrance Creativity Test”, adapted by Artiles et al. [34], assesses figurative creativity and its
different dimensions in three practical blocks of 10 min each; both tests treat the dependent
variables clearly as quantitative ratio variables, in which net attention can obtain values
from 0 to 60, impulsivity control can reach from 0 to 100 and figurative creativity can
reach from 0 to values close to 300. The instruments, in addition to being adapted to
the aim of the study, have been used previously in similar research and are suitable for
the ages of the students studied. The reliability analysis (Cronbach’s alpha) for the set
of instruments results in o = 0.700, with « = 0.738 for the set of instruments constituting
the variable “figurative creativity” and oo = 0.610 for the attention tests. The research
design, as already stated, is closely aligned with the “equivalent materials design” defined
by Campbell et al. [29], ensuring rigorous internal validity despite some limitations in
external validity, as pointed out by the authors’ theoretical model. In order to improve this
validity, efforts were made to minimise extraneous variables, although it was recognised
that it was impossible to isolate them completely, especially in the standardised classroom
environment in which the tests were conducted.
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e We aimed to reduce the impact of weather conditions on the lighting conditions,
minimising their influence, but without creating a sense of confinement for the students
due to a total lack of natural light. To increase the sample size, we tested all students
in the experimental group each day, foregoing a counterbalanced design.

e Coloured lights were introduced one month prior to data collection and integrated
weekly into the teachers’ regular classroom activities to mitigate potential Hawthorne
or motivational effects.

e Memory and learning effects, as outlined by Chacon-Moscoso et al. [35], were ad-
dressed by spacing pretest data collection one month after the first light scenario,
with subsequent light scenarios spaced two weeks apart. Additionally, to prevent the
influencing of students’ behaviour and affective processes, the study’s purpose was
not disclosed, and all activities were presented as routine classroom procedures.

e To further avoid memory effects, the order of the “coloured light” scenarios was
altered compared to previous research.

2.3. Sample and Context of the Study, Experimental Situation

The participants were 20 fifth-year primary school students from a public school
in a small rural town in Andalusia, Spain where farming predominates, and the socio-
economic index is average. This non-probabilistic sample was formed by intact group-
classes, maintaining the school’s existing configuration. The students” ages ranged from
10 to 12 years. They were not informed about the research and perceived it as a regular
classroom activity. The experimental group consisted of the class in which the necessary
technological interventions for coloured lighting were implemented. The classroom was
equipped with coloured LED spotlights (Figure 2), and the light levels were measured
using the “evo lightspectrum pro” application. Measurements were taken daily after the
tests without the students present. Each scenario had 20 measurements—one per student
table—and a smart device was used to record the data. Three values were considered in
each measurement: luminance (Ix), CCT colour temperature (K), and light colour (nm). The
average values for each colour scenario are presented in Table 1 for the experimental group
and in Table 2 for the control group. The details of the whole experimental process can be
seen in Figure 3.

4000 Im 4000 Im

4000 Im
4800 Im Y
1600 Im
1600 Im
4800 Im
- - -

4000 Im

Figure 2. Placement of coloured LED spotlights in the experimental classroom.
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Table 1. Experimental group light measurements (total class average for each scenario and value).

Natural Light Green Light Purple Light Orange Light
980 1x 907 Ix 846 1x 775 Ix
Classroom 3963 K 4239 K 4004 K 3502 K
scenarios Wavelength: Wavelength: Wavelength: Wavelength:
maximum maximum maximum maximum

values of 660 nm  values of 520 nm  values of 360 nm  values of 720 nm

Table 2. Control-group light measurements (total class average for each scenario and value).

Natural Light Natural Light2  Natural Light3  Natural Light 4

976 1x 992 1x 1008 1x 975 Ix
Classroom 4004 K 3901 K 4010 K 3953 K
scenarios Wavelength: Wavelength: Wavelength: Wavelength:
maximum maximum maximum maximum
values of 670 nm  values of 660 nm  values of 650 nm  values of 660 nm
DAY 1 DAY 2 DAY 3 DAY 4
@l "g_r:rgtess‘;["e natural) | | green light (+some natural) purple light (+some natural) orange light (+some natural)

)

Experimental Group Experlmental Group
Faces test (attention, Faces test (attention,
impulsivity control) |mpuIS|V|ty control)
+
Torrance test Torrance test
(figurative creativity) (figurative creativity)

October 18th, 2023 November 15th, 2023 November 29th, 2023 December 13th, 2023
10 am 10 am 10 am 10 am

Experimental Group

Experimental Group

Faces test (attention,
impulsivity control)
+
Torrance test
(figurative creativity)

Faces test (attention,
impulsivity control)
+
Torrance test
(figurative creativity)

Experimental Group Experimental Group Experimental Group Experimental Group
Faces test (attention, Faces test (attention, Faces test (attention, Faces test (attention,
|mpuIS|V|ty control) |mpuIS|V|ty control) impulsivity control) impulsivity control)

+ +
Torrance test Torrance test Torrance test ~ Torrance test
(figurative creativity) (figurative creativity) (figurative creativity) (figurative creativity)
DAY DAY 2 DAY 3 DAY 4
ordinary Ilg_r:rgessor_ne natural) ordinary light (+ some natural) ordinary light (+ some natural) ordinary light (+ some natural)

Figure 3. Experimental design of the two groups (experimental and control).

2.4. Ethical Considerations

To conduct the study with minors, explicit informed consent was obtained from their
parents. The parents were provided with an information sheet detailing all aspects of
the study, in compliance with European and national legislation (General Data Protection
Regulation 679, [36]; Organic Law 3, [37]). This procedure was communicated to the
Research Ethics Committee on People, Society and Environment (CEIPSA) of the Rovira i
Virgili University, which granted its approval.

3. Results

The results of the Shapiro test demonstrating non-normality for most variables, com-
bined with the small sample size (20 or less in all cases), as well as the lack of homoscedas-
ticity according to Levene’s test, necessitated a non-parametric analysis of the data. Each
dependent variable and its dimensions will be presented in subsections grouped as much
as possible, optimising space by minimising the use of additional tables and figures.
For each variable, descriptive data, an analysis of variance according to the different
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coloured light scenarios (using Friedman's test—ANOVA for repeated measures—and
Conover’s post hoc test, incorporating Bonferroni corrections) and a third analysis com-
paring the experimental and control groups on all days and variables/dimensions using
the Mann—-Whitney test are provided.

In addition, a final subsection summarises the maximum and minimum values of
all variables and their dimensions, together with their means and medians, providing a
quick overview.

A significance level (o) of 0.05 was systematically applied to establish the significance
of the results. Statistical analyses were performed with Jasp, version 0.14.1.0.

3.1. Net Attention and Impulsivity-Control
3.1.1. Descriptive Analysis

The descriptive values for the experimental group for both “net attention” and “im-
pulsivity control” are presented in Table 3, while the corresponding values for the control
group are shown in Table 4. For the experimental group, the mean and median values for
“net attention” are higher in all coloured light scenarios compared to natural light, with the
highest values being observed in the orange scenario. In contrast, “impulsivity control”
does not follow the same pattern, as the green scenario shows the lowest values, while
the highest values are found in the violet or orange scenarios, depending on the specific
measure considered. A similar trend is observed in the control group, with a progressive
improvement of both variables in the different natural scenarios.

Table 3. Descriptive values of net attention and impulsivity-control in the different experimental
coloured light scenarios.

Net Attention Impulsivity Control
Natural Green Purple Orange Natural Green Purple Orange
Valid 18 19 17 19 18 19 17 19
Mode ? 35.000 38.000 35.000 48.000 89.700 90.000 100.000 100.000
Median 35.000 38.000 41.000 44.000 89.700 87.500 91.800 92.900
Mean 35.778 39.842 42.353 43.947 89.806 87.353 91.359 89.163
Std. Deviation 7.297 7.456 8.389 9.525 5.785 6.424 7.195 11.281
Shapiro-Wilk 0.948 0.931 0.933 0.968 0.966 0.972 0.904 0.869
p-value of Shapiro-Wilk 0.389 0.177 0.245 0.727 0.712 0.808 0.078 0.014

@ More than one mode exists, and only the first is reported.

Table 4. Descriptive values of net attention and impulsivity-control in the different control-group
light scenarios.

Net Attention Impulsivity Control
Natural Natural 2 Natural 3 Natural 4 Natural Natural 2 Natural 3 Natural 4
Valid 20 20 19 20 20 20 19 20
Mode 2 30.000 38.000 29.000 58.000 100.000 100.000 100.000 100.000
Median 33.000 37.500 43.000 46.500 90.100 90.500 95.300 96.300
Mean 34.900 37.850 41.579 45.250 88.045 88.570 89.537 91.900
Std. Deviation 10.228 9.626 11.640 10.538 10.980 11.159 12.398 9.362
Shapiro-Wilk 0.961 0.956 0.947 0.907 0.909 0.887 0.796 0.815
p-value of Shapiro-Wilk 0.563 0.468 0.351 0.056 0.061 0.024 <0.001 0.001

@ More than one mode exists, and only the first is reported.

3.1.2. Variance Analysis

The differences in descriptive values discussed above are reflected in the significant-
variance p-values for the variable “net attention”, according to Friedman's test, but not
for “impulsivity control” (Table 5, Figure 4). Conover’s post-hoc test (Table 6) further
refines these results, indicating that significance for “net attention” occurs when contrasting
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the natural light scenario with the violet and orange scenarios. For “impulsivity control”,
significant variance is only found in the relationship between the green and violet scenarios.

Table 5. Repeated-measures analysis of variance on net attention and impulsivity-control in different
coloured light scenarios.

Friedman Test

Factor Chi-Squared df 4 Kendall’'s W

Net attention 14.294 3 0.003 0.298
Impulsivity 6.134 3 0.105 0.128

46 - 94

44 — 92 -

42 -

40 - 90 -

38 - 88 —

36 — 86 -

34 - [ \ [ |

| I I 1
Natural Green Purple Orange Natural Green PurpleOrange

Net Attention Impulsivity

(a) (b)

Figure 4. (a) Graph of variance in net attention for different coloured light scenarios; (b) graph of
variance in impulsivity control for different coloured light scenarios.

Table 6. Conover post hoc on the variance of net attention and impulsivity-control in different
coloured light scenarios.

Conover’s Post Hoc Comparisons

Net Attention Impulsivity Control

Factor T-Stat df P pbonf T-Stat df P pbonf
Natural Green 1.877 45 0.067 0.402 1.440 45 0.157 0.940
Purple 3.337 45 0.002 0.010 0.960 45 0.342 1.000

Orange 3.128 45 0.003 0.018 0.206 45 0.838 1.000

Green Purple 1.460 45 0.151 0.908 2.400 45 0.021 0.123
Orange 1.251 45 0.217 1.000 1.646 45 0.107 0.640

Purple Orange 0.209 45 0.836 1.000 1.440 45 0.157 0.940

Note. Grouped by subject.

3.1.3. Comparative Analysis

On a day-by-day basis, the Mann-Whitney test was performed to make non-
parametric comparisons between the experimental and control groups (Tables 7 and 8).
This adds more precision to the observations derived from the previous analyses. In
contrast to the previous analyses, p-values do not seem to be generalisable now, but
interesting trends are observed. Thus, with respect to “net attention”, all scenarios
appear favourable for the experimental group (with the exception of the last one, orange
light), while this is not the case for the “impulsivity control”, in which it is only the
natural light scenario that is favourable for this experimental group. Figures 5 and 6
provide a graphical picture of the same.
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Table 7. Comparison of net attention between experimental and control groups on all experimental

days.
Independent Samples t-Test; Net Attention
Test Statistic df p Effect Size SE Effect Size
Dav 1. natural licht Student 0.301 36 0.765 0.098 0.325
v & Mann-Whitney 198.000 0.608 0.100 0.188
Dav 2. ereen light Student 0.720 37 0.476 0.231 0.323
Y8 & Mann-Whitney 218.000 0.438 0.147 0.185
Dav 3. purple licht Student 0.226 34 0.822 0.076 0.334
Yo puipie g Mann-Whitney 163.500 0.962 0.012 0.193
Dav 4 orange light Student —0.404 37 0.688 —0.130 0.321
y %, orange g Mann-Whitney 172.500 0.632 ~0.092 0.185
Note. For the Student f-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.
Table 8. Comparison of impulsivity control between experimental and control groups on all experi-
mental days.
Independent Samples t-Test; Impulsivity Control
Test Statistic df p Effect Size SE Effect Size
Dav 1. natural light Student 0.608 36 0.547 0.198 0.327
v 8 Mann-Whitney 181.000 0.988 0.006 0.188
Dav 2. ereen light Student —0.415 37 0.681 —0.133 0.321
Y8 & Mann-Whitney 160.000 0.406 —0.158 0.185
Dav 3. purple light Student 0.531 34 0.599 0.177 0.335
Yo pupie g Mann-Whitney 156.000 0.873 —0.034 0.193
Dav 4 orange light Student —0.826 37 0.414 —0.265 0.323
y % otange 1g Mann-Whitney 158.000 0371 —0.168 0.185

Note. For the Student t-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.
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Figure 5. Comparative box-and-whisker plot between experimental and control group for the net-
attention variable in the different coloured light scenarios: (a) natural, (b) green, (c) purple, and

(d) orange.
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Figure 6. Comparative box-and-whisker plot between experimental and control group for the
impulsivity-control variable in the different coloured light scenarios: (a) natural, (b) green, (c) purple,
and (d) orange.

3.2. Originality and Elaboration
3.2.1. Descriptive Analysis

Table 9 shows the descriptive values for “originality” and “elaboration” in the experi-
mental group. The corresponding values for the control group are presented in Table 10. In
the experimental group, the mean and median values for “originality” are systematically
higher in all coloured light scenarios, compared to natural light, with the highest values
being observed in the orange scenario. However, “elaboration” shows a different pattern,
with both the violet and orange scenarios showing lower mean and median values, while
the green scenario shows higher mean values compared to both the natural scenario and
the median. Similarly, the control group shows a trend in favour of higher mean values for
‘originality’, albeit with its own variations. For “elaboration”, scenarios one and three show
the highest mean values, although this is not reflected in the median values.

Table 9. Descriptive values of originality/elaboration in the different experimental coloured light

scenarios.
Originality Elaboration
Natural Green Purple Orange Natural Green Purple Orange
Valid 18 19 17 19 18 19 17 19

Mode ? 21.000 100.000 39.000 173.000 4.000 10.000 11.000 11.000
Median 96.500 100.000 124.000 138.000 18.500 18.000 11.000 11.000

Mean 97.722 110.789 122.235 127.526 19.778 22.421 12.471 14.316

Std. Deviation 41.392 41.268 44.468 52.005 10.149 12.629 9.125 12.702

Shapiro-Wilk 0.981 0.895 0.964 0.933 0.954 0.923 0.907 0.783
p-value of Shapiro-Wilk 0.962 0.039 0.703 0.197 0.493 0.129 0.089 <0.001

2 More than one mode exists, and only the first is reported.
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Table 10. Descriptive values of originality/elaboration in the different control-group light scenarios.

Originality Elaboration
Natural Natural 2 Natural 3 Natural 4 Natural Natural 2 Natural 3 Natural 4

Valid 20 20 19 20 20 20 19 20
Mode 2 75.000 79.000 154.000 92.000 9.000 17.000 7.000 13.000
Median 80.000 97.000 106.000 117.000 16.000 17.000 14.000 14.000
Mean 87.250 98.450 112.947 119.450 15.800 14.900 15.684 13.350
Std. Deviation 29.266 38.568 36.331 39.779 9.180 5.505 8.000 5.824
Shapiro-Wilk 0.967 0.964 0.925 0.951 0.955 0.931 0.906 0.970
p-value of Shapiro-Wilk 0.689 0.633 0.139 0.388 0.447 0.160 0.062 0.765

@ More than one mode exists, and only the first is reported.

3.2.2. Variance Analysis

Descriptive values discussed above are now evident in the significant variance p-
values for the “originality” and “elaboration” dimensions, as determined by Friedman'’s
test (Table 11, Figure 7). Conover’s post hoc test (Table 12) further clarifies these results. For
“originality”, significant differences are observed between the daylight and violet scenarios,
as well as between the green and orange scenarios. In terms of “elaboration”, significant
differences are observed between the natural and violet, and green and violet scenarios
(with violet performing worse), and between the green and orange scenarios (with orange
performing worse).

Table 11. Repeated-measures analysis of variance on originality /elaboration in different coloured
light scenarios.

Friedman Test

Factor Chi-Squared df p Kendall’'s W
Originality 11.465 3 0.009 0.239
Elaboration 22.084 3 <0.001 0.460

140 30 ~
130 —+ o5
120 —+
20 —
110 —+
15 —
100 —
90 — 10
80 — 5
| Y I | I I ! 1
Natural Green PurpleOrange Natural Green Purple Orange
Originality Elaboration

(a) (b)

Figure 7. (a) Graph of variance in originality for different coloured light scenarios; (b) graph of
variance in elaboration for different coloured light scenarios.
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Table 12. Conover post hoc on the variance of originality /elaboration in different coloured light

scenarios.
Conover’s Post Hoc Comparisons
Originality Elaboration
Factor T-Stat df 4 pbonf T-Stat df p pbonf
Natural Orange 1.097 45 0.278 1.000 1.174 45 0.247 1.000
Purple 1.646 45 0.107 0.640 3.038 45 0.004 0.024
Orange 3.292 45 0.002 0.012 2.002 45 0.051 0.308
Green Purple 0.549 45 0.586 1.000 4.212 45 <0.001 <0.001
Orange 2.195 45 0.033 0.200 3.176 45 0.003 0.016
Purple Orange 1.646 45 0.107 0.640 1.036 45 0.306 1.000

Note. Grouped by subject.

3.2.3. Comparative Analysis

We again used the Mann-Whitney test for the non-parametric comparison of variables
and dimensions (Tables 13 and 14). As before, although the p-values of this test are not
generalisable, some interesting trends emerge. In the case of “originality”, all differences in
effect size systematically favour the experimental group and there is almost total uniformity.
The “elaboration” dimension, on the other hand, shows two scenarios favouring the
experimental group (natural, green) while the other two reverse their effect in favour of the
control group (violet and orange). Figures 8 and 9 show this graphically.

Table 13. Comparison of originality between experimental and control groups on all experimental

days.
Independent Samples t-Test; Originality
Test Statistic df p Effect Size SE Effect Size
Dav 1. natucal Lisht Student 0.908 36 0.370 0.295 0.329
v & Mann-Whitney 214.500 0.320 0.192 0.188
Dav 2. ercen licht Student 0.965 37 0.341 0.309 0.324
Y8 & Mann-Whitney 207.500 0.633 0.092 0.185
Dav 3. ournle licht Student 0.689 34 0.495 0.230 0.336
Yo prpie s Mann-Whitney 182.000 0.526 0.127 0.193
Dav 4 orange light Student 0.546 37 0.588 0.175 0322
y % orange g Mann-Whitney 215.000 0.491 0.132 0.185

Note. For the Student f-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.

Table 14. Comparison of elaboration between experimental and control groups on all experimental

days.
Independent Samples ¢-Test; Elaboration
Test Statistic df p Effect Size SE Effect Size
Dav 1 natural lisht Student 1.269 36 0213 0.412 0.332
Y & Mann-Whitney 220.000 0.248 0.222 0.188
Dav 9. sreen light Student 2433 37 0.020 0.779 0.344
y<8 & Mann-Whitney 239.000 0172 0.258 0.185
Dav 3. purole licht Student ~1.126 34 0.268 ~0.376 0.340
e Mann-Whitney 116500 0.158 —0.279 0.193
Dav 4 orance lisht Student 0.308 37 0.760 0.099 0.321
y % orange g Mann-Whitney 156.500 0.353 —0.176 0.185

Note. For the Student t-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.
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Figure 8. Comparative box-and-whisker plot between experimental and control group for the
originality dimension in the different coloured light scenarios:(a) natural, (b) green, (c) purple, and

(d) orange.
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Figure 9. Comparative box-and-whisker plot between experimental and control group for the
elaboration dimension in the different coloured light scenarios: (a) natural, (b) green, (c) purple, and

(d) orange.

3.3. Fluency and Flexibility
3.3.1. Descriptive Analysis

Table 15 shows the descriptive values for “fluency” and “flexibility” in the experimen-
tal group. The corresponding values for the control group are presented in Table 16. In
the experimental group, the mean and median values for “fluency” are fairly consistent
although not consistently so, with the mean showing a progressive improvement of results
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in each scenario (the mean shows a slight drop in the green scenario). Similar circumstances
are observed in the control group, with total parallelism between mean and median. In
the experimental group, “flexibility” shows a significant increase in values in the green
scenario, one which decreases in the two successive scenarios, showing differences with
respect to the control group, which follows more of a zigzagging in its results.

Table 15. Descriptive values of fluency/flexibility in the different experimental coloured light

scenarios.
Fluency Flexibility
Natural Green Purple Orange Natural Green Purple Orange
Valid 18 19 17 19 18 19 17 19

Mode ? 25.000 19.000 26.000 38.000 13.000 18.000 8.000 9.000
Median 25.000 24.000 26.000 28.000 14.000 18.000 16.000 15.000

Mean 24.056 26.263 27.118 28.526 15.833 17.842 17.000 16.000

Std. Deviation 7.416 7.971 8.623 10.516 4.878 5.449 6.225 7.401

Shapiro-Wilk 0.980 0.889 0.944 0.896 0.924 0.927 0.945 0.922

p-value of Shapiro-Wilk 0.955 0.030 0.364 0.041 0.153 0.155 0.376 0.123

2 More than one mode exists, and only the first is reported.

Table 16. Descriptive values of fluency/flexibility in the different control-group light scenarios.

Fluency Flexibility
Natural Natural 2 Natural 3 Natural 4 Natural Natural 2 Natural 3 Natural 4

Valid 20 20 19 20 20 20 19 20
Mode 2 21.000 21.000 13.000 22.000 13.000 20.000 14.000 25.000
Median 21.000 24.500 27.000 27.500 16.500 19.000 17.000 19.500
Mean 21.200 24.000 27.211 27.850 16.550 17.550 18.158 18.950
Std. Deviation 6.646 8.535 8.929 8.869 4.273 5.491 5.439 6.211
Shapiro-Wilk 0.982 0.963 0.931 0.948 0.961 0.945 0.943 0.965
p-value of Shapiro-Wilk 0.958 0.604 0.178 0.338 0.572 0.293 0.294 0.645

2 More than one mode exists, and only the first is reported.

3.3.2. Variance Analysis

The descriptive values discussed above are now evident in the significant variance
p-values for the “fluency” dimension, but not for “flexibility”, as determined by Friedman’s
test (Table 17, Figure 10). Conover’s post hoc test (Table 18) further clarifies these results,
showing that the significance of “fluency” occurs in the variance between the natural and
orange scenarios, as well as in the green—-orange scenario, always in favour of the latter.

Table 17. Repeated-measures analysis of variance for fluency/flexibility in different coloured light
scenarios.

Friedman Test

Factor Chi-Squared df P Kendall’'s W
Fluency 8.786 3 0.032 0.183
Flexibility 1.268 3 0.737 0.026

3.3.3. Comparative Analysis

The results of the non-parametric comparative analysis of the Mann—Whitney test
(Tables 19 and 20) indicate the absence of significant p-values for either of the two dimen-
sions analysed. We only note that the effect size is always in favour of the experimental
group in all scenarios for the fluency dimension, while the opposite is true for the flexibility
dimension. The evolution of the comparative effect size can be seen in the tables above as
well as in Figures 11 and 12.
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Figure 10. (a) Graph of variance in fluency for different coloured light scenarios: (b) graph of variance
in flexibility for different coloured light scenarios.

Table 18. Conover post hoc on the variance of fluency/flexibility in different coloured light scenarios.

Conover’s Post Hoc Comparisons

Fluency Flexibility
Factor T-Stat df p pbonf T-Stat df p pbonf
Natural Orange 0.762 45 0.450 1.000 0.916 45 0.364 1.000
Purple 1.108 45 0.274 1.000 0.705 45 0.484 1.000
Orange 2.840 45 0.007 0.040 0.070 45 0.944 1.000
Green Purple 0.346 45 0.731 1.000 0.211 45 0.833 1.000
Orange 2.078 45 0.043 0.260 0.846 45 0.402 1.000
Purple Orange 1.732 45 0.090 0.541 0.634 45 0.529 1.000

Note. Grouped by subject.

Table 19. Comparison of fluency between experimental and control groups on all experimental days.

Independent Samples t-Test; Fluency

Test Statistic df p Effect Size SE Effect Size
Day 1, natural light Student 1.252 36 0.219 0.407 0.332
! Mann-Whitney 219.000 0.260 0.217 0.188
Day 2, green light Studen.t 0.855 37 0.398 0.274 0.323
’ Mann-Whitney 204.000 0.704 0.074 0.185
Day 3, purple light Studen.t —0.032 34 0.975 —0.011 0.334
’ Mann-Whitney 164.500 0.937 0.019 0.193
Day 4, orange light Studen.t 0.218 37 0.829 0.070 0.321
Mann-Whitney 202.500 0.735 0.066 0.185

Note. For the Student f-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.

3.4. Figurative Creativity
3.4.1. Descriptive Analysis

The results of the four dimensions, originality, elaboration, fluency and flexibility,
allow us to show the values of the variable “figurative creativity”, which are in Table 21 for
the experimental group and Table 22 for the control group. As an agglutinating variable of
the four dimensions already shown, its mean and median values are also agglutinating,
so once again we observe a progressive increase in these values with the succession of the
different coloured light scenarios. The latter is applicable both to the experimental group
and to the control group, both maintaining a similar evolution.
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Table 20. Comparison of flexibility between experimental and control groups on all experimental

days.
Independent Samples t-Test; Flexibility
Test Statistic df p Effect Size SE Effect Size
Dav 1 natural lisht Student —0.483 36 0.632 —0.157 0.326
v & Mann-Whitney 154.500 0.463 —0.142 0.188
Dav 2. ercen licht Student 0.167 37 0.869 0.053 0.320
Y8 & Mann-Whitney 185.000 0.899 —0.026 0.185
Dav 3. ourple licht Student —0.596 34 0.555 —0.199 0.336
Yo puipie g Mann-Whitney ~1.351 0.185 —0.433 0.328
Dav 4 orange light Student ~1.351 37 0.185 —0.433 0.328
y % orange g Mann-Whitney 139.500 0.159 —0.266 0.185

Note. For the Student f-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by

the rank biserial correlation.
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Figure 11. Comparative box-and-whisker plot between experimental and control group for the

fluency variable in the different coloured light scenarios: (a) natural, (b) green, (c) purple, and

(d) orange.

Table 21. Descriptive values of figurative creativity in the different experimental coloured light

scenarios.

Figurative Creativity

Natural Green Purple Orange
Valid 18 19 17 19

Mode # 74.000 103.000 76.000 52.000

Median 160.000 169.000 180.000 201.000

Mean 157.389 177.316 178.824 186.368

Std. Deviation 50.609 56.536 59.821 73.033
Shapiro-Wilk 0.970 0.932 0.960 0.951
p-value of Shapiro-Wilk 0.793 0.188 0.630 0.412

@ More than one mode exists, and only the first is reported.
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flexibility variable in the different coloured light scenarios: (a) natural, (b) green, (c) purple, and
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Table 22. Descriptive values of figurative creativity in the different control-group light scenarios.

Figurative Creativity

Natural Natural 2 Natural 3 Natural 4
Valid 20 20 19 20

Mode 2 47.000 128.000 149.000 79.000

Median 140.500 154.500 165.000 175.500

Mean 140.800 154.900 174.000 179.600

Std. Deviation 42.930 55.660 52.097 55.935
Shapiro-Wilk 0.978 0.960 0.928 0.952
p-value of Shapiro-Wilk 0.910 0.547 0.156 0.403

2 More than one mode exists, and only the first is reported.

3.4.2. Variance Analysis

Although Friedman’s test (Table 23) for the variance in the different coloured light
scenarios for figurative creativity does not show generalisable p-values, Conover’s post
hoc posterior does. In this test, only one of the counterposed scenarios shows a significant
p-value, namely, the natural and orange scenario (Table 24, Figure 13).

Table 23. Repeated-measures analysis of variance on figurative creativity in different coloured light

scenarios.

Friedman Test

Factor Chi-Squared df p Kendall's W

Figurative 6.000 3 0.112 0.125
creativity
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Table 24. Conover post hoc on the variance of figurative creativity in different coloured light scenarios.

Conover’s Post Hoc Comparisons

Figurative Creativity

Factor T-Stat df p pbonf
Natural Green 1.367 45 0.178 1.000
Purple 0.684 45 0.498 1.000
Orange 2.324 45 0.025 0.148
Green Purple 0.684 45 0.498 1.000
Orange 0.957 45 0.344 1.000
Purple Orange 1.640 45 0.108 0.647

Note. Grouped by subject.
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Figure 13. Graph of variance in figurative creativity for different coloured light scenarios.

3.4.3. Comparative Analysis

The results of the non-parametric comparative analysis of the Mann-Whitney test
(Table 25, Figure 14) indicate the existence of a significant p-value in the violet light scenario.
This is interesting in the context of the rest of the comparisons, where all comparisons are
in favour of the experimental group, except for the violet scenario, where the control group
performs better.

3.5. Extreme Values of the Dependent Variables

Table 26 concisely presents the main descriptive values for each variable and dimen-
sion. The maximum and minimum values indicate that the coloured-light scenarios, in
particular the orange, and occasionally the green or violet, consistently yield the highest
values. In contrast, the lowest values are always found in one of the daylight scenarios in
the control group.

Table 25. Comparison of figurative creativity between experimental and control groups on all
experimental days.

Independent Samples t-Test; Flexibility

Test Statistic df p Effect Size SE Effect Size
Day 1, natural light Studen‘t 1.093 36 0.282 0.355 0.330
’ Mann-Whitney 209.500 0.396 0.164 0.188
Day 2, green light Studen.t 1.248 37 0.220 0.400 0.327
’ Mann-Whitney 220.000 0.407 0.158 0.185
Day 3, purple light Studen.t —4.315 34 <0.001 —1.441 0.415
’ Mann-Whitney 51.000 <0.001 —0.684 0.193
. Student 0.326 37 0.746 0.104 0.321
Day 4, orange light

Mann-Whitney

201.500

0.757

0.061

0.185

Note. For the Student f-test, effect size is given by Cohen’s d. For the Mann-Whitney test, effect size is given by
the rank biserial correlation.
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Table 26. Maximum and minimum descriptive values of cognitive variables.
Extreme Values of the Dependent Variables
(Dimensions and Indicators Included)
Maximum Value Minimum Value
Mean Median Mean Median
Net Attention 45.250 46.500 34.900 33.000
Natural light4 Natural light4 Natural light1 Natural light1
(level over 60)
(control group) (control group) (control group) (control group)
Impulsivity Control 91.900 96.300 87.353 87.500
Natural light4 Natural light4 Green light Green light
(level over 100) . .
(control group) (control group) (experimental group) (experimental group)
127.526 138.000 87.250 80.000
Originality Orange light Orange light Natural light1 Natural light1
(experimental group) (experimental group) (control group) (control group)
22.421 18.500 12.471 11.000
Elaboration Green light Natural light Purple light Purple and orange light
(experimental group) (experimental group) (experimental group) (experimental group)
28.526 28.000 21.200 21.000
Fluency Orange light Orange light Natural light1 Natural lightl
(experimental group) (experimental group) (control group) (control group)
18.950 19.500
- Green light Green light 14009 15'833.
Flexibility A A Natural light Natural light
Natural light4 Natural light4 (experimental group) (experimental group)
(control group) (control group) P group P sroup
186.368 201.000 140.800 140.500
Figurative Creativity Orange light Orange light Natural lightl Natural lightl
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Figure 14. Comparative box-and-whisker plot between experimental and control group for the

figurative creativity variable in the different coloured light scenarios: (a) natural, (b) green, (c) purple,

and (d) orange.

4. Discussion

Although this study is not yet fully conclusive, its new experimental approach adds
greater rigour to previous similar studies, such as that of Quiles-Rodriguez et al. [12],
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with which part of the discussion in this section will be developed. Despite being quasi-
experimental, with a control group and a pretest, the results provide valuable insights into
a relatively unexplored field. The statistical analysis, using non-parametric tools that we
have already justified, offers reasons for optimism, as discussed below.

To systematically address each variable, we begin with “net attention”. Mogas-Recalde
et al. [23] acknowledge the impact of lighting on “net attention”, although they study cor-
related colour temperature (CCT) rather than colour illumination per se. Hviid et al. [25]
found that cool lighting, especially when combined with high ventilation rates, improves
concentration, which psychologically equates to higher levels of attention. Similarly,
Llinares et al. [24] indicate that higher CCT and lighting levels (lux) improve attention. The
most relevant discussion is from Quiles-Rodriguez et al. [12], who focus specifically on
coloured light. Their study suggests that cognitive processes, in particular attention, may
be enhanced by coloured light, with the highest values being observed under violet light,
although these results were not statistically significant. In this study, the experimental
group showed consistently better results in all coloured light scenarios, with the highest
values occurring in orange light. Interestingly, orange was the last scenario tested, while
violet had the highest values in the previous study and was also the last of the scenarios
on that occasion, suggesting a possible “learning effect”. In the analysis of variance, with
the orange scenario giving the best results overall, the most significant p-value (p = 0.002)
was found in the purple scenario. As for the comparative analysis, although the values
were not statistically significant, we observed an inverted effect size favouring the control
group in the final scenario (orange), while in the rest of the scenarios the effect favoured
the experimental group. This reversal supports the dominance of the experimental group
in the violet scenario, which was the penultimate scenario tested, and in which it still did
not lose its original pre-test primacy.

In discussing impulsivity control we will find a similar situation. The only relevant
precedent in the literature is the study by Quiles-Rodriguez et al. [12], who found that
all coloured light scenarios produced better internal data compared to the natural light
scenario. In their study, the violet light scenario was particularly superior, especially when
considering the mean rather than the median, and also compared to the control group.
However, the p-values in that study did not allow for generalisability. In the current study
the purple scenario was again superior, which is noteworthy, as it is not the last scenario
tested (the last one being orange), but it still yielded higher p-values. In addition, the
green scenario showed the lowest values of all, which were even lower than the daylight
scenario. Perhaps because of this, although the Friedman test did not yield generalisable
p-values, significant results were observed in the green-violet comparison after Conover’s
post hoc analysis. These high violet values are supported by the comparative analysis, as
this scenario shows the least-sized negative effect of all the light scenarios (except for the
pre-test), which points in its favour.

Kombeiz et al. [5] found that creativity tasks in an experimental university classroom
context are favoured by red and blue lights. In contrast, Quiles-Rodriguez et al. [12] found
that green light is most conducive to creativity in a school context, although their analysis
did not include red and blue lights. Our current study differs from these results, indicating
that orange light is most conducive to figurative creativity. In particular, all coloured light
scenarios performed better than natural light. This superiority of orange light is confirmed
in the analysis of variance: while Friedman’s test was not significant, Conover’s post
hoc test showed significance in the natural light vs. orange light contrast. However, the
comparative analysis did not show a larger effect to be associated with the experimental
group for the orange light scenario. It is true that not all the dimensions of the variable
coincide with each other. Thus, for example, elaboration and flexibility present descriptive,
variance and comparative results very different from the line sequenced for figurative
creativity, with the purple and orange scenarios being very minimised in the former. We
did find interesting the significance in variance of both originality and elaboration and
fluency, as already observed in the Results section.
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From all of the above, in addition to what has already been shown in the values in
Table 26, and also given logical consequence, the dynamism of coloured light emerges.
Poldma [6] and Suh et al. [3] have already warned us of its great potential, as have Mogas-
Recalde et al. [23] in encouraging the need to adapt lighting to each school task. Quiles-
Rodriguez et al. [12] make a similar determination when they write that the dynamism of
coloured light is a necessity, since otherwise it could happen that some associated scenarios
could harm certain processes instead of benefiting them. This is the line we follow in the
results obtained in this design, as we have also obtained some possible negative results
relevant to coloured light in certain dimensions, so dynamism not only favours the benefits
but also allows us to avoid the detriments of the approach. Being orthodox, and although
there are some maximum values in the violet and green scenarios with respect to the natural
one, the predominance of orange light is abundant, although not total. This may be due to
a possible learning-effect in the application of the tests, which, although foreseen in the
design and mitigated by the temporal separation and the specificity of the chosen tests,
may not have been completely eliminated. In any case, the dynamism of light still appears
to be desirable for its impact.

5. Conclusions

In a precise order, we address the first hypothesis, which postulates that the configu-
ration of coloured lighting in the classroom contributes to the enhancement of students’
figurative creativity. Our results confirm this hypothesis, albeit with some nuances. Al-
though all coloured lighting scenarios yielded higher results than those of natural light in
the experimental group, only the natural-orange scenario showed a significant p-value in
the analysis of variance. The comparative analysis with the control group yielded no results
to refute this hypothesis, except for the violet scenario. In this case, the initial advantage of
the experimental group was reversed in favour of the control group, probably due to the
performance of the control group rather than any deficiency of the experimental group.

The second hypothesis, similar to the first but pertaining to the net attention variable,
is confirmed even more strongly. Once again, all the coloured light values show higher
values than the natural scenario, with the particularity that Friedman’s analysis (variance)
is now significant both as a whole and in the natural-violet and natural-orange elements.
The comparative analysis again shows how the initial advantage of the experimental group
is reversed in the last of the scenarios, which is again more due to the merit of the control
group than to the poor performance of the experimental group.

For the third hypothesis, affirmative with respect to the dependent variable “control
of impulsivity”, we have to conclude by affirming its refutation. The descriptive, variance-
based and comparative analyses all show doubts as to the ability to affirm the hypothesis.
Thus, both the green and violet light scenarios show worse results than the natural one in
the experimental group, which translates directly into their variance. Comparatively, it is
important to point out that despite the better results of the experimental group over the
control in the natural scenario, for the rest of the scenarios (these do have coloured light),
the control group appears superior in the Mann-Whitney test.

As for the last hypothesis, which postulates the benefit of adapting coloured light to
the needs of the different cognitive processes of the learners, we can confirm it, but also with
nuances. We have already said in the discussion that, despite an average generalisation
finding the obtaining of better results with coloured light scenarios, especially orange, these
can also end up being detrimental (for example, the elaboration dimension with violet or
orange light, or impulse control with green light). Moreover, the best result for flexibility,
as well as processing, is obtained with green light. This requires the dynamism of light,
which could even be controlled by artificial intelligence in the not-too-distant future (more
on this later).

The results indicate that coloured light significantly influences the development of
certain cognitive processes in students. This influence, although consistently strong around
the orange light scenario (potentially due to a learning effect despite mitigation efforts),
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could be even more beneficial if accompanied by dynamic adjustments. This dynamism
could maximise the benefits and avoid potential drawbacks, especially in a smart classroom
environment with artificial intelligence-based decision making. Expanding on this a little
further, when we ask the research about the colour lighting settings that improve both
figurative creativity and net attention or impulsivity-control, we can say the following:
figurative creativity shows noticeable improvements with the orange lighting setting
(although all variables are positively impacted), net attention appears to demonstrate
generalisable improvements in both the violet and orange settings, and impulsivity control,
although slightly improved under violet lighting, also worsens with the impact of green
lighting. Therefore, when, among the same research questions, we ask ourselves whether
the dynamism of coloured light facilitated by LED technology could improve the cognitive
processes of students, we can answer yes, insofar as it enables both the selection of the
most appropriate scenarios for each variable and the deselection of those that could be
detrimental. This leads us to believe that the two general objectives we have proposed
for this research, namely, to investigate how different configurations of coloured lighting
improve specific cognitive processes in primary school students and to evaluate the effect
of “dynamic colour” on students’ cognitive processes in primary school classrooms, have
been achieved through experimental development.

Extending the use of coloured light to all primary classrooms by installing systems
independent of general lighting could create specialised spaces adapted to various activities.
Given current concerns about high energy consumption, such installations could also lead
to savings in the medium-to-long term. Establishing a standardised system would be
advantageous, as it would allow leading industries to promote the widespread adoption of
coloured light in educational environments.

6. Limitations and Future Lines of Research

Previous studies on the same subject posed experimental situations with low n-values,
a situation which we have managed to improve on this occasion, although this aspect is still
insufficient, and a further extension would be desirable. In this relative improvement, we
implemented a new research design that aimed to neutralise the “learning effect” associated
with test interactions, although this may not have been entirely sufficient either, as already
indicated in previous sections. The partial exclusion of natural light from our scenario,
keeping only that necessary to avoid the feeling of confinement, makes the coloured light
scenarios less standardisable. The above literature includes both the presence and absence
of natural light, with the prevailing view that a mixture of natural and artificial light is
ideal. However, this introduces uncontrolled experimental variables that complicate the
isolation of the independent variable. Consequently, we chose to minimise these variables
as much as possible in our study. We must also note that our experimental group was not
randomly selected, as it was pre-established as a class by the educational institution where
the experiment occurred. While a higher degree of randomization would be preferable, it
was not feasible under the circumstances.

It is possible that future research could seek to overcome the learning effect with new
and more robust experimental designs. Interventions should also be applied at different
educational stages and in different geographical and socio-cultural contexts to provide a
broader understanding of the impact of coloured lighting. The use of physiological sensors,
as suggested by Rajae-Joordens [4], could open new avenues in this field of research. This
approach could lead in the near future to the automation of the use of coloured light,
taking advantage of its dynamic properties and the division into specific sectors (corners) to
achieve a high level of personalisation adapted to different cognitive processes. Moreover,
this personalisation could be managed by artificial intelligence (Al), as highlighted by
Mufioz et al. [38]. They point out that Al can collect, classify and make decisions faster and
more accurately than any teaching professional, although the final decision must remain
with the human, who considers additional social and emotional factors beyond the data
provided by Al
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Perhaps we are not that far away from such a scenario. We already know about the
successful implementation of dynamic lighting systems in different schools, such as the
successful implementation reported by Shalamanov [39] in Bulgaria, the system designed
by Choi et al. [40] in Korea and the remarkable design and implementation of a context-
aware lighting control system to enhance learning by Lee et al. [41]. Contributions such as
those of our research and its conclusions would add an appendix to these existing systems,
especially the one referred to by Lee et al. [41]. Given that they base their lighting on context
knowledge (information provided automatically by sensors—which could be regulated
by artificial intelligence, or manually by the teachers), nothing would make it impossible
to add new points of coloured light, in addition to the ordinary cold or warm white light,
which could provide different colours according to the internal variability of the classroom
context itself or, more homogeneously, for the whole group of students if this were the
case. We know that talking about Al as an assistant in these decision-making processes
may still sound futuristic, but nothing could be further from the truth, when we are aware
of proposals such as the current one by Sun et al. [42] in which the implementation of an
intelligent lighting system based on big data is already plausible.
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