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Featured Application: A potential application of this study is the implementation of
AI-assisted dynamic colour lighting systems in primary school classrooms to enhance
learning, cognition and emotional well-being. By adjusting lighting conditions based
on real-time student needs, this technology could improve attention, impulse control,
creativity and fundamental skills like reading and mathematics. The findings suggest
that specific coloured lighting (e.g., orange for motivation and purple for cognitive
engagement) can be integrated into adaptive, cost-effective and sustainable educational
environments, supporting teachers in optimizing classroom conditions for improved
academic performance and student satisfaction.

Abstract: Numerous studies have explored the role of colour in classroom environments
and its effects on learning, cognition and motivation. However, research on coloured
lighting remains limited, with most studies focusing only on correlated colour temperature
(CCT). Addressing this gap, our study examines various chromatic lighting conditions that
enhance learning outcomes while allowing for dynamic applications in educational settings.
Conducted over three academic years in six primary classrooms, this quasi-experimental
study employed a pretest and a control group to assess the effects of three chromatic lighting
scenarios (orange, green and purple) on cognitive processes, emotional responses and basic
instrumental learning. Descriptive, variance and comparative analyses revealed conclusive
evidence of coloured lighting’s impact, though effects varied across different variables. The
study highlights the potential of dynamic lighting approaches to support learning and
suggests that AI-assisted lighting adjustments could aid teachers. The findings support
the broader implementation of coloured lighting in primary classrooms, advocating for
cost-effective, sustainable and adaptive solutions beyond conventional lighting. Such
advancements are expected to enhance students’ learning, cognition and motivation while
providing greater flexibility in educational environments.

Keywords: colour lighting; cognition; emotional development; dynamic colour; learning
environment; smart classroom; artificial intelligence

1. Introduction
The intricate impact of colour in educational settings has been a focal point of extensive

academic research for many decades [1]; however, the shift towards a comprehensive
examination of coloured lighting remains conspicuously under-researched in the academic
corpus [1]. Coloured lighting denotes the intentional employment of various shades of
lighting within educational spaces to regulate and enhance students’ academic performance,
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cognitive processing, emotional health and, as a result, their overall educational experience.
In this sense, the study conducted by Quiles-Rodríguez et al. [1] functions as a systematic
review of the existing literature regarding the effects of colour as it is traditionally perceived,
which refers to its tangible presence in classrooms, leaving aside the potential ramifications
towards coloured light. Through a meticulous and systematic analysis of the role of
colour elements in educational contexts, both independently and in conjunction with other
environmental variables, the authors conclude their examination by classifying the existing
literature derived from a total of 35 academic articles into two main classifications: one
that recognises the influence of colour on learners’ cognitive processes and another that
recognises its effect on emotional and social processes. This classification, together with the
inclusion of fundamental instrumental learning (language and mathematical competence),
will form the basis of this article, as will be developed in later sections.

Similarly, it is crucial to clarify that, while the relationship between CCT and brightness
in relation to learning outcomes has been thoroughly examined in the existing literature [2],
particularly with respect to its implications for academic performance, attention and con-
centration levels, as well as students’ emotional and motivational states, we find that
there is a significant paucity of exclusively educational sources investigating the explicit
effects of coloured lighting [2]. It is essential to differentiate between these two distinct
parameters—CCT and light colour—each of which has fundamentally different character-
istics and is quantified using different units, namely kelvin for the former and nanometres
for the latter. Researchers such as Suh et al. [3], Rajae-Joordens [4] and Kombeiz et al. [5]
have been at the forefront of this emerging field of educational research on the colour of
light as they have been among the few researchers to conduct experimental research on
the direct influence of coloured lighting on learning, all three agreeing on its potential
to influence learning, although they each approach it from a very different experimental
situation and context. This incipient state of learning research contrasts with the breadth of
research in other disciplines such as interior design [6], agricultural methodologies [7,8],
medical fields [9] and even aerospace studies [10].

Research on the effect of environmental colour in educational settings often suffers
from insufficient systematic and comprehensive methodologies [11]; this inadequacy also
extends to the limited research focused specifically on coloured lighting [12]. For example,
Von Castell et al. [13] state that the effects produced by ambient colour are so variable and
erratic that deriving practical applications is a challenging task. In a related context, some
researchers have suggested that visual disturbances and colour variations may negatively
affect academic performance in educational settings [14]. Conversely, other scholars have
made concerted efforts to improve the rigour and systematic nature of their research
on environmental influences, including the role of colour, in the context of expansive
longitudinal studies [15,16].

Current circumstances evoke increasing concern when we specifically examine stu-
dents’ cognitive processes, which can be delineated as a broad set of brain activities that
transpire independently of socio-affective mechanisms, as identified in the existing litera-
ture [17]. While a multitude of research on environmental colour, traditionally perceived as
such, such as those aggregated by Quiles-Rodríguez et al. [1], has established correlations
between physical colour and cognitive performance, as shown by the in-depth studies
of Mehta et al. [18] (colours such as red and blue have different incidences on cognitive
tasks such as avoidance, concentration or creativity), Duyan et al. [19] (establishing the
influence of classroom wall colour on attention), Tuszyńska-Bogucka et al. [20] (establishing
the goodness of dim classroom colours for students‘ emotionally positive response) and
Pourbagher et al. [21] (students’ concentration is affected by classroom wall colour), there
is a conspicuous deficiency in specific research on the tangible effects of coloured lighting
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on cognitive processes. A sparse number of studies, exemplified by the research conducted
by Kombeiz et al. [5] that examined the influence of coloured lighting on creativity within
an academic environment at a German university, along with previous research conducted
in primary education settings [11], have endeavoured to address this fundamental ques-
tion. Of importance is the foundational work established by our predecessor, the research
executed by Quiles-Rodriguez et al. [12], who conducted a comprehensive exploratory
intervention in a primary school context with the aim of revealing the cognitive, academic
and emotional consequences derived from the adoption of coloured lighting in classrooms,
ultimately reaching substantial conclusions that act as a stimulus for further research.

However, when we explore the existing literature on CCT and its respective impacts
on cognitive processes, we find that the body of research is notably more extensive and
substantial. For example, Mogas-Recalde et al. [22] present a comprehensive review of
18 different studies that collectively investigate the complex interaction between CCT
and various cognitive functions, concluding that academic performance, attention rate,
work speed, productivity and accuracy depend on CCT, with a high rate (of LED light)
in comparison to effect size light being the most appropriate, while Llinares et al. [23]
analyse how CCT specifically influences attention and memory retention, where higher
levels of CCT allow for the improvement of both variables. In addition, Hviid et al. [24]
examine how CCT, together with ventilation, affects critical cognitive functions such as
concentration, logical reasoning and processing speed, with cool values of CCT, together
with high ventilation, being the optimal values. Despite some degree of overlap with
the aims of our current study, these previous investigations do not focus on our specific
variable of interest, which is coloured illumination.

A comparable situation arises when we direct our literature review towards the effects
of environmental colour specifically on students’ affective processes. We concur with
the perspective articulated by Gross [25], who states that discussions about learning not
only encompass skills, knowledge and abilities, but also extend to behaviours and values,
thus inherently involving affective processes. In this regard, Mora [26] clarifies that the
phenomenon of learning cannot occur in the absence of emotional involvement. Recognis-
ing this fundamental principle, the incorporation of environmental colour, traditionally
interpreted in relation to various affective parameters, has been examined in relation to
various affective variables, such as stress and anxiety [21,27] (the physical characteristics of
the classroom should not be distracting or stimulating, with wall colour having up to a 10%
impact on self-perceived stress), positive emotional response [20] (subdued colours bring
better results), calm states [28–30] (the colour red is inappropriate for these states as well
as for academic performance, although cheerful colours from early childhood, especially
in classroom artwork, support an appropriate emotional state) and energy [31–33] (wall
colour can even vary human physiological response, where colours such as red or blue can
cause cerebral and cardiac arousal).

As noted above, it is now also evident that findings in this area do not show uniformity
and consistency across studies [12].

In the realm of academic research on coloured lighting, despite its acknowledged
limitations, it is pertinent to note that a considerable number of these investigations do
consider affective responses as the primary dependent variable in their analyses. In partic-
ular, the remarkable research by Kombeiz et al. [5] explores the complex dynamics between
approach motivation and the effects of red and blue light, concluding that both blue and
red accent light increased strategic approach motivation compared to white accent light,
while Rajae-Joordens [4] conducts a comprehensive examination of human psychological
arousal and satisfaction levels in relation to the impacts of red, green and blue lighting,
finding that red light was less pleasant and more arousing than green and blue light, as
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measured subjectively, without finding clear psychophysiological effects. In addition,
Suh et al. [3] provide valuable empirical data on students‘ mood, energy levels and overall
satisfaction in relation to purple, green and orange-lit scenarios, suggesting that there is a
possible relationship between students’ increased energy level under green-filtered light
and an increase in students’ feelings of pleasure under purple-filtered light. Similarly,
Quiles-Rodriguez et al. [34] show that orange light provides a higher energy level and that
any coloured lighting studied (green, orange or violet) is more satisfying than white light.
The findings articulated in these investigations have considerable relevance to the present
research work, having profoundly influenced the formulation of a self-perception survey
that reflects the methodologies adopted by these scholars.

In addition, it is essential to recognise that compelling results have emerged in fields
often perceived as peripheral to education, namely in the medical and astronautical disci-
plines, in relation to the effects of coloured light on human emotional states. In particular,
research in the medical field has shown that exposure to blue light can increase parasympa-
thetic activity, thereby promoting a sense of calmness, while red light has been associated
with a reduction in such activity [9]. Similarly, insights from astronautics highlight the
advantageous effects of multicolour lighting, which has been shown to mitigate negative
emotions and anxiety among individuals inhabiting a simulated environment for seven
days [10]. This body of evidence is corroborated by contemporary studies indicating that
the emotional effects of coloured light diverge significantly from those associated with
traditionally coloured objects [35], a differentiation that carries implications for educa-
tional differentiation, particularly with regard to the origins and characteristics of various
colour sources.

Shifting our attention to what has previously been characterised as fundamental in-
strumental learning, and considering the multifaceted dimensions of learning, it becomes
imperative to conceptualise it as an integral synthesis of skills, values, behaviours, knowl-
edge and abilities that individuals acquire or adapt over time. Language competence, in
particular, stands as one of the most crucial and universal learning processes for human
beings and as a foundational element of any educational framework, to the extent that
Spanish Organic Law 3/2020 [36] recognises it as instrumental learning, due to its impor-
tance in facilitating the acquisition of other competences. It is not uncommon to find a
multitude of academic articles that explicitly correlate colour, traditionally interpreted, with
improved language skills [16,28,30], among other contributions that indicate that factors of
colour stimulation level and complexity are important in patterns of reading and writing
progress, or that the number of pupils who improved their language performance is an
important contribution of classroom transformation to the learning process. In contrast, it
is rather difficult to find references that clearly link the notion of coloured light to learners’
language proficiency. The only noteworthy exception is the research by Suh et al. [3], who,
albeit in somewhat ambiguous terms, propose the possibility of improved academic per-
formance under different coloured lighting conditions in educational settings. As pointed
out by Mogas-Recalde et al. [22], the impact of CCT on students’ academic performance
has been corroborated by their research results, showing that higher CCT in classrooms
and from LED technology increases alertness and academic performance. More specifically,
Quiles-Rodriguez et al. [37] claim that, when students are subjected to certain scenarios
involving coloured light, there is a significant improvement in their language proficiency,
while certain alternative scenarios may in fact result in a decrease in proficiency levels.

Similarly, it is undisputed that mathematical competence represents another corner-
stone of our education system, alongside linguistic competence, as set out in Organic
Law 3/2020 [36]. A considerable amount of the academic literature explores the complex
interaction between conventional understanding of colour and mathematical competence,
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as research by scholars such as Vidal Rojas et al. [28], Barrett et al. [16] and Gilavand [30]
demonstrate, expressing themselves in similar terms to those indicated above for language
skills, and even more strongly in terms of the major impact of classroom design on math-
ematical progress [16]. However, a marked deficiency persists in the effort to establish a
direct correlation between mathematical competence itself and the concept of coloured light.
A review of the existing literature reveals only a limited number of studies, namely those
by Suh et al. [3] and Quiles-Rodríguez et al. [38], which can be considered direct precedents
in this area, albeit with notable divergences in their methodologies and conclusions. The
research conducted by Suh et al. [3] tends to address only superficially the potential benefits
that coloured light can provide in improving academic performance, while the research
conducted by Quiles-Rodríguez et al. [38] offers a comprehensive analysis regarding the
distinctive influence of coloured light on the development of mathematical competence.

Other scholars, especially in relation to CCT, explicitly state that the patterns of brain
oscillatory activity that occur during mathematical study increase significantly as a function
of the specific CCT employed [35]. Furthermore, Jee et al. [39] emphasise that not only
mathematical computation, but the broader spectrum of learning is profoundly affected by
CCT. Choi et al. [40] (establishing the positive effect of 6500 K lighting on academic perfor-
mance), Lekan-Kehinde et al. [41] (supporting that higher CCT exposure leads to greater
improvement in children’s task switching performance) and Mogas-Recalde et al. [22]
(attaching particular importance to the use of high CCT for good academic performance),
come to similar conclusions, although without direct reference to mathematics, and high-
light the correlation between colour temperature and academic performance from a holistic
point of view. On the other hand, in addition to the ideas provided by the aforementioned
researchers, it is essential to recognise the presence of a contingent that defends the advan-
tages of natural lighting, which has been shown to exert a notably positive influence on
students’ educational results, as corroborated by the research results of Plympton et al. [42].
Accordingly, Mogas-Recalde et al. [22] propose that the ideal learning atmosphere can be
achieved through a judicious amalgamation of natural and artificial light, thus establishing
the most favourable conditions for optimal learning and academic performance.

It is worth noting that Mogas-Recalde et al. [22] also advocate the integration of
‘dynamic lighting’ in the framework of smart classrooms by stating that the results clearly
indicate that dynamic lighting is necessary to accommodate different activities in the
classroom, a suggestion that finds support in the views of Poldma [6] and Suh et al. [3],
who directly address coloured lighting and state that the actual experience of the interior
space and its illumination is dynamic rather than limiting their analysis to CCT alone. This
concept of dynamic lighting, as articulated by the aforementioned scholars, is not only
vital in smart classrooms, but also lays the groundwork for substantial advances in their
management through the use of artificial intelligence (AI), thus enabling the personalisation
and adaptability of pedagogical and learning experiences [43].

In the following sections, we will show the materials and methodologies used in
the experimental framework which includes three experimental situations addressed as
a whole. We will present the results obtained for each variable through a triadic analysis
(descriptive, variance and comparative) that will ultimately lead to definitive conclusions
after the mandatory discourse.

2. Materials and Methods
2.1. Statement of the Problem: Objectives, Questions and Hypotheses

Based on existing knowledge, our research aims to achieve the following general objectives:

• GO1. To investigate the impact of colour lighting on learning processes within primary
school settings.
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• GO2. To investigate the effectiveness of ‘Dynamic Colour’ in primary school settings
and its impact on learning processes.

Therefore, the particular aims articulated in the format of distinct objectives are
as follows:

• SO1. To evidence the impact of colour lighting on pupils’ cognitive processes in
primary school settings.

• SO2. To evidence the impact of colour lighting on pupils’ basic instrumental learning
in primary school settings.

• SO3. To evidence the impact of colour lighting on pupils’ affective processes in primary
school settings.

• SO4. To examine the advantages and disadvantages associated with the implementa-
tion of ‘dynamic colour’ in primary schools.

• SO5. To examine the possibility of using artificial intelligence to assist teaching
decisions on dynamic lighting.

In view of this, and taking into account previous research that assessed the impact
of various coloured lighting conditions on student learning, we endeavoured to delve
deeper into the basic cognitive, affective and instrumental mechanisms influenced by
exposure to coloured lighting, employing an experimental framework that will be detailed
in subsequent sections and which, if anything, aims to broaden the experimental sample
by pooling data from several experimental situations. This approach aims to mitigate
the limited robustness of the initial exploratory research predecessor in the literature [12],
attributable especially to its exploratory nature and inadequate counterbalanced design,
while improving consistency, reliability and validity and thus facilitating the derivation of
more rigorous conclusions. Consequently, the specific objectives articulated are specified
through the following research questions:

• RQ1. How does the use of coloured light influence cognitive processes of primary
school pupils?

• RQ2. How does the use of coloured light influence basic instrumental learning of
primary school pupils?

• RQ3. How does the use of coloured light influence affective processes of primary
school pupils?

• RQ4. What are the advantages and disadvantages associated with the application of
‘dynamic colour’ in primary education settings?

• RQ5. Is it possible to use artificial intelligence to assist teaching decisions on dynamic
lighting?

Since hypotheses function as conjectural resolutions of the research [44], it is imperative
that they be subjected to empirical examination [45]. Accordingly, the hypotheses put
forward in this research are articulated as follows:

• H1. The use of colour lighting in primary schools’ environments promotes the devel-
opment of pupils’ cognitive processes.

• H2. The implementation of coloured lighting in primary education classrooms facili-
tates an enhancement in the attainment of basic instrumental learning among pupils.

• H3. The implementation of colour lighting in primary schools facilitates an improve-
ment in pupils’ self-assessment of emotional processes.

• H4. The implementation of ‘dynamic colour’ lighting in primary educational envi-
ronments offers the advantage of the flexibility of coloured lighting to adapt to the
requirements of various activities.

• H5. Artificial intelligence can be a good assistant for teaching decisions about dynamic
lighting.
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2.2. Methodology

This research integrates a total of three quasi-experimental frameworks (Figure 1),
two of which incorporate a control group, systematically employing a pretest, two of them
similar to the Campbell et al. [46] classification as an ‘equivalent materials design’ and the
other with an incomplete counterbalanced design. Over three distinct intervals, and across
several educational institutions (spanning both rural and urban settings), four assessments
were conducted within each institution for each dependent variable and its respective
dimensions: an initial pretest followed by three post-test assessments following the im-
plementation of coloured light scenarios. These coloured light scenarios function as the
dependent variable, using shades that align with the examinees as outlined by Suh et al. [3].
The ‘daylight’ conditions and coloured light scenarios can be quantified in later sections
and, in all cases, are realised by using LED bulbs in the colours recommended by Suh
et al. [3], which correlate with the shades typically observed in the natural environment.
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As noted in the introduction, the impact of classroom lighting (with respect to CCT
and brightness) on academic performance, attention and emotional–motivational states id
one of the most frequently addressed topics in academic discourse [2]. This observation is
valid not only with respect to lighting as an isolated variable, but also with respect to colour
as it is conventionally perceived as a physical element of the classroom environment [1].
Although it is not feasible to examine these aspects exhaustively, we consider attention
(along with its intrinsic connection to the regulation of impulsivity) to be paramount;
this assessment is based on its established importance within the scientific community
and the increased attention it currently receives in historical and socio-cultural contexts,
particularly in relation to minors [47]. Furthermore, we consider creativity to be of particular
importance, especially as it is valued by educational policies in the western world, which
emphasise cognitive processes derived from Bloom’s taxonomy as fundamental for optimal
academic performance [36,48]. Similarly, the fundamental instrumental learning processes
highlighted in the legislation, mainly mathematical and linguistic skills [36], together with
emotions frequently highlighted in the previous literature [3], are incorporated to form our
dependent variables.

Accordingly, we have assessed the following dependent variables, which we briefly
summarise in Figure 2:

• V1. Cognitive Processes: The present investigation will evaluate three of its dimensions
(figurative creativity, attentional focus and regulation of impulsivity). Figurative
creativity will be measured using four indicators: originality, elaboration, fluency
and flexibility.
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• V2. Instrumental learning: Two of its dimensions will be examined (written linguistic
competence and mathematical competence). The score for written linguistic compe-
tence is derived from two indicators: written expression and written comprehension.

• V3. Affective processes: Three of its facets will be analysed (level of satisfaction, energy
level and feeling). The third facet is nominal; however, it will be converted into a
numerical format for the purpose of statistical analysis.
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The instruments used for data collection have remained uniform throughout the three
experimental situations and are as follows:

• For the variable ‘cognitive processes’: Torrance’s creativity assessment documented
by Artiles Hernández et al. [49], which encompasses four indicators (originality, elab-
oration, fluency and flexibility), in conjunction with Faces’ assessment of attention,
according to Thurstone et al. [50], which presents the regulation of the attention net-
work and impulsivity. Both assessments distinctly classify the dependent variables
as quantitative ratio variables, wherein net attention can range from 0 to 60, impul-
sivity control can vary from 0 to 100, and figurative creativity can extend from 0 to
approximately 300.

• For the ‘instrumental learning’ variable: Andalusian regionally standardised assess-
ments in language (restricted to the dimensions of written expression and compre-
hension) and mathematics, although modified to align with the expected duration of
the tests [51–56], were used. The level of the mathematical competence test was
maintained at a maximum of 13 points, while the linguistic competence test al-
lowed a total of 34 points, 22 of which corresponded to written expression and 12 to
written comprehension.

• For the variable ‘affective processes’: A questionnaire integrating the foundational
study by Suh et al. [3], composed of three self-perception questions (two Likert-scaled
out of a score of ten and one nominal), was used. For the statistical coding of the final
question, we used the conversion criteria outlined in Table 1.

The research framework, as noted above, adheres closely to the ‘equivalent materials
design’ articulated by Campbell et al. [46] in two of the experimental contexts, thus ensuring
a high degree of internal validity despite certain limitations in external validity, as acknowl-
edged in the authors’ theoretical framework. In contrast, the initial context, exploratory
research characterised by an incomplete counterbalanced design (as mentioned above),
demonstrates reduced rigour, although the measures outlined below were similarly applied.
To improve this validity, efforts were made to mitigate extraneous variables, although it
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was recognised that complete isolation of such variables was unfeasible, particularly in the
standardised classroom environment where the assessments were administered:

• To mitigate the influence of weather factors on the lighting conditions, we mitigated
their effects while ensuring that students did not experience a sense of confinement
resulting from the absence of natural light.

• To increase the sample size (which was limited in the initial counterbalanced structure),
we administered tests to all participants in the experimental cohort on a daily basis in
experimental conditions 2 and 3, thus foregoing the counterbalanced approach.

• The introduction of coloured lighting took place one month before the start of data
collection in each experimental situation, thus integrating it into the usual activities
of the educators in the classroom on a daily basis at the choice of the educators
themselves. In this way, the students became accustomed to the exposure to coloured
light, so that after one month the experimental tests were approached as normally
as possible. In this way, we were able to alleviate possible biases of the ‘Hawthorne’
motivation effect.

• To reduce the learning effect, according to Chacón-Moscoso et al. [35], the experimental
situations were approached by scheduling the data collection of the different light
scenarios with a spacing of two weeks, trying to reduce the students’ memory of the
tests. In addition, to avoid any alteration of students’ behavioural and emotional
responses, the purpose of the study was not disclosed, and all activities were framed
within the usual classroom practices.

• To further minimise recall biases, in experimental conditions 2 and 3, the sequence of
the ‘coloured light’ scenarios was modified.

Table 1. Coding to number of sentiments collected.

Assigned Score Sentiment Expressed by Students

1 empty, pressured, anxious, disappointed, disillusioned, bad, fatal,
painful, anger

2
uncomfortable, discouraged, bored, scared, a little bit bad,
overwhelmed, tired, weird, cannot see, strange, blind, confused,
asleep, sad, bad taste

3 equal, normal, nothing, regular, calm, hard-working, quiet, relaxed,
peaceful, prepared, average, medium

4

kind, easy-going, nice, comfortable, motivated,
excited/sentimental, content, joyful, happy, proud, inspired,
nervous/hyperactive, environmental, cheerful, confident, beautiful,
nature, interested, fun

5 very good, happy, great, excellent, thrilled, very happy, energetic,
excited, hardworking, impacted, very comfortable, imaginative

2.3. Sample and Context of the Study: Experimental Situation

The subjects of the study were 129 fifth and sixth grade primary school students from
three publicly funded schools located in Andalusia (Spain). Among them, two schools
are located in rural areas where agriculture is the dominant economic activity and have
a medium socio-economic index, while the third school is urban and heavily dependent
on the tourism sector, having a medium–high socio-economic index. Of the total cohort
of 129 pupils, 63 constituted the different experimental groups (although there is no exact
correspondence with the ‘n’ value as the first design was incomplete counterbalanced
as mentioned above), and 66 constituted the two experimental groups in experimental
situations 1 and 3. This non-probabilistic sample was constituted by intact class groups,
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thus preserving the established organisational structure of the school. Participants were
between 10 and 12 years old.

They were not informed of the research objectives and considered the study as a normal
classroom engagement. The experimental group was represented by the classroom in which
the necessary technological modifications for coloured lighting had been introduced. Every
experimental classroom was equipped with coloured LED spotlights, and the light intensity
was evaluated using the ‘evo lightspectrum pro’ application. Daily post-test measurements
were taken in the absence of the pupils. For each scenario, multiple measurements—one
per table—were recorded using a smart device for data documentation. Three parameters
were evaluated for each measurement: luminance (lx), CCT in Kelvin (K) and wavelength
of light (nm). The mean values for each colour scenario are shown in Table 2 for the
experimental cohort and in Table 3 for the control cohort. An overview of the whole
experimental procedure is illustrated in Figure 3. In this figure, we observe the incomplete
counterbalanced design of the experimental group in experimental situation 1 in which
the affective self-perception surveys that were carried out at the beginning of each and
every one of the rest of the tests have not been added, as the self-perceived affectivity
was integrated in each test. The design of the control group corresponds exactly to the
one shown here, but only with the natural light scenario. The choice of the natural light
scenario (actually a mixture of natural outdoor and artificial white indoor) as a control
and pretest corresponds to what is usual in the previous literature, especially in the case
of our reference Suh et al. [3], who contrasts the effects of coloured lighting scenarios
with the pre-existing artificial white light. Likewise, it was very interesting to combine
such artificial white light with the strictly natural outdoor light, as several authors such as
Mogas-Recalde et al. [22] propose the ideal combination of both lights (outdoor–indoor)
as the most favourable for optimal learning conditions. Contrasting the coloured light
scenarios with this previously advocated ideal lighting scenario was crucial for us.

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

Natural Light Green Light Purple Light Orange Light

Experimental
situation 1

1009 lx 1691 lx 1437 lx 1375 lx

Cloudy day
5100 K 5037 K 5150 K 4658 K

Wavelength: peak
values at 460 nm

and 700 nm

Wavelength:
medium and equal

density between
460 nm and 650 nm

Wavelength: peak
values at 360 nm

and 800 nm

Wavelength: peak
values at 720 nm

1692 lx 2083 lx 1893 lx 1851 lx

Clear day
3453 K 4047 K 4133 K 3171 K

Wavelength: peak
values at 460 nm

and 700 nm

Wavelength:
medium and equal

density between
460 nm and 650 nm

Wavelength: peak
values at 360 nm

and 800 nm

Wavelength: peak
values at 680 nm

Experimental
situation 2

1196 lx 1679 lx 1389 lx 1016 lx

5385 K 5589 K 5438 K 4064 K

Wavelength:
maximum values
at 460 nm and 700

nm

Wavelength:
medium and equal

density between
460 nm and 600 nm

Wavelength:
maximum values
at 360 nm and 800

nm

Wavelength:
maximum values

in 720 nm
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Table 2. Cont.

Natural Light Green Light Purple Light Orange Light

Experimental
situation 3

980 lx 907 lx 846 lx 775 lx

3963 K 4239 K 4004 K 3502 K

Wavelength:
maximum values

in 660 nm

Wavelength:
maximum values

in 520 nm

Wavelength:
maximum values

in 360 nm

Wavelength:
maximum values

in 720 nm
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Table 3. Control group light measurements (total class average for each scenario and value).

Natural Light Natural Light 2 Natural Light 3 Natural Light 4

Experimental
situation 1

Cloudy day
821 lx

5005 K

Wavelength: peak values at 460 nm and 700 nm

1842 lx

Clear day 3208 K

Wavelength: peak values at 460 nm and 700 nm

Experimental
situation 3

976 lx 992 lx 1008 lx 975 lx

4004 K 3901 K 4010 K 3953 K

Wavelength:
maximum values

in 670 nm

Wavelength:
maximum values

in 660 nm

Wavelength:
maximum values

in 650 nm

Wavelength:
maximum values

in 660 nm

Regarding the design of experimental situation 3, we indicate the same for the affective
self-perception surveys (they are not included in the scheme because they were integrated
in all the rest of the tests). The scheme of experimental situation 2 does not appear in
the figure because it corresponds to the same design as experimental situation 3, with the
following differences: experimental situation 2 takes place on other dates and in a different
educational context, it has no control group, and the order of application of colours is
natural-orange-green-purple.

2.4. Ethical Considerations

To carry out the research with minors, explicit and informed consent was obtained
from the guardians. They were provided with a comprehensive information document
describing all facets of the study, in accordance with both European and national regulations
(General Data Protection Regulation 679, [57]; Organic Law 3, [58]). This protocol was
submitted to the People, Society and Environment Research Ethics Committee (CEIPSA) of
the Rovira i Virgili University, which subsequently gave its approval.

3. Results
Examining each of the three different experimental settings independently facilitates

statistical analysis of the data derived from the non-parametric nature of the data set, as
evidenced by the non-normality indicated by the Shapiro–Wilk test for most variables,
compounded by sample sizes of 20 or less in each specific experimental setting, together
with the absence of homogeneity of variance (as assessed by Levene’s test). However, by
aggregating data from the three experimental contexts to obtain a global perspective on
the overall influence of coloured light conditions, statistical procedures could allow for
a parametric analysis; however, this approach would hinder meaningful discourse with
previous research (we insist that these are those constitutive of this more agglomerative
research and which we clearly indicated were non-parametric at the beginning of this
paragraph), as it would divert us from obtaining results in fully non-parametric settings.
Consequently, we opted to restate the findings using non-parametric statistical methodolo-
gies. Accordingly, each dependent variable and its respective dimensions will be delineated
in subsections organised as efficiently as possible, thus optimising space by reducing the
need for supplementary tables and figures. For each variable, we will present descriptive
statistics, an analysis of variance in relation to the various coloured light conditions (using a
Kruskal–Wallis test, ANOVA, and standard post hoc test, including Dunn’s post hoc p, and
adding the Bonferroni adjustment and the effect size by Cohe’s d), along with a comparative
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analysis between the experimental and control cohorts using the Mann–Whitney U test (in
cases where there was a control group in the experimental conditions).

Furthermore, a concluding subsection encapsulates the extreme values—both maxi-
mum and minimum—of all variables along with their respective dimensions, in addition
to their mean and median values, thereby offering a concise overview.

A significance threshold (α) of 0.05 was consistently employed to determine the rele-
vance of the findings. Statistical evaluations were conducted utilizing Jasp, version 0.18.3.

3.1. Cognitive Processes
3.1.1. Descriptive Analysis

The parameters examined included net attention (A-E), impulsivity control index (ICI)
and figurative creativity. Descriptive statistics for the experimental cohort are presented
in Table 4, while Table 5 contains the data for the control cohort. For the experimental
group, the aggregated data from the three experimental conditions have been categorised
according to the different coloured light scenarios. Similarly, for the two existing control
groups, the data were organised in a comparable way in relation to the two applicable
experimental conditions. All tables present the sample size (‘n’) for each dimension assessed
in the various lighting scenarios. Each lighting scenario is associated with a different day,
as outlined in the methodological framework.

Table 4. Descriptive values of net attention, impulsivity control and figurative creativity in the
different experimental coloured light scenarios.

Cognitive Variables and Dimensions Natural Light Orange Light Green Light Purple Light

Net attention (A-E)
(level over 60)

median 35.500
mean 35.857
n = 42

median 43.000
mean 41.442
n = 43

median 40.000
mean 41.310
n = 42

median 44.000
mean 44.881
n = 42

Impulsivity control (ICI)
(level over 100)

median 90.100
mean 89.379
n = 42

median 92.900
mean 88.407
n = 43

median 90.200
mean 89.105
n = 42

median 94.750
mean 91.974
n = 42

Figurative creativity
median 171.000
mean 173.000
n = 41

median 204.000
mean 198.857
n = 42

median 207.000
mean 202.095
n = 42

median 211.000
mean 200.829
n = 42

Table 5. Descriptive values of net attention, impulsivity control and figurative creativity in the
different control light scenarios.

Cognitive Variables and Dimensions Natural Light Natural2 Light Natural3 Light Natural4 Light

Net attention (A-E)
(level over 60)

median 37.000
mean 38.355
n = 31

median 38.000
mean 40.194
n = 31

median 42.500
mean 40.700
n = 30

median 48.000
mean 45.552
n = 29

Impulsivity control (ICI)
(level over 100)

median 93.300
mean 87.406
n = 31

median 92.400
mean 89.716
n = 31

median 94.900
mean 90.470
n = 30

median 96.200
mean 90.400
n = 29

Figurative creativity
median 131.000
mean 125.633
n = 30

median 136.500
mean 140.906
n = 32

median 161.000
mean 162.667
n = 30

median 144.000
mean 159.806
n = 31

The experimental group shows elevated A-E and ICI values in almost all coloured
light scenarios, in contrast to the daylight condition. When juxtaposed with the results of
the control group on a daily basis, the experimental group’s net attention is significantly
lower in the daylight condition; conversely, it is higher in the orange and purple scenarios
compared to the control group’s daylight condition. This trend does not extend to the ICI,
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where the experimental group’s values remain systematically lower, with the exception
of the median of the purple scenario, which exceeds that of the control group. In terms
of figurative creativity (and most of its component dimensions), the experimental group
also shows high values in all colour scenario assessments relative to the natural condition.
Compared to the results of the control group, all metrics of the experimental group exceed
those recorded by the control group.

3.1.2. Variance Analysis

Examination of variance within the experimental cohort, using the Kruskal–Wallis test,
yields p < 0.05 for both net attention and figurative creativity (see Table 6). In the subsequent
post hoc analysis, we employed a conventional approach incorporating Cohen’s d and Bon-
ferroni’s p, together with Dunn’s post hoc analysis presenting p-values (see Table 7), which
similarly show p-values < 0.05 that are consistent with ‘d’ values equal to or greater than
0.5. These remarkable p-values and d-values indicate convincing trends. Figure 4 presents
graphical representations of the analysis of variance for the dimensions that make up the
‘cognitive processes’ variable, in order to provide an illustrative visual approximation.

Table 6. Analysis of variance on net attention, impulsivity control and figurative creativity in different
coloured light scenarios of experimental group.

Kruskal–Wallis Test Net Attention
(Level over 60)

Impulsivity Control
(Level over 100) Figurative Creativity

Factor statics df p statics df p statics df p

Coloured light scenarios 17.694 3 <0.001 2.820 3 0.420 8.077 3 0.044

Table 7. Conover post hoc on the variance of net attention, impulsivity control and figurative
creativity in different coloured light scenarios.

Post Hoc
Comparisons

Net Attention
(Level over 60)

Impulsivity Control
(Level over 100) Figurative Creativity

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Natural
Orange −0.602 0.037 0.006 0.093 1.000 0.852 −0.449 0.256 0.027
Green −0.587 0.047 0.012 0.026 1.000 0.894 −0.505 0.137 0.022
Purple −0.972 <0.001 <0.001 −0.247 1.000 0.173 −0.483 0.182 0.014

Orange Green 0.014 1.000 0.839 −0.066 1.000 0.749 −0.056 1.000 0.941
Purple −0.370 0.538 0.155 −0.340 0.715 0.236 −0.034 1.000 0.807

Green Purple −0.385 0.479 0.106 −0.273 1.000 0.135 0.022 1.000 0.864
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3.1.3. Comparative Analysis

With each passing day, both the Student’s t-test (applicable under normal distribution
conditions) and the Mann–Whitney test were used to make non-parametric comparisons
between the experimental and control cohorts in the two experimental settings in which
these control groups were present (Table 8). This methodological approach increases the
precision of the observations derived from the previous analyses. In contrast to those earlier
assessments, the p-values now appear to lack generalisability, with a few notable exceptions,
and this is similarly observed for the effect sizes, which do not become large in any of
the Mann–Whitney comparisons as seen in Table 8. Thus, in terms of net attention, all
conditions appear advantageous for the experimental group (except the final orange light
scenario and the initial natural condition), while the situation is different for ‘impulsivity
control’, where only the two natural light conditions and the first purple scenario are
beneficial for this experimental group. As far as figurative creativity is concerned, it is
evident that most of the scenarios also favour the experimental group.

Table 8. Comparison of net attention, impulsivity control and figurative creativity between experi-
mental and control groups on all experimental days where control group exists.

Independent Samples
t-Test and
Mann–Whitney

Net Attention
(Level over 60)

Impulsivity Control
(Level over 100)

Figurative
Creativity

Test Statistic df p Effect
Size Statistic df p Effect

Size Statistic df p Effect
Size

Day 1A Student −1.786
14

0.096 −0.963
0.308 14

0.763 0.166 2.450
13

0.029 1.342
Natural light M-W 14.000 0.140 −0.491 0.954 0.036 41.000 0.055 0.640
Day 2A Student 0.537

14
0.600 0.290 −0.109

14
0.914 −0.059 1.568

14
0.139 0.905

Orange light M-W 29.000 0.909 0.055 27.500 1.000 0.000 34.000 0.262 0.417
Day 3A Student 0.525

14
0.608 0.283 −0.117

14
0.909 −0.063 2.185

14
0.046 1.179

Green light M-W 31.500 0.692 0.145 25.000 0.819 −0.091 37.000 0.308 0.345

Day 4A Student 0.718
12

0.487 0.400 1.536
12

0.150
a 0.857 −0.064

13
0.950 −0.037

Purple light M-W 27.500 0.546 0.222 32.500 0.200
a 0.444 23.500 0.896 0.068

Day 1B Student 0.301
36

0.765 0.098 0.608
36

0.547 0.198 1.093
36

0.282 0.355
Natural light M-W 198.00 0.608 0.100 181.000 0.988 0.006 209.500 0.396 0.164
Day 2B Student 0.720

37
0.476 0.231 −0.415

37
0.681 −0.133 1.248

37
0.220 0.400

Green light M-W 218.000 0.438 0.147 160.000 0.406 −0.158 220.000 0.407 0.158
Day 3B Student 0.226

34
0.822 0.076 0.531

34
0.599 0.177 −4.315

34
<0.001 −1.441

Purple light M-W 163.500 0.962 0.012 156.000 0.873 −0.034 51.000 <0.001 −0.684
Day 4B Student −0.404

37
0.688 −0.130 −0.826

37
0.414 −0.265 0.326

37
0.746 0.104

Orange light M-W 172.500 0.632 −0.092 158.000 0.371 −0.168 201.500 0.757 0.061

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. a Levene’s test is significant (p < 0.05), suggesting a violation of the equal
variance assumption.

3.1.4. Summary to Support the Conclusions

An examination of the means of all dimensions related to the variable indicates that the
best results were observed in the green and violet experimental conditions, while one of the
metrics was recorded in the natural light environment of the control group (a similar pattern
is observed when evaluating the medians). All minimum scores were obtained in natural
light conditions (in both the control and experimental groups). Both the dimensions of
net attention and figurative creativity show generalisable p-values, which favour coloured
lighting conditions, while impulse control, despite achieving optimal results in violet
light, shows lower results in orange and green lighting compared to natural experimental
lighting (this finding is not generalisable). The larger effect sizes in terms of attention
and figurative creativity further favour the coloured lighting conditions. The comparative
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analysis indicates that, despite the internal variability present between the different control
and experimental groups, the impact of specific coloured lighting conditions has the
potential to ameliorate adverse initial situations for the experimental group (specifically
with regard to the dimensions of attention and impulse control). Considering these results,
supported by remarkable n-values, and paying attention to the dimension of impulse
control, sufficient information can be drawn for what will be the first of the conclusions in
Section 5 of this study.

3.2. Instrumental Learning
3.2.1. Descriptive Analysis

The dimensions examined pertain to written language proficiency (indicators of writ-
ten expression and comprehension) and mathematical competence (assessed as a collective
whole). Descriptive results are presented in Table 9 for the experimental cohort and in
Table 10 for the control cohort. Each table encompasses the ‘n’ value for each dimension
scrutinised across various lit conditions, pooling values from all experimental contexts.

Table 9. Descriptive values of reading comprehension, written expression and mathematical compe-
tence in the different experimental coloured light scenarios.

Cognitive
Variables and
Dimensions

Natural Light Orange Light Green Light Purple Light

Reading
comprehension
(level over 22)

median 17.000
mean 16.488
n = 43

median 18.000
mean 17.951
n = 41

median 18.500
mean 17.762
n = 42

median 18.000
mean 17.267
n = 45

Written
expression
(level over 12)

median 7.000
mean 6.268
n = 41

median 10.000
mean 9.634
n = 43

median 10.000
mean 8.786
n = 42

median 10.000
mean 9.233
n = 43

Mathematical
competence
(level over 13)

median 8.000
mean 7.765
n = 44

median 10.000
mean 9.377
n = 43

median 9.500
mean 9.351
n = 42

median 10.000
mean 9.405
n = 42

Table 10. Descriptive values of reading comprehension, written expression and mathematical compe-
tence in the different control light scenarios.

Cognitive
Variables and
Dimensions

Natural Light Natural2 Light Natural3 Light Natural4 Light

Reading
comprehension
(level over 22)

median 20.000
mean 19.567
n = 30

median 20.000
mean 19.750
n = 32

median 21.000
mean 19.281
n = 32

median 19.000
mean 18.438
n = 32

Written
expression
(level over 12)

median 9.000
mean 8.000
n = 30

median 8.000
mean 8.063
n = 32

median 9.000
mean 8.750
n = 32

median 8.000
mean 7.871
n = 31

Mathematical
competence
(level over 13)

median 8.335
mean 8.275
n = 32

median 9.000
mean 8.849
n = 32

median 9.000
mean 8.729
n = 31

median 9.250
mean 9.034
n = 32

The experimental cohort’s readings in reading comprehension outperform those in
natural light across all coloured light conditions. A similar trend is observed in written
production, with the variation being markedly more significant. In daily comparisons
between the experimental and control groups, reading comprehension is markedly higher
in the control group from the outset, a trend that persists even in the coloured light
conditions, although the disparities between the two groups decrease, especially in the
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purple light setting. As for written production, the differences observed between the two
groups vary according to the specific scenarios.

In terms of mathematical competence, the experimental group shows a score that
improves with the transition from daylight to orange, and this improvement is consistently
observed in the green and purple scenarios. Daily comparisons with the control group
show fluctuations, as noted above for written production.

3.2.2. Variance Analysis

The variability within the experimental cohort, assessed using the Kruskal–Wallis
test designed for non-parametric data sets, reveals that both written competence and
numerical competence present statistically significant results (see Table 11). Accordingly,
post hoc analyses (using standard with Bonferroni and Dunn adjustments, as shown in
Table 12) reveal p-values of less than 0.05 for written proficiency when comparing the
natural environment to all coloured lighting conditions; this trend is similarly observed
for numeracy, which also demonstrates substantial effect size metrics, large in those cases
where the value reaches d = 0.8. Figure 5 illustrates graphical representations of the analysis
of variance relating to the components that constitute the ‘instrumental learning’ variable,
thus providing a more complete visual interpretation.

Table 11. Analysis of variance on reading comprehension, written expression and mathematical
competence in different coloured light scenarios of experimental group.

Kruskal–Wallis Test Reading Comprehension
(Level over 22)

Written Expression
(Level over 12)

Mathematical Competence
(Level over 13)

Factor statics df p statics df P statics df p

Coloured light scenarios 2.003 3 0.572 33.024 3 <0.001 14.221 3 0.003

Table 12. Conover post hoc on the variance of reading comprehension, written expression and
mathematical competence in different coloured light scenarios.

Post Hoc
Comparisons

Reading Comprehension
(Level over 22)

Written Expression
(Level over 12)

Mathematical Competence
(Level over 13)

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Cohen’s
d pbonf

Dunn’s
Post Hoc

p

Natural
Orange −0.369 0.558 0.217 −1.298 <0.001 <0.001 −0.666 0.013 0.003
Green −0.321 0.844 0.238 −0.971 <0.001 <0.001 −0.655 0.017 0.003
Purple −0.196 1.000 0.526 −1.143 <0.001 <0.001 −0.678 0.012 0.001

Orange Green 0.048 1.000 0.950 0.327 0.829 0.149 0.011 1.000 1.000
Purple 0.173 1.000 0.534 0.155 1.000 0.487 −0.012 1.000 0.770

Green Purple 0.125 1.000 0.574 −0.172 1.000 0.446 −0.022 1.000 0.772
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3.2.3. Comparative Analysis

Table 13 presents the outcomes of the t-test and the Mann–Whitney test (inclusive of
effect size), utilizing daily parallelism between the experimental and control cohorts. The
results indicate that only reading comprehension p = 0.022 (Mann–Whitney), with an effect
size of −0.436 (medium effect size) and written expression of p = 0.033, are statistically
significant, which aligns with the findings previously discussed in earlier analyses.

Table 13. Comparison of reading comprehension, written expression and mathematical competence
between experimental and control groups on all experimental days where control groups exist.

Independent
Samples
t-Test and
Mann–Whitney

Reading
Comprehension
(Level over 22)

Written Expression
(Level over 12)

Mathematical
Competence (Level
over 13)

Test Statistic df p Effect
Size Statistic df P Effect

Size Statistic df p Effect
Size

Day 1A Student −2.127
13

0.053
a −1.165 0.233

13
0.819 0.128 −0.663

16
0.517 −0.331

Natural light M-W 15.000 0.235
a −0.400 28.500 0.710 0.140 28.500 0.509 −0.208

Day 2A Student −2.088
14

0.056
a −1.206 0.000

14
1.000 0.000 0.075

14
0.941 0.578

Orange light M-W 12.500 0.161
a −0.479 23.500 1.000 −0.021 24.000 1.000 0.331

Day 3A Student −2.063
15

0.057
a −1.098 −1.359

15
0.194 −0.723 −0.643

14
0.531 −0.347

Green light M-W 22.000 0.406
a −0.267 20.000 0.311 −0.333 19.000 0.356 −0.309

Day 4A Student 0.494
16

0.628 0.247 0.668
14

0.515 0.360 −2.794
13

0.015 −1.804
Purple light M-W 39.500 0.774 0.097 33.000 0.568 0.200 4.000 0.050 −0.778

Day 1B Student −2.658
36

0.012 −0.864 −2.187
35

0.035 −0.722 −1.717
36

0.095 −0.558
Natural light M-W 101.500 0.022 −0.436 100.000 0.033 −0.412 123.500 0.097 −0.314

Day 2B Student −1.461
37

0.152 −0.468 1.233
37

0.225 0.395 −0.959
37

0.344 −0.307
Green light M-W 157.000 0.358 −0.174 217.000 0.451 0.142 153.500 0.306 −0.192

Day 3B Student −1.705
37

0.097 −0.546 −0.090
37

0.928 −0.029 0.088
37

0.930 0.028
Purple light M-W 126.500 0.075 −0.334 207.000 0.640 0.089 194.500 0.910 0.024

Day 4B Student −0.539
37

0.593 −0.173 1.245
37

0.221 0.399 −0.326
37

0.746 −0.104
Orange light M-W 174.000 0.661 −0.084 247.000 0.108 0.300 183.000 0.853 −0.037

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. a Levene’s test is significant (p < 0.05), suggesting a violation of the equal
variance assumption.

3.2.4. Summary to Support the Conclusions

When assessing mean and median values, the dimensions of written expression
and mathematical competence show higher values in coloured lighting conditions, while
reading comprehension does not follow this trend. All minimum values are observed in
daylight conditions (both in the experimental and control groups). The analysis of variance
also reveals highly significant values for the two dimensions mentioned initially, together
with a considerable effect size. In contrast, this is not the case for reading comprehension,
although it does show high results in the orange light scenario. The comparative analysis
clarifies the favourable initial situation of the control group, which is altered by the effect of
the coloured light on the mentioned dimensions that are most significantly affected, while
reading comprehension remains virtually unchanged. Therefore, despite the complexities
associated with reading comprehension, and taking into account the significant n-values
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involved, we are again in possession of important data to support the second conclusion of
Section 5 of this study.

3.3. Affective Processes
3.3.1. Descriptive Analysis

Our research methodology has incorporated the dimensions of energy level, prefer-
ence and emotional response as integral elements of the affective process variable. An
examination of Table 14 for the experimental cohorts and Table 15 for the control cohorts
reveals that the experimental group has high values in all affective dimensions when con-
trasting coloured and natural light scenarios. The maximum energy value is recorded with
a mean of 8.634 points (median of 9.375) in the orange light condition (compared to the
natural minimum of 7.537/7.625), the maximum preference value is observed with a mean
of 8.500 (median of 9.000) also within the orange condition (versus the natural minimum of
7.771/8.000), and the most pronounced expression of emotional response is again reflected
in the orange condition (mean of 3.942 and median of 4.000). The daily comparison with
the control group indicates minimal but consistent distinctions. On the first day, all values
of the control group exceed those of the experimental group (with both groups located in
natural light), while in most coloured light scenarios, the experimental group generally
shows marginally higher values.

Table 14. Descriptive values of energy, satisfaction and feeling self-perceived in the different experi-
mental coloured light scenarios.

Cognitive
Variables and
Dimensions

Natural Light Orange Light Green Light Purple Light

Energy
median 7.625 median 9.375 median 8.500 median 9.000
mean 7.537 mean 8.634 mean 8.124 mean 8.430
n = 60 n = 56 n = 59 n = 57

Satisfaction
median 8.000 median 9.000 median 9.000 median 9.000
mean 7.771 mean 8.500 mean 8.460 mean 8.421
n = 60 n = 56 n = 59 n = 57

Feeling
median 3.875 median 4.000 median 4.000 median 4.000
mean 3.549 mean 3.942 mean 3.768 mean 3.934
n = 60 n = 59 n = 59 n = 57

Table 15. Descriptive values of energy, satisfaction and feeling self-perceived in the different control
coloured light scenarios.

Cognitive
Variables and
Dimensions

Natural Light Natural2 Light Natural3 Light Natural4 Light

Energy
median 8.000 median 8.000 median 8.500 median 8.625
mean 7.806 mean 7.534 mean 8.138 mean 8.102
n = 63 n = 67 n = 65 n = 64

Satisfaction
median 8.000 median 8.000 median 8.000 median 8.000
mean 7.853 mean 7.437 mean 7.904 mean 7.898
n = 63 n = 67 n = 65 n = 64

Feeling
median 4.000 median 3.500 median 4.000 median 4.000
mean 3.593 mean 3.531 mean 3.821 mean 3.722
n = 63 n = 65 n = 63 n = 62

3.3.2. Variance Analysis

The Kruskal–Wallis test indicates that the dimensions of affective processes inves-
tigated are statistically significant for both energy and emotions (see Table 16). This
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preliminary identification is further elaborated in Table 17 by applying dual post hoc
analyses (standard and Dunn’s), although there is a paucity of substantial effect size val-
ues (only on one occasion does it reach the average value of d = 0.5). Figure 6 presents
graphical representations of the analysis of variance for the dimensions of the variable
‘affective processes’.

Table 16. Analysis of variance on energy, satisfaction and feeling self-perceived in different coloured
light scenarios of experimental group.

Kruskal–Wallis Test Energy Satisfaction Feeling

Factor statics df p statics df p statics df p

Coloured light scenarios 14.790 3 0.002 6.713 3 0.082 11.475 3 0.009

Table 17. Conover post hoc on the variance of energy, satisfaction and feeling self-perceived in
different coloured light scenarios.

Post Hoc
Comparisons Energy Satisfaction Feeling

Cohen’s
d pbonf

Dunn’s
Post Hoc
p

Cohen’s
d pbonf

Dunn’s
Post Hoc
p

Cohen’s
d pbonf

Dunn’s
Post Hoc
p

Natural
Orange −0.581 0.012 <0.001 −0.410 0.169 0.035 −0.465 0.079 0.003
Green −0.311 0.547 0.128 −0.388 0.212 0.065 −0.260 0.949 0.062
Purple −0.473 0.067 0.002 −0.366 0.294 0.023 −0.456 0.087 0.004

Orange Green 0.270 0.894 0.070 0.022 1.000 0.773 0.205 1.000 0.254
Purple 0.108 1.000 0.874 0.044 1.000 0.881 0.009 1.000 0.881

Green Purple −0.162 1.000 0.097 0.022 1.000 0.659 −0.196 1.000 0.320
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3.3.3. Comparative Analysis

In the usual t-test and Mann–Whitney test, we observed only one significant value,
corresponding to a satisfaction of p = 0.022. Table 18 shows the details of all the day-to-day
comparisons.
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Table 18. Comparison of energy, satisfaction and feeling self-perceived between experimental and
control groups on all experimental days where control group exists.

Independent
Samples
t-Test and
Mann–Whitney

Satisfaction Energy Feeling

Test Statistic df p Effect
Size Statistic df p Effect

Size Statistic df p Effect
Size

Day 1A
Natural light

Student
M-W

−0.582
404.000 62 0.563

0.497
−0.155
−0.105

−1.101
401.500 62 0.563

0.497
−0.293
−0.111

0.598
491.500 62 0.552

0.543
0.159
0.000

Day 2A
Orange light

Student
M-W

−0.901
360.000 62 0.371

0.548
−0.255
−0.099

−0.688
359.000 62 0.494

0.538
−0.195
−0.101

−1.502
284.000 60 0.138

0.103
−0.427
−0.258

Day 3A
Green light

Student
M-W

−0.604
419.500 63 0.548

0.666
−0.162
−0.068

1.294
538.000 63 0.200

0.207
0.348
0.196

−0.118
403.000 61 0.906

0.668
−0.032
−0.063

Day 4A
Purple light

Student
M-W

−0.165
389.000 60 0.870

0.919
−0.046
−0.018

−0.302
367.000 60 0.764

0.653
−0.084
−0.073

−0.215
360.000 58 0.831

0.760
−0.061
−0.048

Day 1B
Natural light

Student
M-W

−2.397
127.000 37 0.022

0.076
−0.768
−0.332

−1.662
128.000 37 0.105

0.083
−0.532
−0.326

−1.251
144.000 37 0.219

0.192
−0.401
−0.242

Day 2B
Green light

Student
M-W

0.584
201.000 37 0.563

0.765
0.187
0.058

0.944
226.000 37 0.351

0.315
0.302
0.189

−0.262
173.000 37 0.794

0.640
−0.084
−0.089

Day 3B
Purple light

Student
M-W

0.445
237.000 37 0.659

0.168
0.143
0.247

0.536
230.000 37 0.595

0.245
0.172
0.211

0.052
198.500 37 0.959

0.818
0.017
0.045

Day 4B
Orange light

Student
M-W

1.292
233.500 37 0.204

0.220
0.414
0.229

1.504
234.500 37 0.141

0.209
0.482
0.234

1.088
222.000 37 0.284

0.369
0.325
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.

3.3.4. Summary to Support the Conclusions

It should be noted that the n-values exceed those associated with the two summaries
contributing to the above conclusions and that coloured lighting conditions, especially in
the orange spectrum, yield higher results in the data. The variance within the experimental
group corroborates this finding, indicating the generalisability and magnitude of the
effects in relation to self-reported energy levels and emotional states. Furthermore, the
comparative analysis facilitates the observation that the unfavourable initial conditions for
the experimental group (now in all dimensions) can be improved in the different coloured
light environments.

3.4. Extreme Values of the Dependent Variables

Table 19 succinctly delineates the primary descriptive statistics for each variable and
dimension. The observed maximum and minimum values suggest that the scenarios
featuring lighter hues, specifically orange, and intermittently green or violet, consistently
produce the most elevated values. Conversely, the lowest values are invariably associated
with one of the daylight scenarios within the control group.
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Table 19. Maximum and minimum descriptive values of dimensions and variables.

Extreme Values of the Dependent Variables
(Dimensions Included)

Maximum Value Minimum Value

Mean Median Mean Median

Net Attention 45.552 48.000 35.857 35.500
(level over 60) Natural light4 Natural light4 Natural light1 Natural light1

(control group) (control group) (experimental group) (experimental group)

Impulsivity Control
(level over 100)

91.974 96.200 87.406 90.100
Purple light Natural light4 Natural light1 Natural light

(experimental group) (control group) (control group) (experimental group)

Figurative Creativity
202.095 211.000 125.633 131.000

Green light Purple light Natural light1 Natural light1
(experimental group) (experimental group) (control group) (control group)

Reading
comprehension
(level over 22)

19.750 21.000 16.488 17.000
Natural light2 Natural light3 Natural light Natural light
(control group) (control group) (experimental group) (experimental group)

Written expression
(level over 12)

9.634 10.000 6.268 7.000

Orange light Orange-green-purple
light Natural light Natural light

(experimental group) (experimental group) (experimental group) (experimental group)

Mathematical
competence 9.405 10.000 7.765 8.000

(level over 13) Purple light Orange-purple light Natural light Natural light
(experimental group) (experimental group) (experimental group) (experimental group)

Energy
8.634 9.375 7.534 7.625

Orange light Orange light Natural light2 Natural light
(experimental group) (experimental group) (control group) (experimental group)

Satisfaction
8.500 9.000 7.437 8.000

Orange light Orange-green-purple
light Natural light2 All natural light

(experimental group) (experimental group) (control group) (experimental and
control groups)

Feeling

3.942 4.000
Orange-green-purple

light
(experimental group)

Natural light 1-3-4
(control group)

3.549 3.500

Orange light Natural light Natural light2

(experimental group) (experimental group) (control group)

4. Discussion
The information derived from the current research, which aggregates findings from

three experimental conditions described above in relation to coloured light scenarios, yields
remarkable implications that facilitate considerable generalisations. In approaching this
section systematically, we begin with net attention, considered as a crucial dimension of
the variable ‘cognitive processes’. In this regard, the existing literature reveals multiple
avenues for discourse. Mogas-Recalde et al. [22], in their analysis of CCT, underline the
fundamental role of illumination in attention. At the same time, Hviid et al. [24] state
that exposure to cold light improves concentration, while Llinares et al. [23] conclude that
high CCT values positively influence attention. Focusing specifically on coloured lighting,
Quiles-Rodríguez et al. [12] propose that a dynamic, coloured lighting system can improve
the attention of primary school pupils, with the violet phase producing the most favourable
results. In a subsequent investigation by the same authors [59], violet light re-emerges as the
optimal condition for improving attention. The current study corroborates these findings.



Appl. Sci. 2025, 15, 3657 23 of 32

Thus, all scenarios with coloured light in the experimental group show superior results
compared to the natural scenario, although the control group shows generally high values
(indicating a clearly superior baseline for the control group compared to the experimental
group). Particularly noteworthy is the variance of less than 0.001, which translates into
posterior analyses favouring coloured light across its entire spectrum, especially in the
violet scenario, which shows a remarkably high effect size (0.972).

With respect to impulsivity control, there is a notable paucity of the literature, and only
Quiles-Rodríguez et al. [12,59] have made previous contributions. In their initial paper,
the authors identified that the violet scenario once again manifested the most convincing
values in relation to impulsivity control, a finding they reiterated in their subsequent
publication. Based on the current data, we can validate these claims; however, unlike the
findings related to attention, the Kruskal–Wallis test of variance does not support broad
generalisations, as it does not yield significant p-values, nor do the subsequent post hoc or
comparative analysis tests, so we cannot be conclusive on this issue.

In consolidating the facets of the variable ‘cognitive processes’ in the dimension of
figurative creativity, we indicate that this has been examined in studies such as those
conducted by Kombeiz et al. [5], who concluded that creative tasks are optimally executed
under red and blue lighting. In contrast, Quiles-Rodriguez et al. [12] postulated that green
light emerged as the most advantageous for enhancing students’ figurative creativity;
however, in subsequent research, the same researchers reported more favourable results
associated with orange light [59]. Our findings now corroborate the pre-eminence of the
green environment when assessing mean descriptive values, although the medians show a
slightly altered result favouring the purple environment. In any case, the variance metrics
are noteworthy (especially when juxtaposed with the natural pretest), as they are significant
at their p-value, so the greater effect size aligns with the green condition in the post hoc
analysis (although it is only moderate). Comparative evaluation with the two control
groups that participated in different experimental contexts also reveals data supporting
both the green and violet conditions.

In the instrumental learning variable, the few references found in the academic lit-
erature speak of it as ‘academic performance’ without being very precise. For example,
Mogas-Recalde et al. [22] state that the impact of lighting on academic performance has
been demonstrated, particularly in relation to CCT. Similarly, research by Jee et al. [39],
Choi et al. [40] and Lekan-Kehinde et al. [41] concur on the significant influence of this
CCT on academic performance, as already advanced and detailed in the first section of this
article. Directly as coloured light, Suh et al. [3] claim that the use of coloured lighting in
educational settings has the potential to improve academic performance.

More specifically, when addressing the aspect of mathematical competence, a detailed
comparison can be made with the research conducted by Quiles-Rodriguez et al. [12],
which emphasises the effects of coloured lighting in educational settings. Their findings
indicate that orange and green-lit scenarios yield superior results in terms of mathematical
competence compared to alternative lighting conditions, highlighting a bit the green light
scenario. In a subsequent study by the same authors [38], the results were divergent
and identified violet light as the most conducive; although green light remained notably
beneficial, their values were overtaken by the first. More recent data continue to suggest
that violet light is the most effective for mathematical competence, and although it yields
comparable results to other coloured lighting options, it is still clearly superior to natural
lighting. Consequently, a variance value of p = 0.003 was obtained, which reinforced the
distinction with respect to natural lighting in the subsequent analysis. In this context, the
comparative evaluation yields limited significant results inconclusive.
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When focusing our attention on reading comprehension and written expression, the
studies of Quiles-Rodríguez et al. [12,37] emerge as the main and most directly relevant
research sources. In their initial study [12], while all coloured lighting scenarios showed
higher values compared to the natural pretest for reading comprehension, violet light
proved to be the most effective, and this lighting condition, together with orange, achieved
optimal results for written expression. In the subsequent publication [37], orange light
reaffirms its position as the most favourable colour for both dimensions of written language
competence. The data presented in Section 3 of this article indicate that the orange lighting
scenario continues to reflect superior values. An analysis of variance reveals the signifi-
cance of written expression (p ≤ 0.001), while comprehension shows a less pronounced
significance, a finding corroborated by subsequent tests indicating that the orange scenario
shows the largest effect at 1.298. The comparative analysis does not yield particularly
remarkable results in this context.

The last variable examined, affective processes, is explicitly derived from research by
Suh et al. [3], which is later corroborated by Quiles-Rodriguez et al. [12,34,60]. A parallel
discourse can be established with Rajae-Joorden [4], who postulates a higher perception
of pleasure in environments illuminated by green or blue light compared to red light,
while Mogas-Recalde et al. [22] argue more generally that optimal lighting in classrooms
increases visual pleasure. Notably, in the initial study [3], the highest levels of pleasure are
achieved with violet lighting, while the second study [12] identifies green lighting as the
most pleasurable, subsequently returning to violet in the third study [34] and orange in
the fourth [60]. The comprehensive data now presented clearly argues for orange lighting
as the optimal enhancer of student satisfaction, although the variance remains statistically
insignificant and yields comparable values across all coloured lighting conditions. In the ex-
post analyses, generalisable p-values are obtained, especially in the comparisons between
orange–natural and violet–natural, and both show interesting effect sizes, indicating that
these coloured light environments are preferred over natural light.

As far as energy values are concerned, the scope for further discussion is considerably
limited. While there is extensive research on the influence of chromatic energy in its
traditional context [31–33], as detailed in the introduction to the article, there is considerably
less focus on coloured lighting. Furthermore, as articulated by Lee et al. [35], colour
effects are not directly comparable when derived from physical sources and light sources.
In relation to the latter, Kombeiz and Steidle [5] state that blue light incites approach
behaviour, while red light does not; however, neither of these light sources is incorporated
in our experimental conditions. Suh et al. [3] show that peak energy levels are obtained by
green light, while Quiles-Rodriguez et al. [12] find energy peaks under violet illumination,
followed later by Quiles-Rodriguez et al. [34,60], who observe peak values under orange
illumination among students, in contrast to the energy findings. Our current synthesis of
results corroborates the facilitation of energy levels by orange lighting, which is particularly
noteworthy given that the variance reaches a value of p = 0.002, resulting in a post hoc
analysis that again reveals significant findings in the comparisons between natural orange
and natural violet, along with a large effect size. The comparative analyses do not yield
particularly remarkable values.

Although Suh et al. [3] incorporate feelings in their self-perception survey, the find-
ings derived from this section are not quantitatively examined in their publication. This
omission may be due to the challenges associated with quantifying such feelings to fa-
cilitate the establishment of correlations. While there are few educational studies that
make comparisons with this variable, we have identified medical research that explores
parasympathetic responses in human males (which are somewhat related to emotional
states) and their relationship to various coloured light scenarios [9]. This research indicates
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that the parasympathetic system shows an increased response to blue light, while show-
ing a decreased reaction to red light. Unfortunately, these particular light scenarios are
not included in our independent variable, which limits the discourse around this topic.
However, using the coding methodology described in Table 1, which has been designed
by Quiles-Rodríguez et al. [12,34,60], we have extended the analysis. Consequently, based
on the data presented in Section 3, we can state that all coloured light conditions within
the experimental group elicit more favourable emotional responses compared to those
involving natural light. Notably, the orange and violet colours yield the highest scores,
and the variance between the scenarios is statistically significant, indicated by a p-value of
0.009. Subsequent analyses highlight this significance, specifically in the contrasts between
natural orange and natural violet, as both show considerable effect sizes. These findings are
consistent with the earlier conclusions of Quiles-Rodriguez et al. [34,60], who subsequently
revised their initial research, in which Quiles-Rodriguez et al. [12] identified green as the
most influential hue.

From a global perspective, therefore, we find that the three coloured light scenarios
alternate in their potentiality according to the dependent variable studied. While in the
affective processes as a whole there is a predominance of a better response from students
with the orange scenario, in the affective processes the violet condition appears as the
dominant one in terms of effectiveness (closely followed by the green condition). The
discussion of the conforming dimensions of instrumental learning established a dominance
of any coloured versus natural lighting condition, with a slight predominance of the orange
condition. From the above, and in the same overall perspective, the green condition is the
least preferred after the natural condition. Although we cannot establish a causal why, as
this was not the aim or design of this extensive study, this overview does allow us to see
the overall impact of coloured lighting.

Table 19 presents a complete aggregation of the extreme values, both maximum and
minimum, obtained for all variables (dimensions and/or indicators). The previously
established trends in relation to the effectiveness of coloured light are again evident. It is
noteworthy that only two of the nine analysed data categories show their maximum values
in natural light conditions when considering mean values; on the contrary, three categories
show this pattern when examining median values. It is imperative to note that all these
natural conditions belong to a control group, which initially yields superior data, in stark
contrast to those of the experimental group with regard to certain variables. Similarly, and
unequivocally, all minimum values—both means and medians—of all variables, dimensions
and indicators are associated with natural lighting scenarios, regardless of whether they
belong to the experimental or control group.

The dynamism of coloured lighting, as explained above, can be exploited to optimise
its variable conditions. Several scholars advocate the integration of dynamic lighting
systems in intelligent educational environments [40], while others make a stronger case
for it, albeit in relation to the field of interior design [6]. Suh et al. [3] claim that the
advantages of coloured lighting allow for the creation of spaces with appropriate light-
ing adapted to specific activities. Mogas-Recalde and Palau [22] emphasise the need to
adapt lighting to the various activities and requirements of classrooms, a view echoed by
Quiles-Rodriguez et al. [12]. Consequently, the identified theoretical frameworks converge
on the notion that the dynamism of light, whether coloured or characterised by its CCT,
is advantageous. The results presented in this article further reinforce the importance of
this dynamism, as they indicate that orange, green or violet lighting is variably optimal
depending on different factors, suggesting that these lighting conditions should be used
depending on the specific classroom activity. It should be noted that, in contrast to previous
authors [12], none of the three types of lighting appears to be directly harmful, as they
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do not reach equivalent minimum thresholds (with the exception of orange and green in
relation to impulse control). In this regard, the studies by Nieto-Vallejo et al. [61] are very
convincing, as they clearly conclude that dynamic lighting can have a great impact on
education, specifically on selective and sustained attention, by controlling photometric
variables such as colour temperature and illuminance.

Finally, and directly derived from the necessary dynamism of coloured light, authors
such as Muñoz et al. [62] highlight that the use of artificial intelligence (AI) could play a
key role in managing this dynamism-derived personalisation, as AI possesses the ability to
collect, classify and make decisions about the configuration of light at a speed and with an
accuracy that surpasses human educators. This is an advance over other authors such as
Llurba et al. [63] in advocating the benefits on how Learning Analytics (LA) can be used
as a tool provided to aid teacher and student practice and how it can help teachers think
and make decisions related to the teaching and learning process, which is considerably
more powerful with the use of AI. Moreover, this decision-making can be well managed
through digital tools such as the one prototyped by Unciti et al. [64], again more advanced
with the assumed integration of AI. So much so that quite recent studies, such as the one
by Colomer et al. [65] already use AI to improve student performance through classroom
design, which includes, among other factors, lighting where both attention and memory are
improved with 6500 K CCT. On a similar note, research by Sajja et al. [66] presents a novel
framework for an AI-enabled intelligent assistant that provides personalised and adaptive
learning support in higher education using advanced AI and natural language processing
techniques to create an interactive and engaging learning platform, which, if adaptive,
could be applied to dynamic lighting decision-making. As well as the systematic review by
Shi et al. [67] discusses how AI has supported and transformed teaching practices around
three prominent pedagogical roles of AI: as an instructional partner, an evaluative partner
and a pedagogical decision partner. These roles show how AI can support decision-making
in teaching, including areas such as dynamic lighting. Or, as a further demonstration of
the assisting power of algorithm-based intelligence on lighting, Fang et al. [68] succeed in
building a prototype for real-time, relatively low-error lighting decision-making. Therefore,
and although more theoretical than empirical, our discussion has enough documentary
sources to believe in the support of teacher decision-making through AI in relation to the
empirically shown dynamic lighting.

From the above, and again taking into account the writing of Muñoz et al. [62], it seems
quite clear that it remains crucial to recognise that, despite advanced AI capabilities, the
final decision-making must still rest with humans, who must take into account social and
emotional factors that go beyond the mere data provided by AI systems, ensuring that the
application of coloured light is effective and sensitive to the needs of all people involved.

For all these reasons, the impact of coloured lighting in educational environments
should not be underestimated. Its effectiveness has been validated by a wide range of
experiments related to learning processes. While the benefits may not be evenly distributed
across all dimensions tested, the effects appear to be significant. This underlines the
importance of its dynamic nature in smart learning environments, as it could involve
automation that could be managed by artificial intelligence, which in turn collects data
from learners through sensors and physiological metrics. The design of the chromatic
lighting framework in classrooms could be differentiated from conventional lighting, which
would improve its flexibility and focus on periods considered educationally advantageous.
Current LED technology facilitates economical and functional installations, simplifying the
integration of improvements in learning outcomes.

On a pedagogical level, educators can choose lighting conditions adapted to the
specific activities being carried out and can also combine several lighting conditions in
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a single session to suit different tasks. From an administrative point of view, upgrading
educational institutions with additional LED lighting represents a rational investment, not
only because of its reduced energy consumption, but also because of its negligible heat
production. The establishment of a standardised framework by an industry in this field
could speed up its adoption, which would represent an interesting niche market.

5. Conclusions
After an exhaustive analysis, it can be concluded that the initial research question that

was answered with the articulated hypothesis ‘the use of chromatic lighting in primary
school environments favours the development of pupils’ cognitive processes’ is confirmed,
which is supported by the results and discussion section of this article, mainly in the
Section 3.1.4 created expressly for this purpose.

As for the second hypothesis, aligned with the second research question and referring
to the improvement in the acquisition of instrumental learning and expressly stated as
‘the implementation of coloured lighting in primary education classrooms facilitates an
improvement in pupils’ achievement of basic instrumental learning’, it has been corrobo-
rated once again, supported in the results and discussion section of this article, mainly in
Section 3.2.4 which was created expressly for this purpose.

The third hypothesis on pupils‘ affective processes is also corroborated, articulated as
‘the implementation of coloured lighting in primary schools facilitates an improvement in
pupils’ self-evaluation of affective processes’, again supported in the results and discussion
section of this article, mainly in Section 3.3.4 which was created expressly for this purpose.

The fourth hypothesis, articulated as ‘the implementation of “dynamic colour” light-
ing in primary educational environments offers the advantage of the flexibility of coloured
lighting to adapt to the requirements of various activities’, has been effectively corroborated
when examined through a thorough analysis of the data collected, revealing no detrimental
effects on the process. It is becoming increasingly clear how the inherent dynamic char-
acteristics of different colours can be exploited to the maximum advantage to facilitate
different learning experiences and cognitive/instrumental/affective processes, so that one
or the other should be selected depending on the educational activity to be carried out.

The last hypothesis that ‘artificial intelligence can be a good assistant for making
didactic decisions about dynamic lighting’ is also confirmed by the data obtained in the
experimental sample and mainly by providing the confirmed dynamism of light with a
broad theoretical basis that gives us a basis for the confirmation of the hypothesis. This
has already been discussed in the previous section and, as we said, although we do not
have empirical evidence for the same, as it was not the purpose of the study, its theoretical
confirmation has been shown.

From the above, practical recommendations are made that allow for a real imple-
mentation of the conclusions drawn. In order to improve the cognitive development of
students, it is recommended that priority be given to the use of green and violet lighting in
classrooms. These lighting conditions have proven to be effective in promoting cognitive
processes, while the exclusive use of natural light has shown inferior performance in all
dimensions evaluated. In addition, it is essential to use intelligent lighting systems that
allow for dynamic adaptation of colours according to the activity and the individual needs
of the pupils.

The application of coloured lighting in activities that require sustained attention and
figurative creativity is essential. This practice has been shown to improve these skills,
provided that lighting levels are monitored to maintain an appropriate balance between
visual stimulation and eye comfort. Impulse control in students can benefit from the use of
violet lighting.
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Coloured lighting can also improve instrumental learning in writing and mathemat-
ical competence activities. In this context, orange lighting could be a viable option to
support reading comprehension, although no significant improvement in this area has
been observed. Students’ emotional well-being and energy can be enhanced through
the use of lighting in the orange spectrum. Tailoring lighting conditions to the specific
needs of each group of students is essential to ensure a comfortable and stimulating
learning environment.

The implementation of dynamic lighting systems in classrooms allows for adjust-
ments in colour temperature and intensity according to the type of educational activity.
Establishing specific lighting protocols for each subject or activity, such as blue light for
concentration, orange for expression and socialisation activities and green for mathematical
learning, is beneficial.

6. Limitations and Future Lines of Research
Our coloured light installation, while innovative and creative in its approach, unfortu-

nately does not meet the high standards of a fully professional installation, and there are
several areas where it could be significantly improved to achieve a more optimal perfor-
mance: specifically, we could achieve higher brightness levels, improve the distribution of
light throughout the installation and implement a centralised control system that would
allow for more precise adjustments. If we were to move to a professional-level installa-
tion, we could certainly maximise the aesthetic and functional effects of coloured light,
creating a more immersive experience for all participants. In addition, another limitation
we face, which at the same time represents a unique opportunity for further exploration
and development, is the incorporation of natural light alongside artificial light sources; we
have previously recognised that this combination represents an ideal scenario for lighting
enhancement, although it is still susceptible to fluctuations caused by atmospheric changes
and variable weather conditions. Furthermore, the non-probabilistic sample selection
method we have employed limits our ability to make statistically accurate generalisations
about the effectiveness of our installation, which restricts the reliability of our results.

Going forward, it is imperative that we contact specialised companies with the ex-
pertise and resources to collaborate with us in creating a professional, coloured light
installation, thereby improving the overall quality and impact of our project. Furthermore,
it should be noted that future research should be extended to cover a variety of educational
contexts, not only targeting different levels within primary education, but also extending
to other educational stages, as well as considering various geographical and socio-cultural
environments that may influence the effectiveness of the coloured light installation. In
this sense, we could either continue to use the same colours, which would allow for a
more in-depth examination of their effects, or explore the possible advantages of using
alternative characteristic colours that may yield different results. Also along these lines,
it would be interesting for future research to discern whether there is a contextual effect,
so that we have objective data on whether the rural or urban origin of the students, or
their socio-economic differences, affect the results of the application of coloured lighting, or
whether it helps to reduce academic variability among students and therefore to improve
their results more homogeneously.

The integration of physiological sensors, as proposed by Rajae-Joordens [4], has the
potential to open up new avenues of research that could greatly improve our understanding
of the interaction between coloured light and human cognitive processes. In the near future,
this innovative approach could facilitate the automation of coloured light applications by
exploiting its dynamic properties, allowing us to delimit spaces in specific sectors that can
be personalised to cater to the different cognitive processes of individuals.
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