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Abstract: Classroom lighting, when set to high luminous (Ix) and cooler correlated color
temperature (CCT) conditions, can increase student focus, concentration, and oral reading fluency
(Mott et al., 2012; 2014). However, when illuminance is too high and color temperature is too
cool, irritating and adverse effects can occur such as visual fatigue and eyestrain (Noseda et al.,
2010). We evaluated the effects of lighting enriched with blue to cyan spectral range, along with
the normal industry recommended range of both CCT and lux, on reading performance. High
school students were randomly assigned (within grade strata) to classrooms with LED lighting
either within the normal range or blue-to-cyan wavelength. Two reading comprehension
measures, an ACT practice test and an adapted assessment, were used. Students in the blue-to-
cyan lighting rooms scored higher on the ACT Practice Test than did the control students.
Implications for using optimal lighting conditions to enhance reading are discussed.
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Light plays a vital role in the way humans interact with their environment. Different forms
of natural and indoor lighting are present in the daily lives of individuals and are critical to the
cyclical rhythm of their functioning. Research has revealed that, in general, specific lighting
specifications, as determined by correlated color temperature, CCT (warm white with more red
component to cool white with more blue component), measured in degree Kelvin (K), and
illuminance measured in lux (or Ix), are responsible for a wide array of psychological and
physiological effects, including visual performance (Chellappa et al., 2011), regulation of sleep
(Van Maanen et al., 2016), alertness (Goven et al., 2011), cognition and mood (Goven et al., 2009),
the production of melatonin and cortisol (Nowozin et al., 2017), and as being essential for a healthy
rest-activity pattern (Alkozei et al., 2017).

These general effects of light on humans are well understood given the vast amount of
research conducted since the industrial psychology “factory” studies where lighting was studied
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in work settings to measure worker productivity. These early studies were natural experiments
where no randomization occurred. Moreover, the original research on lighting was conducted on
behalf of the electric utility company and participants knew they were participating in a study
comparing lighting conditions (Landy, 1997). Hawthorne effects plagued such early research
efforts as participants’ performance was affected by knowing that they were being observed
(Gillespie, 1991). From the early 1900’s to the present iteration of psychology-based, experimental
studies, a wide array of methodologies has been utilized to examine all manner of indoor
environments from surgery rooms to geriatric facility common spaces and schools (Landy, 1997).

PSYCHOLOGICAL EFFECTS OF LIGHT

Light is essential for normal human functioning and plays a key role in the sleep-wake
cycle of life - one of the key aspects of overall well-being. Well-being includes cognitive
processing (Boyce et al., 2003) and visual performance (Grangaard, 1995). Light regulates a large
variety of bodily processes such as sleep and alertness (Dijk & Cajochen, 1997; Takasu et al.,
2006; Viola et al., 2008; Wright et al., 2006), is a key component of cognition and mood (Taras et
al., 2005; Veitch & McColl, 2001), enables production of important hormones such as melatonin
and cortisol (Dijk & Cajochen, 1997; Leproult et al., 2001), and is essential for a healthy rest—
activity pattern (Wurtman, 1975). Thus, lighting practically influences every dimension of human
existence. Tanner (2008) reiterated, “Light is the most important environmental input, after food
and water, in controlling bodily functions” (as cited in Wurtman, 1975, p. 467). Given these
holistic benefits, several studies have examined lighting effects on learning.

LIGHT AND LEARNING

Recently, researchers have evaluated classroom lighting systems designed to positively
affect learning. Such systems may play a crucial role in how students both acquire and retrieve
information in the classroom. Specifically, blue wavelengths of light have been shown to enhance
alertness and attentiveness, and leads to improved speed on reaction time tasks (Alkozei et al.,
2017).

In educational research, light specifications have been evaluated under high illuminance
and cool blue wavelength lighting (Govén et al., 2009; 2011). This setting enhances students’
ability to concentrate as measured by the D2 Test of Concentration (Sleegers et al., 2013),
especially if their biological clock is geared towards sleep during the first few hours due to going
to bed late, which is common among adolescents. In addition to the development of students’
cognitive and behavioral skills, lighting can support the development of visual skills by helping to
improve visibility and supporting the ability to track material in books visually (Bringslimark et
al., 2009; Earthman, 2004; Engelbrecht, 2003; Evans & Stecker, 2004; Higgins et al., 2005;
Pawananon et al., 2009). Along with alertness and cognitive performance, visual task demand is
also increased through the use of blue-enriched lighting. When optimal lighting is present in the
classroom, it positively affects student achievement as well as their performance (Negiloni, 2019).
Given the general cognitive benefits of focus, concentration, and mood revealed with blue
wavelength components of lighting and high luminous conditions, researchers have studied
content-area classroom learning under such lighting conditions.

THE ADVANTAGES OF BLUE-ENRICHED AND HIGH LUMINOUS LIGHTING

Mott et al. (2012) randomly assigned Grade 3 children to two differently lit classrooms.
The classrooms were either provided with “focus” or “normal” light conditions. “Focus” lighting
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consisted of high levels of illuminance (1000 1x) and blue wavelength-enriched cool white
spectrum (5500 K), whereas normal lighting consisted of lower levels of illuminance (500 Ix) and
less blue wavelength (3500 K). Classroom teachers in both conditions taught the students oral
reading fluency (ORF) (reading speed, accuracy, and expression) for 45 minutes. ORF was
assessed at the beginning, middle and end of the school year. Although students in the enhanced
blue wavelength and higher illuminance classrooms initially scored slightly lower than those in
the control group before treatment began, by mid semester their ORF performance, a key
component of reading comprehension, had increased at a greater rate compared with the control
group.

To follow-up these positive results of blue-enriched and high-illuminance classroom
lighting, Mott et al. (2014) conducted a similar study with the same lighting conditions, but with
at-risk 3rd grade students from lower socioeconomic status as indicated by free and reduced lunch
rate. Over the course of an academic year, students in blue-enriched, high-illuminance lighting
classrooms increased their ORF scores at a greater rate than did students in traditional lighting
classrooms.

THE DISADVANTAGES OF BLUE AND HIGH ILLUMINANCE LIGHTING

Although the previously mentioned studies on classroom lighting with blue enriched and
high illuminance conditions revealed positive effects on student reading performance, there
remains a problem with overly bright and cool lighting. That is, it is simply not visually appealing
to learners. Moreover, Winterbottom & Wilkins (2009) suggested that certain features of lighting
can even cause discomfort from overly high luminous conditions. The high illuminance in the Mott
et al. (2012; 2014) studies was 5500 K and 1000 1x whereas in research using industry standard
classroom lighting, the illuminance levels were in the range of 4100-5400 K and 300-500 Ix
(Safranek, 2020). Thus, the challenge is to find illuminance levels and wavelengths that maximize
performance while minimizing discomfort. In the present study, we sought to identify blue-
enhanced light specifications, given normal industry recommended luminosity levels for
classroom lighting, that would improve student academic performance. Specifically, we tested
increased blue-to-cyan wavelength lighting without overly high illuminance that suppresses the
natural release of melatonin without it being too cool or bright.

LIGHT SPECTRAL ARRAY WITH BLUE-CYAN WAVELENGTH AND MELANOPIC SUPPRESSION

Previous research on classroom lighting has primarily consisted of evaluating student
cognition, focus, concentration and learning in cool blue and high illuminance conditions (Alkozei,
2017). Blue light suppresses melatonin in humans which causes sleepiness (West et al., 1985).
Blue enriched wavelength light exposure has been shown to enhance the conditions for learning
primarily due to this melatonin suppression (i.e., it helps keep one awake and focused). Given the
issues in the United States for high school students’ lack of sleep and the negative educational
consequences related to this lack of sleep affecting learning (American Medical Association,
2016), lighting that reduces melatonin secretion and raises energy levels should have beneficial
effects (Choi & Suk, 2016). To avoid the issues of brightness and glare with high illuminance
lighting, and the simple lack of visual appeal to students, the current study utilized LED lighting
with a spectral array set to blue-cyan enriched while keeping illuminance levels in the normal
range (500 Ix).

RESEARCH QUESTION

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



Mott, S. M., Morse, R., Saltzman, L., & Robinson. D. H. 4

Given prior research (Mott et. al, 2012; 2014), which revealed positive effects for blue and
high illuminance light (5500 K and 1000 1x) on 3rd grade students’ ORF scores, in the present
study, we tested blue-to-cyan wavelength “Energy” light (include K 436 lux) versus “Normal”
light more aligned with the industry standard for classrooms (4000-5400 K and 500 Ix). Note that
an important aspect rationalizing this study is that very cool, or blue, high illuminance conditions
can be irritating and cause discomfort (Marek et. al, 2019). The Energy lighting contained a slightly
lower illuminance level, to be more visually appealing, than the “Normal” lighting yet contained
a higher spectral concentration of blue-to-cyan wavelength to allow for melatonin suppression.
Additionally, differences between the Energy and Normal lighting utilized in this study were not
discernable to the human eye.

The specific question of this study was: Will students in classrooms with Energy LED
lighting (4120 CCT and 436 Ix) and a higher spectral concentration of blue-cyan wavelength score
higher on a practice ACT reading test as compared with students in classrooms with Control LED
lighting (3789 CCT and 486 Ix) and a normal spectral blue wavelength?

METHOD

PARTICIPANTS

Eighty-two high school students in a rural Mississippi high school consented to participate
for course credit. On the day of the study, one student was absent. Another two students took the
practice ACT but not the reading quiz. Thus, data from 79 students were included in the analyses.
There were 22 seniors, 20 juniors, 18 sophomores, and 19 freshman.

DESIGN AND SPECIFICATIONS FOR CLASSROOM LIGHTING
Four classrooms were designated to have either Energy or Control LED lighting installed.
Classrooms were matched so that the two Control classrooms were on the same side of the building
as the two Energy classrooms. All classrooms were measured for color temperature and
illuminance (CCT and Ix) in a 12-point equidistant grid at both the desk plane and 18” above the
desk plane (student eye level) pre- and post-experiment utilizing a Konica Minolta Illuminance
Meter model CL 70F. See Tables 1 and 2 for all light specifications. Each of the classroom lighting
systems were switched out with LED luminaires made with a die-formed, 20-gauge, cold-rolled
steel housing (Finelite Inc.). Three different LED setups were constructed as follows:
e Setup 1 Classroom 1: Energy, 4200 K, LM302N DAY, Samsung Electronics
e Setup 2 Classroom 4: Energy Tunable, 3000 K and 5000 K, LM302N DAY, Samsung
Electronics
e Setup 3 Classrooms 2 and 3: Conventional, 4000 K, LM302Z+, Samsung Electronics

For both Energy and Normal classrooms, the light specifications were set and remained
unchanged for the entirety of the experiment. Lighting controls were placed at ceiling height to
avoid accidental dimmer adjustments by school personnel. Measurements were taken at the desk
plane and 18” above the desk plane, both prior to the experiment and after the conclusion of data
collection, to ensure fidelity and consistency of light specifications. The same 12-point grid
protocol for measurement was utilized both times. For both the Energy and Normal light
specifications, the illuminance levels were set to be equivalent although the Normal light
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Table 1
Light specifications by classroom.

Groups Avg. CCT | Avg. Lx Spectral Array

Classroom 1 - “ENERGY” 4177 540
(n=22) l

Blue-Cyan Wavelength

Classroom 2 - Control 3833 537
(n=17) | ‘ ‘

Normal
Classroom 3 - Control 3615 521 TR
(n=20) ! ‘ ‘

Normal

Classroom 4 - “ENERGY” 4064 525
(n=20) l

Blue-Cyan Wavelength

classrooms were slightly more illuminance on average. The color temperature of the Energy
classrooms was set at slightly higher CCT with increased blue-to-cyan wavelength (cyan
wavelength range is 490-520 nm) (See Table 1). The difference between the Energy and Normal
classroom lights were not perceptible to the human eye (Grant et al., 2021).

MATERIALS
Two reading comprehension measures were used: a norm referenced and validated
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TABLE 2
GROUP COMPARISONS FOR “ENERGY” AND “NORMAL” CLASSROOM SPECIFICATIONS.
Groups Avg. CCT Avg. Lx
Energy 4121 529
n=42
Control 3724 532
n=37

national college entrance test, the ACT Practice Test, and an adapted reading comprehension
assessment designed to measure high school students’ reading comprehension. See sample items
from both measures below:

ACT PRACTICE TEST READING SECTION (FROM CONRAD, 2007).

It can reasonably be inferred from the passage that the crew most likely did not play dominoes
because:

A. they lacked the energy and desire.

B. they did not get along well enough to play a game together.

C. the Director would not have approved of the game.

D. the sea was too rough.

READING COMPREHENSION ASSESSMENT SAMPLE (FROM GARDINER, 2018).

Which of the following quotes best supports the central idea of the article?

A.Gen. John A. Logan, who headed the largest Union Veterans' fraternity at the time,
the Grand Army of the Republic, is usually credited as being the originator of the
holiday.

B. On May 9, 1866, the Cleveland Daily Leader lauded the Southern women during
their first Memorial Day.

C. When Logan's order establishing Memorial Day was published in various
newspapers in May 1868, Finch's poem was sometimes appended to the order.

D. Although not known by many today, the early evolution of the Memorial Day
holiday was a manifestation of Lincoln's hope for reconciliation between North and

South.
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PROCEDURE

Students (n = 79) were randomly assigned by strata (grade level) to the four classrooms.
All students entered their respective classrooms and sat at one of the desks. For the entirety of the
experiment, all classroom blinds were kept fully closed to ensure equivalence of natural light. The
teacher explained that they would be participating in a study about reading. Students were first
administered a brief (20-minute) reading assessment at the beginning of class at 7:50AM - before
the effects of lighting occurred (in particular, activation of pineal melatonin secretion from the
energy lighting). After the 20-minute reading assessment, the ACT Practice Test (Reading
Comprehension) was administered for 45 minutes. Student tests were collected after each
administration and then students were dismissed.

RESULTS

The main question guiding this study asked, “will students in classrooms with Energy LED
lighting (4120 CCT and 436 Ix average) and a higher spectral concentration of blue-to-cyan
wavelength (440-520 nanometer spectral range) score higher on a practice ACT reading test
compared with students in classrooms with Control LED lighting (3789 CCT and 486 1x average)
and a normal spectral blue wavelength?”

Although we were able to randomly assign students to classrooms by grade level strata,
there remained the possibility that pre-existing differences remained due to the range of grade
levels (four). To statistically control for such differences, a researcher-constructed measure of
reading comprehension was used as a covariate. The reading test indeed correlated with the
practice ACT score (» = 0.53). The results of an ANCOVA indicated that energy lighting students
(n =42, adjusted M = 53.15) scored higher on the practice ACT than the control lighting students
(n =37, adjusted M = 45.53), F(1,76) =4.15, MSE = 27247, p < .05, partial eta-squared = 0.052.
Thus, the blue-to-cyan wavelength lighting positively affected student reading comprehension.

DiSCUSSION

Given the issues relative to overly high illuminance and cool blue temperature lighting
utilized in previous classroom lighting research (Mott et al., 2012; 2014), the current study sought
to evaluate a similar lighting system with a spectral array enriched with cool blue-cyan wavelength
yet containing a visually appealing lower CCT level (as measured in degrees of Kelvin) and an
associated lower illuminance level (as measured in 1x). In prior research, the CCT levels for the
blue enriched lighting were measured at 6500 Kelvin. The high Kelvin levels can lead to up to a
5% higher illuminance output (Li et al., 2021). Although very cool blue CCT (6500 K) and high
illuminance (1000 Ix) lighting may have positive effects on learning, especially for sleep-restricted
young adults (Grant et al., 2021), numerous studies have defined the cognitive benefits for these
specifications (see the systematic and comprehensive review of lighting effects on cognition by
Siraji et al., 2022). Despite these benefits, there are negative effects associated with very cool blue
and high illuminance lighting. A main concern is that the associated flicker from blue CCT (6500
K and higher) and high illuminance (600-1000 1x) fluorescent lighting similar to that used in the
Mott et al. studies has been found to be non-visually detected by the human retina. The negative
effects from lighting with these specifications include sensory responses associated with visual
fatigue, eyestrain and reduced visual performance especially over time (Grant et al.).

For the current study, it is important to reemphasize here: 1) the CCT for Intervention and
Control classrooms was cool (5000 K) but given the blue-to-cyan wavelength (440-520 nm), there
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were equivalent CCT levels between the intervention and control rooms. Additionally, the
illuminance levels for control and intervention classrooms were both in the normal 500 lux range.
Given the statistically significant results in the current study for student performance on the
practice ACT and the control of extraneous variables, including learner differences, evidence for
the intervention lighting impacting students’ melatonin suppression and cognitive performance
indicates that the blue-to-cyan wavelength lighting has similar effects to what has been shown with
blue and high illuminance lighting. The benefit, and an important difference, is that the blue-to-
cyan CCT lighting used in the present study does not contain negative non-visual effects cited
above.

LIMITATIONS

As with any study, the results must be interpreted in light of their limitations. First,
although students were randomly assigned to the classrooms based on the class content (math vs.
literacy), the makeup of the two experimental groups still differed according to other
uncontrollable factors such as student grade level. We used a covariate of basic reading
comprehension to statistically control for pre-existing student differences in ability but groups may
have still differed in other ways.

Second, we used high school students in our study, whereas previous studies used 3rd grade
students (Mott et al., 2012; 2014). Whether the advantages we found would extend to other grade
levels remains to be seen. Finally, our study involved only one experiment. At minimum this study
should be replicated. However, considering our results are consistent with the previous results
obtained by Mott and his colleagues, the evidence for lighting effects on learning is stronger.

FUTURE RESEARCH

Based on these limitations, future research, using a true experimental design to control for
extraneous variables with randomization of participants, without restrictions necessitated by
school scheduling, is necessary to confirm these findings. Such a design can be challenging in an
authentic environment such as the one we used. But better designs, coupled with replications, are
essential to confirm the advantages of certain lighting settings and to make recommendations for
practice.

CONCLUSION

In conclusion, the current study sought to evaluate a similar lighting system with a spectral
array with cool blue-cyan wavelength yet containing a visually appealing industry-recommended
illuminance level. We found that students in the “Energy” (intervention) classrooms scored higher
on a test of reading comprehension than did students in the “Normal” (control) classrooms. Thus,
we have evidence for the blue-to-cyan, normal illuminance lighting condition positively affecting
high school student performance absent the negative non-visual effects of blue (440-500 nm) and
high illuminance lighting.

REFERENCES

Alkozei, A., Smith, R., Dailey, N. S., Bajaj, S., & Killgore, W. D. S. (2017). Acute exposure to
blue wavelength light during memory consolidation improves verbal memory
performance. PLoS One, 12(9), e0184884-¢0184884.
https://doi.org/10.1371/journal.pone.0184884

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



Mott, S. M., Morse, R., Saltzman, L., & Robinson. D. H. 9

American Medical Association. (2016). AMA supports delayed school start times to pimprove
adolescent wellness. June 14. https://www.ama-assn.org/press-center/press-releases/ama-
supports-delayed-school-start-times-improve-adolescent-wellness

Boyce, P. R., Hunter, C. M., & Howlett, O. (2003). The benefits of daylight through windows.
http://thedaylightsite.com/wp-content/uploads/papers/DaylightBenefits.pdf

Bringslimark, T., Hartig, T., & Patil, G. G. (2009). The psychological benefits of indoor plants:
A critical review of the experimental literature. Journal of Environmental Psychology,
29(4), 422-433. https://doi.org/10.1016/j.jenvp.2009.05.001

Burstein, R., Noseda, R., Kainz, V., Jakubowski, M., Gooley, J. J., Saper, C. B., & Digre, K.
(2010). A neural mechanism for exacerbation of headache by light. Nature Neuroscience,
13(2), 239-245. https://doi.org/10.1038/nn.2475

Chellappa, S. L., Steiner, R., Blattner, P., Oelhafen, P., Gotz, T., & Cajochen, C. (2011). Non-
visual effects of light on melatonin, alertness and cognitive performance: Can blue-
enriched light keep us alert? PLoS ONE, 6(1), e16429.
https://doi.org/10.1371/journal.pone.0016429

Choi, K., & Suk, H. (2016). Dynamic lighting system for the learning environment: Performance
of elementary students. Optics Express, 24(10), A907-A916.
https://doi.org/10.1364/0OE.24.00A907

Conrad, J. (2007). Heart of darkness. Penguin Classics.

Davis, R. G., & Wilkerson, A. (2017). Tuning the light in classrooms: Evaluating trial LED
lighting systems in three classrooms at the Carrollton Farmers Branch Independent
School District in Carrollton, TX. PNNL-26812, Pacific Northwest National Laboratory,
Richland, WA.
https://www.energy.gov/sites/prod/files/2017/10/f37/2017_gateway_tuning-classroom_0

Dijk, D. J., & Cajochen, C. (1997). Melatonin and the circadian regulation of sleep initiation,
consolidation, structure, and the sleep EEG. Journal of Biological Rhythms, 12(6), 627.
https://doi.org/10.1177/074873049701200618

Earthman, G. 1. (2004). Prioritization of 31 criteria for school building adequacy. American
Civil Liberties Union Foundation of Maryland.
http://www.aclumd.org/aTop%20Issues/Education%20Reform/EarthmanFinal10504.pdf

Engelbrecht, K. (2003). The impact of color on learning. Perkins & Will.

Evans, G. W., & Stecker, R. (2004). Motivational consequences of environmental stress. Journal
of Environmental Psychology, 24(2), 143—165. https://doi.org/10.1016/S0272-
4944(03)00076-8

Gardiner, R. (2018). The forgotten history of Memorial Day. CommonL.it.
http://www.commonlit.org/en/texts/the-forgotten-history-of-memorial-day

Gillespie, R. (1991). Manufacturing knowledge: A history of the Hawthorne experiments.
Cambridge University Press.

Govén, T., Laike, T., Raynham, P., & Sansal, E. (2009). The influence of ambient lighting on
pupils in classrooms — considering visual, biological and emotional aspects - as well as
use of energy. International Commission on Illumination Conference, Vienna, Austria.
https://pure.tue.nl/ws/files/3662444/653225.pdf#page=27

Govén, T., Laike, T., Raynham, P., & Sansal, E. (2011). Influence of ambient light on the
performance, mood, endocrine systems and other factors of school children in the CIE
27th session. Sun City, South Africa.

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



Mott, S. M., Morse, R., Saltzman, L., & Robinson. D. H. 10

https://www.fagerhult.com/globalassets/global/light support/research/the-influence-of-a
mbient-light-on-school-children.pdf

Grangaard, E. M. (1995). Color and light effects on learning. ERIC.
https://eric.ed.gov/?1d=ED382381

Grant, L. K., Kent, B. A., Mayer, M. D., Stickgold, R., Lockley, S. W., & Rahman, S. A. (2021).
Daytime exposure to short wavelength-enriched light improves cognitive performance in
sleep-restricted college-aged adults. Frontiers in Neurology, 12, 624217-624217.
https://doi.org/10.3389/fneur.2021.624217

Higgins, S., Hall, E., Wall, K., Woolner, P., & McCaughey, C. (2005). The impact of school
environments: A literature review. The Centre for Learning and Teaching-School
Education, Communication and Language Science. University of Newcastle.
https://www.researchgate.net/publication/232607630

Landy, F. J. (1997). Early influences on the development of industrial and organizational
psychology. Journal of Applied Psychology, 82(4), 467-477.
https://doi.org/10.1037/0021-9010.82.4.467

Leproult, R., Colecchia, E., L'Hermite, M., & Van Cauter, E. (2001). Transition from dim to
bright light in the morning induces an immediate elevation of cortisol levels 1. The
Journal of Clinical Endocrinology and Metabolism, 86(1), 151-157.
https://doi.org/10.1210/jcem.86.1.7102

Li, Y., Ru, T., Chen, Q., Qian, L., Luo, X., & Zhou, G. (2021). Effects of illuminance and
correlated color temperature of indoor light on emotion perception. Scientific reports,
11(1),14351-14351. https://doi.org/10.1038/s41598-021-93523-y

Marek, V., Reboussin, E., Dégardin-Chicaud, J., Charbonnier, A., Dominguez-Lopez, A.,
Villette, T., Denoyer, A., Baudouin, C., Réaux-Le Goazigo, A., & M¢lik Parsadaniantz,
S. (2019). Implication of melanopsin and trigeminal neural pathways in blue light
photosensitivity in vivo. Frontiers in Neuroscience, 13, 497-497.
https://doi.org/10.3389/fnins.2019.00497

Mott, M., Robinson, D. H., Rutherford, A., & Burnette, J. (2012). Illuminating the effects of
dynamic lighting on student learning. SAGE Open, April-June, 1-9.
http://sgo.sagepub.com/content/early/2012/05/03/2158244012445585.full

Mott, M. S., Robinson, D. H., Williams-Black, T. H., & McClelland, S. S. (2014). Supporting
effects of high luminous conditions on grade 3 oral reading fluency scores. Springer Plus
(3) 53. DOI: 10.1186/2193-1801-3-53. http://www.springerplus.com/content/3/1/53.

Negiloni, K., Ramani, K. K., Sudhir, R. R. (2019). Environmental factors in school classrooms:
How they influence visual task demand on children. PLoS One 14(1).
https://doi.org/10.1371/journal.pone.0210299

Nowozin, C., Wahnschaffe, A., Rodenbeck, A., de Zeeuw, J., Hidel, S., Kozakov, R., Schopp,
H., Miinch, M., & Kunz, D. (2017). Applying melanopic lux to measure biological light
effects on melatonin suppression and subjective sleepiness. Current Alzheimer Research,
14(10), 1042. https://doi.org/10.2174/1567205014666170523094526

Owens, J., Adolescent Sleep Working Group, & Committee on Adolescence (2014). Insufficient
sleep in adolescents and young adults: An update on causes and consequences.
Pediatrics, 134(3), €921—932. https://doi.org/10.1542/peds.2014-1696

Pawananon, S., Burris, R., Holland, M., Johnson, A., Whitmore, C., & Baist, R. (2009). The
effects of background music on student performance. (Unpublished doctoral dissertation).

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



Mott, S. M., Morse, R., Saltzman, L., & Robinson. D. H. 11

Safranek, S., Collier, J. M., Wilkerson, A., Davis, R. G. (2020). Energy impact of human health
and wellness lighting recommendations for office and classroom applications. Energy
and Buildings, 226, 110365. https://doi.org/10.1016/j.enbuild.2020.110365

Sleegers, P., Moolenaar, N., Galetzka, M., Pruyn, A., Sarroukh, B., & van der Zande, B. (2013).
Lighting affects students’ concentration positively: Findings from three Dutch studies.
Lighting Research & Technology, 45(2), 159-175.
https://doi.org/10.1177/1477153512446099

Sleegers, P., Pj, B., Verbiest, E., Moolenaar, N., & Daly, A. (2013). Toward conceptual clarity:
A multidimensional, multilevel model of professional learning communities in dutch
elementary schools. The Elementary School Journal, 114(1), 118-137.
https://doi.org/10.1086/671063

Siraji, M. A., Kalavally, V., Schaefer, A., & Haque, S. (2022). Effects of daytime electric light
exposure on human alertness and higher cognitive functions: A systematic review.
Frontiers in Psychology, 12, 765750-765750. https://doi.org/10.3389/fpsyg.2021.765750

Takasu, N. N., Hashimoto, S., Yamanaka, Y., Tanahashi, Y., Yamazaki, A., Honma, S., &
Honma, K. (2006). Repeated exposures to daytime bright light increase nocturnal
melatonin rise and maintain circadian phase in young subjects under fixed sleep schedule.
American Journal of Physiology - Regulatory, Integrative and Comparative Physiology,
291(6), 1799—-1807. https://doi.org/10.1152/ajpregu.00211.2006

Tanner, C. K. (2008). Explaining relationships among student outcomes and the school’s
physical environment. Journal of Advanced Academics, 19(3), 444-471.
https://doi.org/10.4219/jaa-2008-812

Taras, H., & Potts-Datema, W. (2005). Sleep and student performance at school. The Journal of
School Health, 75(7), 248-254. https://doi.org/10.1111/1.1746-1561.2005.00033.x

Ticleanu, C. (2021). Impacts of home lighting on human health. Lighting Research &
Technology, 53(5), 453-475. https://doi.org/10.1177/14771535211021064

Veitch, J., & Mccoll, S. (2001). A critical examination of perceptual cognitive effects attributed
to full-spectrum fluorescent lighting. Ergonomics, 44(3). 255-279.
https://doi.org/10.1080/00140130121241

Viola, A. U., James, L. M., Schlangen, L. J., & Dijk, D. J. (2008). Blue-enriched white light in
the workplace improves self-reported alertness, performance, and sleep quality.
Scandinavian Journal of Work, Environment & Health, 34(4), 297-306.
https://doi.org/10.5271/sjweh.1268

Van Maanen, A., Meijer, A. M., van der Heijden, K. B., & Oort, F. J. (2016). The effects of light
therapy on sleep problems: A systematic review and meta-analysis. Sleep Medicine
Reviews, 29, 52-62. https://doi.org/10.1016/j.smrv.2015.08.009

Vos, J. J. (2003). Reflections on glare. Lighting Research & Technology, 35(2), 163—175.
https://doi.org/10.1191/14771535031i0830a

West, K. E., Jablonski, M. R., Hanifin, J. P., Brainard, G. C., Warfield, B., Cecil, K. S., James,
M., Ayers, M. A., Maida, J., Bowen, C., Sliney, D. H., & Rollag, M. D. (2011). Blue
light from light-emitting diodes elicits a dose-dependent suppression of melatonin in
humans. Journal of Applied Physiology, 110(3), 619-626.
https://doi.org/10.1152/japplphysiol.01413.2009

Winterbottom, M., & Wilkins, A.J. (2009). Lighting and discomfort in the classroom. Journal of
Environmental Psychology, 29(1), 63-75. https://doi.org/10.1016/].jenvp.2008.11.007

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



Mott, S. M., Morse, R., Saltzman, L., & Robinson. D. H. 12

Wright, S. L., Burt, C. D. B., & Strongman, K. T. (2006). Loneliness in the workplace: Construct
definition and scale development. New Zealand Journal of Psychology, 35(2), 59-68.
https://ir.canterbury.ac.nz/bitstream/handle/10092/2751/12602927

Wurtman, R. J. (1975). The effects of light on man and other mammals. Annual Review of
Physiology, 37(1), 467—483. https://doi.org/10.1146/annurev.ph.37.030175.002343

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



