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Learning Objectives

1 Assess classroom lighting 
components and their 
applicability to different teaching 
tools and learning styles.  ​

2 Understand the 
physical/biological connection 
between light and human health, 
learning styles, and circadian rhythms.​

3 Recognize the characteristics 
of light that can enhance or 
deter from the learning 
environment.​

4 Evaluate current electric lighting 
technologies that are available to us 
in our architectural designs, and how 
these impact the classroom.​
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We have 4 learning objectives today, we are going to present a number of concepts touching on each of these. 



Julie Allen, LC, LEED AP
Lighting Designer
NAC Architecture

Darice Cadriel, AIA, NOMA, NCARB
Architect
NAC Architecture

Introductions
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ABOUT NAC

NAC 
Architecture that endures, 
challenges, and inspires. 

NAC works towards 
impactful change to 
improve our communities 
and world. 

We are lifelong learners.

Our Research & Experience 
Development (RED) group 
uncovers meaningful, 
human-centered 
information to facilitate our 
architecture practice.

Collaboration.
NAC + RED have partnered 
with universities on 
multiple research projects. 

We are committed to 
rigorous, meaningful 
research.
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ABOUT NAC

Over 40 years 
serving PK-12 
clients. 
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A4LE MACCONNELL AWARDS

Cavelero Mid High 
School, Finalist

Machias & Riverview 
Elementary Schools, Finalists

Cherry Crest Elementary 
School, Finalist

Hazel Wolf K-8 
E-Stem School, Finalist

Mount Si High School, 
Finalist

Glover Middle School, 
Finalist

James Baldwin 
Elementary School

 2024 James D. MacConnell 
Winner
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Success early in 
one’s life effects 

their success later in 
life 

(Wang et al., 2015)

Students spend 
6 – 8 hours 
a day in schools 

(Fildaro, 2021)

Physical, 
biological, and 
neurological 

development occurs 
(Yand & Jeon, 

2020)

Belvedere Middle School
Los Angeles Unified School District
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As a team NAC and RED have been studying classroom lighting and how it impacts the students.��we are going to be discussing some of those findings in this presentation as well as overall general classroom and school lighting strategies.��So why schools? There are over 100,000 public k, through 12 school facilities in the united states, with about 25,000 of those in the Great Lakes Region.��These schools play a pivotal role in the physical, biological, and neurological development of the students and teachers.��Students spend 6-10 hours a day in these spaces.��And as you well know, teachers are spending even more time in them, from 10-12 hours each day.��Think about the times of year when you arrive and leave school when its still dark out. During those times all of the exposure that is being received are all within the built environment, not from natural light.��Research has indicated that success early in one’s life leads to success later in that person’s life.��These facilities can have a huge impact on how students learning and interacting and also their success later in their education and beyond.��Fundamentals of light quality:��Today we are going to go over the topics you see here.��We will walk through each of them, and then we’re hoping that you will participate with us in a discussion, we’d love to hear your feedback and ideas.��What can the design team do, what can we provide, and really how can we all make this better?



Typical Classroom Lighting Design
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What are 
teachers 
doing?
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Fundamentals of Light Quality
Quality of Light​

CCT​
CRI​
TM30​

Visual Comfort​
Dimming​
Controls​
Light & Health​
Daylighting​ & Views
Colored Light​

Reseda High School
Los Angeles Unified School District (LAUSD)
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Today we are going to go over the topics you see here.��We will walk through each of them, and then we’re hoping that you will participate with us in a discussion, we’d love to hear your feedback and ideas.��What can the design team do, what can we provide, and really how can we all make this better?



Light Quality
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Correlated 
Color 
Temperature
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More Than 1 Million New Neural Connections Per Second

Color Rendering Index
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Another term we use when discussing light quality is, color rendering index, or CRI.��This is how we measure how an object appears, or renders, under different lighting sources as compared to natural light.��To measure CRI we have a scale of 0 to 100, and in looking at the images. its clear that the higher the number, the better the light source is at matching the objects rendering ability, or matching how the object would appear in natural light.��A CRI of 100 doesn’t necessarily mean the lighting and color rendering are perfectly accurate. Its more an expression of how close that observed light is to the reference light. Really, it’s a comparison index that we use when looking at different light sources.��This way of measuring light has been around since the 70’s, it’s based on 9 different colors, and uses a light source to see how each color appears under that light. This gives you, what we call and R-Value, ranging from R1 to R8, to understand what objects look like under that source.��So when designing these learning environments there are a lot of variations, within the lighting itself, that we need to think about knowing that people are going to be in them for long periods of time.��With new lighting technologies becoming the standard, there is also a new method in how we document the color rendering of objects



TM-30
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Light Quality
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Visual Comfort
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Visual Comfort
Focal Glow

(Helps you see)
2

Ambient Luminescence
(Shadowless lumination)

1

Play of Brilliants
(Excites the eye) 3

Presenter Notes
Presentation Notes
Julie

Darice

there have been studies that indicate when we have direct, indirect lighting sources, they affect our visual comfort, spatial perception, and sensory processing. These studies are showing that students have better standardized test scores, within the classroom environment that have these types of direct, indirect light sources




Visual Comfort
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Dimming
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More Than 1 Million New Neural Connections Per Second

Dimming
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Dimming
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Control
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Control
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Control
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In a study performed in Oklahoma, which had 360 k, through 12 public school teachers participate, one of the questions asked was if they brought additional light sources into their classrooms. 98% of the participants responded that yes they did.��Spending their own money, anywhere from $50 to upwards of $250 in additional light sources.��One of the reasons given was that they wanted to have more control over the lighting in their classrooms, they wanted to create zones, to have certain areas designated for activities that were separate from the overall classroom lighting.

In another study in Oklahoma, with 125 k, through 12 educators, wanted to understand their satisfaction with their classroom environment and how that impacted not only their productivity but also their satisfaction with their job.��Lighting control was specifically found to have correlations with teacher satisfaction, productivity, performance, and higher retention rates.





Light and 
Health
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The eye
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The brain
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Circadian 
Rhythm
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what is it and how does it impact us. its our 24 hour biological clock that is impacted by light and dark cycles.��It influences our bodies on a biological level, things like regulating hormones and metabolism, our immune systems, how we react to stress, and our cognitive function, which is so important in these school environments.  ��One of the hormones that is regulated by light and dark, is melatonin, which is naturally occurring. Our bodies start to produce melatonin and cortisol at different ages; Babies don’t start to produce melatonin until about 3 months old, that’s around when they are able to truly start and follow a natural sleep/wake cycle. ��Cortisol begins to develop between 2 to 9 months. So children and toddlers are usually on a pretty good circadian rhythm because this is the age before they have those outside influences that start to impact their sleep/wake cycles.��As they grow, entering adolescence and puberty, the changes in their sleep patterns become more apparent. This is because of the hormonal changes, they begin to release melatonin later in the day, and this is not letting them get to sleep until later at night. We see this most in the teenage and high school years, those students are needing 8-10 hours of sleep per night. This is difficult because they have to be in school so early, when their bodies have not quite adjusted to the cycle, allowing them to be awake and cognizant in those early hours of their school day. When this is the case, they need to wake up and have instant access to bright daylight or lighting that simulates daylight. As Julie discussed, These types of light are in the same wavelength as sunlight because of their CCT level, this exposure helps keep them in that circadian rhythm.��But this is not just for teenagers, we all need to maintain that 24 hour pattern. There have been studies done on the types of stimuli that are impacting our sleep/wake cycles and how exposure to that sunlight wavelength lighting can help all of us.�
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Light and 
Health
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Daylight
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Another way that design can assist in creating the connection to the sun and outdoors is through not only daylighting but also with views of the outdoors.��This image is showing you what we often see being done when classrooms have not been designed appropriately and are too bright. We see window treatments installed to help with glare, which is another way of having some control over the lighting in the room, as well as shielding a distracting outdoor environment.




Daylighting

7% - 18% increase in 
student standardized test 
scores (Heschong, 2002)
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Studies have shown that daylighting and views of the outdoors is beneficial to student learning.This has been studied since the early 2000’s, so we have 2 decades of supporting research.��It has shown that students who are in daylit classrooms perform 7 to 18 points higher on standardized tests. These studies have shown similar results in other age groups, and in other facility types as well. So we know there is benefit to daylighting, and not just on a biological level but on overall health and wellbeing. 




Kimball Elementary School
Seattle Public Schools

Views to the 
exterior and a 
connection to 

nature increases 
student academic 

success.
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We also understand from the research that views of nature are beneficial to students. Its that direct connection with nature, that we call biophilia, that studies have shown to have an increased wellbeing in students as well as increased academic success.��These types of views are considered positive distractions with better on task performance. The visual break to a natural or green view, gives a moment of release, that then allows the student to focus back on their task. Views of outdoor manmade areas like busy parking lots or loud playgrounds, have the opposite effect distracting students and getting them completely off task, impacing their academic progress and success.��Windows that create glare, either on computer screens or on interior finishes are negative distractions and should also be considered when looking at the classroom as a whole.��If a facility is designed with appropriate daylighting strategies and views of nature, we know that this will have a positive impact on the students and teachers.





More Than 1 Million New Neural Connections Per Second

Chromotherapy

Multi-sensory
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A multi-sensory room is a specially designed space that can support the sensory needs of students. Studies are showing that they are useful in reducing and managing stress and aggression. They should be well structured so that the amount and intensity of the sensory experience can be easily controlled and monitored.��The CDC (Center for Disease Control) estimates that 1 in 59 children have been diagnosed with ASD ( Autism Spectrum Disorder), and we are seeing more of these multi-sensory spaces being utilized in schools.��Some of the benefits are:�improved focus and concentration (due to the minimized distractions)��promoting self regulation (because they create opportunities to explore and manage sensory input)��development of social emotional skills (because it is a safe space for emotional expression and interaction)��and improved fine and gross motor skills��They are also great inclusion spaces that students can explore together.��Neurodivergent and Neurotypical students have seen advantages using spaces like this.



More Than 1 Million New Neural Connections Per Second

Multi-Sensory Rooms
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Here you see some examples of what teachers have been creating. Studies have been done on what a multi-sensory room should include to best support the student.��So what do they want to include?��soothing sounds, nature sounds, or classical music.��Tactile elements, different surfaces to touch and feel��A visual feature like a bubbling tube��Cause and effect activities like interactive panels or floors, or items with buttons��And soft lighting that is adjustable with different colors to choose from.



Chromotherapy

Chromotherapy
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Color Changing 
Light
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Fundamentals of Light Quality
Quality of Light​

CCT​
CRI​
TM30​

Visual Comfort​
Dimming​
Controls​
Light & Health​
Daylighting​ & Views
Colored Light​

Reseda High School
Los Angeles Unified School District (LAUSD)
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So we have gone over quite a few concepts today about lighting design in the classroom. We’ve shown you what we are seeing in schools and we’ve proposed some solutions that we as the designers can do to improve the classroom environment.



James Baldwin Elementary School
Seattle Public Schools

Putting it all together…

What are the main lighting features to 
include in creating an ideal K-12 classroom 
to promote students learning?

What are the roadblocks?
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Thank you!
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