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Why?

Superintendent’s Five Focus Areas: Building Master
. Safe and Secure Learning Environment Life- Plan:
. . Ready 2030
. Recruitment and Retention Students
. Student Achievement The
. Organizational Culture & Effectiveness MadorianmEs
Environment

. Communication With All Stakeholders

Safety, Security & Savings Investments

One Team. One Mission. One Rock Hill.
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Vel Sohoots-

7 | Schools
’; adopt a
&-| |greener
“\ policy

Rock Hill district 1st in S.C.
ducation and Awareness ™~

with sustainability program
One Team. One Mission. One Rock Hill.

en-vi-ron-ment
Jin'viranmant/

noun

1.1. the surroundings or
conditions in which a person,
animal, or plant lives or operates.
2.2. the natural world, as a whole
or in a particular geographical
area, especially as affected by
human activity.

Vil Shootr

Safe and Secure Learning Environments

In complement to safety and security, we will continue our state-leading effort of adopting sustainability

in the construction and operation of our school campuses. Academic research is now conclusive that an
Emergency ! energy efficient, sustainably constructed environment is a necessity for improved learning. More than

Management 20% improvement in test scores has been documented as due to increased natural light, or “daylighting”

.Occupationa_l_ \ * 2 Student Rock Hill School District 3 Facilities Master Plan 39

Health & p Health &
Wellness Wellness

Cyber- R
g ONE : MASTER PLAN 2030

in our schools. Reduction of stress and absenteeism for both students and teachers has been reported
through healthier indoor air quality from improved HVAC systems and building materials.

A safe and secure learning environment IS a sustainable learning environment.

One Team. One Mission. One Rock Hill.




RHS Sustainability:

L] I nvestm ent D rive n’ !n complement Fo safety and 5?curity, we will continue our state-le?ding ef‘For‘rl of adopting sustainability
in the construction and operation of our school campuses. Academic research is now conclusive that an
. energy efficient, sustainably constructed environment is a necessity for improved learning. More than
H €a lth & SafEty 20% improvement in test scores has been documented as due to increased natural light, or “daylighting”
Centered,
L] Student Ach|eVem ent Rock Hill School District 3 Facilities Master Plan 39
Focused

ONE : MASTER PLAN 2030
Policy EB Environmental Sustainability

in our schools. Reduction of stress and absenteeism for both students and teachers has been reported
through healthier indoor air quality from improved HVAC systems and building materials.

Issued 2119

General Principles

The board recognizes the importance of environmental sustainability in today's changing world and its critical role in ensuring a successful future for
our children.

One Team. One Mission. One Rock Hill.

Vil Sohoots-
Researching the Research!

Can biophilic design concepts help us
create a learning environment where
students feel safe and healthy and
learn better?

Help us decide if we should move
forward with this as a district design
standard ... Why? How?

One Team. One Mission. One Rock Hill.
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CAN NEUROSCIENCE TELL US
ANYTHING USEFUL ABOUT
ARCHITECTURE AND DESIGN?
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THE NATURAL WORLD TAPS INTO
ORGANIZATIONAL PROPERTIES
OF THE VISUAL
BRAIN
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THE BUILT ENVIRONMENT TAPS
INTO ORGANIZATIONAL
PROPERTIES OF THE VISUAL BRAIN

Fay Jones, Cooper .
Memorial Chapel, Bella North Rose Window, Cathedral of Notre Dame,

Vista, Arkansas, 1987 Paris, 14t century

A B
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THE BUILT ENVIRONMENT TAPS
INTO ORGANIZATIONAL
PROPERTIES OF THE
VISUAL BRAIN

Chords Bridge, Jerusalem, 2008

Scripps Crossing Bridge, La Jolla, 1993

THE SENSE OF ORDER

* Simple, regular, repeating forms

* Activate specialized neuronal
systems that have evolved
because they facilitate
detection of natural stimuli that
confer selective advantage for
survival and reproduction

* Structural
understanding is
immediate

* Visual ease (“easy
adjustment”)

* Conventional beauty
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BIOPHILIA
WHAT IS BIOPHILIA?

“Biophilia...

beings to other living organisms....

to encounter.”

Edward O. Wilson
The Biophilia Hypothesis

is the innately emotional affiliation of human

Life around us exceeds in complexity and
beauty anything else humanity is ever likely

BIOPHILIC DESIGN

Improving Health and Well-Being in the Built Environment

GREEN HELPS PEOPLE HEAL

ULRICH STUDY, 1984
A view to nature equals...
e Shorter hospital stays

e Fewer negative comments
e Fewer strong analgesics

i

Patients’ rooms

Brick wall

THE SCIENCE OF BIOPHILIA

Translational research for design application
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BIOPHILIC DESIGN

Example Project
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FRACTALS & VISUAL RESPONSE
SALINGAROS, 2012; TAYLOR, 2006;
HAGERHALL ET AL., 2008; JOYE, 2005

Key takeaways...

e Fractal patterns encourage perceptual
rather than cognitive thinking.

e Humans have a preference for patterns
with a moderate fractal dimension like that
found and processed in nature.

e Moderate fractal dimensions are perceived
as are most restorative and relaxing.

e High fractal dimensions can engender
stress in some people, or creativity in

others.

BIOPHILIC DESIGN

Complexity & Order

20
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MICRO-BREAKS & ATTENTION e
RESTORATION 6e+5—] . . View to
LEE, WILLIAMS, SARGENT ET AL., 2015 S S
5e+5—
4e+5—
5 3e+5—
S
2e+5—
le+5—
Oe+b— —
I I I I
1st half 2nd half 1st half 2nd half
Baseline Task Post-Treatment Task

Figure. Boxplot of the median and variance of moment-to-moment response variability (reported as power). Participants viewed a
concrete (orange boxes) or green (green boxes) roof. Data shown for the 1st and 2nd half baseline task, and the 1st and 2nds half
post-treatment task indicates a significant difference between participants viewing a concrete and green roof. Source: Lee et al.

40-second green roof views sustain attention: The role of micro-breaks in attention restoration. Journal of Environmental Psychology
42(2015):182-189.

THE SCIENCE OF BIOPHILIA Translational research for design application

GREEN SPACES & COGNITIVE
DEVELOPMENT IN CHILDREN
DADVAND ET AL., 2015

e 2,593 schoolchildren
¢ 36 schools, grades 2-4

e Assessment of greeness at home,
community, and school

» *© Beneficial association of greenspace
“  and cognitive development

“ High

~ Low
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Figure. 12-month progress in superior working membory for partcipants
with the first and third tertiles of greeness within the school boundaries.

i 5

THE SCIENCE OF BIOPHILIA Translational research for design application
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14 PATTERNS OF
BIOPHILIC DESIGN

Nature In The Space

. Visual Connection with Nature

. Non-Visual Connection with Nature
. Non-Rhythmic Sensory Stimuli

. Thermal & Airflow Variability

. Presence of Water

. Dynamic & Diffuse Light

. Connection With Natural Systems

Natural Analogues

NOOhAs wN

8. Biomorphic Forms & Patterns
9. Material Connection with Nature
10. Complexity & Order

Nature Of The Space
11. Prospect
12. Refuge
13. Mystery
14. Risk
BIOPHILIC DESIGN Improving Health and Well-Being in the Built Environment
THE 14 PATTERNS STRESS REDUCTION COGNITIVE PERFORMANCE EMOTION, MOOD & PREFERENCE
SCIENCE Visual Connection w/ Nature Lowered blood pressure Improyed mental engagement/ Positively impact_ed attitude
and heart rate attentiveness and overall happiness
Vi S Reduced systolic blood pressure Positively impacted Perceived improvements in

BIOI—OG|CA|— Non-Visual Connection w/ Nature and stress hormones coghitive performance mental health and tranquility
RESPONSES Positively impacted heart rate, Observed and quantified
& B|OPH|L|C I Non-Rhythmic Sensory Stimuli | systolic blood pressure and behavioral measures of
DESIGN g y hetic nervous system activity ion and exploration

. i Positively impacted comfort, =t o 2 Improved perception of temporal

w
PATTER NS = Thermal & Airflow Variability well-being and productivity Positively impacted concentration and spatial pleasure (alliesthesia)

= -

= . Improved concentration and

“g P Red_uced Qe |r_|(_:reased memory restoration; Observed preferences and

[Efjiessnceleiiatey fesinssiofuanauility flowey Enhanced perception and ositive emotional responses

= heart rate and blood pressure Fh P In P 5 P P

psy p

Positively impacted circadian
Dynamic & Diffuse Light system functioning;
| Increased visual comfort

Enhanced positive health responses;
Shifted perception of environment

E Biomorphic Forms & Patterns | Observed view preference

Connection w/ Natural Systems

Material Connection w, Nature Decreased diastolic blood pressure;

5 Improved comfort
Improved creative performance

Complexity & Order Pgsn_lvlely impacted perceptual and

phy gical stress 1 Observed view preference

Improved comfort and

Prospect Reduced stress Reduced boredom, irritation, fatigue perceived safety

Improved concentration, attention
and perception of safety
Mystery Induced strong pl er
. . in strong d
- gl or pleasure responses
Biological Response Table, 14 PATTERNS OF BIOPHILIC DESIGN (p 12) © 2014 Terrapin Bright Green LLC

Refuge

Baciltad
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What Do You
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The proposed study aims to test and
understand the contribution of a
biophilic learning space to reduce

student stress and enhance learning
outcomes.

Experiment Objective

27
V- I 14 PATTERNS | . | STRESS REDUCTION | COGNITIVE PERFORMANCE |£M0110N. MOOD & PREFERENCE
Isua Visual * | Lowered blood pressure and heart rate | Improved mental engagement/ Positively impacted attitude
Connection (Brown, Barton & Gladwell, 2013; van den Berg, ’ attentiveness and overall happiness
. with Nature * | Hartig, & Staats, 2007; Tounetsugu & Miyazaki, 2005 | (RBiederman & Vessel, 2006) (Barton & Pretty, 2010
Connection !
L]
with
Nature

e |

S

I
IE
I
i

RN S
e

Zl-‘“ f
B
L
=4
!

R
i
N
AL
|2H =

28



Dynamic &
Diffuse
Light

14 PATTERNS

*

STRESS REDUCTION COGNITIVE PERFORMANCE EMOTION, MOOD & PREFERENCE

Positively impacted circadian
§ functioning
Dynamic & * | (Figueiro, Brons, Piitnick et al_, 2011;
Diffuse Light * | Beckett & Roden, 2009)
Increased visual comfort
(Elyezadi, 2012; Kim & Kim, 2007)

29

Biomorphic
Forms &
Patterns

14 PATTERNS + | STRESS REDUCTION | COGNITIVE PERFORMANCE |£M0'|10N, MOOD & PREFERENCE
Forms & L | Observed view
Patterns ‘ (Vessel, 2012; Joye, 2007)

W,

30
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Fill the Research Gap

14 PATTERNS l . l STRESS REDUCTION COGNITIVE PERFORMANCE EMOTION, MOOD & PREFERENCE
Visual . - i.mred blood pressure and heart rate | Improved mental engagement/ Positively impacted attitude
Connection * | (Brown, Barton & Gladwell, 2013; van den Berg, attentiveness and overall happiness
with Nature » | Hartig, & Staats, 2007; Tunetsugy & Myazaki, 2005) | (Biederman & Vessel, 20061 (Barton & Pretty, 2010)

Poullvely lnpnmd circadian
Dynamic & ” (‘}} Brans Pimuml 2011;
Diffuse Light * | Beckett & Roden, 20091 gap gap
Increased visual comfort
(Elyezadi, 2012; Kim & Kim, 2007)
Biomorphic .
. Observed
| gap gap bt ow e
Positively impacted on heat | | B
NowRhythmic | - | o, ystlc ood presare and | Observed nd quaifed bohaviosl | 1 ot trgetoectiebutreted |
. + | symp ) .
e A 2500: Pkt L, 2008: Kot et o 2008, 1 tovisudlconnectiontonature |

Beauchamp, et al., 2003; Ulrich et al., 1991)

exploration Windhager et al., 2011)
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CRAIG ﬁ
GAULDEN  MORS,

DAVIS

STATE UNIVERSITY.

Green Street Academy - Experiment Site
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CRAIG :
GAULDEN
DAVIS

STATE UNIVERSITY,

Control Classroom
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CRAIG ﬁ

GAULDEN CAN Biomorphic Forms & Patterns
DAVIS T
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Assessment

1. Stress (Heart Rate Variability)

2. Student Survey

3. Student/ Instructor interviews

4. Learning Outcomes

CRAIG

40
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“It’s like a nice bright light, so it gives me a more purpose to learn,

knowing that I’'m in a good environment. I’'m sitting by the light so it’s

better for me to understand and I’m more comfortable in the classroom.”
Shavon

“Along with the floors, the lighting and stuff, it just makes it easier for me
to focus more and get back into what I'm doing.”
Kendall

“Well, the windows are solar panel. Now would be like cool if you do that
for every classroom. It's cool. They relax you. Because with the light of the
sun makes you concentrate better, Instead of having regular lights”.

“...the ceiling has like little-- it's look like waves...that makes me feel

good... Kervin
CRAIG @ é
GAULDEN ~ MORGAN
DA\/‘S TE l{‘ !{f‘\ul: IN STATE UNIVERSIT
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Average Score (maximum of 39)

Average Change in HRV
Scores Per Month

BIOPHILIC CLASSROOM CONTROL CLASSROOM

22
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CONTROL CLASSROOM
7™ GRADE MATH

- BIOPHILIC CLASSROOM
6™ GRADE MATH

Perception Of Physical Space Enjoyment of Math Lessons Level of Involvement

Name of Scale

Findings

Student Stress
Heart Rate Variability

CRAIG
GAULDEN € Ol
DA\/‘S TERRAPIN e e SRt Rermit
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What is HRV?

e Heart Rate Variability refers to the tiny fluctuations (variability) between heart
beats

R-RInterval  g73ms  1102ms

e [tis very different from beats-per-minute (heart rate), steps, VO2max, calories
or many other biomarkers.

E|ite|HRV.

Copyright EliteHRV & 2019

47

HRV TESTING
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RAW DATA FROM ONE STUDENT IN THE BIOPHILIC CLASSROOM

Member Type Date Time Start Date Time End  Duration HRV HRV Average Delta Delta Subtotal
B12 open 3/4/2019 12:40 1st 27.117 73
B12 open 3/4/2019 13:46 2nd 48.4102 68 -5
B12 open 3/6/2019 10:54 1st 37.62 74
B12 open 3/6/2019 11:25 2nd 43.7024 78 4
B12 open 3/8/2019 12:39 55.0524 75
B12 open 3/11/2019 12:39 1st 34.575 68
B12 open 3/11/2019 13:48 2nd 34.4737 63 <5
B12 open 3/13/2019 12:40 1st 38.8852 724
B12 open 3/13/2019 13:46 2nd 39.8623 79 2
B12 open 3/25/2019 12:40 1st 57.4512 63
B12 open 3/25/2019 13:47 2nd 50.7476 74 11
B12 open 3/27/2019 12:40 1st 31.72 57
B12 open 3/27/2019 13:45 2nd 35.9231 71 14
B12 open 3/29/2019 12:41 50.7985 65
Subtotal 70.3571429 21

STRESS REDUCTION

Average HRV Scores

71.18 17135
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CONTROL CLASSROOM
| 7™ GRADE MATH

BIOPHILIC CLASSROOM
6™ GRADE MATH

151 Readings
180 Readings
194 Readings
163 Readings

FEBRUARY MARCH APRIL

1,448 Total Readings




Average HRV Score Change

Average HRV Score Change

STRESS REDUCTION

Average Change in HRV
Scores Per Day

CONTROL CLASSROOM
7™ GRADE MATH

BIOPHILIC CLASSROOM
6™ GRADE MATH

FEBRUARY

STRESS REDUCTION

Average Change in HRV
Scores Per Month

CONTROL CLASSROOM
7™ GRADE MATH

BIOPHILIC CLASSROOM
6™ GRADE MATH

FEBRUARY
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Findings

Learning Outcomes

CRAIG @ L.
ORGAN
8/?\/% DEN RRAPIN Fin §am|b
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7i-Ready

Adaptive Assessment Test

that gives a picture of
student performance and
growth

54
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iReady Test Scores

Number of Students

LEARNING OUTCOMES

iReady Test Score Averages
avg Gain =1845

3
o

Avg Gain = 5.48

459159 459.54 The Average
Test Score
Gain is

SeIX

Higher in the
Biophilic
Classroom

SEPTEMBER DECEMBER MARCH

2017 - 2018 2018 - 2019
CONTROL CLASSROOM BIOPHILIC CLASSROOM

LEARNING OUTCOMES

iReady Test Scores: # Testing at 5" & 6'h Grade Level

T2%

More Students
Tested at

Grade Level
in the

Biophilic
Classroom

3
>
SEPTEMBER
2017 - 2018 2018 - 2019
- CONTROL CLASSROOM BIOPHILIC CLASSROOM
122 Students 125 Students
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Findings Summary

Stress reduction during the class experience was significantly higher in the
biophilic classroom when compared to a control classroom.

Improvement in Math test scores over a 7 month period was more than 3 times
higher in the biophilic classroom when compared to a control classroom.

Students claim to feel “more relaxed”, “calm”, “better able to concentrate”,
“easier to focus”, “ have more of a purpose to learn” in the biophilic classroom
when compared to their other classrooms.

CRAIG
GAULDEN
DAVIS TE)
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h at Is the:i fﬁfpact_ of

the spaces we design?

Bill Browning bill@terrapinbg.com

Jim Determan jdeterman@cgdarch.com
Catherine Martin Dunlop catherine.martin@morgan.edu
Mary Anne Akers maryanne.akers@morgan.edu
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