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T WO  P R O F E S S I O N S 
A DVA N C I N G  I N  TA N D E M
As Lynch and Jacobs were publishing  
their works on imageabil ity and city l i fe,  
the neurosciences were being born  



Neurourbanism is “predicated on 
understanding and managing the 

effects of urban living on neurological 
processes,  viewing urban planning 

primarily as an instrumental means of 
improving health” 

Mondschein & Moga, 2019  
[cit ing Adli  et al . ,  2017] 



"Arguably,  most planning histor y 
has not even been human centered, 
but in recent decades,  there's been  

 a growing interest in designing 
places through the lens of the 

human experience." 

Dr. Justin Hollander
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P R E F E R E N C E S



SANDLOT [MARYLAND]
Mahan Rykiel Associates

Social acceptance 

Belonging 

Influencing others 

Protecting ourselves from harm 

Intimate relationships

Leary, M.  (2013). Understanding the Mysteries of Human Behavior [Recording]. The Great Courses.

F U N DA M E N TA L  & 
P E R VA S I V E  H U M A N 
M OT I V E S



"Tracing back to the beginning, 

architecture was born out of our primal 

instincts,  or rather,  our behavior patterns: 

a strong desire to sur vive,  to be shielded 

from foes and predators when we are 

most vulnerable,  and to provide shelter 

as the environment changes."
Shin Thant Htet



WHAT WE 
PERCEIVE

WHAT THE BRAIN 
FILTERS OUT

95% O F  O U R  T H I N K I N G  H A P P E N S 
AT  T H E  S U B CO N S C I O U S  L E V E L

ICEBERG GRAPHIC ADAPTED FROM ANDRES RAMOS, VECTEEZY.COM



S T R U C T U R E  O F  T H E  B R A I N
CEREBRUM, CEREBELLUM, AND BRAIN STEM

FRONTAL LOBE
conscious thought , 

decision-making, 
planning/future action, 
personality,  movement, 

smell  recognition 
(typical ly) ,  speech 

[Broca’s area ]

PARIETAL LOBE
spatial  relationships, 
sensory information, 
body awareness, 
object identif ication, 
understanding 
interpreting pain and 
touch, understanding 
spoken language 
[Wernicke’s area]

OCCIPITAL LOBE
visual processing

CEREBELLUM ["LITTLE BRAIN"]

BRAIN STEM 
connects the 

cerebrum with 
the spinal cord

TEMPORAL LOBE
home of l imbic system, 
complex visual st imuli , 

short-term memory 
recall ,  speech, musical 

rhythm, some degree of 
smell  recognition,

JOHNS HOPKINS MEDICINE (2021). 

SOMATOSENSORY CORTEX



T H E  H I P P O CA M P U S
& THE LIMBIC SYSTEM [SIMPLIFIED]

HIPPOCAMPUS
memory,  learning, 
perception of space 
and spatial  navigation; 
creates mind maps; 
faci l itates goals-
oriented behavior ;  a 
"command center" ; 
the "Emotional Brain"

AMYGDALA
regulates emotion and 

memory,  associated with 
the brain’s reward system, 

stress,  and the “f ight or 
f l ight” response when a 

threat is perceived;  
the "Survival  Brain"

THALAMUS
relays information

PITUITARY GLAND
governs the function of 
glands throughout the 

body,  regulates hormones

HYPOTHALAMUS
homeostasis

PREFRONTAL CORTEX
"Where we process moment-to-moment 

input f rom our surroundings,  compare 
that to past experiences,  and then react 

to them" (Hathaway & Newton, 2023) ;  
the "Thinking Brain"

HATHAWAY, W. R. & NEWTON, BRUCE W. (2023)
JOHNS HOPKINS MEDICINE (2021)
THANT HTET (2023)



MONDSCHEIN & MOGA (2019)
MOSER & MOSER (2007)
TAUBE (2009)

BOUNDARY CELLS

respond to environmental 
boundaries at a distance 

and direction f rom 
us;  provide the f irst 

crit ical  spatial  input to 
hippocampal place cells

CO G N I T I V E  M A P P I N G
CELLS INVOLVED IN OUR SPATIAL MAP-MAKING

These cells are 
allocentric, 

meaning 
they respond 

to what's 
outside our 

bodies

f iring rates depend 
on speed through the 

environment

SPEED CELLSHEAD DIRECTION CELLS

discharge in relation to 
one's directional heading 
by using the surrounding 

environment as a 
reference

GRID CELLS

arranged in a map-l ike 
conf iguration;  f ire sequential ly 

as we move through space

f ire when features of 
a specif ic place are 
sensed; thought to 

play a role in episodic 
memory

PLACE CELLS
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LONDON TAXI DRIVERS CONTROL GROUP

WOOLLETT AND MAQUIRE (2009)

L O N D O N  CA B 
D R I V E R S 
D E V E L O P 
L A R G E R 
H I P P O CA M P I



B I O F E E D B AC K 
& THE DESIGN OF CITIES



A  F E W 
B I O M A R K E R S 
U S E D  I N 
U R B A N 
S T U D I E S

HEART RATE VARIABILITY (HRV)

SKIN CONDUCTANCE 

FACIAL EXPRESSIONS

ELECTRICAL BRAIN ACTIVITY

EYE MOVEMENT



BIOMARKER (Physiological [P] or Neural [N])... ...IS AN INDICATION OF... ...WHICH WE MEASURE BY...

B I O M A R K E R S

P
SKIN CONDUCTANCE 
(a.k .a.  "electrodermal response" or 
"galvanic skin response/resistance"[GSR])

Stimulus-response/arousal ; 
intensity of emotions

Finger electrodes;  GSR 
sensors

P FACIAL EXPRESSIONS

P
EYE MOVEMENT 
(e.g. ,  gaze path,  f ixation,  saccades,  
pupil  reactivity)

P
HEART RATE VARIABILITY (HRV)
(f luctuations in the time between 
heartbeats)

N
ELECTRICAL BRAIN ACTIVITY
(e.g. ,  Brainwaves)



EMPATICA E4 WRISTBAND

• Car passing events, parked vehicles, 
and roads with dashed centerline 
markings increased cyclists' stress.

• Separate bike facilities were associated 
with less cyclist stress than shared streets

M E A S U R I N G  S T R E S S 
I N  C YC L I S T S

Venkatachalapathy, A ., et al. (2022). A naturalistic study 
assessing the impact of daytime running lights and 

vehicle passing events on cyclist’s physiological stress



P R OV I N G  N AT U R E 
I S  R E S TO R AT I V E
• Restorative spaces act as medicine, 

helping us heal and lifting our spirits

KAISER PERMANENTE MEDICAL OFFICE 
BUILDINGS  [MARYLAND] 
Mahan Rykiel Associates

UPPER CHESAPEAKE CANCER CENTER [MARYLAND]
Mahan Rykiel Associates



BIOMARKER (Physiological [P] or Neural [N])... ...IS AN INDICATION OF...

B I O M A R K E R S

P
SKIN CONDUCTANCE 
(a.k .a.  "electrodermal response" or 
"galvanic skin response/resistance"[GSR])

Stimulus-response/arousal ; 
intensity of emotions 
("affective monitoring")

Finger electrodes;  GSR 
sensors

P FACIAL EXPRESSIONS Emotion Facial  electromyogram  
(fEMG, or facial  EMG) 

P
EYE MOVEMENT 
(e.g. ,  gaze path,  f ixation,  saccades,  
pupil  reactivity)

P
HEART RATE VARIABILITY (HRV)
(f luctuations in the time between 
heartbeats)

N
ELECTRICAL BRAIN ACTIVITY
(e.g. ,  Brainwaves)

...WHICH WE MEASURE BY...



FAC I A L 
E X P R E S S I O N S 
S U G G E S T 
L A N D S CA P E 
P R E F E R E N C E S

XTRODES

Petružálek. (2021). Viewing Natural vs. Urban Images and 
Emotional Facial Expressions: An Exploratory Study



BIOMARKER (Physiological [P] or Neural [N])... ...IS AN INDICATION OF...

B I O M A R K E R S

P
SKIN CONDUCTANCE 
(a.k .a.  "electrodermal response" or 
"galvanic skin response/resistance"[GSR])

Stimulus-response/arousal ; 
intensity of emotions 
("affective monitoring")

Finger electrodes;  GSR 
sensors

P FACIAL EXPRESSIONS Emotion Facial  electromyogram 
(fEMG, or facial  EMG) 

P
EYE MOVEMENT 
(e.g. ,  gaze path,  f ixation,  saccades,  
pupil  reactivity)

Attention/Interest Eye tracking devices

P
HEART RATE VARIABILITY (HRV)
(f luctuations in the time between 
heartbeats)

N
ELECTRICAL BRAIN ACTIVITY
(e.g. ,  Brainwaves)

...WHICH WE MEASURE BY...



PUPIL LAB

E Y E - T R AC K I N G  R E V E A L S 
T R A N S I T  " PA I N - P O I N T S "

PHILADELPHIA INQUIRER, 2021, Eye-tracking glasses could help SEPTA tackle its wayf inding woes



IMAGES OF THE SEPTA BRANDING AND WAYFINDING MASTER 
PLAN, 2023 MERID AWARD [FROM SEGD.COM]



SUSSMAN & WARD 
(2016). Planning for 

the Subconscious

WAY F I N D I N G 
CA N  B E  B E T T E R

"Eye-tracking helps 
signage designers and 

planners understand the 
effectiveness of signs 
and implications for 

sign codes." 
CHRISTOPHER AUFFREY

ASSOCIATE PROFESSOR OF PLANNING AT 
THE UNIVERSITY OF CINCINNATI



IMAGE FROM WASA-OLY.ORG/
3M VAS HEATMAP, HOTSPOTS, AND 

GAZE PATH ANALYSIS BY AUTHOR

 

A R T I F I C I A L 
I N T E L L I G E N C E 
& PREDICTIVE EYE TRACKING 
WITH 3M™ VISUAL ATTENTION 
SOFTWARE



I M M E R S I V E  
V I R T UA L  R E A L I T Y

AERO VR HEADSET PROMOTIONAL IMAGE 
SUPERIMPOSED OVER PHOTOGRAPH BY 

H. EMRE (PEXELS.COM) 

• Controlled environments

• A/B Scenarios (potential futures)

• Can combine with 
biofeedback devices

• Recognizes that humans 
are inherently spatial actors 
with a strong visual bias



"It  helped us translate 
other wise complex ideas 
that the public could see, 

l iterally walk through, and 
react to,  which was 

 especially useful in building   
 public understanding."

ROBBY GUTHART, AICP
PROJECT TRANSPORTATION PLANNER

U.S. 67 Corridor Master Plan project (CDM Smith for Texas 
Department of Transportation)

V R  I N  P R AC T I C E



JAFFE, 2013, The Science of a Great Subway Map

MBTA Maps with "Mongrels" (on right) computed for 
someone looking at the Kendall/MIT stop

• Our brains have limited capacity 
to absorb information quickly

• Our peripheral vision pools info 
outside the direct line of sight, 
sacrificing detail in favor of an 
overall impression  
(Rosenholtz, 2011; Jaffe, 2013; 

Smithsonian Magazine, 2023)

M A P S 
CA N  B E 
C L E A R E R



1972 Vignell i  Map1939 NYC Subway Map
HILLERY (2019). Making the NYC subway user-f riendly through effective visuals.

JAFFE (2013). The Science of a Great Subway Map

1979 -  A New Map Replaces the Vignell i  Map

"Vignelli ’s  modernist design 
 stressed visual clarity over  

 geographical precision;  all  the 

lines ran vertical  or horizontal .  .  . 

and rectangular Central  Park was 

rendered as a square."
ERIC JAFFE



The current NYC Subway Daily Map ( left)  and the Vignell i-designed 
weekend map (right) ,  compared with their "mongrels" (below)

"The daily map, 
geographically inclined 

just as the public wanted 
back in the 1970s,  is  a mess. 

The diagrammatic Vignelli 
weekend map, meanwhile, 
hardly looks like a mongrel 

at all–a sign of the designer’s 
preternatural understanding 

of visual processing. 
Intuition confirmed."

ERIC JAFFE
JAFFE, 2013, The Science of a Great Subway Map

Current Daily Map Current Vignell i  Weekend Map



BIOMARKER (Physiological [P] or Neural [N])... ...IS AN INDICATION OF... ...WHICH WE MEASURE BY...

B I O M A R K E R S

P
SKIN CONDUCTANCE 
(a.k .a.  "electrodermal response" or 
"galvanic skin response/resistance"[GSR])

Stimulus-response/arousal ; 
intensity of emotions 
("affective monitoring")

Finger electrodes;  GSR 
sensors

P FACIAL EXPRESSIONS Emotion Facial  electromyogram 
(fEMG, or facial  EMG) 

P
EYE MOVEMENT 
(e.g. ,  gaze path,  f ixation,  saccades,  
pupil  reactivity)

Attention/Interest Eye tracking devices

P
HEART RATE VARIABILITY (HRV)
(f luctuations in the time between 
heartbeats)

Stress
Heart rate sensors, 
electrocardiogram 
(ECG)

N
ELECTRICAL BRAIN ACTIVITY
(e.g. ,  Brainwaves)



PAÜL I AGUSTÍ ET AL., 2019, Differences in the perception of urban space via mental maps and Heart Rate Variation (HRV)

H E A R T  R AT E  C H A N G E S  D U R I N G 
C I T Y  WA L K S



RASH FIELD PARK, BALTIMORE, MD | DESIGN BY MAHAN RYKIEL ASSOCIATES

P R O S P E C T - R E F U G E : R A S H  F I E L D  PA R K



Our NeuroCities of the Future ...

BIOMARKER (Physiological [P] or Neural [N])... ...IS AN INDICATION OF...

B I O M A R K E R S

P
SKIN CONDUCTANCE 
(a.k .a.  "electrodermal response" or 
"galvanic skin response/resistance"[GSR])

Stimulus-response/arousal ; 
intensity of emotions 
("affective monitoring")

Finger electrodes;  GSR 
sensors

P FACIAL EXPRESSIONS Emotion Facial  electromyogram 
(fEMG, or facial  EMG) 

P
EYE MOVEMENT 
(e.g. ,  gaze path,  f ixation,  saccades,  
pupil  reactivity)

Attention/Interest Eye tracking devices

P
HEART RATE VARIABILITY (HRV)
(f luctuations in the time between 
heartbeats)

Stress
Heart rate sensors, 
electrocardiogram 
(ECG)

N
ELECTRICAL BRAIN ACTIVITY
(e.g. ,  Brainwaves)

Activation of different 
regions of the brain,  the 
effects of environments on  
emotional states;  motivation 
& memory

electroencephalogram  
(EEG);  functional near 
inf rared spectroscopy 
(fNIRS)

...WHICH WE MEASURE BY...



Mavros et al. (2016). Geo-EEG: Towards the Use of EEG in the Study of Urban Behaviour

B R A I N  AC T I V I T Y  I N  C I T I E S

IMOTIONS

Neale et al. (2019). The impact 
of walking in different urban 

environments on brain
activity in older people



E N R I C H E D  
E N V I R O N M E N T S  ( E E )

• Mary Diamond, 1960s

• Proved that our environs have the 
potential to alter our brains

• Thanks to Diamond, "we know that our brains 
have the capacity to physically rewire and create 
new pathways in response to environmental 
stimulation throughout our lives" (Magsamen, 2023)

• 2 important factors: Choice and Autonomy

LIBERTY SQUARE [MARYLAND] 
Mahan Rykiel Associates

MOSAIC DISTRICT [VIRGINIA] 
Mahan Rykiel Associates



PARK(ING) DAY 2016
Mahan Rykiel Associates

CORDOVA VILLAGE PLAN [MARYLAND]
RK&K

LANCASTER SQUARE ("EWELL PLAZA") [PENNSYLVANIA]
Mahan Rykiel Associates

LANCASTER SQUARE 
[PENNSYLVANIA]

Mahan Rykiel Associates

REIMAGINE MIDDLE BRANCH [BALTIMORE]
Mahan Rykiel Associates

CORDOVA VILLAGE PLAN 
[MARYLAND]

RK&K

PIGTOWN MAIN STREET [MARYLAND]
Mahan Rykiel Associates



How might the future look 
if  human factors informed 
development of our cities?



Our NeuroCities of the Future ...

F I G H T S  L O N E L I N E S S 
W I T H  S O C I A L  S PAC E S

The NeuroCity of the Future ...

MOSAIC DISTRICT [VIRGINIA]
Mahan Rykiel Associates



Our NeuroCities of the Future ...

I N C R E A S E S  I M AG E A B I L I T Y 
W I T H  F L E X I B I L I T Y

The NeuroCity of the Future ...

ROCKVILLE TOWN SQUARE [MARYLAND]  
Mahan Rykiel Associates



Our NeuroCities of the Future ...

C R E AT E S  M O R E 
CO M F O R TA B L E 
A N D  I N V I T I N G 
S PAC E S

The NeuroCity of the Future ...

PENTAGON ROW [VIRGINIA]
Mahan Rykiel Associates (Image by Holly Burke)



Our NeuroCities of the Future ...

R E CO N N E C T S 
P E O P L E  W I T H 
N AT U R E

The NeuroCity of the Future ...

PARK(ING) DAY  [MARYLAND] 
Mahan Rykiel Associates



Our NeuroCities of the Future ...

O F F E R S  R E S TO R AT I V E 
E N V I R O N M E N T S

The NeuroCity of the Future ...

UPPER CHESAPEAKE CANCER CENTER  [MARYLAND] 
Mahan Rykiel Associates



Our NeuroCities of the Future ...

D E S I G N S 
B E T T E R 

M A P S

The NeuroCity of the Future ...

New York Transit Museum



FAC I L I TAT E S 
WAY F I N D I N G

The NeuroCity of the Future ...

TOWN OF LEONARDTOWN DOWNTOWN 
STRATEGIC PLAN [MARYLAND]

Mahan Rykiel Associates and Arnett 
Muldrow & Associates



Our NeuroCities of the Future ...

I S  F I L L E D  W I T H 
E F F E C T I V E 

CO M M U N I CATO R S

The NeuroCity of the Future ...

PHOTO FROM DIVA PLAVALAGUNA, PEXELS.COM



Our NeuroCities of the Future ...

E A S I L Y  CO N V E Y S 
CO M P L E X  I D E A S

The NeuroCity of the Future ...

U.S. 67 CORRIDOR MASTER PLAN PROJECT 
CDM Smith for Texas Department of Transportation



Our NeuroCities of the Future ...

P R O M OT E S  E N R I C H E D 
E N V I R O N M E N T S  ( E E )

The NeuroCity of the Future ...

RASH FIELD [MARYLAND]
Mahan Rykiel Associates



Our NeuroCities of the Future ...

U N D E R S TA N D S  O U R 
D I F F E R I N G  N E E D S

The NeuroCity of the Future ...



In tomorrow's NeuroCities, 
we can create more human 

sensitive places that are 
better for our bodies and 

our brains. 



“When a f lower doesn’t  bloom you 
fix the environment in which it 

grows,  not the f lower.” 

Alexander Den Heijer
DUTCH SPEAKER & WRITER



When a goldfish doesn’t  grow 
you fix the bowl in which it  grows, 

not the fish.  
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Thank you!Thank you!
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