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Opening remarks – John Eberhard 
 
Welcome everyone.  If all goes well here over the 
next few days, someday you all will be remembered 
for creating something new in education and 
architecture.  Our plan for the next hour is to have 
talks by Thompson Penney, Glenn Massengale, and 
Tom Albright.  The notion for the morning is to 
give some background on architecture and school 
design, background on education and K-6 schools, 

then background on neuroscience hypotheses. 



Thom Penney on Architecture and School Design 
 
My last trip to San Diego was in the spring of 2003 as President of the AIA during our 
national convention.  The convention theme “Design Matters! Poetry and Proof” provided a 
forum for discussions linking the two ancient disciplines of architecture and education with 
one of the newest disciplines – neuroscience.  Twenty-three thousand architects in 
attendance gained insight into the connections to new knowledge that neuroscientists can 
provide.  We architects have long awaited this knowledge to prove how design matters to the 
children, teachers and public who use our school buildings every day.   
 
At the present time, the average age of our school infrastructure is 50 years. Demographics 
have been and are currently driving huge growth in school construction.  According to 
American School and University, districts from 2004-2006 will spend an estimated 90 billion 
dollars on K-12 construction, and elementary schools are 36% of the total amount.  There 
are incredible opportunities to reinforce the education of children, through understanding 
the connection between architecture and learning.  As architects, we are the creators, 
coordinators, and communicators that turn this dream into a reality.  Often we are bound by 
a lack of understanding of the potential architecture has to enrich lives.   We struggle with 
the challenges of practice in a world where cost and speed of construction are valued more 
than quality. 
 

 

"I want the school to feel like it has a lot of electrical outlets."  She was 
having a hard time understanding how architecture can go beyond the quantitative and 
actually affect lives within it.   
 



 



Glenn Massengale on Educators Views of K-6 Classrooms 
 
While some people may disagree with this viewpoint, I think that educators’ views are often 
the problem in the design process of schools.   
 
First, I need to explain that schooling is different from education.  Schooling is the formal 
processes of providing education—it is the system.  Education is the act of developing 
cognition and learning.  Therefore most of my comments are about the formal process of 
schooling – about the system that surrounds the relationships between teachers and 
students. 
 
One major question is how do teachers know what to do?  When I explored where teachers 
learn to teach, I came up with four premises from a research paper I found: 
 
1.  Teachers learn to teach in the college prep programs. 
2.  They learn through professional development. 
3.  They learn by imagining a mental model of the job while they are students, then they act 
out that model. 
4.  They learn through collegial exchanges on the job. 
 
The results of asking teachers themselves are that they said they learned through collegial 
interaction. So it’s an oral tradition, shared day by day. However, the research paper said it 
was the third option.  This is important because we might be designing for the wrong people 
– if we are designing for teachers.  When you go into a classroom, the activities that take 
place assume that there is a cause and effect between teaching and learning.  However, there 
is a disconnect.  In a classroom there are two kinds of participation - teaching and learning.  
Teaching is active and learning is passive.  That's not good.  We want to make learning 
active, though it's been the other way for decades. 
 
When educators evaluate teaching, we don't evaluate learning.  In fact there is resistance to 
link teacher evaluation with student performance.  For example, what is the role of language 
in cognitive development?  Schools are bound to the idea that intelligence is only developed 
through language.  The idea that there is other cognition in the class room is foreign to most 
people in the system.  The No Kid Left Behind program is all about language as a measure 
of intelligence, which is very damaging when you think about how to design schools.  Non-
English speakers can be left behind, if teaching is solely through language.   
 



Scientists learn through conceptual experiments, yet it is such a shame that science 
experiments in schools are based on primarily on language.  How do you assess things like 
design, music and art in a language-based system?  The majority of students in public schools 
don’t see any point to school.  This is because contextual learning is removed from the 
experience.  Kids see an academic experience that doesn't have any connection to them. 
 
Diversity of students is another important issue.  There is a tendency to make correlation 
into causation.   
 
Another distinction I’d like to make is hard science versus soft science.  Education is soft 
and neuroscience is hard.  Education is intuitive and anecdotal and therefore is soft because 
there’s not a lot of evidence on which to base methods.  The purpose of research is to make 
a difference in practice.  The only way that the results of this workshop will move into 
practice is if hard and soft sciences merge. Whatever research comes out of the workshop 
should not stay in a vacuum.  The learning of teachers and of students both should be 
compatible, and seen as a high priority.   



Tom Albright on Developing Neuroscience H ypotheses 
 
Thank you.  While I am here with other neuroscientists today, I’d like to make the 
distinction that this workshop is particularly interested in cognitive neuroscience.  Sensation 
and perception are among the most well-developed and understood areas of neuroscience.  
Learning and memory are two other major areas of cognitive neuroscience.   
Some of the most important areas we study in the systems of brains include: 

• Sensation and Perception (how do we see, hear, smell, taste, etc?) 
• Learning and Memory (how do we store and recall our sensory experiences?) 
• Decision-making (How do we evaluate the potential consequences of our actions?), 
• Emotion and affect (How do we become fearful or excited? Or what makes us feel 

happy or sad?),  
• Movement (How do we interact with our environment and navigate through it?)  
• Language (How do we communicate with others?) 

 
 
 
 



 
 
I work with the visual system, which helps in understanding other areas of the brain and can 
act as a model for general principles of brain function.  There are three ways to study vision 
including:   
 

 
Vision is important for social communication, understanding the environment, mediums of 
communications, and mediums of expression and impression, like art.  In principle, there 
isn't sufficient information just in a visual image to gain a perception of it, so vision depends 
on prior experience. 
 



 
 
Rhesus monkeys are used for research because their vision is roughly the same and their 
visual cortex is very large.  Different properties of the visual images are processed by 
different parts of the brain, then combined in the brain.  This research often is through 
behavioral and neurophysiology.  In our labs, we do research by lowering an electrode in the 
brain.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One quote I’d like to leave you with is about the painter Turner.  He was told by a woman 
who saw one of his paintings of a wildly colorful sunset, “I never saw a sunset like that Mr. 
Turner.”  He replied, “Don't you wish you could, madam?”  

 



From the Architectural Community 
 

From the Education Community 
 

From the Research Community 
 



From the Neuroscience Community 

From ANFA 



The following task groups were formed to discuss six subjects 
 

Spatial Competence – coding the location of things 

Audition – noise and reverberation 

Light – attention related difficulties, modulation of aler tness 

Visual Function – good stereo-acuity and depth preception 

Color  – perception and representation changes with maturation 

Wayfinding – understanding and descr iption 



THE SOUND OF LEARNING 
 

Summary of the Discussions of Task Group on Audition – noise and reverberation 

 
Randal Peterson FAIA, Chair  
J im Brady AIA,  
Lee Burch, PhD AIA,  
Eve Edelstein PhD,  
William Fowler ,  
Judy Hay MA,  
 
 
 
 
 

Or iginal Premise: 
 
Audition – noise and reverberation 
 
Speaking and listening are the primary communications modes in most educational 
settings. Therefore noise levels and reverberation times of these learning spaces should 
be such that speech produced by teachers, students, and others is intelligible. 
Unfortunately, many learning spaces have excessive noise (unwanted sound inside or 
outside of the room) and reverberation times.  All students and teachers are negatively 
affected by noise and reverberation, but young students, English language learners, and 
students and teachers with hearing, language, or learning problems may be at a greater 
disadvantage.  The acoustical properties of classrooms are often the “forgotten 
variables”  in ensuring students’ academic success, particularly for students with unique 
or communications or educational needs. 

Referenced from American Speech-Language-Hearing Association (2005). 
 
 
PRIMARY HYPOTHESIS (adopted by task group): 
 
“The sound quality of a learning environment can significantly affect learning” 

 
DISCUSSION: 

 



 
 
 

SUMMARY: 
 

The following summarizes topics of interest to the working group 
 
What is the sound of learning? 

Research suggests that the acoustical profile of a learning environment can 
significantly improve learning 

The relationship between different sounds, teaching methods and learning styles 





ULTIMATE  HYPOTHESIS  
 
Improving architectural design features that affect sound quality can improve 
learning 

Background sound affect reading, speech and language. The following var iables are 
significant: 

• Developmental stage of the brain,  
• Gender  of the child,  
• Culture and socio-economic status of the child 

Hypothesis two: 



 

Phase II 

 



Summary Discussion of task group on: 
Light, Attention related difficulties, modulation of aler tness 

Or iginal Premise 

 

Centre de Recherches du Cyclotron (B30), Universite de Liege, Sart Tilman, 4000 Liege, 
 
General Discussion: 



[The group then evolved the following observations and hypotheses.] 
 
Hypotheses 
 
Observations on full spectrum lighting: 



1.  Full spectrum light enhances learning. 
Observations on Diurnal Cycle. 
 

 
2.  Changing the cycles of light to coincide with the circadian rhythms could account for 
improved student performance. 
 
 
 
 
 



Observations on varying lighting conditions: 
 

 
3.  Satisfactory lighting conditions vary between K-6 and K-12. 
 
Discussion of effective levels of visual distraction: 
 

 

 
4.  There is an effective level of visual distraction for students. 
 



Observations related to natural daylight: 
 

5.  Natural daylight enhances learning and health more than artificial light. 
 
Observations related to individual differences: 
 

.

6.  There are individual differences (related to age) and types of distractions. 



 Spatial Competence 
Competence within space 

 
 
 
 

 
Or iginal Premise: 
 

Reference:  Dr. Nora S. Newcombe at Temple University and Janellen Huttenlocher at the 
University of Chicago 
 
 
 



 
 

The group discussed two issues. 

1.  



Full Neuroscience and Architecture Hypothesis 

Physical environmental 
elements linked to 

Neuroscience 
dimensions & 

Physiological 
factors & 

Behavioral 
outcomes 

Measurement 
Measures descr ibing 
the character istics of 
the environment 

Neuroscientific 
methods to 
measure this 
dimension  

Indicators for  
physiological 
reactions 

Behavioral 
observation 
and other  
measurements 

  

Elements of the MODEL 

Brain Behavior  Learning 
Outcomes 

Environment 

Neuroscience Physiologic Both dimensions of outcomes 
▫ ▫ ▫ ▫
▫ ▫ ▫ ▫

▫ ▫ ▫

▫ ▫ ▫

▫ ▫

▫ ▫ ▫

▫ ▫ Making good 
decisions 

Access to 
outdoors 

  Affective 
development 

Detail    
Texture    
    



Methods of inquiry 
Plans Exper iment Systematic 

observation 
Paper  and 
pencil tests 

Dimensions ▫ Photography Per formance 
 ▫ Self-repor t Por tfolios 
 ▫  Teacher  

judgments 
    
 
 

HYPOTHESES:  THE FOLLOWING TEN HYPOTHESES ALL RELATE TO 
THE TWO MAJOR ASSUMPTIONS ABOVE. 

 

1. Sustained per iods of attention will occur  if children are provided 
the oppor tunity to access pr ivate spaces that limit distraction as 
indicated by sustained neural activity and reduced stress 

 
(Physical environmental 
elements linked to) 

(Neuroscience 
dimensions &) (Physiological 

factors &) 

Increased learning 
(Behavioral 
outcomes) 



Measurement 
As seen in plan 
(Measures describing 
the characteristics of 
the environment)

Sustained neural 
activity & cor tisol 
tests 
(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning evaluation
(Behavioral 
observation and 
other measurements)

 
2. If a child is provided with a space that is appropr iately scaled to 

their  size, the adjusted sense of time and space leads to reduced 
stress, greater  feelings of secur ity and competence. 

Space that is 
appropr iately scaled to 
their  (Physical 
environmental elements 
linked to) 

Sustained neural 
activity and 
reduced 
stress(Neuroscience 
dimensions &) 

Greater  
feelings of 
secur ity and 
competence. 
(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 

Measurement 
As seen in dimensions 
(Measures describing 
the characteristics of the 
environment)

Sustained neural 
activity & cor tisol 
tests 
(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning evaluation
(Behavioral 
observation and 
other measurements)

3. Sustained per iods of attention will occur  when a student can 
manipulate the environment* pr ior  to the learning task, as 
indicated by sustained neuronal activity and increased academic 
per formance. 

 



•
•
•

 
(Physical environmental 
elements linked to) 

(Neuroscience 
dimensions &) 

(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 

Measurement 
In the object (Measures 
describing the 
characteristics of the 
environment)

Sustained neural 
activity 
(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning evaluation
(Behavioral 
observation and other 
measurements)

4. Sustained per iod of attention will occur  when learners can locate 
themselves: 

In an edge space in visual context/connection with the 
common space, with the choice to be in either . 



Having an edge space 
in visual 
context/connection 
with the common 
space (Physical 
environmental 
elements linked to) 

(Neuroscience 
dimensions &) 

(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 

Measurement 
As seen in plan 
(Measures describing 
the characteristics of 
the environment)

Sustained neural 
activity(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning 
evaluation
(Behavioral 
observation and 
other 
measurements)

5. Levels of stress appropr iate to high per formance in learning 
tasks will r esult from environments designed to allow controlled 
r isk-taking activities. 

 or 

 

environments designed 
to allow controlled 
r isk-taking activities. 

Appropr iate levels 
of sress 
(Neuroscience 

(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 



(Physical environmental 
elements linked to) 

dimensions &) 

Measurement 
As seen in plan 
(Measures describing 
the characteristics of the 
environment)

cor tisol tests 
(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning evaluation
(Behavioral 
observation and other 
measurements)

6. Sustained attention will occur  when tasks are per formed dur ing 
episodic per iods of major  spatial contrast (exper ienced 
physically or  visually). 

 
(Physical 
environmental 
elements linked to) 

(Neuroscience 
dimensions &) 

(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 

Measurement 
As seen in plan 
(Measures describing 
the characteristics of 
the environment)

Sustained neural 
activity(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning 
evaluation
(Behavioral 
observation and 
other 
measurements)



7. Hor izontal & Non-Linear  (ir regular ) Spaces in the learning 
environment create lower  levels of stress than ver tical and linear  
spaces.  As indicated by cor tisol stress tests. 

(Physical environmental 
elements linked to) 

(Neuroscience 
dimensions &) 

(Physiological 
factors &) 

Increased learning 
(Behavioral 
outcomes) 

Measurement 
As seen in plan 
(Measures describing 
the characteristics of the 
environment)

cor tisol tests 
(Neuroscientific 
methods to measure 
this dimension and 
indicators for 
physiological 
reactions)

Learning evaluation
(Behavioral 
observation and other 
measurements)

Sustained levels of attention are created by ir regular  and organic 
shaped spaces as indicated by increased and sustained levels of 
neural activity. 

(Physical 
environmental 
elements linked to) 

(Neuroscience 
dimensions &) (Physiologic

al factors 
&) 

Increased 
learning 
(Behavioral 
outcomes) 

Measurement 
As seen in shape 
(Measures 
describing the 
characteristics of the 
environment)

Sustained 
neural activity 
(Neuroscientific 
methods to 
measure this 
dimension and 
indicators for 
physiological 
reactions)

Learning 
evaluation
(Behavioral 
observation and 
other 
measurements)



Sustained levels of attention and reduced stress will occur  in 
cer tain educational activities that occur  in the exter ior  natural 
environment, as indicated by increased neuronal activity and cor tisol 
levels. 

 

 
(Physical 
environmental 
elements linked to) 

(Neurosci
ence dimensions 
&) 

(Physiologic
al factors 
&) 

Increased 
learning 
(Behavioral 
outcomes) 

Measurement 
As seen in plan 
(Measures 
describing the 
characteristics of the 
environment)

Sustained 
neural activity 
& cor tisol tests 
(Neuroscientific 
methods to 
measure this 
dimension and 
indicators for 
physiological 
reactions)

Learning 
evaluation
(Behavioral 
observation and 
other 
measurements)



Original Premise: 
 
Color  – perception and representation changes with maturation 

Reference:  Grant Hildebrand, University of Washington, Seattle. 

Neuroscience, Exploring the Brain



Setting the Stage: 

 

Visual Contrast H ypotheses and Questions 

•

•
•

• What is the optimal level of visual contrast and does it differ  for  subgroups 
and at different developmental levels?

•



Hypotheses: 
 

Conclusions: 



Visual Function Group 
 

Visual Functions – good stereo-acuity and depth perception 

. 

: Kulp MT, Schmidt PP. The Ohio State University College of Optometry, Columbus, OH  And 
Maples WC. Northeastern State University, College of Optometry, Tahlequah, Oklahoma

Pr imary Question: Is there an optimal focal length that can provide  
measurable increases in attention and retention?



-Summary- 
 
Topics of Interest: 
 
Can classroom design effect learning? 

 
Outdoor  environment – oppor tunities for  complex depth perception VS  
distraction 
 
Classroom for  teaching or  learning 
 
Does learning drop off at back of the room? 





WAYFINDING 
In the K-6 School Environment 

Wayfinding 

•
•

•
•



Observation

 
Hypothesis:

Observation:  

Hypothesis: 

.  Observation

Hypothesis: 

Observation: 



Hypothesis

5. Observation: 

Hypothesis: 

 

Observation:  

Hypothesis:

Observation:  

Hypothesis: 



CONCLUSIONS 

…..to be the international center for interdisciplinary activities that build 
intellectual bridges between research on the brain, the mind and 
consciousness and those who design spaces and places for human use 

•

•

•



The Amer ican Institute of Architects 
 

California’s Coalition for  Adequate School Housing (CASH) 
 

The Council of Educational Facilities Planners (CEFPI) 
 


