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Figure 117: The gadget can be operated by the client’s own son; gear ratios make this possible.
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Though the bottom portion of the door is  
larger, its weight is equal to that of the 
top half, producing a state of equilibrium 
that requires less force to pivot.  The 

of the gears for safety by spinning in the 
opposite direction, activating a pendulum 

warning.

worked with Phill Turner to test and 
engineer the Gizmo.

preliminary skeches for the door.
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Figure 124: Detail 
of the Gizmo.

Driveshaft

Pendulum 
and Disc

Driveshaft

Figure 125: Detail of the 
large swinging door.

Small Window

Door Lever

Steel Panel Door

Elevation.
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view of large door, 
operated by the lever handle 
mechanism.

main building components.
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Figure 129 (Top): The movement 
of the picture window.

Figure 130 (Bottom): Isometric of 
the picture window and framing 
system.
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The Learning 
Environment



Space Teacher

Curriculum

Tools

Student

Learning Environment Components
The Normative and the New

Traditional

Constructivist

In a Constructivist learning environment, an adaptable curriculum affects both the teacher and the students.  
Knowledge comes about equally from the teacher and the tools used to discover and investigate concepts.  
The space has a multitude of effects on the student who utilizes the space as a collection of tools.

In a traditional learning environment, a rigid curriculum governs the relationship of the teacher and the 
students.  Knowledge comes directly from the teacher who occasionally uses tools to demonstrate and 
reinforce concepts.  Space is only a physical requirement of this process.

Space Teacher

Curriculum

Tools

Student

Figure 132

Figure 134

Figure 131

Figure 133
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Space Teacher

Curriculum

Tools

Student

Space Teacher

Curriculum

Tools

Student

 
Popular Alternative Forms

Montessori

Reggio Emilia

students.  Knowledge comes equally from the teachers and the tools used to discover and reinforce 
concepts.  The space has a primarily behavioral effect on the students, allowing for concentration through 
privacy.

In a Montessori learning environment, a rigid curriculum governs the relationship of the teacher and 
the students.  Knowledge comes primarily from tools used to demonstrate concepts  with restrained 
interaction by the teacher.  The space allows for a relatively restrained level of direct interaction between 
the teachers and students to promote constructivist learning.

Figure 136

Figure 138

Figure 135

Figure 137
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Learning Environment Spaces
Workspace, perspective, and layout

Traditional

Montessori

Reggio Emilia

Figure 139

Figure 140

Figure 141 Figure 142
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1/4” = 1’ 1/128” = 1’
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Human Factors

.  Ergonomics later entered the English language and was 
further developed by the British psychologist Hywel Murrell in 1949 to identify musculoskeletal stress in 

132

in a given time.133

synonymous with ‘human factors.’134 ‘Human factors’ is a broader phrase which refers to the tailoring of 
equipment to suit the physical and cognitive properties of the human body and mind to capitalize on 
optimum health, safety, and productivity.  Human factors therefore involve not only biometrics, but also 
physiology, psychology, architecture, engineering, industrial design, graphic design, operations research, 
and anthropometry.135

Some human factors standards are outlined by the Occupational Safety and Health Administration and 

are for architectural design.  Human factors for students are therefore determined at large by the mass 
produced products of industrial design purchased to occupy architectural space.  Such furniture has come 
a long way since the bulky wood and iron desks of early schools.136  Instead of just scaling down furniture 
optimized for use by adults, furniture for younger people is being re-proportioned to improve health and 
performance.

lightweight construction, and adjustability of the table and chair pieces.

82



Figure 145:  Seat and Table Guide Selector.
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Sensory Stimuli

not only for health, but also as a way to evoke thought and establish teachable moments for the 
construction of knowledge.

The Modes of Human Perception:
Feel Physical Contact: 

See Visual Perception:
 Shape, size, color, shade, shadow, and motion
Hear Aural Perception: 
 Volume, pitch, tempo and localization
Smell Olfactory Perception   
 Aroma
Taste Gustatory Perception  

 One’s discerning of movement and orientation relative to his or her surroundings and self

Proprioception is especially relevant to architecture because one must negotiate built space by navigating 

it actually involves the constant processing of all the other senses relative to one’s sense of balance.  
All architectural materials can be actively felt while the conditioning of a space can be passively felt.  
All materials can be seen, including glass and clear plastics, as well as other materials that posses the 

smell and taste, especially natural materials which are affected by environmental conditions.  People 
therefore interact with architecture as a collection of sensory stimuli, and it is important to consider 
design decisions in such terms as they relate to human factors.

Finished wood such as sugar maple feels relatively cool and 
smooth and slightly malleable.  The shape and size may 
reveal the process by which it was cut from a larger whole.  

wood has a solid bright tone when vibrated and a sweet 
woody smell.  These properties lend themselves to durable 
surfaces for activities such as indoor sports.
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Didactic Material and Space 

of human factors through sensory stimuli.  The pink tower is a tool consisting of a series of cubes of 
increasing size for learning to distinguish three-dimensional size, the decimal system, geometric concepts, 
and volume.  The brown stair is a related material consisting of a series of square prisms for learning to 
distinguish width and area to volume relationships.  The pink tower consists of ten cubes of hardwood 
painted pink which increase or decrease by one centimeter in each dimension, whereas the brown stair 
consists of ten square prisms of unpainted hardwood which increase or decrease by one centimeter in 
two dimensions.  Due to the modular proportions of the materials, they may be employed separately or 
simultaneously.

The edges of the blocks are just round enough to be comfortable to the touch without distracting from the 
represented volume.  The solid hardwood construction is not only durable, but provides a heft equivalent to 
the represented volume, and creates a solid sound when placed together or toppled over.  The pink paint 
is important not only to simultaneously distinguish and relate the two sets, but also to subtly signify that 
the cubes have no directionality.  This is distinct from the square prisms whose directionality is present 
not only in the geometric form, but also in the wood grain.

decision, no matter how seemingly small, relates to human factors in that it negotiates the requirements 
of performing some activity with materials that we interpret and interact with based on our senses.  This 
framework may, and indeed should, be applied to every aspect of the architecture of a learning space to 

Figure 147:  Pink tower and brown stair.

to celebrate the material and display its construction and thickness.  Traditional 

but do not reveal the construction or thickness of the material.  The school 
building would double as a teaching tool in itself by employing this mentality to 
the architectonics of a space.
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ECOSYSTEM:
A rich learning environment is an ecosystem that provides diverse and stimulating spaces for the child to 

children, the environment should not be a distillation of space and program, but rather a fusion of distinct 

CONNECTIVE TISSUE:
An enriched learning environment permits and encourages relational space, held together by connective 
tissue.  This tissue is an ideal metaphor, since it characterizes space not according to function, but 

reality, and representing it with critical awareness.”137  The connective tissue lacks formal rules, allowing 

OSMOSIS:

membrane.  Inherently, this condition of passage requires certain conditions to be present within the 
solvent; some form of degradation must take place in order for its passage.  This process can illustrate 

138

the learner and the environment.  These interfaces suppose that boundaries aren’t truly boundaries, 

opposed to formalized rigid boundaries.

Distilled learning 
environment.

Hybrid learning 
environment with 
overlapping space.

Learning environment 
regulated by formal 
rules.

learning environment.

environment regulated by 
formal boundaries.

Learning environment 
with various membrane 
interfaces.
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CONSTRUCTIVISM:
The most essential component of an effective learning environment is one which creates an adventure 
for the child.  Because constructivism is a cognitive process, the epistemology develops per the unique 
characteristics of each learner.  An environment can nurture the individual’s construction of knowledge 
through a dynamic weaving of space, program, and activity.  Thus, to do away with the traditional 
classroom structure and replace it with ecology of laboratory, shop, and group learning spaces, among 
which the child is free to move and choose between.141  Order, then, is replaced by an overlapping 
network of constant exchange and feedback.

MULTISENSORIALITY:
Multisensoriality describes the richness of the sensory experience.139  Studies have shown that even 
for very young children, unstimulating environments dull the senses and fail to broaden our perceptions.  
Learning environments should support varied and overlapping multisensory experiences through light, 
texture, sound, temperature, and proprioception.  This idea emphasizes the profound impact that 
synesthesia can have on the construction of knowledge through experience.

EPIGENESIS:
Epigenesis describes the process by which a biological entity develops through its own evolutionary 
process, rather than according to its internal DNA sequence.  This is related to constructivism, which 
posits that knowledge is built up through one’s personal experiences.  Both terms infer a process 
occurring over time, such that temporality plays a critical role in determining experience.  This 
manifestation of epigenesis can and should be applied to a responsive and transformable learning 

student, and self-learning through interaction.  An environment such as this epitomizes learning as a 
free choice of the individual learner.140

Figure 155 (Left): Simple 
and overly regulated learning 
environment.

Figure 156 (Right): Environment 
with varying and overlapping 
multisensory textures.

Figure 157 (Left): Non-
transformable learning 
environment.

and interactive learning 
environment.

Figure 159 (Left): Traditional 
dissemination of knowledge.

and interactive learning 
environment.
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Site & Program
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Site and Program Selection

The program which best demonstrates the contention is a school.  Because elementary school is the phase 
of education wherein one learns how to learn (as opposed to secondary education, wherein the focus 
shifts to the ability to retain and apply knowledge), an elementary school is best because it aligns with 

to a child at the inception of his or her compulsory education, as a framework for secondary and higher 
education and life in general.142

or sixth grade (or through eighth in the case of a combined elementary middle/Jr. high school).143  A 

an appropriate number and age range.  Use of the standard grade system is helpful for organizing and 
comparing a new school curriculum to the traditional system.  This range allows for a variation in the 
design approach with a variety of complexities to the operable components of the school.  Also, it allows 
for the opportunity of creating instances of literal and transformable overlap and separation between 
different grade levels and other programs.

Selection of a site within the United States eliminates the necessity to research an outside culture which 
is not required to demonstrate the contention.  This is an important consideration because, as proposed by 
Howard Gardner in his Theory of Multiple Intelligences, the objectives of a place of learning are intrinsically 
related to local cultural values.144 Although the approach to design proposed by the contention is rooted 
in approaches to education pioneered and developed primarily in Scandinavia and Italy, the application 
of the contention may be tailored to serve spaces of learning in any culture or level of education, and to 
architecture in general.

which is now aimed at preparing students for careers in the educational and medical sciences, which are 
best learned by active learning and practice.  Close proximity to the site affords an increased ability to 

affords us the opportunity to speak with local educators and other community members (such as the 
principle of Dr. Weeks Elementary, King + King Architects associates, and local residents) about existing 
conditions and historical perspectives.

The physical manifestation of the contention, as an architecture comprised of transformable components, 

demonstrates several advantages over a suburban or rural site.  In order to make such a comparison, it is 
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Urbanity Density Gradient:

Downtown  Central Business District
Semiurban  Surrounding Metropolitan Zone
Suburban  Zone Beyond City Limits

the community and increase access to the school.  Sharing of these public entities would not be limited 
to school classes, but also for hosting afterschool programs, meetings, and other community-wide events, 
to feature the school as a symbol within the fabric of the community which it is woven into.  To avoid 
complications dealing with politics and social structure, the most reasonable siting for the project is to 

 
 

an unobtrusive means for testing the contention on a site.  Upon realizing, however, the scale difference as 
well as the intrinsic uniqueness of the curriculum of a constructivist school, there was a shift to designing 

hundreds of students and teach a general curriculum, whereas a constructivist school would have a much 

school for environmental or education studies.

Southwest corner of the park, we hope to activate the site by providing programs shared by the school 

amenities by redesigning the paths, trails, and stairs throughout the park based upon a study of the 

playground, pool, restroom, and lookout.  The site selection enables the school to be set back from the 
street and incorporate the landscape into its formal articulation.
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Program
Dimensioned Components

School Size:

 
Classrooms:

3

 1st to 5th

Administrative Suite:

Health Suite:

Collective Spaces:

 Gymnasium

 Auditorium

  Stage   350sqft 25ft ceiling
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Service:

 Storage   …  9ft ceiling

 Play Grounds
 Courts and Fields
 Gardens
 Parking

Grounds and Maintenance
Paths and Steps
Pool Building
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Gymnasium

X

Play grounds

Gymnasium

X

Cafeteria

-

Administration

Classes, library

Gymnasium

Auditorium

Lobby; stage

Locker room; lobby

Kitchen, dish room

Library

Librarian, court

Resource; art; court 

Resource; music; cy 

Offices; Gym; Aud.

Administration

Administration

Nurses’ office

Classes

Administration;Toilet

Administration; hall

Other administration

Other administration

Other administration

Toilet; classes; court

Toilet; classes; court

Toilet; classes; court

Wash; change 

Plant; tend; harvest

Kinesthetic play

Kinesthetic play

Store; access

Cook, serve, wash

House; service

House; service

Activity; instruction 

Store; access

Perform

Watch; listen

Kinesthetic play

Eat; converse

Administrative work

Listen; read

Listen; create

Watch, create

Gather; converse 

Assess; assist

Assess; assist

Relax; sleep

Relieve; wash

Relax; eat; converse 

Present; discuss

Administrative work

Administrative work

Administrative work

Activity; instruction 

Activity; instruction 

Activity; play; sleep

Program: Activities: Adjacencies: Separations: Open/closed: Lighting Type:

Locker Room

Gardens

Courts and fields

Play grounds

Custodial room

Kitchen, dish room

Mechanical room

Tele-data room

Storage

Stage

Courtyards

Toilet rooms (kids)

Auditorium

Gymnasium

Cafeteria

Librarian’s office

Library

Music room

Art room

Lobby

Guidance office

Nurse’s office

Resting space

Break room

Conference room

Secretaries’ office

V. Principal’s office

1st to 5th grades

Principal’s office

Resource room

Kindergarten

diffuse single

direct

d and d single

direct

diffuse single

d and d single

diffuse single

diffuse single

diffuse double

diffuse single

Controlled

Controlled

d and d dimmer

d and d double

diffuse single

diffuse single

diffuse single

d and d double

d and d dimmer

diffuse single

diffuse single

diffuse dimmer

diffuse single

diffuse single

diffuse single

diffuse single

diffuse single

diffuse single

diffuse double

diffuse double

diffuse dimmer

-

-

-

Gymnasium

Gymnasium

Gymnasium

Gymnasium

Gymnasium

-

Gymnasium

Gymnasium

Gymnasium

Classes

Gymnasium

Gymnasium

Gymnasium

Administration

Mechanical room

Mechanical room

-

-

Administration

-

Gymnasium

-

Most things

Most things

-

-

-

-

Administration

T Cluster court

T Cluster court

C

T Cluster court

C

C

C

C

C

C

C

C

C

O Lobby

T Music room

T Art room

T Outside

T Outside; Courts

T Outside; Courts

C

T Auditorium

C

T Classes, ETC

C

C

C

C

C

(Outside)

(Outside)

(Outside)
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Acoustics Materials: Multivalence:Acoustics (rel. vol.)

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Closed

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

Transformable

lobby; gym

N/A

N/A

N/A

hall

hall; outside

hall

secretarys' office

classes; library

hall

auditorium

lobby

lobby

hall

library

hall; court

hall; court

hall; court

Outside

hall; secretarys'

hall

nurse's office

hall; Kindergarten

hall; secretarys'

hall

lobby

secretarys' office

secretarys' office

hall; court

hall; court

hall; court

Window Type:

clearstory, high

clearstory, level

N/A

N/A

N/A

None

Level, high

None

None

Level, high

None

None

None

clearstory

clearstory, level

level

clearstory, level

clearstory, level

clearstory, level

level

level

level opp

clearstory op

clearstory / high

level or none

level

level

level

clearstory, level

clearstory, level

clearstory, level

concrete; wood

plants; wood

grass

grass; wood

gypsum

gypsum

gypsum

gypsum

concrete; wood

gypsum; wood

concrete; wood

fabric; wood

fabric; wood

concrete; wood

concrete; wood

gypsum; wood

gypsum; wood

gypsum; wood

gypsum; wood

gypsum; wood

gypsum; wood

concrete; wood

concrete; wood

gypsum; wood

gypsum; wood

gypsum; wood

gypsum; wood

gypsum; wood

Absorb 40-50

N/A

N/A

N/A

Absorb N/A

Absorb 20-25

Absorb N/A

Absorb N/A

Project 30-35

Absorb N/A

Project 35-45

Project 20-25*

Insolate 20-25

Insolate 20-25

Absorb 40-50

Absorb 40-50

Absorb 25-35

Absorb 30-40

Project 30-35

Project 30-35

Project 30-35

Absorb 25-35

Absorb 20-30

Absorb 30-35

Absorb 25-35

Absorb 25-35

Absorb 25-35

Project 30-35

Project 30-35

Project 30-35

Project 30-35

10

30

30

20

30

20

30

30

30

30

20

10

30*

10

20

10

10

10

N/A

N/A

20

10

10

20

30

30

30

30

30

30

30

Brightness (fc)

gypsum; wood

gypsum; wood

gypsum; wood

Entry Via:

97



32

16

24

0

80

60

40

100

20

20

90

10

30

50

50

80

0

20

100

40

60

Clear

80 12

4

10

40

60

6

8

12

4

8

4

6

6

10

8

8

32

16

24

0

8

2

4

8

0

2

1

7

5

6

3

1.6’ 6.6’ 13.1’

AM PM

Heating Degree Days
1 : 1,000,000

7500

6000

7500

7500

8500

7000

5500

7500
7000

7000

9000

5500

8000

6500

8000

Wind Speed (Mph) SYR

Duration of Natural light (hrs) HIA

Ground Temperature (°F) HIAAir Temperature (°F) SYR

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Percentage of Cloud Cover HIA

Relative Humidity (%) SYR 

Direct Normal Illumination Range
(1,000 X Footcandles) HIA

Rain Fall (inches) SYRSnow Fall (inches) SYR

Climatic Data

98



0
10
20
30
40

Winter Spring Summer Fall

Jan

North

Apr Jul Oct

Feb May Aug Nov

Mar Jun SepDec

Wind Roses

The wind patterns of this region are caused by the warm, humid southwest 
winds and the cold, dry north winds as they move along the coast.  The 

speed is around 8 mph.
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Figure 164: View towards the northeast, from the southeast corner of the site at the corner of Mather and Hawley.
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Figure 166: View to the west, showing the gradual grade of the proposed corner site.

Figure 167: View to the east up Hawley, framing the beautiful steeple of the church a block away.
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Figure 169: The beginning of a series of tangled footpaths that gracefully wander through the hill’s treecover.

Figure 170: View southwest towards a low angled setting sun.
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Studies



Figure 171: Renderings of model, with louvers opened at various angles.
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Figure 172: Isometric rendering of a study model created at the outset of our cooperative odyssey in a charrette under-
taken to better understand the manifestation of our goals through our thesis.  The central idea was to create a louver-like 

wheel system which translates the motion to a series of gears and other moving components.  Implemented at the scale 
of a wall system, the idea is intended to operate at the hands of a child user.  The logic behind color-coding the separate 
pieces and components is to allow for an easier understanding of how connections are achieved.  This also correlates to our 
thesis, which posits that the didactic use of color and material can help the child user understand connection, movement, 
and construction, as well as other physical properties of a system.
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Piano hinge Campaign Desk

This campaign desk was designed for a furniture design and fabrication course.  The goal was to create 
a portable work station for guitar repair and drafting.  The piece consists of aspen board, maple plywood, 
and brass piano hinges.  The materials are each used to their respective advantages and celebrated in 

drawing.  The parts tray panel is removable for providing birth to a headstock and the drawers are deep 
and shallow for small parts and utensil storage.  The desk was also designed to be produced from a single 
sheet of plywood and formatted to enable reuse of the material upon the end of the piece’s life.
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Contention Development

Distinct from traditional architecture in education, the application of constructivist philosophy to the 
physical aspects of a learning environment produces engaging spaces of learning that foster the learners’ 
social  and cognitive development by anticipating and facilitating the observation, interpretation, and 

Applying constructivist philosophy to the architectonics of an elementary school fosters and augments the 
learners’ cognitive and social development by facilitating learning through direct handling by the learners, 
and thereby generating an architecture which serves as a device for constructing knowledge.

The constructivist theory of education is applicable to both curricula and architecture.  Designing an 
elementary school within a constructivist framework generates an interactive and transformable learning 

children to operate the architecture as a system of components such as cranks, gears, and pulleys.  
Such architecture allows children to continually reinterpret the built environment in a multiplicity of ways, 
facilitating the construction of knowledge.

th

The constructivist theory of education is applicable to both curricula and architecture.  Designing a 
school within a constructivist framework will generate an interactive learning environment.  The design 
of a constructivist school enables children to continuously transform their spaces by interacting with a 
composition of interpretable and operable components.  Allowing children to continually reinterpret the 

th
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Tentative Process
Schedule:

 Week Scale  Focus

January, 13 First Day of Classes

January:
- 13 – 17 Large   Site Context, Program Relationships, Building Scale Parti,
- 20 – 24 Large   “ ”
- 27 – 31 Medium Design effects and Components
  Design architecture as a syllabus:
  Conceive Potential Lessons List
 Small Conceive Potential Mechanics List
 Large Enforce Lesson with Mechanics and Vice Versa to Yield Didactic Architectural Components
  Locate/Aggregate Components to Yield Space Making and (Transformable) Program Relationships

  Sketch to Digital and Digital to Physical Production of Component Studies/Mockups at various Scales
February:
- 3 – 7 Establish and Develop Program Relationships
- 10 – 14 Situate ‘Building’ in Relation to Site Context and Community Scale Parti
- 17 – 21 Review One Production of Current Progress
- 24 – 28 Begin Process Anew with Feedback
March:
- 3 – 7 Focus on the Classroom Scale (Composition of Components)
- 10 – 14 (Spring Break) Post Analysis of Components
- 17 – 21 Focus on the Building Scale (Composition of Spaces)
- 24 – 28 Review Two Production of Current Progress
April:

- 7 – 4 Transition to Production
- 14 – 18 Production and Resolution
- 21 – 25 Final Production

April, 29  Last Day of Classes

Partial Final Production Expectations:

Extra Large:
Site Context Drawings

Large:
Site Model of Immediate Context (Urban fabric, Existing Amenities, Topography, ETC.)

Medium
Architectural Drawings and Renderings (Plans, Sections, and Elevations), Large Scale Operable Building Model

Small:
Architectural Drawings, Schematic/Shop Drawings and Renderings of Component Mockups and Mechanism Studies

Extra Small:
Architectural Drawing, Schematic/Shop Drawings and Renderings of Building Details
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Thesis Research Studio
Professor Terrence Goode
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Designing a school within a constructivist framework will generate an 
interactive learning environment. The design of a constructivist school 
enables children to continuously transform their spaces by interacting with a 
composition of interpretable and operable components. By allowing children 
to reinterpret the built environment in a multiplicity of ways, the construction 
of knowledge is facilitated through experimentation and experience.
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