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Abstract: The architecture in the title refers to physical buildings, spaces, and walls. Dominant
architectural culture prefers a minimalist environment that contradicts the information setting
needed for the infant brain to develop. Much of world architecture after World War Il is therefore
unsuitable for raising children. Data collected by technological tools, including those that use Al for
processing signals, indicate a basic misfit. Results from the way Al software works, together with
mobile robotics and neuroscience back up this conclusion. Human intelligence arose as a response
to information from the natural environment consisting of bushes, rocks, trees, and animals
including other humans. Geometrical features in the ancestral setting shaped neural circuits that
determine cognition. Human neurophysiology has worked well in abstract thinking to develop
mathematics, science, and technology. However, the contemporary built environment consisting of
raw concrete, plate glass, and exposed steel sharply contrasts with natural geometries. It appears
that traditional and vernacular architectures are appropriate for life, while new buildings and urban
spaces will adapt to human biology and be better for raising children only if they follow living
geometry.

Keywords: Al; architecture; design; development; empathetic design; empathy; geometry; infant
cognition; intelligence; learning; visual environment

1. Introduction

1.1. Using Interactive Technologies to Better Understand Adaptive Design

Applying Al technologies — affective computing, empathetic Al, and machine learning — as a
novel approach in architecture re-introduces emotion and engagement into design. Portable
technologies like wearable electroencep halograms (EEGs), eye-tracking sensors, and facial
expression analysis permit real-time feedback during both the design and post-occupancy phases of
construction. These tools enable indirect emotional feedback by interpreting physiological responses,
allowing designers to evaluate the psycho-physiological impact of architectural elements without
subjective biases.

Learning by Al and infants requires complex, informationally-rich environments to develop
effectively. Large-language models (LLMs) and developmental robotics learn from exposure to
patterns and structures. Similarly, infants need exposure to complex, harmonious visual
environments to develop neural pathways essential for cognitive functions like problem solving and
spatial reasoning. By analyzing emotional responses and physiological reactions through Al
architects can create empathetic and adaptive environments that promote cognitive development and
well-being. Integrating Al, developmental psychology, and neuroscience addresses the shortcomings
of modern architectural practices.

The public reads about promising applications of new technologies, and especially those that
involve Al to architecture. Such announcements are usually accompanied by flashy images of
futuristic buildings with captions promising new levels of human achievement. And yet, those efforts
miss the point of adapting to human psycho-physiological needs. This is where Al should be applied
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to solve the century-old problem of privileging artistic form while neglecting biology in design. The
human body needs to inhabit a very special geometry to maintain its health and well-being.

1.2. A Specific Type of “Living Geometry” Shaped Human Evolution

The human body evolved to engage with its environment through a multi-channel information
field. This occurred through a selection process of physiological traits generated spontaneously
among early ancestors. Our body is designed to be constantly connected to its immediate
surroundings through information, and to respond mostly unconsciously. This paper focuses on the
visual channel, which comprises the predominant type of data that we input and process.
Development of the eye-brain system was driven by the necessity of constructing an interaction
mechanism promoting survival.

Modern humans have not significantly changed from a biological perspective for the last 2-3
hundred millennia. The human neural system evolved to recognize what can be termed “living
geometry” through processes of information processing, specifically defined by older ancestral eras.
This group of visual qualities is characterized by both natural and biological forms representing
animal and plant life. A comprehensive mathematical description would include all the following

properties together:

(i) fractal scaling (structural details present at every magnification, and similar components at
different scales);

(ii) nested symmetries (multiple plane symmetries such as bilateral reflectional symmetries
combined with rotational and translational symmetries supporting each other); and

(ii1) large-scale harmony (achieved through alignment, similarity, ordering, and symmetry at a
distance).

The concept of living geometry is described in detail elsewhere [1-6]. An abstract composition
containing these features may be visually attractive but not positively engaging. Human
neurophysiology is tuned to preferentially register— and respond to — special configurations that
relate to natural geometries. Additional mathematical constraints act to trigger unconscious attention
and engagement. Try to imagine the common geometrical qualities of plants, animals, traditional
architecture from all around the world, historic places of worship, and favorite tourist spots. Despite
the endless visual variety represented, all these share common features that make them viscerally
attractive to humans.

During millennia, human beings have sought emotional nourishment from both nature and
from their own creations. People link viscerally to the living geometry represented in organisms.
Biophilia denotes the instinctive human attraction to living forms, which also provides a mechanism
for healing [7-12]. Visual connection occurs through geometry, not some vitalistic force. And people
use the same neural apparatus to respond to artificial living geometry. Architectural examples go
back to times when builders worked from intuitive sensory feedback, adjusting forms and shapes to
maximize the positive-valence signal [13-18].

For example, viewing fractal structures is associated with minimal cognitive load (the
phenomenon of “fractal fluency” [19]), as assessed by functional imaging of the brain [20,21], whereas
the opposite is true for viewing parallel stripes [22] (a single-scale visual that causes headaches). Also,
the easy visual registration of a face and its complex nested symmetries confers survival advantages
already from birth. Infants are automatically attracted to faces — the mother’s face being the first and
most important — and, interestingly, no longer than a week after birth, they start to look longer at
faces that adults deem attractive. By the age of 6 months, this effect generalizes across age, race, and
sex [23,24].

This capability was essential in adapting humans to social interactions through interpretating
subtle details of human faces and their expressions. In geometrical terms, we need to recognize
bilateral facial symmetry about a vertical axis, and there exist specialized nerve cells in the brain for
doing exactly this. We must also be able to decode extremely fine detail in facial features to “read”
emotions and intentions. Survival depended upon the early emergence of perceptual refinement and
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sensitivity to specific geometrical features. Vertical mirror symmetry and fine detail connected to
overall fractal scaling are part of living geometry.

A coherent, harmonious information field contains detail that is highly organized through
multiple visual connections and symmetries. Our neural system evolved to constantly check for
either attractive points of interest, or cues to possible threats. Note that the sensory apparatus
prioritizes negative signals several times over positive signals, as potential dangers need to be acted
upon immediately, whereas positive attractors can wait for further analysis (known as the negativity
bias [25]). For this reason, one building that repels us will cancel out several nearby buildings that
attract us [26,27].

1.3. Buildings and cities that violate living geometry

The present work updates an earlier investigation on the relationship between architecture and
the principal characteristics of organisms [[28]]. Seven properties define the mechanism of life: (1)
organized-complexity, (2) metabolism, (3) replication, (4) adaptation, (5) intervention, (6)
situatedness, and (7) connectivity. Living geometry corresponds to the first property; while the other
six describe how an organism maintains its internal structure (2), perpetuates its structural template
in time, and (3) interacts with its environment dynamically (4, 5, 6, 7). The interaction mechanisms
gave rise to intelligence, hence offer templates for analyzing parallels with Al

The above description of living geometry clashes with the dominant architecture of the 20t
Century and its later developments, including today’s favored styles. Non-adaptive architecture is
distinguished by its lack of interaction with the user. Architects insist upon forms, spaces, and
surfaces determined by ideology, and ignore human psycho-physiological needs [29]. For one
century, building practice in the wealthy nations has adhered to a visual form language that opposes
what our body craves in engaging with its environment. Structures are either disengaging, creating
boredom, or hostile and generate alarm in the observer [30-34]. This recent discovery relies upon
data gathered by tools developed for the advertising and medical fields.

Opposing today’s prestigious buildings, millennia of human construction do in fact follow living
geometry [35]. A survey of historical architectures, from all periods and from all over the world,
reveals positive qualities linking them to natural and biological structures. This adaptive
phenomenon continues in the major building activity taking place today, found in informal
settlements and self-building uninfluenced by the dominant architectural narrative. The architectural
system tries to erase informal buildings and substitute them with social housing schemes in the
industrial-modernist style [36].

While urbanization sparks fierce debates, those do not usually question which artificial building
geometries are themselves appropriate for human life. A discussion of aesthetics mixes opposite
viewpoints from among experts, and that separate debate further complicates matters. New
technologies such as Al and portable sensors help answer this question.

The argument outlined above implies that adults are expected to feel continuous anxiety and
stress from inhabiting non-living geometries. This controversial claim is serious enough, yet its
consequences are nothing compared to the damage those geometries can do to children. Research
reveals how the cognitive development of babies and young children is determined by the geometry
of the environment in which they are raised. Accumulating data indicate that geometries favored by
the architectural mainstream inflict damage on our children. Interactive technologies can now be
used to verify this assertion.

2. Outline of This Paper

Experiments show that an informationally-rich environment is needed for normal infant
development (Section 3.1). This includes in large part direct visual signals from the baby’s immediate
surroundings. The same principle holds true for mobile robots: the system learns from exposure to
and interaction with the world (Section 3.2). When the training environment is informationally-poor,
then the trained robot is unable to function in a more complex setting.
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Large-language models such as ChatGPT are creating a revolution in how technology can mimic
human thought and creativity. These programs work by learning a word’s semantic relationship to
other words, moving up in an increasing hierarchy of linguistic structures. This process is analogous
to discovering visual symmetries and connections among the components of a coherent visual
composition (Section 3.3). Infant learning probably utilizes the same mechanism of building up
relationships on different scales.

“Nature-deficit disorder” is postulated by Richard Louv to arise when children are insufficiently
exposed to nature, and the analogous effect of a lack of nature-like symmetries in artificial
environments is “symmetry-deficit disorder” (Section 3.4). Training Al programs to beat people at
board games occurred by applying insights from human learning to train the software, yet this lesson
has not been applied to improve children’s environments. Spaces are not designed for children
because architects do not apply evidence-based principles (Section 3.5). Minimalistic environments
cannot be good for children.

Section 3.6 presents speculative ideas on how an industrial-minimalist environment may play a
negative role in the whole process of conception and reproduction. The reason offered is that the
unnatural information field of much of today’s urban settings generates stress, which impacts the
body negatively though unconsciously. Section 4 investigates the parallels between training Al
programs and the process of self-learning in infants. This analogy underlines the need for raising a
child in a harmonious informational environment containing complex yet ordered components.

Section 5 argues for implementing emotion and feedback in design. Applying emotional
engineering to architecture follows its highly successful applications in medicine and other
disciplines (Section 5.1). Creating empathetic environments by applying Al would counteract a
tradition in 20" Century architecture that disengaging spaces and surfaces are necessary for
“modernity”. New technologies enable measuring direct user feedback from physical mock-ups or
designs in virtual reality to produce a new generation of empathetic buildings (Section 5.2).
Generative Al can now perform a 2-D Fourier transform of a visual online, which reveals the scale
distribution creating an unconscious reaction. Departures from a fractal type of scale distribution
(known as “scale-free”) cause visual distress and headaches (Section 5.3). It turns out that much of
industrial-modernist design deliberately violates a scale-free distribution, with negative
consequences for the users and passers-by.

When asked to correlate high versus low intelligence with specific geometrical elements and
properties, ChatGPT reproduced all the conclusions of this paper by correlating high intelligence
with organized visual complexity (Section 5.4). Focusing on design that adapts to user emotions
contrasts with the first applications of Al to design, which so far generate visually-impressive artistic
forms but do not test for their psycho-physiological impact (Section 5.5).

Section 6 summarizes facts known about the adaptivity of space to human use, especially the
needs of children, by subdividing the main space into smaller subspaces. This process generates a
fractal shape, and is the opposite of insisting on smooth, abrupt walls. A child improves its learning
potential for spatial processing and 3-D problem solving by exploring complex subdivided spaces
visually and physically with its body. Section 7 argues against the dominant industrial-modernist
architecture because it departs from biological and natural structure. Applying Al validates
traditional architectures that achieved adaptation intuitively.

Anyone can easily transform the exterior and interior of their dwelling and workplace, up to
legal restrictions, by applying inexpensive methods to implement living geometry (Section 7). If an
architect is required, it is best to select one that has been trained in adaptive or traditional architecture.
Children benefit the most from interior environments that embody coherent information: this
especially applies to furnishings, with the ubiquitous glass coffee-table coming in for severe
condemnation. Section 7 concludes with a useful list of points needing reform in architecture schools,
which prevent young architects from learning about healing environments.
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3. Geometry Influences Reproduction and Child Development
3.1. Environmental Influences on an Infant’s Developing Brain

Just as an Al program is trained by specific informational input relevant to the task, the baby’s
brain is trained by exposure to living geometry and other complex signals from smell, sound, touch,
etc. Some parents intuitively sense this connection and try to expose their baby to a rich sensory
experience. In the aural domain, musical enrichment is believed to help children’s cognitive,
emotional, linguistic, and social development [37,38]. What is relevant to the present argument is the
effect of passive listening (learning to play an instrument is beneficial later).

The opposite case in which babies suffer from sensory deprivation leads to catastrophic
consequences of poor development [39-42]. This was made evident with groups of infants born
during the Covid-19 lockdown, which restricted exposure to external visual information from nature,
scenery, and other adults and babies. Homogeneous and minimalistic visual patterns lacking the
richness of living geometry deprive the baby’s brain of the complexity it needs to continue its natural
growth trajectory [43,44]. In an environment with flattened informational stimulation, a baby loses
access to the experiences that promote emotional bonding, environmental attachment, feelings of
safety, and visuo-spatial reasoning.

Exposure to detailed visuals from an early age helps wire the brain for complex processing. This
neural development is crucial for higher-order cognitive functions, such as analytical thinking and
problem-solving. The complexity of perceived patterns in the environment contributes to shape
cortical circuit structure and function [45-47]. It is necessary to provide engaging and sufficiently
complex static information for the baby to focus upon over time. The optimal visual environment will
start with bold black-and-white figures, then progress into more intricate detail as the baby grows.

The brain continues to produce new synapses up to the age of 2, when it starts a pruning process,
whereby the synapses that mediate used (and useful) messaging are maintained and strengthened,
whereas superfluous synapses are cut. This neurobiological process is known as synaptic pruning.
Being the source of information, the environment plays a significant role in how the wiring of the
brain develops [48].

The growth of an embryo into an adult exhibits some vestiges of the stepwise morphological
transformations that a species went through as it evolved from its primitive ancestors. Animal
embryos resemble other embryos of equivalent stages. This process is known as the “ontogeny
recapitulates phylogeny” theory and applies to the human brain, but the final steps are also
determined by the environment, not only genetics. Since human babies continue to develop their
brain long after birth, their intelligence is influenced by the informational complexity of the
immediate surroundings.

3.2. Experimental Confirmation from Developmental Robotics

The purpose of this paper is to use interactive technology to discover unsuspected links between
child development and the geometry of the environment. Insights from infant learning have been
applied to help Al programs learn more efficiently [49-51]. The interaction of Al and neuroscience
enabled breakthroughs such as training the program AlphaGo to play the board game of Go popular
in East Asia; with a paradigm-shifting win over the world champion Lee Sedol on March 2016 [52].

In an analogous application, developmental (or epigenetic) robotics construct an embodied
cognitive system that learns through interactions with the world, copying child development [53].
Developmental robots are programmed to acquire knowledge and skills gradually, building upon
previous experiences. This incremental process builds up internal models of the world, and mirrors
the way children learn to recognize patterns, develop language, and acquire motor skills.
Importantly, minimalist environments fail to provide the necessary complexity for these artificial
systems to learn meaningful behaviors and patterns [54].

When the training environment is too restricted, it is possible to train a mobile robot to perform
well in a specific setting, but it then becomes lost in a more complex situation with more varied visual
information [55]. This effect of being unable to function with new data is known as “overfitting”. An


https://doi.org/10.20944/preprints202411.1342.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2024 d0i:10.20944/preprints202411.1342.v1

overspecialization to limited training data results in a lack of robustness in performance, even in new
environments with small changes. Increasing the training dataset by including geometrical
transformations — that is, enriching the training environment by using symmetries — helps against
overfitting [56].

3.3. Large Language Models (LLMs) Parallel LIVING geometry

In both language and visual compositions, individual elements gain meaning through their
relationships with other elements. A word’s significance is influenced by the words around it in a
broader context, just as a visual element’s impact is shaped by its context within a harmonious
composition. Large-language models (LLMs) are therefore analogous to a geometrically coherent
composition in which all elements work together through alignment, hierarchical scaling, and nested
symmetries. Both are systems where the connections among all parts create cohesion and meaning.

Living geometry is defined through the harmonious linking of visual elements that achieves a
cognitively unified whole. Associations among the pieces occur on all scales, and those cooperate to
define larger and larger hierarchical groupings as the scale increases. A visual element’s impact is
shaped by its context within the composition. In parallel with language, and with LLMs, individual
words gain meaning through their relationships with other words. This process is repeated at higher
scales to satisfy context and semantics. LLMs connect words into broader linguistic structures
possessing narrative flow.

It is tempting to conjecture that a baby’s brain is trained using this same procedure (extracting
hierarchical relationships) through observing living geometry in its environment. Aural and visual
input that embodies coherent structure could form the mechanism for eventual language and
thought.

3.4. Preventing Symmetry-Deficit Disorder

From the beginning of the last century, urban environments promote the aesthetics of design
minimalism. At the same time, increasing built density has displaced much of plant life from cities.
Being cut off from plants and natural forms leads to “nature-deficit disorder”, as argued by Richard
Louv [57,58]. Far from being only aesthetic, this deprivation seriously affects a child’s development.
An equally important concern is that children could now suffer from the analogous “symmetry-
deficit disorder” because dominant architectural culture avoids living geometry [59]. A setting
lacking living geometry in artificial structures proves to be inadequate for raising children.

Educators, parents, and pediatricians are becoming aware of the enormous health benefits of
having children exposed to nature in a safe setting [60]. Knowledge of this effect used to be part of
traditional wisdom in all societies. Connecting visually to natural forms shapes the child’s conception
of the world, whereas being raised in an industrial-minimalist environment leads to an opposite
result of underdeveloped attachment to life. This mechanism of emotional nourishment is possible
only from contact with nature and living geometry [61,62]. Yet our society has not acted upon the
message coming from synthesizing all the evidence.

3.5. Disengaging Architecture Is Unfit for Children’s Development

While “symmetry-deficit disorder” is not a formally recognized medical diagnosis, it highlights
legitimate concerns about shaping environments that support a child’s physical and psychological
health. Both nature-deficit disorder and symmetry-deficit disorder allude to the deprivation of
essential environmental stimuli. Architects make choices without being cognizant of their effect on
children. Objective, scientifically-based criteria for design identify an environment that supports
child development as follows: comfortable, emotionally warm, engaging, nurturing, perceptually
stable, safe, and stimulating yet reassuring. Living geometry is not just one possible perspective
among divergent discourses, if those other design directions fail to align with child psycho-
physiology. Minimalist environments fail to achieve the above descriptors.
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Architecture for many decades has been motivated to generate innovative “artistic” forms.
Architects do this without investigating the consequences those built forms have on the users’
psycho-physiology, and their training never prepares them to measure sensory feedback from what
they build. The literature is full of architects’ claims that they design for children, but they had no
knowledge base to guide them, only untested assumptions. Modernist architects wrongly assumed
that children would adapt to abstract and minimalist environments. Moreover, dominant practice
fabricates positive neurological effects from favored buildings [63,64].

3.6. Conjecturing Living Geometry’s Role Before Birth to Explain Dropping Natality Rates

While many factors contribute to declining populations in industrialized countries, the role of
architecture and environmental design deserves special attention. The dominance of industrial-
modernist geometry may be contributing to emotional disconnection from life and nature, indirectly
discouraging the search for emotional bonding, and lowering birth rates. Visual symbols of efficiency,
modernity, and progress are incompatible with the deeply-rooted biological and psychological needs
that living geometry fulfills. If the unnatural geometry of the environment is indeed contributing to
declining birth rates, then society faces a profound dilemma: the very settings identified with
advancement and sophistication may be undermining the population’s long-term survival.
Architecture is rarely questioned in terms of its impact on fundamental human needs like emotional
well-being, family formation, and reproduction.

Even in the absence of direct data, it is tempting to conjecture whether the entire process of
conception, fertility, and fetal development is affected by environment geometry. The life-supporting
and stress-reducing qualities of living geometry may create conditions that are more conducive to
the biological processes of reproductive health and childbearing. Stress levels are known to affect
fertility, libido, pregnancy outcomes, and fetal development, while environmental factors influence
hormone production and regulation crucial to those mechanisms.

It is in society’s interest to ask what geometrical factors define an optimal setting for conception
and childbearing. Couples may feel less inclined to start families in environments that do not evoke
a sense of emotional warmth, nurturing, and safety. The cultural conditioning that leads people to
value modernist design over living geometry might also play a significant role in shaping family and
reproductive choices. Are families living in emotionally-engaging environments more likely to have
children compared to those in minimalist-modernist environments? The decline in birth rates
observed among the educated classes of industrialized countries underscores an unexplored
connection between architecture and demographics.

The mother’'s emotional and psychological wellbeing during pregnancy affects fetal
development, as conditions of environmental influence are arguably even more acute and decisive
than usual. Living geometry could play a role in creating a supportive atmosphere for this state of
mutual dependence on the linked child-mother-environment. There is ample evidence that sensory
experiences of the mother transfer to the developing fetus.

Does it matter that a baby’s form is itself incompatible with the non-living geometry
characteristic of “modernity”? A couple educated to privilege the cold industrial-modernist aesthetic
is preconditioned to crave only objects and artifacts satisfying that specific crystalline geometry. How
are such persons supposed to desire and create something rounded, softly-curved, symmetrical,
detailed, fractal, and harmoniously-proportioned as their life goal? On the other hand, the urge to
care for, love, and nurture a child aligns with the process of emotional engagement that living
geometry naturally embodies. At the heart of this issue is a fundamental contradiction between the
aesthetic ideology of modernist architecture and the biological needs of human life.

4. Applying AI Techniques of Learning to Understand Intelligence

Merging Al with neuroscience offers an important lesson supporting this paper’s thesis:
industrial-minimalist environments represent no visual intelligence. If the physical world lacks
embedded structural intelligence, then our own neural intelligence cannot interact with it, thus
preventing cognitive engagement.
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The AlphaGo software mentioned earlier, created with the Al program DeepMind, was trained
on an enormous number of past games of Go. The software was not directly programmed with actual
moves but learned the winning strategies from previous configurations. AlphaGo was programmed
using a combination of supervised learning and reinforcement learning, including basic rules and
heuristics of Go. The next step in Al development did away with programming the rules of the game
and enabled the software to learn both rules and winning strategies from the data. MuZero uses
reinforcement learning algorithms to enable planning, and learns entirely through self-play [65].

In self-supervised learning, AI models are designed to predict or reconstruct parts of the input
data based on other parts, effectively learning the data’s underlying structure without explicit
direction [66]. This approach allows models to capture syntactic and semantic patterns inherent in
information, and to develop rich internal representations on their own.

The parallel between self-supervised learning in Al models and infant brain development
emphasizes the role of complex yet organized and symmetric visual patterns in the environment.
Both self-supervised Al models and infants learn from data that they themselves organize. Infants
absorb information from their surroundings, learning to recognize objects, patterns, and social cues
through exposure. Infants utilize the organized patterns in visual stimuli to develop neural pathways.
In both contexts, coherence corresponds to the nervous system’s inherent “tuning” and helps its
circuit refinement at these critical stages. In Al, these patterns help models generalize from data,
while in infants, they facilitate the recognition and processing of essential visual information.

Infants are learning a “foundation model” [67], developing the representation that will form the
basis for every subsequent complex task. This process agrees with cognitive theories that base
learning on a series of perceptual inputs that identify patterns. The baby builds a foundational mental
representation from a rich and continuous informational input from its environment. A recent
breakthrough was to recognize that the process of self-supervised learning from the environment is
entirely analogous to self-supervised learning that develops foundational models in machine
learning [68].

In practical situations, there is a lower complexity threshold for data, which refers to the level of
intricacy in sensory input required to stimulate effective neural development. Organized patterns
with connections and symmetries provide sufficient complexity to engage the brain’s learning
mechanisms without causing overload (such as occurs with random information). These patterns
enable the detection of regularities and the formation of predictive models of the environment, which
are foundational for higher cognitive processes such as problem-solving and reasoning.

5. New Al Tools for Assessing Adaptive Environments
5.1. Getting indirect EMOTIONAL Feedback

Al has achieved a breakthrough in utility by trying to incorporate emotion into its algorithms
[69,70]. Starting from the basis that emotions are a consequence of our body’s physiological responses
to external stimuli, AI programmers are building emotion recognition models [71,72]. Ironically, the
way to re-introduce emotions into design is through interactive technologies and sensors, since an
adult’s conscious responses get bogged down in learned prejudices and subjective arguments.

Commercial product design is profiting from advancements in emotional (or affective)
engineering, which is beginning to be applied to architecture [73,74]. Medical applications now use
empathetic Al for verbal communication, helping set up mechanisms for engagement and feedback
[75,76]. The analogous application for visual interactions is still being developed. Measured psycho-
physiological reactions to the immediate environment reveal how physical structures influence
human life (through visual information) negatively or positively. Data can be gathered either directly
through sensors, or indirectly through AI [77-79].

By leveraging affective computing and machine learning algorithms, Al systems can infer
emotional states without direct feedback from individuals. This capability is particularly valuable in
assessing how environmental factors, such as the design of buildings and public spaces, influence
people’s moods and emotional well-being. Al systems can collect indirect emotional feedback by
monitoring behavioral cues and physiological responses. Not only is this method much more
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accurate than personal surveys because it is unbiased by subjective factors, but it is now used to assess
sensory feedback from infants.

Empathetic Al systems can simulate how different environmental designs influence sensory
input and neural development in children. For example, Al can model the effects of varying textures,
colors, and patterns on a child’s attention and learning processes. Analyzing data from
developmental psychology and neuroscience, Al can identify which environmental features are most
conducive to promoting cognitive functions such as language acquisition, memory, and problem-
solving.

Architectural modernism introduced the disengaging design method that generates designs
abstractly, which dominates today. Despite the intense feedback and visceral response by the user to
the physicality of a building, architects do not acknowledge emotion as entering the process of design
and subsequent use [80]. The building industry’s successful business model relies upon abstraction
and emotional detachment. Therefore, the architects’ technological but non-adaptive approach
contrasts with information and communications technologies that find emotions extremely valuable.

5.2. Empathetic Design Uses AI-Empowered Tools

By re-introducing empathy into the design process, Al counteracts emotional numbing.
Empathetic (or empathic) large language models (LLMs) are being successfully trained to show
empathy when interacting verbally with people through written text [81-83]. Those Al programs
prove very useful in education, medical diagnosis, psychotherapy, and related healthcare
applications, where they mimic and support the task of human professionals. An analogous process
— the visual equivalent for Al-enabled empathetic interaction — could train Al design software that
responds to people’s emotional expectations and needs.

The convergence of Al-driven emotional analysis with the ability to measure real-time user
responses offers new ways to create empathetic environments [84]. Using emotion recognition, Al
helps to envision architectural spaces and surfaces that support the users’ emotional wellbeing. Large
language models enable Al to grasp the nuances of human interactions and to base the design
processes on empathy. Human-centered design implements a feedback loop of anticipating,
responding to, and testing physio-psychological effects. By analyzing large datasets from
neuroscience and psychology, Al validates the role of living geometry in creating spaces that are
attuned to human emotional needs.

New Al-based technology is able to measure people’s emotional reaction to buildings both
during the design phase (through virtual reality), and after completion (for post-occupancy
evaluation). Combining eye-tracking sensors with facial expression analysis via Al gives an
emotional map separately from the visual attention map [85,86]. These heatmaps reveal which
aspects of a design establish positive-valence emotional engagement. Emotional heatmaps evaluate
which portions of an image or physical setting trigger “joy” in the viewer [87]., linking living
geometry to measured “joy” [88]. Advertising and communication industries use this tool for
evaluation, as well as to design computer-user interfaces and workspaces.

In a separate and complimentary development, Electroencephalograms (EEGs) can now be
performed using a portable, wearable cap. Measurements processed using Al distinguish between
the subject’s negative and positive-valence reactions [89,90]. When used in combination with visual
attention heat maps, these data identify regions of stronger engagement and also distinguish between
negative and positive valence. Future architectural diagnosis must rely on a method of clarifying the
interaction of arousal and emotion.

Several decades of medical knowledge and the development of artificial intelligence now help
to recover previously disregarded design solutions that support life: they fell out of favor as looking
too “old-fashioned”. Al has broadened the spectrum of design possibilities to embrace elements that
nurture and protect future generations through designing for the needs of children.
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5.3. Generative Al Identifies Buildings That Cause Headaches

New online tools use generative Al in evaluating 2-D Fourier transforms, which reveal features
of the spectral distribution of spatial scales. Like all fractals, living geometry follows a distributed
scaling hierarchy that is “scale-free”. No scale dominates because substructure is evident at all
magnifications, which in architecture means at all approaches, from far up to touching the wall. But
the monotonous repetition of a single simplistic unit (privileging a single scale) gives rise to
headaches. Arnold Wilkins and his collaborators used 2-D Fourier transforms to analyze visual
architectural patterns while surveying people’s reactions including discomfort, headaches, malaise,
and nausea [91-94]. They found that aversive symptoms correlate strongly with departures from
scale invariance such as monotonous repetition and a missing range of scales.

Generative Al programs can now perform a 2-D Fourier transform of a building’s image
uploaded online to discover gaps or imbalances in the spatial frequency distribution. Using this novel
and powerful analytical tool predicts the likelihood of visual discomfort. The magnitude spectrum of
the image reveals either a power-law distribution characteristic of a fractal, or its absence. Distinct
periodic elements such as repetitive windows result in spikes at specific spatial frequencies.

Iconic and even ordinary commercial buildings in 20th Century architecture and later, however,
deliberately avoid scale-free design. Up until recently, this ubiquitous geometrical feature was
accepted as a stylistic choice justified as the privilege of an architect’s artistic freedom; in fact, as a
basic tenet of modernism. But now the negative-valence consequences of monotonous repetition on
human health are exposed. Most important, any reader can easily perform the online analysis as
indicated above to diagnose whether a building induces headaches in a user and passer-by.

5.4. ChatGPT as a Convenient Source of Knowledge

This paper collects and synthesizes architectural knowledge relevant to learning that comes from
outside the official discipline. Arguing that child development needs are not met by mainstream
architecture, an alternative geometrical setting is described. Later, it will be pointed out that
dominant architectural culture does not care about this, as the system is interested only in isolated
pieces of information that bolster favored visual styles. The situation requires a massive effort at
public education to make people aware of what is going on, and to realize what is at stake.

Nevertheless, it is difficult to communicate critical scientific knowledge about architecture when
the profession does not wish to hear about it. People face a dilemma of whom to believe: famous
architects and architectural critics who praise today’s fashionable buildings; or individuals outside
architectural culture who claim that something is seriously wrong? The public usually trusts accepted
authority and dismisses analysts seen to be situated on the system’s margins.

ChatGPT and other equivalent large-language models are being used increasingly as a source of
easily-accessible knowledge. Educational institutions face challenges on how to successfully
incorporate ChatGPT in courses, since students are rapidly becoming reliant upon it for interactive
learning outside the classroom. This could in fact be the key to architectural reform that would have
been impossible even to contemplate previously. If students trust ChatGPT to solve their history and
mathematics homework problems, then they should pay attention to the answers it gives to the
questions raised by this paper.

When asked to list the geometrical characteristics of visual patterns that correspond by analogy
to high versus low intelligence expressed in terms of relationships among components, ChatGPT
provided two detailed lists as follows (here combined and edited):

A. High-intelligence: Complex structures with nested symmetries, where smaller symmetrical
components are hierarchically embedded within larger ones, enhance spatial reasoning and
cognitive mapping. Continuous patterns with smooth transitions, enabling the eye to follow lines
and shapes effortlessly, maintain attention and foster perceptual integration. Harmonious
integration of aesthetically-pleasing colors, forms, and textures promote positive emotional
responses and engagement. Symmetry facilitates pattern recognition and predicts structure, thus
stimulating cognitive processing.
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B. Low-intelligence: Asymmetrical designs lacking balance and proportion appear random and
preclude cognitive engagement. Flat structures without a hierarchical organization of patterns
within patterns lead to severely reduced perceptual depth. At one extreme, simple, non-repetitive
patterns do not exhibit self-similarity across scales; and at the other, disjointed and fragmented
visuals have abrupt changes and discontinuities. Poorly-organized elements scattered without
meaningful relationships cause confusion and cognitive overload. Isolated elements and
incoherent designs without a unifying theme offer little for the brain to recognize.

These responses summarize the results of this paper succinctly. Design as practiced in the last
several decades corresponds to low-intelligence geometry. Extensive medical data on healing and
learning environments are already embedded in the ChatGPT database. Even if architectural
academia and practice ignore this corpus of consilient knowledge, it has been incorporated into the
future learning mechanism made possible by large-language models. Note that the prompt carefully
avoided asking about architecture, because of the prevalent but unsupported opinions on this topic.
Instead, the question was about geometry and intelligence.

Concept maps are graphical tools for organizing and representing knowledge through
connecting lines and hierarchies. Commercial Al-powered Concept Map Generators point the way
to hierarchical multi-scale nested structures that correlate with information processing capabilities
[95]. A conceptual mapping of human intelligence onto visual patterns touches upon several fields,
including cognitive science, information visualization, and network theory. More complex, denser
interconnected networks are generally associated with higher intelligence in which complex
cognitive structures establish intricate relationships among data and ideas.

The above correspondence presented by large-language models agrees with imagery-based Al
agents that discover the possible neurological mechanism of computation and intelligence [96].
Researchers hypothesize that visuospatial intelligence is learned from visuomotor experience of
coherent complex patterns — living geometry — in the real world. Knowledge representation and
reasoning mechanisms in Al systems therefore shed light upon cognitive processes, mental
representations, and problem-solving ability in people.

5.5. A Radically Different Application of Al to Design

The consensus in the technology sector is that generative Al will determine the future of
emotional architecture [97]. Using continuous feedback during the design process could be called
“cybernetic design”. This is the only way to check for adaptation to human physiological and sensory
requirements. Contrast this interactive approach with today’s standard practice, which imposes an
already-prepared but untested design on the users [98,99]. Such a design is not evaluated through
evidence-based criteria.

Architectural publications are exploding with ideas applying Al tools to contemporary design.
And yet, despite the enthusiasm, there appears to be little research directed into exploring healthy
potentials. Most of those promises to revolutionize the field remain on a superficial level.
Contemporary architects co-opt Al-assisted design to generate buildings as sculptural forms,
prioritizing artistic expression above occupant needs [100,101]. Individuals coming from dominant
architectural culture simply adopt Al to create visually-compelling abstractions that align with
established industrial-modernist aesthetics. They harness the power of Al to promote what they
already practice, but not allow Al to question the adaptation of a design [102].

There exists enormous potential in using generative Al for creative designs. Any ideological
restriction stifles invention, however, since it allows only recombining and refining architectural
elements within limited stylistic rules. An architectural form language that is perceived as cutting-
edge, futuristic, and internationally recognizable results in a predictable — mostly negative or neutral
— emotional response [103,104]. Instead of using Al to adapt and innovate, this becomes an exercise
in aesthetic and intellectual conformity.
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6. Spatial Learning from Fractal Spaces

Children interact with their environment not just visually but physically. Traditional homes with
bay windows, nooks, and furniture scaled to accommodate a child’s size offer opportunities for
spatial exploration and play [105]. Those play spaces are characterized as “cozy” seen from the child’s
perspective and may sometimes define a semi-enclosed child “sanctuary space” [106]. Such
affordances enable children to develop spatial awareness and motor skills.

Complex interior spaces that combine a variety of connected spaces of different sizes represent
a fractal subdivision [107]. Crenellated volumes offer more opportunities for hide-and-seek, cubby-
building, and other spatial exploration activities that are crucial for cognitive development. The
mechanism by which children learn through bodily movement has been studied in outdoor
environments, and those findings are equally valid for indoors [108]. A variety of connected, complex
spaces scaled to a child’s size is essential for providing diverse play opportunities that support
different developmental areas like physical movement, 3-D problem solving, and spatial awareness.

Affordances are the potential actions or interactions that an environment offers [109]. Traditional
architectural elements like baseboards, moldings, and varied textures provide natural “handholds”
and reference points for children as they navigate spaces. Smooth walls and a lack of architectural
details reduce the number of affordances available to children. Spaces that lack nooks, crannies, and
varied geometries may provide fewer prompts for imaginative play and creative spatial thinking.
Industrial geometries and minimalist environments do not challenge or stimulate a child to engage
fully with its surroundings and develop spatial reasoning skills. This reduction in sensory input may
impact the development of neural pathways related to spatial processing and pattern recognition.

It helps to assess both interior and exterior spatial fractality on opposite ends of a mathematical
scale (characterized by the structure’s fractal dimension). A subdivided volume containing many
geometrical features — connected subspaces of different size — fits human affordances better,
whereas a minimalist volume is simply a homogeneous space with abrupt, smooth boundaries. The
situation is worsened when spatial boundaries are made from plate glass curtain walls, or mirrored
walls, because those are geometrically abrupt while pretending not to be there, causing cognitive
dissonance.

The warmth associated with traditional materials and designs can also influence emotional well-
being. Traditional architectural designs often include ornamental features, textured materials, and
varied color palettes that provide rich visual stimuli. Materials like wood with visible grain and
carved details offer tactile and visual complexity that engages a child’s senses. Environments that feel
welcoming and stimulating encourage social interaction and emotional security, which are essential
for healthy development.

7. Discussion

With rare exceptions, much of what is built today contradicts both biological precedent as well
as inanimate natural structures [110]. Buildings, spaces, and surfaces that make up the dominant
architectural paradigm — broken or minimalist shapes in raw concrete, plate glass, and exposed steel
— depart significantly from living geometry. The far more numerous self-builders follow informal
and vernacular construction arising from living geometry, which aligns more closely with natural
informational patterns. People will wish to know what to do to improve their current situation. Just
as recent technology, especially Al, helps to uncover the problems with the geometry of the built
environment, those same tools can be implemented to help fix them.

A client in a position to require an architect should take great care to avoid hiring someone with
built-in prejudices because of their education. Can society ask architects who practice a detached
conception of the world to produce a more humane design? A much safer course of action is to
employ only those professionals trained in traditional building and design techniques. In the USA,
the Institute of Classical Architecture and Art (ICAA) is a hub for finding practitioners [111]; while
the various country chapters of the International Network of Traditional Building, Architecture and
Urbanism (INTBAU) serve the same purpose globally [112].
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In many situations, it is impractical and prohibitive to alter the architectural configuration, hence
other measures must be implemented. People should train themselves on the characteristics of
healing environments and work hard to create those inside their homes using modest means.
Significant benefits to children can be accomplished through interior decoration according to
emotionally responsive principles, as well as the appropriate choice of furnishings. It is relatively
easy to bring in plant life indoors, thus introducing living geometry to living spaces.

The ubiquitous industrial-modernist furniture is judged here to be emotionally hostile to
children. Tubular steel and plate glass, exemplified in “design” chairs and tables, are not inviting
materials to look at because of their reflective or transparent properties, nor are they attractive to
touch. Families the world over unthinkingly buy such furniture without realizing the negative
psychological consequences on toddlers navigating their living space. Running into a glass coffee
table can be very serious [113]. Many traditional cultures have large stuffed floor cushions (poufs)
and soft ottomans, which are far friendlier when a small child runs into them.

Children benefit from regular exposure to nature in a safe setting. Yet the global situation has
changed for the worse during the past several decades. Whereas past generations assumed this right
as natural, today’s metropolitan regions have cut down vegetation to the point where children have
no direct contact with bushes and trees. Because of its minimalistic informational content, a green
lawn is no substitute for nature (despite being a favorite of image-based architects). And a pocket
park can be ruined by building industrial-minimalist benches, lamps, paved footpaths, planters, and
sitting walls that negate any positive effect gained from the plants.

Caring parents should expose their children to exterior structures that embody living geometry
and avoid those buildings and urban spaces that violate it. Today’s families in the developed world
spend much time in commercial spaces of shopping. The informational content is usually rich, with
colors, curves, fractal shapes, and a limited number of symmetries. But shop interiors displaying
merchandise, from groceries, to clothes, to toys do not show much visual coherence and harmony,
which is an essential factor for brain development. Large-scale harmonious architecture is found
principally in older, chiefly monumental buildings, which are no longer situated everywhere. A
family may have to travel to locate a satisfying architectural experience.

Looking towards more institutional fixes for hostile design, there is formidable inertia and
opposition from both the architectural and design professions and particular segments of society.
After World War I, architecture as a discipline lost its epistemic humility. That is an understanding
that beliefs, regardless of how strongly held, are susceptible to revision [114]. Therefore, reform has
to begin with restructuring the educational system [115-118]. Classroom dynamics in architecture
schools have six intended effects that work against adaptative change:

(1) they reinforce reductionistic industrial-minimalist images — labeled “sophisticated” — in
the minds of impressionable students [119],

(2) disseminate a made-up narrative whilst the curriculum excludes emotional (or affective)
engineering for human-environment interactions [120],

(3) suppress epistemic humility that acts as a buffer against confirmation bias and encourages
empathy towards the user [121],

(4) alienate students from outside learning by dismissing empirical knowledge as insignificant
and a hinderance to design creativity [122],

(5) never prepare interested students in scientific literacy to be able to read and comprehend the
relevant research literature [123], and

(6) isolate students from architectural knowledge derived outside the siloed profession by
keeping them busy with design studios [124].

It will take time to replace these established tenets of design education with new, adaptive tools
because the system was never set up to question its justification or method. After accepting
inadequate environments from the mainstream profession ever since the 1920s, it is naive to hope for
spontaneous change. Society has an obligation to close the enormous chasm between what architects
are trained to produce, versus what human beings actually need for their health and wellbeing. The
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lesson to be drawn from this discussion is that people must take architecture and design into their
own hands, for the good of themselves and their family.

8. Conclusions

This paper presented scientific evidence that questions the suitability of the dominant
architectural aesthetic for raising children. The architecture discipline so far appears uninterested in
this assertion, perhaps because the data come from outside a siloed profession. Architectural
academics, who are expected to write about famous architects and buildings, have never been trained
to conduct research or process scientific results. Many architecture professors come from design
backgrounds with no exposure to science. People would assume somebody to be responsible for
implementing necessary changes, but it is unclear who — if anyone — is filling that role.

As it has no intrinsic self-interest, Al can be focused on optimizing design solutions rather than
pursuing the abstract forms preferred by mainstream practice. People should become active
participants in shaping architecture. The results presented here aim to re-awaken a dulled sensitivity
towards healing environments imbued with emotion and life. Al helps in the effort of recovering the
natural capabilities of the human body to generate living geometry. Facts contradict one century
during which people’s natural capacity to judge the environment was numbed, forcing them to adopt
an interpretation of the world that promotes disengaging buildings, interiors, and urban spaces.
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