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Abstract  Biomorphic-inspired circulation strategies
refer to practices that mimic natural forms and elements in
representing building circulation systems. The research
examines how forms and patterns found in nature can
improve museum functionality, accessibility, and
aesthetics. The study employed a qualitative approach,
including a systematic literature review from 2014 to 2024,
and a comparative analysis of the findings of three global
museums and four selected Nigerian museums. The
findings reveal the level of adoption of these strategies,
which include: generation of forms and functions,
geometric elements, analogical concepts, balanced
proportion, sustainability features, fluid movement, and
technological integration, from the selected museums.
However, the research concludes that while the global
museums fully adopted the strategies, a holistic adoption of
biomorphic-inspired circulation strategies in Nigerian
museums is recommended to enhance user experience by
addressing the existing gap in the level of adoption.
Furthermore, the study aligns with Sustainable
Development Goals (SDGs) 3 (Good Health and Well-
being of wusers) and 11 (Sustainable Cities and
Communities), emphasizing its role in promoting user-
centric design and environmental harmony. This research
advances biomorphic-inspired architectural discourse by
providing empirically validated design strategies for
scholars, practitioners, while offering museum
stakeholders and policymakers actionable insights for an
adaptive museum environment.

Keywords Biomorphism, Circulation Systems,

Nigerian Museums, Sustainability

1. Introduction

The adoption of biomorphic-inspired design in museums
is a symbol of dynamism in the layout and functionality of
cultural spaces. Biomorphic design means replicating
shapes and patterns found in nature and applying them in
the planning and design of the built environment [1]. This
conceptual approach offers a unique opportunity to
integrate movement patterns inspired by nature and other
strategies in the circulation design of museums.

A museum is a non-profit, long-term institution that
provides services such as gathering, conserving,
interpreting, and displaying physical and intangible
cultural artefacts to society [2]. Museums provide user
experiences for interactive learning, enjoyment, reflective
thinking and information sharing while communicating in
an ethical, professional and community-engaged manner.

Museums often have a significant impact on a city’s or
region’s cultural worth. They can be used as educational
spaces and also avenues to showcase the historical and
cultural value of a region, a city’s development and
progress of a nation [3,4]. A well-designed museum may
contribute to cultural enrichment and potentially attract
visitors, which could play a role in fostering urban tourism
growth [5]. Sholanke et al. [6] highlighted that integrating
natural lighting in display sections of a museum during the
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design phase rather than as an afterthought improves the
flow of visitors' movement. A greater desire for museums
could be indicated by a growing interest in public cultural
spaces, thereby emphasizing how important it is to explore
innovative approaches to museum design [7,8,9].

Considering its potential impact on the well-being and
standard of living of both present and future generations,
sustainable development may be viewed as an important
phenomenon of our time. The necessity for a shift in human
lifestyles appears increasingly evident, particularly in light
of the challenging living experience conditions faced by
many communities [10]. It appears that nature has
developed into a resilient and sustainable system in an
attempt to create effective, long-lasting physical
environments where architects now look to the natural
world for design inspiration to solve human problems. The
term “biomorphic design” describes the study of imitating
patterns and using natural principles in order to create
organic building designs [1]. With recent technological
advancements, it appears that architectural designers are
focusing on futuristic buildings, exploring ideas from
nature to create fluid spaces [11].

Museums are often viewed as significant representations
of contemporary architectural design, characterized by

their varied collections and diverse architectural styles [12].

Tzortzi [12] emphasized that traditional circulation patterns
in museums tend to be linear and rigid, which may affect
user experience, potentially leading to fatigue and
disengagement. Many museums illustrate how these
conventional circulation methods can diminish the value of
the experiences and insights that visitors receive [13].
Applying circulation strategies inspired by biomorphic
architecture may help architects create more logical,
engaging, and effective spatial designs. The visual and
learning aspects of a museum experience through physical
movement from one exhibition area to another could be
improved by these conceptual strategies in a manner that
seems natural and seamless. This design approach can be
particularly important for museums, creating a well-
designed spatial layout that mimics natural circulation
patterns, therefore improving the way visitors experience

viewing the exhibits in a more intuitive way [14].

Therefore, this study aims to assess the adoption of
biomorphic-inspired circulation strategies in the selected
museums, in order to inform sustainable and bio-inspired
approaches to museum design. In order to address the aim
of the study, the objectives were formulated to:

i. identify biomorphic-inspired circulation strategies
that can be adopted in the design of museum
architecture;

ii. investigate the level of adoption of biomorphic-
inspired circulation strategies in the selected global
museums;

iii. analyze the level of adoption of biomorphic-inspired
circulation strategies amongst the selected museums
in Nigeria.

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

This study is justified by its alignment with the
Sustainable Development Goals (SDGs), a framework
driving global sustainability efforts. Biomorphic-inspired
circulation strategies in museums directly support SDGs 3
and 11, which advocate for improving visitors’ wellbeing
and creating an inclusive, secure, resilient, and sustainable
environment. This study also targets relevant goals
pertaining to building design, cultural heritage preservation,
and urban planning [15].

However, much remains to be discovered regarding
understanding the adoption of biomorphic-inspired
circulation systems in museums and their impact on users
and the immediate environment [16]. This research gap
aims to contribute to the growing body of knowledge on
bio-inspired design, therefore advancing the study area of
museum design.

2. Literature Review

The design concept referred to as "biomorphism," which
takes its cues from forms and patterns found in nature,
appears to be increasingly adopted by contemporary
architecture [17]. Nature-inspired forms and patterns in
buildings seem to have originated from organic
architecture, which introduced the idea of curvilinearity
into 21st-century architectural designs. These shapes and
patterns might also be reflected in plans, facades, detailing,
and ornamentation [18].

Biomorphism bridges the gap among art, science and
technology. Architects who draw inspiration from nature
may incorporate their findings into their design processes.
It could be suggested that the foundation of this approach
relies on analogy, as the term "biomorphism™ includes the
concept of "mimicry.” Construction challenges might be
addressed through structural and functional adaptations
inspired by nature [19].

Biomorphic-Inspired Design Strategies

In architectural design, especially in public and cultural
buildings such as museums, biomorphic-inspired design
strategies as presented in Table 1, help create intuitive and
engaging user experience. The following are biomorphic-
inspired design strategies:

i.  Nature-inspired Form and Function:

An organic structure’s response to physical external
forces may facilitate more effective architectural
expression [20]. For instance, the functional and aesthetic
elements of Antoni Gaud®& designs appear to be
interconnected, which is represented by his Sagrada
Familia Cathedral, characterized by a tree-like structure
featuring asymmetrical geometries that integrate structural
load with visual appearance [21]. Tree-like structures could
potentially create a more intuitive circulation system in
museums.
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Table 1. Biomorphic-inspired strategies in Architecture
Serial Number Strategies Features Natural elements/inspirations
Nature-inspired Form and . Physical structure, form and
1 . Form and Function
Function processes of natural elements
. Qualitative and quantitative geometries from Mountz_ilns, plants_, and simple
2 Organic Geometry nature organic geometries, such as
curvilinear, conical, spherical forms
3 Nature-inspired Metaphor A symbolic representation of natural concepts Waves, ribs, living body
4 Design Movement Dynamic design ele_mer?ts mimicking growth or Plant growth, animal locomotion
motion in nature
5 Use of ’::tttl:e rri-slnsplred Varied-scaled patterns from natural systems Leaf venation, seed spirals, tree bark
6 Proportion in Design Nature’s proportion p'I”OVIdGS harmonious Golden Ratio, tree branching, human
scaling body
— . Locall r -friendly materials blendin ne, timber, ramm rth
7 Nature-inspired Materials ocally squ ced,'eco _e dly _ate als blending Stone, t 'be , rammed earth,
with the immediate environment biopolymers
Improved user satisfaction through the full
8 Sustainability integration consumption of a space with eco-friendly Biodiversity, functional efficiency
designs
. . Structural engineering and technological Bone structures, fabric & membrane
9 Technology integration LT .
solutions inspired by nature structures, beehives

The physical forms in Santiago Calatrava's design may
reflect the structural stresses. According to Jan Knippers
and Thomas Speck [21], descending pointed arches of the
TGV station might address the functional criteria of the
structure, while at the Zurich Stadelhofen railway station,
the structural elements seem to blend with the
anthropomorphic forms.

ii.  Organic Geometry:

It may not be common to consider how geometry
influences our health and well-being because it is thought
to be affected by our visual and psychological senses [22].
In terms of shapes and geometries, Alexander Coburn et al.
[23] demonstrated that people generally favor natural
patterns over synthetic geometrical shapes in the built
environment. Anjan Chatterjee's research indicated that
people’s perceptions of beauty are greatly influenced by the
shapes of architectural spaces, with curvilinear spaces
being preferred [24]. This natural element-inspired design
concept elevates users' moods, lowers stress levels, and
boosts their morale [25].

As stated by Santiago Calatrava, architecture always
follows geometrical principles, and geometry serves that
purpose [26]. Some architects claim non-straight and
curved surfaces, such as hyperboloids, hyperbolic
paraboloids, and helicoids, are more prevalent in nature
than straight lines [21]. Therefore, despite the challenges
provided by the logical intricacy of some geometries,
Antoni Gaud & creative approach enabled him to take
inspiration from nature and convert it into his distinct
architectural style. He was able to deal with difficult
geometric formations by using aided tools and his
knowledge of ruled geometry [27].

Rather than inflexible geometries, the term "natural
geometries” refers to patterns attributes that are often
observed in nature, such as hierarchically organized scales
like the "Golden Ratio™ and the "Fibonacci Sequence”,
which are examples of additional significant natural
geometries [28]. The incorporation of fractals, symmetry,
focal points, and complementary contrasts (lines combined
with curves) has all been explored recently in geometry
studies, supporting this category [29]. Circulation paths in
museums can be designed in curved, branching or spiral
geometrical shapes, guiding users in a fluid manner.

iii. Nature-inspired Metaphor:

Three categories of metaphor exist in architecture:
textural, isolated pictorial, and structural. These types of
metaphors could address poetic, intellectual, and visual
sensitivity [29]. According to Chris Abel [30], metaphors
in architecture fall into three categories: tangible,
immaterial, and mixed. For example, Antoni Gaud®
Sagrada Familia, which features structural columns shaped
like trees and skylights with light-reflecting panes, draws
inspiration from natural phenomena. Other Gaud Edesigns,
such as Parc Giell with its terraces and wave-shaped bench,
or Casa Mil& resembling the sandy hills of Barcelona, also
adopted natural metaphor.

In his architectural and urban monuments, such as the
Valencia Science Centre, the Cathedral of Saint John, and
Heritage Square, Santiago Calatrava drew inspiration from
deep-ocean flora, such as leaf patterns and bird skeletons
[21]. These designs evoke natural patterns and structures,
creating a connection between the built environment and
the natural world. Circulation design in a space can be
conceived to evoke natural phenomena such as a
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meandering river, creating an immersive experience that
connects visitors to nature. By incorporating these nature-
inspired metaphors, architects can enhance the sensory
experience and emotional resonance of users.

iv. Design Movement:

Through flexibility, architecture inspires growth and
creates environments that illuminate design movement [31].
Antoni Gaud Tsuggested that a structure could resemble
dynamic, life-like design, with its evolution possibly
reflected in its architecture. For instance, the architecture
of Parc Giell and the Sagrada Familia displays growing
trees in both structures. In one of his designs, Calatrava
incorporated a moving structure that imitates the growing
wings of a bird, drawing inspiration from nature in the
design of the Milwaukee Art Museum [32]. Given the
narrative flow that a museum space should be, a
biomorphic-inspired  design  system  enhances an
evolutionary process.

V. Use of Nature-inspired Patterns:

The fundamental idea of bio-inspiration may be seen as
a natural pattern [31]. According to the Biomimicry
Institute [33], "nature optimizes interactions and benefits
through the use of patterns and gradients.” In this regard,
the design of Parc Giell, GaudT appears to have
incorporated mosaic patterns and vibrant tiles. Additionally,
nature-inspired patterns such as fractals found in nature
may display intricate designs, which could add more visual
interest to the circulation design of a museum.

Vi. Proportion in Design:

Many architects, including Pier Luigi Nervi, Frank
Lloyd Wright, Frei Otto, Robert Maillart, and Antoni
Gaud ¥ have worked with proportions in their designs. In
contrast, Santiago Calatrava's architectural works appear
significantly larger than their actual size. Gaud iseems to
have modelled his bio-inspired architectural elements after
the proportions of natural creatures [21]. Circulation spaces
in museums can be designed to reflect proportions found in
nature, such as the golden ratio or the Fibonacci sequence,
to help foster a sense of harmony and balance in design.

vii. Nature-inspired Materials:

A range of organic materials may be used by architects;
some may reflect cool and warm hues, while others may
seem unified and imaginative. For instance, it turns out
Antoni Gaud #had incorporated locally-sourced materials in
his designs, such as stone, mortar, glass, and ceramics.
Concrete, ceramic, and glass are among the materials
utilized in Calatrava's design of the Montju™c Tower, which
demonstrates his belief that materials should adapt to many
applications and blend in with the local environment [21].
In order to facilitate a harmonious relationship between
visitors and nature, natural materials like wood and stone
may be used in the design of museums' circulation systems.

viii. Sustainability Integration:
According to Adnaan Farook [34], biomorphism may be
described as the process of "producing an efficient and

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

long-lasting outcome by emulating the appearance of
biological patterns, forms and systems.”" Foluke Jegede et
al. [35] revealed that design influenced by nature improves
sustainability, conserves energy and enhances user well-
being. Biomorphic design takes into consideration
functional aspects of natural systems and processes, such
as energy efficiency, material and space optimization and
balanced spatial arrangements, going beyond nature’s form
and pattern imitation. It has been indicated that
biomorphism might achieve sustainability principles by
blending the environment with organic design forms [36].
The order and regulation of shapes and patterns could be
incorporated into the quantitative aspects of natural
geometry. Certain architects seem to integrate organic
shapes with eco-friendly features to achieve an increased
consumption level from user experience and satisfaction
[21].

iX. Technology Integration:

Structural engineering has gained significant insights
from nature, where construction viability may no longer be
a major barrier in the modern world. Daniel Babalola et al.
[37] highlighted the potential for enhancing users' mental
health by combining technology with inclusive and nature-
inspired design. Engineers and architects can develop
complex structural morphologies modelled after nature-
inspired structures with the aid of computer-aided design
tools [38]. These principles could also be applied to the
detailed interior spaces of a museum, such as the
circulation system, which could result in the development
of an engaging, flexible, and responsive experience for the
directed movement of visitors.

3. Material and Method

This study focused on evaluating the extent of adoption
of biomorphic-inspired circulation strategies in order to
inform sustainable and culturally sensitive architecture
museum design, using a qualitative research methodology
based on observational assessment. An observation guide
was used to assess the level to which the biomorphic-
inspired circulation strategies were adopted in the selected
museums. The study area shall focus on South-West
Nigeria, one of the country’s geopolitical zones. It is a
region chosen for this study for its rich cultural heritage,
and has historically been a centre for art, education, and
traditional preservation. It contains fast-growing urban
areas like Lagos and Ibadan. Ibadan is the largest city in
West-Africa according to geographical land size and
known for its historical preservation culture. Lagos, on the
other hand, was the former capital of Nigeria, and it is home
to the country’s art and entertainment lifestyle. The city
was built to accommodate everyone irrespective of tribe,
religion, or racial identity.

The study employed purposive sampling based on three
key selection criteria: museum popularity within local
communities, modern design features, and number of
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visitors. These criteria were selected to ensure the sample
included facilities that attract diverse audiences,
incorporate current sustainable architecture practices,
demonstrate strong community engagement, and most
likely adopt nature-inspired design systems.

The following criteria were used to select the four
museums:

i National Museum of Unity, Ibadan:

Due to its location in a popular marketplace in Ibadan,
the government-owned museum is often visited, especially
with its free public access, which may attract more visitors,
while its modern design features may reflect nature-
inspired design.

ii. National Museum, Lagos:

The museum’s cultural significance and engaging
displays make it a popular site to visit, while its role as a
museum space displays modern features that align with
current trends. Additionally, its location in Lagos —
Nigeria’s most populous city — attracts many visitors.

iii. Yemisi Shyllon Museum of Art:

A contemporary art centre features modern design
elements, while its educational role within a school
institution attracts many visitors.

iv. Didi Museum:

The museum is known to be the first private museum in
Nigeria, which was built during the early modern
architectural era. Based on its good reputation, it attracts
many public users.

As displayed in Table 2, four museums were eventually
selected from the complete inventory of museums in South-
West, Nigeria, based on the discussed criteria.

Table 2. List of museums in South-West, Nigeria and the selected
establishments
SIN Name of Museum Museum selection
1 National Museum, Abeokuta X
2 National Museum, Akure X
3 National Museum, Esie X
4 National Museum of Unity, Ibadan v
5 National Museum, lle-Ife X
6 National Museum, Lagos v
7 National Museum, Ogbomosho X
8 National Museum, Oshogbo X
9 National Museum, Owo X
10 National Museum, Oyo X
11 Yemisi Shyllon Museum of Art v
12 Didi Museum v

A structured observation guide was thoughtfully
designed with a rationale aligned to meet the sustainable
development goals. The study aims to examine how
museums incorporate sustainable features, particularly
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comparing the extent to which biomorphic-inspired
circulation strategies are being adopted in selected
museums globally and in Nigeria. The findings were
analyzed using descriptive analysis and presented in
graphical forms, and conclusions were drawn to ascertain
the extent to which the seven (7) selected museums had
adopted biomorphic-inspired circulation strategies found in
literature.

To document the existing strategies adopted in the
selected museums, a digital camera was used to capture
photographs on site. Additional data, including
architectural drawings and online resources of these
museums, were also studied. The results were analyzed
through detailed textual descriptions, tables, and visual
plates to ensure clear communication of the results.

4. Findings

Adoption of Biomorphic-inspired circulation strategies
in global museums

The study examined the extent to which biomorphic-
inspired circulation strategies have been adopted in
selected museums across the globe. The findings, presented
in the following subsections, are supported by descriptive
analysis supplemented by visual evidence sourced from
online repositories. Table 4 provides a holistic view of the
adoption levels of biomorphic-inspired circulation
strategies in these museums, according to inferences from
existing scholarly works.

4.1. Guggenheim Museum

Frank Gehry's design for the Guggenheim Museum in
Bilbao, Spain, is characterized by an architecture
influenced by biomorphic forms, reflecting organic forms,
particularly the movement of fish on the building's exterior
(Figure 1). Gehry expressed an interest in movement,
noting the beauty of a fish in motion, which inspired him
to create shapes that convey a sense of dynamism and
highlight the influence of natural elements. The museum'’s
flowing, non-linear shapes exemplify this inspiration,
contributing to an exterior that conveys vitality and fluidity
[36,39].

Figure 1. The fish-like exterior building form of the Guggenheim Museum
[40]
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The layout of the museum's circulation system revolves
around a spacious, bright atrium, which Gehry has likened
to "the flower" because of its shape. The flower's petals,
which extend outward from the atrium, link multiple
exhibition areas and levels. The atrium serves as the
museum's main focal point (Figure 2). Visitors can explore
the interconnected sections of the exhibition areas by
following meandering pathways (Figure 3) [41].

Departing from the rigid flow of movement, the
circulation systems follow biomorphic design logic: the
main staircase curves organically, balconies are designed
asymmetrically and balanced, and a glazed elevator framed
in a fluid form as shown in Figures 4 & 5, encouraging an
intuitive visitor experience in contrast with conventional
museum circulation layouts [42].

I i}

Figure 2. An aerial view of the atrium featuring limestone floor and wall
finishes [43]

Figure 3. Curvilinear display walls within exhibition areas [43]

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

Figure 5. The fluid physical form and movement of the circulation
systems within the atrium [43]

4.2. The MAXXI Museum

The MAXXI Museum in Rome, designed by Zaha Hadid,
is often referenced as an example of biomorphic-inspired
architecture, as displayed in Figure 6. The design features
a flowing and organic approach to circulation and spatial
arrangement. The vertical circulation system within the
museum is characterized by interconnected, flowing and
curvilinear stairway paths, key principles of biomorphism
(Figures 7 & 8). These circulation paths are shaped to
resemble natural shapes and forms, evoking the image of
flowing river systems, as represented in Figures 9, 10 & 11.
The walls that define the circulation area function as both
structural elements and spatial dividers, guiding visitors
through the museum (Figure 12). They create pathways
that can be seen as "minor streams" (the circulation routes)
and "major streams" (the exhibition galleries). Additionally,
the curvilinear walls reflect the contours of the surrounding
terrain, further integrating the structure with its
environment [44].
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According to studies, the MAXXI museum'’s naturally
flowing galleries improve visitor orientation and provide
users with a more interesting encounter. The galleries are
designed to create an intuitive path for museum users
around the displays, which may reduce visitor
dissatisfaction and could increase interaction with the
assets on display. This strategy may improve the visitor
experience by encouraging a feeling of continuity and
connections to the surrounding area [45].

EE===5] 'I]
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Figure 6. An exterior view of the unconventional design of the MAXXI
Museum [46]

!

I

Figure 7. A sectional drawing cut along the interconnected stairs [46]

i g

!

Figure 8. Views of the interconnected, flowing and curvilinear-shaped stairs [46]
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Figure 18. Ground Floor Plan of the National Museum of Unity, Ibadan
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Figure 22. Rigid flow of movement around the main courtyard

Figure 19. Circular flow of users’ movement within the octagonal
building unit

Figure 20. Rigid form of the octagonal unit in one of the exhibition
rooms

Figure 23. A straight, rigid walkway representing a conventional
circulation design

Figure 21. Intuitive flow of visitors’ movement within the exhibition
room

Figure 24. A linear walkway in the outdoor environment
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Figure 25. Straight-line vertical circulation access to the Indigenous
Tree Bank in the outdoor space

Noteworthy levels of adoption include nature-inspired
metaphor, design movement, proportion in design, and
sustainability integration. While excelling in these
biomorphic circulation strategies, there exist opportunities
for improvement. Implementing strategies such as nature-
inspired form and function, organic geometry, nature-
inspired materials, nature-inspired patterns, and technology
integration would further reflect nature-design principles.

4.5. National Museum, Lagos

i. Location: King George V. Road, Onikan, P.M.B.
12556, Lagos State, Nigeria

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

Date of completion: 1957
Designers: Federal Ministry of Works and Housing

While the current adoption of biomorphic-inspired
circulation strategies is relatively below average, the
National Museum, Lagos, recognizes the potential for
improvement. Adopting organic geometry, especially in
the use of curves to an extent within the passage
surrounding the courtyard, as shown in Figures 26 and 27,
nature-inspired materials such as stone flooring (Figures 28
and 29), and sustainability integration have significantly
improved the experience of visitors and staff members
within the museum environment. Integrating nature-
inspired form and function, proportion in design, design
movement, nature-inspired patterns, and nature-inspired
metaphor, alongside technology integration, presents an
opportunity for the museum to totally enhance users'
experience and bring nature into the indoor and outdoor
environments. The outdoor primary driveway, which
provides access to the museum, is circular and extends to
the outdoor walkway surrounding it, emulating the
adoption of an organic shape to an extent, as represented in
Figure 30. These strategies are missing in adoption in the
internal circulation system designed, as represented in
Figures 28 and 29, therefore providing a rigid circulation
flow of users’ movement and physical layout.
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Figure 27. First Floor Plan of the National Museum, Lagos

Figure 28. Rigid circulation movement of users from one exhibit to . . .
another Figure 30. Approach view of National Museum, Lagos

4.6. Yemisi Shyllon Museum of Art

i.  Location: Pan-Atlantic University Campus, Km 52
ii. Lekki-Epe Expressway, Ibeju-Lekki, Lagos State
iii. Date of completion: 2019

iv. Architect: Jess Castellote

Yemisi Shyllon Museum of Art exhibits a low adoption
of biomorphic design strategies in their circulation areas.
The thoughtful implementation of nature-inspired
metaphor, nature-inspired materials, and sustainability
integration contributes to the museum’s circulation design
Figure 29. Linear circulation movement in exhibition rooms approach. While there is room for improvement in adopting
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nature-inspired form and function, organic geometry,
design movement, nature-inspired patterns, proportion in
design, and technology integration, Figures 31, 32, 33, 34
and 35 display conventional circulation design systems and
layouts. However, as shown in Figure 36, the straight
partitioned walls dividing exhibition galleries within the

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

museum and serving as a display of assets are arranged
intuitively to guide users’ movement in a serpentine-like
movement around the walls. The movement layout in the
outdoor space, providing access into the museum,
represents a straight-line, rigid design layout as displayed
in Figure 37.
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Figure 32. First Floor Plan of the Yemisi Shyllon Museum of Art

Figure 33. Rigid circulation design of the exhibition galleries
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Figure 34. Dog-legged staircase providing access to the first floor

Figure 35. Vertical lift system serving as a means of circulation access

Figure 36. Linear circulation movement in exhibition galleries

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

Figure 37. Outdoor circulation path layout in Yemisi Shyllon Museum
of Art

4.7. Didi Museum

i.  Location: 175 Akin Adesola Street, Victoria Island,
Lagos

ii. Date of completion: 1983

iii. Client: Newton Jibunoh

The building exhibits the need to incorporate nature-
inspired form and function, organic geometry, nature-
inspired metaphor, design movement, use of nature-
inspired patterns, proportion in design, and technology
integration in improving visitors’ experience, as there is a
very low level of adoption of biomorphic-inspired
circulation strategies. Figures 38, 39, 40, and 41 display the
rigid form and geometrical shapes, and straight-line
movement.
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Figure 38. Floor Plan Layout of the Didi Museum
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Figure 39.
space

Main outdoor staircase providing access to the museum

Figure 40. Rigid circulation movement in the exhibition room at Didi
Museum

Figure 41. Linear circulation movement in the exhibition room

The above analysis reveals that while the National
Museum of Unity, Ibadan and Yemisi Shyllon Museum of
Art demonstrate moderate success in the adoption of
biomorphic-inspired circulation strategies, their overall
adoption remains fragmented and not fully developed. Key
limitations include rigid geometries, conventional
materials and minimal technological innovation, resulting
in constrained organic flow and reduced user satisfaction.
To fully harness nature’s potential, future Nigerian
museum designs should prioritize fluid forms, sustainable
local building materials, and advanced structural
adaptations inspired by natural systems in fostering
functional efficiency and aesthetic harmony in museum
circulation spaces.

5. Discussion

A comparative analysis of biomorphic-inspired
circulation strategies across seven selected museums
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suggests the level of adoption of these biomorphic-inspired
circulation strategies. While the museums have taken
commendable efforts in adopting some of these strategies,
a deeper examination has revealed significant opportunities
to further adopt more comprehensive, creative and
innovative biomorphic-inspired circulation strategies
aligned with global best practices.

In the practice of biomorphic-inspired circulation
strategies in Nigerian Museums, some of these museums
integrated these strategies while others showed limited
adoption. According to Bukola Adewale [53], inclusive
circulation design techniques enhance user involvement
and movement efficiency. Nature-inspired form and
function, which enhance intuitive movement, are absent in
the four Nigerian Museums, highlighting an area for
potential improvement. Organic geometry, as one of the
biomorphic strategies, was only observed in the National
Museum, Lagos, which aligns with research suggesting
that non-linear movement flow enhances user experience.
Nature-inspired metaphor was adopted in the circulation
areas at the National Museum of Unity, Ibadan, and Yemisi
Shyllon Museum of Art, improving the psychological and
symbolic connection to the built environment. Similarly,
these two museums incorporated the design movement as
another biomorphic design strategy, creating a fluid user
movement experience and emulating natural evolution.
The use of nature-inspired patterns is exclusive to the
National Museum, Lagos, and Didi Museum, indicating
limited application across the other museums despite its
potential to enhance navigation and aesthetics. Proportion
in design is widely adopted, especially to an extent. Only
the National Museum, Lagos, integrated nature-inspired
materials in their circulation system design and layouts to
an extent, reinforcing the connection between built
environments and organic elements. Sustainability
integration was adopted among the four museums,
supporting eco-friendly practices. However, technology
integration, which is essential for advanced biomorphic
design and construction, is missing in the four Nigerian
Museums. Although some strategies of biomorphic-
inspired circulation systems such as organic geometry,
nature-inspired  materials, nature-inspired  patterns,
proportion in design, and sustainability integration have
been at least partially incorporated in their circulation
system and design layouts, few biomorphic strategies, such
as nature-inspired form and function and technology
integration, were not adopted, presenting opportunities for
future museum designs to enhance fluidity in movement
and improve users’ experience.

The circulation systems in the three global museums
reflect an improved adoption of biomorphic-inspired
circulation strategies compared to the Nigerian Museums.
The Guggenheim Museum, Bilbao and the Solomon R.
Guggenheim Museum demonstrate at least a medium
adoption of the nine biomorphic-inspired strategies in their
circulation design. Nature has greatly enhanced user
performance and well-being in these advanced countries
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[54]. In contrast, the MAXXI Museum appears less reliant
on these strategies but still adopted nature-inspired form
and function, organic Geometry, design movement,
proportion in design, sustainability integration and
technology integration as strategies, suggesting a shared
commitment to enhancing user experience through organic
or nature-inspired design in circulation spaces.

6. Conclusions and Recommendations

This study highlights the varying adoption of
biomorphic-inspired circulation strategies in museums.
The comparative analysis demonstrated a creative
application of fundamental circulation principles inspired
by natural forms and patterns, potentially offering
regenerative solutions that align with global best practices.
While the two global museums out of the three adopted
these strategies, Nigerian museums, on the other hand,
selectively adopted them, creating gaps mainly in nature-
inspired form and function and technology integration.
However, Nigerian museums partially adopted the nine
biomorphic-inspired circulation strategies.

The study concludes that Nigerian museums should
adopt a more holistic approach to enhancing user
experience and fluid, intuitive flow of movement,
incorporating the identified gaps missing from the
biomorphic design strategies. Below are some important
suggestions derived from the findings:

6.1. Biomorphic-Inspired Circulation Strategies

I. It may be beneficial to explore organic forms and
structures that reflect natural elements, potentially
blending with the overall design of the building.

Il.  Consider the use of geometric patterns and shapes that
symbolize aspects of the natural world as an
interesting approach.

I1l.  There might be value in leveraging on metaphorical
references to natural phenomena, such as the
movement of a river, to create an immersive
experience.

IV. Implementing dynamic and fluid pathways could
guide visitors in a way that mimics the motion and
flow found in natural systems.

V. Utilizing repeated patterns and textures might evoke
the diversity and complexity of natural environments
within circulation systems.

VI. Incorporating varied scales and harmonious elements

could contribute to a sense of depth and visual interest.

VII. It could be worthwhile to consider eco-friendly design

choices to help minimize the environmental impact of

the architecture museum and improve the experiences

of users visiting.

VIII. Integrating advanced technologies may support the
adoption of sustainable and safe practices inspired by
the complex nature of biomorphic designs for

circulation systems in architecture museums.

Adoption of Biomorphic-Inspired Circulation Strategies in Selected Museums

6.2. Collaborative Approaches

It may be beneficial to promote cooperation among
various stakeholders involved in the development and
management of museums. This group includes government
organizations, museum managers, contractors, architects,
engineers, and sustainability specialists. A collaborative
approach may enable the exploration of novel solutions for
difficult sustainability problems. Such teamwork might
also encourage interdisciplinary collaboration and facilitate
the sharing of best practices, resources, and knowledge.

6.3. Holistic Design Approach

It may also be beneficial to consider the use of
comprehensive biomorphic design techniques in the
circulation systems of architecture museums. This strategy
might maximise the advantages for the environment and
have a good impact on the community. To foster healthy,
resilient, and regenerative museum spaces, it might be
worthwhile to examine incorporating nature-inspired
design forms. Descending away from conventional design
planning and construction methods, alongside the use of
sustainable materials and construction techniques, could
also be advantageous.

6.4. Public Awareness Campaigns

Developing public awareness campaigns to educate
professionals, decision-makers, museum visitors, and the
general public about possible benefits of biomorphic
design in museums could be a worthwhile effort. This
entails planning open exhibitions, conferences, and
seminars that highlight relevant case studies and
biomorphic design-related ideas. Moreover, sharing
information and involving stakeholders may be facilitated
by taking advantage of both face-to-face interactions and
social media platforms.

6.5. Policy and Governance Recommendations

To promote biomorphic design strategies in museums, it
may be beneficial to consider comprehensive policies, rules,
and governance structures at both local and federal levels.
Establishing clear sustainability standards and guidelines
for new construction and renovation projects that could be
helpful, along with exploring options for subsidies, tax
incentives, and streamlined licensing processes to support
adoption.

The study suggests that while the selected museums have
made notable effort, there is potential for these institutions
to evolve into a sustainable design approach by
incorporating the full biomorphic design strategies. By
serving as examples, these museums could inspire further
advancements in environmental sustainability within the
built environment. Additionally, the analysis provides a
strategic framework for aligning every nation’s
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sustainability goals with its rich cultural heritage.
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