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In recent years, there has been a significant acade-
mic interest in the relationship between fractals and 
social networks. Both systems demonstrate comp-
lex, self-organizing patterns, making them a subject 
of fascination. Fractals, characterized by self-repea-
ting geometric shapes, and social networks, which 
depict intricate connections among individuals or 
entities, share structural dynamics that are worth 
exploring. This research aims to investigate these 
parallels, with a particular emphasis on the implica-
tions of fractal patterns in various disciplines like ar-
chitecture and sociology. A focal point of the study 
is the application of fractal geometry in the interior 
design of a mosque that was nominated for a pres-
tigious Guinness award. The research examines how 

fractals are utilized in this case, to create visually 
captivating designs and to symbolize deeper spiritu-
al and social connections. By analysing this example, 
the research contributes to the broader understan-
ding of the interdisciplinary nature of fractals and 
their potential impact across diverse fields such as 
physics, architecture, and social theory. Additionally, 
a fictional element is incorporated to further illustra-
te these concepts.
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Introduction  
The study of Islamic interior architectural design has 
long fascinated scholars due to its intricate geomet-
ric patterns and fractal structures (Aljamali, 2022), 
which can elicit profound neurological and psycho-
logical responses (Coburn et al., 2022). From the 
grand domes of mosques to the meticulously carved 
screens and latticework found in traditional buildin-
gs, Islamic architecture is renowned for its capacity 
to engage the senses and evoke feelings of awe and 
contemplation (Critchlow, 1976). This architectural 
tradition is deeply rooted in geometry, with fractal 
designs often symbolizing the infinite nature of the 
divine, making Islamic spaces both visually captiva-
ting and spiritually resonant (Garcia, 2009; Richard-
son, 2004).

Recent advancements in neuroscience have contri-
buted to a greater understanding of the interaction 
between architecture and human perception, speci-
fically in the context of Islamic architecture (Habiba-
bad & Matracchi, 2021). Emerging fields like neuro-
aesthetics and neurosociology have delved into the 
influence of architectural spaces on emotional and 
cognitive states (Russo, 2022). Research (e.g.; Harris, 
2012) have revealed that the human brain, particu-
larly the visual cortex, effectively responds to fractal 
patterns, recognizing and processing them efficient-
ly due to the brain’s own fractal-like neural networks. 
This inherent affinity for fractal geometry indicates 
that Islamic architectural elements, characterized by 
their abundance of in self-replicating patterns, pro-
mote both cognitive engagement and emotional 
well-being (Mandelbrot, 1982).

Fractal geometry, which is based on chaos theory, 
has emerged as a prominent concept in contempo-
rary architectural research (Ashrafi, 2017). Within the 
realm of architecture, fractals offer a valuable tool 
for examining the progression of design from larger 
to smaller scales, shedding light on both the spatial 
arrangement and aesthetic allure of structures (Me-
haffy & Salingaros, 2021; Vaughan & Ostwald, 2010). 
The inherent self-similarity of fractals contributes to 
visual unity, and fosters cognitive coherence and 
emotional resonance (Dutta & Bandyopadhyay, 
2024). This is supported by empirical evidence in-
dicating that a moderate level of fractal complexity 
elicits favourable psychological reactions (Taylor et 
al., 2011).

However, despite the extensive research conducted 
in this field, there is still a clear void in the literature 
when it comes to the application of fractal geometry 
in modern Islamic architecture (Ashrafi, 2017). This 
gap is particularly evident in contemporary spaces 
such as the Astana Grand Mosque, an architectural 
marvel that has even been recognized by the Guin-
ness World Records (Architecture & Design, 2024). 
While traditional Islamic architecture has been ex-
tensively studied (e.g., Abdullahi & Embi, 2013; Bon-

ner, 2017), there have been very few investigations 
(e.g., Sobh & Samy, 2018; Tercan, 2023) into how mo-
dern interpretations of fractal geometry contribute 
to both the aesthetic and social functions of these 
spaces. Therefore, the main objective of this paper 
is to bridge this gap by thoroughly analysing the 
implementation of fractal patterns in the interior de-
sign of the Astana Grand Mosque. Specifically, this 
analysis will focus on how these intricate patterns 
influence human perception, social dynamics, and 
spiritual engagement within the mosque’s premises.

The study addresses a significant gap in the current 
literature by examining the convergence of fractal 
geometry, architecture, and neurosociology within a 
contemporary Islamic framework. Its objective is to 
illustrate how the incorporation of fractals into mo-
dern mosque architecture can enhance spiritual ex-
periences, foster communal identity, and contribute 
to the broader discourse on architectural psycho-
logy. Consequently, this research presents a novel 
perspective on the cognitive and emotional impacts 
of architectural design, making an original contribu-
tion to the fields of Islamic architecture, neuroaest-
hetics, and social theory.

Literature Review
The Aesthetic and Mathematical Foundations of 
Fractal Geometry in Physics
Fractals, first introduced by Benoit Mandelbrot in 
1982, are mathematical structures characterized 
by self-similarity and intricate detail across various 
scales. They have become a fundamental concept 
in both mathematics and physics, providing novel 
insights into the natural world (Mandelbrot, 1989). 
Falconer (2003) described the complexity of fractals 
lies in their ability to expose hidden layers of organi-
zation and patterns in natural phenomena, despite 
their seemingly chaotic appearance. Unlike traditi-
onal Euclidean geometry, fractals possess non-inte-
ger dimensions known as “fractal dimensions,” whi-
ch quantify their intricate spatial complexity (Losa et 
al., 2016).

Paul Dirac, a renowned physicist, advocated the 
concept that mathematical elegance is a crucial de-
terminant of a profound physical theory. Dirac (1971) 
stressed that simplicity and elegance are distingu-
ishing characteristics of nature’s fundamental laws. 
The aesthetics plays a pivotal role in the develop-
ment of physical theories, with the beauty of mathe-
matical structures frequently serving as a compass 
towards deeper comprehension (Ivanova & French, 
2020). Greene (2003) additionally observes that the 
symmetries and patterns observed in physics are int-
rinsically intertwined with the mathematical expres-
sions that depict them.

The correlation between aesthetics and physics is 
notably apparent in the examination of fractals. Fra-



69

A Comprehensive Analysis of Fractal Geometry in the Interior Architecture of the Astana 
Grand Mosque

ctals serve as a conduit between the intricate beauty 
witnessed in nature and the mathematical constru-
cts employed to elucidate it (Driscoll, 2019). The se-
minal research conducted by Mandelbrot (1985) on 
the Mandelbrot set, an archetypal instance of fractal 
geometry, illustrates how basic equations can yield 
infinitely intricate and aesthetically pleasing formati-
ons. Consequently, delving into the realm of fractals 
enables physicists to unveil the concealed patterns 
and symmetries that govern natural systems, as un-
derscored by Gleick (1987).

In addition to their mathematical fascination, fractals 
possess practical applications in comprehending the 
physical realm. They find utility in modelling diverse 
phenomena like coastlines, clouds, and biological 
systems (Bunde & Havlin, 2013). This is attributab-
le to their remarkable capacity to replicate natural 
forms with precision, as expounded by Peitgen et al 
(1992). The repetitive and self-similar nature of frac-
tals enables them to represent processes occurring 
across various scales, a crucial characteristic in both 
theoretical and applied physics (Fu et al., 2024). A vi-
sually stunning zoom into the intricate mathematical 
Mandelbrot set fractal is depicted in Figure 1.

Figure 1. Beautiful zoom into the infinite mathematical 
Mandelbrot set fractal. 

Reference: Pro photo by Michael Piepgras, Pro Extended 

License Vecteezy

Furthermore, the exploration of fractals coincides 
with the wider realm of complexity science. Accor-
ding to Wheeler (1990), the intricate nature of frac-
tals, particularly in their correlation with entropy and 
information, plays a pivotal role in comprehending 
a range of physical, biological, and computational 
systems. This association between fractal geometry 
and complexity theory highlights the significance 
of fractals in contemporary physics, where scholars 
persist in examining the impact of fractals in various 
domains, including quantum mechanics and cosmo-
logy (Yousef, 2019).

Fractal Geometry in Islamic Architecture
The convergence of fractal geometry and architec-
ture is particularly remarkable within the sphere of 
Islamic art and design. Islamic architecture has ga-
ined recognition for its intricate geometric patterns 
and recursive motifs, which frequently serve as visual 
manifestations of the infinite and the divine (Ranjaz-
may Azari et al., 2023). Abas & Salman (1995) eluci-
dates that these patterns are solely ornamental and 

possess profound symbolism, illustrating the inter-
connectedness of all elements and fostering a sense 
of spiritual harmony. Consequently, the integration 
of fractal geometry into Islamic architectural design 
fulfils both aesthetic and spiritual purposes (Tercan, 
2023).

Islamic architecture has historically employed ge-
ometric patterns to cultivate a notion of harmony 
and equilibrium. These intricate designs frequently 
incorporate repetitive motifs that echo the self-simi-
lar formations observed in fractals (Driscoll, 2019). 
A prime illustration can be seen in the meticulously 
crafted tile work and lattice designs commonly ador-
ning mosques. These patterns exhibit a recurring 
arrangement at varying scales, akin to the fractals 
scrutinized by scholars in the fields of physics and 
mathematics (Pinkau & Gurung, 2017). The repeti-
tion within these designs is not arbitrary; rather, it 
serves as a visual manifestation of the Islamic world-
view, which places significant emphasis on the unity 
and interconnectedness of all existence (Abas & Sal-
man, 1995). 

One of the most significant ways that fractal geo-
metry manifests in the mosque’s design is through 
its use of power laws. Power laws, as described by 
Clauset (2009), govern the distribution of shapes 
and sizes in fractal patterns. In the mosque’s interior, 
the repetition of geometric shapes follows a power 
law distribution, where a few large elements domi-
nate the space while smaller details fill in the gaps 
(Cenani & Cagdas, 2006). This creates a sense of vi-
sual hierarchy and balance, which is central to the 
aesthetic experience of the mosque (Ali, 2021).

The concept of fractal dimension is also relevant 
in the context of the mosque’s architecture (Ediz 
& Ostwald, 2012). Fractal dimension quantifies the 
complexity of a fractal, and in the case of the As-
tana Grand Mosque, it helps to explain the layered 
complexity of its design. The mosque’s interior is 
composed of multiple layers of geometric patterns, 
each of which adds to the overall sense of depth and 
intricacy (Hashmi, 2018). This layering is akin to the 
iterative processes used to generate fractals, where 
each iteration reveals new levels of detail and comp-
lexity (Baird, 2011).

The use of fractal geometry in the Astana Grand 
Mosque’s design reflects a broader cultural and phi-
losophical perspective on the relationship between 
mathematics, art, and spirituality. The fractal patter-
ns found in the mosque’s architecture are not me-
rely decorative; they are a visual representation of 
the mathematical order that underlies the physical 
world (Abdelsalam & Ibrahim, 2019). This reflects 
the Islamic belief in the unity of all things, where the 
physical and spiritual realms are intertwined and go-
verned by the same fundamental principles (Tercan, 
2023).

Fractals have played a significant role in Islamic inte-
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rior design due to their deep symbolic and spiritual 
meaning within the Islamic faith. According to Ar-
dalan & Bakhtiar (1973), the incorporation of fractals 
in Islamic architecture is closely linked to the con-
cept of the infinite and the divine. The repetition of 
these patterns is believed to symbolize the infinite 
nature of God. Additionally, the presence of fractals 
in Islamic interior design has been studied from a 
sociological perspective. Scholars argue that these 
patterns are not merely decorative, but rather serve 
as a means of conveying important social and cul-
tural values. For instance, the intricate and complex 
nature of Islamic fractals is often seen as a reflection 
of the richness and complexity of Islamic culture, as 
well as the significance of community and collective 
identity within the Islamic faith (Critchlow, 1976).

Moreover, the presence of fractals in Islamic interior 
design has been associated with the notion of social 
hierarchy and power dynamics. Grabar (1987) asserts 
that the incorporation of these patterns in the cons-
truction of mosques and other religious edifices ser-
ves as a mechanism for bolstering the authority and 
authenticity of Islamic religious leaders and establis-
hments. Furthermore, the intricacy and exclusivity of 
these designs can function as a tool for social diffe-
rentiation, with only the most erudite and privileged 
individuals in society possessing the knowledge and 
means to fully comprehend and engage with these 
remarkable architectural marvels (Ardalan & Bakhti-
ar, 1973).

Research in neuroaesthetics has shown that the hu-
man brain is inherently predisposed to processing 
and appreciating fractal patterns, which are frequ-
ently found in natural environments (Harris, 2012). In 
the context of Islamic interiors, the presence of fra-
ctal patterns has been linked to improved cognitive 
processing and attention as individuals navigate and 
immerse themselves in these spaces (Marks, 2010). 
Consequently, this can foster a sense of contemp-
lation, awe, and spiritual connection, all of which 
can have significant implications for the social dyna-
mics within these environments. The aesthetic and 
neurological responses to fractal patterns in Islamic 
interiors can also impact emotional states and soci-
al cohesion. Numerous studies have demonstrated 
that exposure to fractal patterns can elicit positive 
emotional responses, such as feelings of calm, re-
laxation, and well-being (Joye, 2007a). These emo-
tional responses, in turn, can directly influence so-
cial dynamics by contributing to a collective sense 
of tranquillity, unity, and shared experience among 
individuals within the space (Salingaros, 2012). The 
repetition and recursion of fractal patterns in Isla-
mic interiors can create a sense of visual rhythm and 
harmony, leading to a deeper sense of belonging 
and social connectedness among the occupants 
(Biederman & Vessel, 2006). Consequently, this can 
contribute to the establishment of a collective iden-
tity and the strengthening of social bonds within the 
community.

Exploring Fractal Patterns in the Astana Grand 
Mosque: A Spectacular Fusion of Art and Archi-
tecture
Islamic architecture is widely acclaimed for its intri-
cate and captivating designs, often incorporating 
the use of fractals. The fractal patterns found in Is-
lamic architecture are believed to embody the no-
tion of the “infinite” within the finite, representing 
the belief that the divine exists within the material 
world (Ardalan & Bakhtiar, 1973). This concept of the 
transcendent existing within the immanent is a fun-
damental principle of Islamic theology and is reflec-
ted in the social structures of Islamic societies. Situ-
ated in the heart of Astana, the magnificent Astana 
Grand Mosque, inaugurated in 2022, showcases a 
distinct architectural design inspired by mesmeri-
zing fractal patterns. The elaborate patterns gracing 
the mosque’s exterior and interior walls seamlessly 
blend Islamic architecture with fractal geometry, of-
fering a visually captivating experience for visitors. 
The inclusion of fractal patterns in the architecture 
of the Astana Grand Mosque serves an aesthetic 
purpose and carries profound symbolic significan-
ce. Fractals, renowned for their self-replicating and 
boundless nature, symbolize the concept of infinity 
and unity within the Islamic tradition, reflecting the 
ceaseless divine creation (Smith, 2017).

Upon entering the Astana Grand Mosque, visitors 
are greeted by a magnificent hall adorned with 
meticulously crafted fractal-inspired motifs. These 
motifs have been thoughtfully designed to evoke 
a sense of divine harmony and interconnectedness. 
The interplay of light and shadow on the intricate 
geometric patterns further enhances the spiritual 
atmosphere of the space, encouraging worshippers 
to contemplate the infinite beauty of the universe 
(French, 2014). The incorporation of fractal geo-
metry in the mosque’s design exemplifies the arc-
hitect’s innovative approach of blending traditional 
Islamic architectural elements with contemporary 
design principles (see Figure 2). By integrating fra-
ctal patterns, the mosque serves as a testament to 
the enduring link between mathematics, art, and 
spirituality, offering a glimpse into the intricate be-
auty of the universe (Harris, 2012).

Figure 2. Astana Grand Mosque designed by Arketipo Design 
Interior Architecture (Photo by Arketipodesign)
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The Astana Grand Mosque is a significant symbol of 
modern innovation, gaining global recognition for 
its retractable roof equipped with advanced techno-
logy that can be closed during winter. This unique 
feature allows the mosque to claim the title of the 
world’s largest covered Sahan, measuring 140 x 130 
meters (Archello, 2024). The Astana Grand Mosque 
stands as an architectural masterpiece, seamlessly 
blending Islamic traditions with cutting-edge de-
sign techniques, prominently showcased through 
the captivating use of fractal patterns. Its captivating 
beauty serves as a testament to the timeless allure of 
Islamic architecture and the enduring legacy of frac-
tal geometry in creating spaces that inspire awe and 
reverence. Spanning an indoor area of 68,060 m² 
and an outdoor courtyard of 6,300 m², the mosque 
is situated on a vast 10.03-hectare plot of land. Bo-
asting a total of 73 domes, including the main dome 
with a diameter of 63 meters and a height of 83 me-
ters, as well as four minarets towering at 130 meters, 
one of which is designed as a tourist viewing terrace. 
With its expansive 18,175 m² main prayer hall, the 
Astana Grand Mosque is poised to become one of 
the largest mosques in Central Asia, accommoda-
ting up to 30,000 worshippers in total (Arketipode-
sign, 2022). Apart from the worship halls and ablu-
tion areas for 30.000 people, it also includes many 
different functions such as conference and wedding 
halls, VIP rooms for guests, classrooms, offices, lib-
rary, and banquet hall for funeral dinners, morgue 
area for funeral procedures and car park.

In the context of Islamic interior design, the preva-
lence of fractal patterns can have a profound impa-
ct on individuals who experience these spaces. The 
intricate visual complexity and rhythmic qualities of 
these designs have the potential to stimulate the 
brain in ways that promote relaxation, focus, and a 
sense of connection to the divine (Abas & Salman, 
1995). Consequently, this can have implications for 
the social and behavioural dynamics within these 
spaces, fostering a sense of community, reverence, 
and spiritual engagement. To maintain the architec-
tural integrity of the central dome from a structural 
perspective, the engineers of Astana Grand Mosque 
limited the use of support structures for load distri-
bution. A steel frame was employed to minimize the 
weight of the support structure for the central dome. 
The base beneath the central dome has a complex 
octagonal shape, and the engineers proposed an 
octagonal lattice-like structure supported by four 
superior columns (see Figure 3). This application of 
value engineering has effectively kept the columns 
of the haram as unencumbered as possible, allowing 
worshippers to make optimal use of the prayer hall 
(Arketipodesign, 2022).

Figure 3. Astana Grand Mosque designed by Arketipo Design 
Interior Architecture (Photo by Arketipodesign)

Interaction of Fractal Patterns in Islamic Art: 
Exploring Interconnectedness and Sociological 
Dimensions in the Philosophy of Mind
Islamic art is widely recognized for its intricate and 
captivating designs, which frequently incorporate 
endlessly repeating geometric patterns. These pat-
terns have been subject to extensive scholarly and 
artistic examination for centuries, as experts are 
awed by their intricate construction and breath-ta-
king beauty (Kassim et al., 2019). However, what if 
these patterns possess more than just aesthetic al-
lure? What if they carry profound philosophical and 
sociological implications? An effective approach to 
exploring this notion involves studying the interp-
lay between fractal patterns in Islamic art and the 
concepts of connectionist holism as a philosophy of 
mind, as well as their sociological dimensions.

This approach combines the principles of fractal 
geometry, which examines self-similar and repetiti-
ve patterns found in nature, with connectionist ho-
lism, which emphasizes the interconnectedness and 
interdependence of different elements in a system. 
Fractals were first discovered by mathematician Be-
noit Mandelbrot in the 1970s and are defined as 
patterns that repeat themselves at different scales. 
This means that regardless of the level of zoom, a 
fractal will display the same repeated pattern. The 
concept of fractals is reflected in Islamic art, where 
precise and symmetrical geometric patterns are cre-
ated by repeating a simple shape or motif, such as 
a star or flower (see Figure 4). These geometric de-
signs, characterized by repeated self-similar shapes 
at various scales, have profound philosophical imp-
lications that link the microcosm to the macrocosm 
(Joye, 2007b).
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Figure 4. Astana Grand Mosque designed by Arketipo Design 
Interior Architecture (Photo by Arketipodesign)

The examination of fractal patterns in Islamic art 
overlaps with the emerging field of neuroaestheti-
cs, which investigates how the brain processes and 
perceives aesthetic stimuli (Zeki, 2014). Neuroaest-
hetics research suggests that exposure to visually 
captivating patterns, such as fractals, can activate 
neural networks associated with pleasure and aest-
hetic appreciation (Pearce et al., 2016). Conversely, 
the connectionist holistic philosophy of mind chal-
lenges the conventional perspective that the mind is 
a distinct entity separate from the body and external 
world. It posits that the mind is an intricate network 
of connections and interactions among various ele-
ments, including thoughts, emotions, and experien-
ces. These connections constantly change and sha-
pe our perceptions and behaviours. When applying 
this philosophy to the study of Islamic art, we can 
observe how fractal patterns in designs exemplify 
the interconnectedness and interdependence of the 
different elements in the art form. Each small motif 
is linked to a larger pattern, analogous to how each 
thought or experience is linked to the overall func-
tioning of the mind (see to Figure 5). From a socio-
logical standpoint, the prevalence of fractal patterns 
in Islamic art reflects the broader cultural values and 
societal norms within Muslim communities. The in-
corporation of fractals in architecture, textiles, and 
calligraphy serves decorative purposes while also 
conveying deeper spiritual and symbolic meanings 
(Nasr, 1976).

Figure 5. Astana Grand Mosque designed by Arketipo Design 
Interior Architecture (Photo by Arketipodesign)

The emerging discipline of neuro-mind philosophy 
explores the complex interconnections among the 
brain, mind, and consciousness, offering insights 
into how neurological processes impact cognitive 
functions and subjective experiences (Demirci & 
Arıdağ, 2023). By investigating the neural mechanis-
ms that underlie pattern recognition and aesthetic 
perception, researchers aim to unravel the enigmas 
surrounding human consciousness and creativity 
(Higuera-Trujillo et al., 2021). Furthermore, the so-
ciology of mind provides valuable perspectives on 
how social factors shape individuals’ perceptions, 
beliefs, and behaviours within a cultural framework. 
The field of neurosociology emphasizes the dynamic 
interplay between neurological processes and soci-
al structures, highlighting the reciprocal influence 
between brain functions and societal norms (Firat & 
Hitlin, 2012).

Islamic art holds significant cultural importance and 
is often intertwined with religion, spirituality, and 
personal identity. The utilization of fractal patterns in 
art serves to reinforce these cultural and social con-
nections. Throughout history, the human mind and 
consciousness have seamlessly transitioned betwe-
en the abstract and the tangible, resulting in various 
artistic endeavours. These creative expressions may 
involve imitating and replicating natural objects, sty-
lizing and partially abstracting natural forms, or even 
producing completely abstract concepts. Among 
these artistic creations, geometric forms and orna-
ments can be regarded as the highest level of abst-
raction originating from human thought and cons-
ciousness. Geometric designs are prevalent across 
diverse cultures that have crafted either portable or 
permanent artefacts using materials such as earth, 
metal, or fabric. Notably abundant on Neolithic ce-
ramics, geometric embellishments take the form of 
spirals, diagonal lines, zigzags, and diamonds (see 
Figure 6).

The concept of coexistence pertains to the peaceful 
coexistence of diverse cultures, religions, and be-
liefs within a society. Islamic art serves as a compel-
ling exemplification of this ideology, having emer-
ged from the interplay between various civilizations 
and cultures in the Islamic world (Taiba et al., 2023). 
The utilization of symmetrical geometric patterns 
and motifs in Islamic art can be attributed to the inf-
luences derived from ancient Greek, Byzantine, and 
Roman art (Ajlouni, 2019). Islamic artists drew inspi-
ration from these cultures, skilfully adapting their te-
chniques and styles to fashion a distinct art form that 
encapsulated the coexistence of disparate civiliza-
tions. The relationship between Islamic geometric 
patterns and the notion of connectedness is evident 
in the intricate and elaborate designs that result 
from the interlocking of various geometric shapes 
(see Figure 7). These patterns serve as a representa-
tion of the interconnectedness of all elements within 
the universe, demonstrating the Islamic belief in the 
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unity and singularity of Allah (Yousef, 2019) This con-
cept of connectedness is also apparent in the pro-
cess of crafting Islamic art, where artists would en-
gage in a cooperative and interdependent manner. 
This traditional approach to collaborative creation 
reflects the interconnectedness and interdependen-
ce of individuals within Islamic societies.

Figure 6. Astana Grand Mosque designed by Arketipo Design 

Interior Architecture (Photo by Arketipodesign)

Gülru Necipoğlu, an art historian and scholar, has 
conducted extensive research on the correlation 
between Islamic geometric patterns and these con-
cepts. In her book, “The Life of an Imperial Palace,” 
Necipoğlu delves into the interconnectedness of 
various historical periods and cultures in the Islamic 
world by analysing the geometric patterns present 
in Istanbul’s Topkapı Palace (Necipoğlu, 2006). So-
ciologists have observed that the incorporation of 
fractal patterns in Islamic art reflects the organiza-
tion and structure of societies, emphasizing the in-
terdependence of individuals within communities 
(Karaca et al., 2022). This notion is further supported 
by the concept of “Tawhid,” which represents the 
unity and interconnectedness of all things in Islam 
(Fernandez, 2023). Consequently, the utilization of 
fractal patterns in Islamic art serves as a visual rep-
resentation of this concept and serves as a remin-
der of its significance in societies. The philosophy 
of mind within Islamic traditions often highlights the 
interconnectedness of all things, underscoring the 
unity that underlies the universe’s diversity (Ruhullah 
& Ushama, 2024).

Figure 7. Astana Grand Mosque designed by Arketipo Design 
Interior Architecture (Photo by Arketipodesign)

The implications of fractal-inspired interior design 
extend beyond the individual, reaching into the re-
alm of neurosociology - the study of the interplay 
between neurological processes and social dynami-
cs. Researchers have suggested that incorporating 
fractal patterns into living and working spaces can 
promote psychological comfort and a sense of be-
longing, ultimately influencing social interactions 
and group dynamics (Taylor et al., 2005). The mihrab 
feature of the Grand Mosque of Astana (see Figu-
re 8) is adorned with the iconic Islamic fractal motif, 
designed to showcase the Asma-ul-Husna feature, 
which represents the 99 names of Allah as tawhid, 
with utmost integrity.

Picture 8. Astana Grand Mosque designed by Arketipo Design 

Interior Architecture (Photo by Arketipodesign)

Mihrab refers to the designated area where the imam 
stands in front of the congregation while praying in 
various architectural structures such as mosques, 
masjids, tombs, caravanserai masjids, madrasahs, 
darülhüffaz, darüz dzikr. Additionally, it signifies 
the section that points towards Mecca, known as 
the qibla, which can take the form of a cavity, cell, 
or recessed space. During the time of Prophet Mu-
hammad (PBUH) and the four caliphs, the qibla was 
determined by a colored line or a stone slab with 
specific markings. Notably, no cell-shaped mihrab 
was constructed in the Masjid al-Nabawi in Medi-
na or the initial mosques in Basra, Kufa, and Fustat. 
However, during the Umayyad period, mosques and 
masjids began featuring cell-shaped mihrabs with 
semi-circular recesses.

One of the types of patterns that have been extensi-
vely utilized for centuries is undoubtedly geometric 
ornaments. These ornaments have gained popula-
rity due to their compatibility with Islamic beliefs and 
their abstract meanings. The Turks, with their own 
traditions and interpretations, have created unique 
geometric ornaments. During the Anatolian Sel-
juk period, geometric ornaments were particularly 
prevalent (Sezgin, 2002). In mihrabs, geometric or-
naments are commonly seen in borders, cornices, 
tops, and the lower part of the niche. When exami-
ning mosques and masjids, geometric ornaments 
formed with a broken line system, circle arcs, and 
two-line interlaces are frequently encountered.
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Conclusion and Implications
The Astana Grand Mosque stands as an unparalle-
led testament to the profound integration of fractal 
geometry and Islamic art, showcasing a striking sy-
nthesis of tradition and modernity. Among its many 
unique features, the mosque’s innovative applicati-
on of fractal principles in its design emerges as its 
most defining characteristic. These fractal patterns 
symbolize aesthetic beauty and embody complex 
ideas about the universe and human existence. They 
represent a worldview where all elements are inter-
connected, illustrating how diverse cultural influen-
ces and historical layers come together in a harmoni-
ous whole. This interplay between past and present, 
tradition and innovation, underscores the mosque’s 
capacity to bridge different epochs and cultures.

While geometric shapes and ornaments are com-
mon in various artistic traditions, the Astana Grand 
Mosque elevates these designs to an exceptio-
nal level. Its geometric patterns reflect a mastery 
of Islamic art’s historical richness while seamlessly 
adapting to contemporary contexts. This historical 
layering and stylistic adaptability are particularly evi-
dent in the mosque’s ability to reinterpret traditio-
nal geometric motifs within a modern architectural 
framework, illustrating a continuous artistic evoluti-
on. The seamless blend of traditional Islamic artistry 
with cutting-edge architectural techniques makes 
the mosque a beacon of cultural preservation and 
innovation.

The reuse and transformation of historical geomet-
ric designs within the mosque exemplify a dynamic 
dialogue between different artistic currents and 
cultural narratives. This approach is emblematic of 
the postmodern art and design environment, where 
historical references are seamlessly woven into new 
creations. In the Astana Grand Mosque, this synthe-
sis achieves a unique expression, blending intricate 
historical patterns with innovative design techniqu-
es to create a space that is both timeless and con-
temporary. The meticulous attention to detail in the 
mosque’s ornamentation and spatial organization 
further reflects the skillful merging of historical aut-
henticity with modern sensibilities.

A particularly striking feature of the mosque is its 
ability to integrate fractal geometry into its interior 
architecture, offering profound implications for hu-
man cognition and emotion. From a neuro-socio-
logical perspective, fractal patterns naturally appeal 
to the human eye and evoke feelings of order and 
balance. Their application in the mosque’s design 
elevates the psychological and emotional well-be-
ing of visitors, creating an atmosphere of serenity 
and introspection. This alignment with neuro-soci-
ological principles highlights the mosque’s role as 
a place of worship and a sanctuary for mental and 
emotional rejuvenation. The repetitive yet varied na-
ture of fractal patterns creates a visual rhythm that 

resonates deeply with the human mind, fostering a 
sense of harmony and spiritual connection.

Beyond its aesthetic and psychological impact, the 
mosque’s fractal-based design also embodies a bro-
ader philosophical message. The intricate patterns 
reflect the Islamic concept of tawhid, or unity, where 
the oneness of the divine is mirrored in the intercon-
nectedness of all creation. This symbolic represen-
tation transcends cultural and temporal boundaries, 
making the mosque a universal symbol of unity and 
harmony. Moreover, the mosque’s design encoura-
ges reflection on the relationship between the mic-
rocosm and the macrocosm, inviting visitors to con-
template their place within the larger universe.

Ultimately, the Astana Grand Mosque’s most striking 
feature—its innovative use of fractal geometry—de-
fines its uniqueness and significance. This design 
approach enhances its visual magnificence while 
fostering a deeper sense of connectedness and int-
rospection. The mosque serves as a powerful sym-
bol of how art and architecture can reflect and en-
rich the interconnectedness of human experience, 
offering a rich tapestry of cultural, philosophical, and 
emotional dimensions. It stands as an architectural 
marvel and as an enduring testament to the ability 
of art to inspire, connect, and transform.

This study, while offering valuable insights into the 
intersection of fractal geometry, Islamic art, and so-
cial dynamics, is not without its limitations. The rese-
arch primarily focuses on the Astana Grand Mosque 
as a case study, which, while illustrative, limits the 
generalizability of findings to other architectural 
or cultural contexts. Furthermore, the exploration 
of neuro-sociological impacts relies on theoretical 
frameworks without incorporating empirical data 
from visitor experiences, leaving room for further 
experimental validation. Future research could add-
ress these gaps by conducting cross-cultural com-
parisons with other architectural masterpieces that 
integrate fractal geometry, as well as incorporating 
neuroscientific methodologies to assess the psycho-
logical and emotional responses elicited by fractal 
designs. Expanding the scope to explore the app-
licability of fractal geometry in non-religious or se-
cular spaces could also provide a broader unders-
tanding of its interdisciplinary potential and societal 
implications.
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