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ABSTRACT 

Integrating mathematics in architectural design and construction helped in generating various design 

solutions. Thus, aesthetical performance had developed with the involving of advanced mathematics 

fields and computational software. The main intention of this paper is to study the importance of 

mathematics in aesthetical architecture performance. Consequently, the research methodology carries out 

an analysis of different case studies that offered a better perception about the degree of mathematics 

effectiveness on the aesthetical performance in architecture. The research will investigate to what extent 

mathematics forms in architecture had actually a great effect on aesthetical architecture performance.  

 Keywords: Mathematics, Geometry, Parametric, Algorithm, Topology, Aesthetic Performance. 

1. Introduction 

Mathematics has a significant effect on architecture by assisting designers in defining 

extraordinary shapes and designs. Thus, it became a central core in the designing process, 

from the initial stage of form finding, shaping and generating complex forms to the process 

of manufacturing, which opened new aesthetic horizons in the architecture field. Architects 

were mathematicians, and mathematicians were often architects, thus architecture and 

mathematics have many homogenous themes, by presenting many architects who 

discovered and used mathematical structures and patterns [1, 2].  

In architectural design, the performance concerns with three topics: Structural 

performance; that linked directly to the occupants’ safety under the shelter of the building. 

Environmental performance; related to items that effected on the built environment’s quality, 

both indoor and outdoor. Aesthetic and cultural performance; which was selected in this 

research, that affected by form, space’s organization, material selection, color, and shape, 

that played a role in forming the aesthetic and cultural performances of a building [3,4]. 

1.2 Research aims 

The study aimed to analyse and measure the relationship between mathematics and 

aesthetical architecture performance by;  
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 Clarifying mathematical aspects and identifying each one’s application in the 

architecture field. 

 Prove that the mathematics has an essential role in promoting building’s 

aesthetical performance.  

1.3 Research hypothesis 

The applying of mathematics as a design tool, it can offer a wide range of novelties 

variable forms within architectural work and promote the designer’s creativity. Besides, it 

can be utilized in different ways to promote building’s aesthetical performance. 

1.4 Research methodology 

With the intention of the objectives, the methodology is divided into two parts; Firstly, 

a review of related literature of mathematics via declaring its types, branches and 

application in architecture, then stating the factors of aesthetic performance concepts and 

identify its evaluation levels in architecture. Secondly, by using a designed questionnaire, 

then analysis, discussion and evaluation via selecting case studies to investigate to what 

extent the mathematical fields could promote the aesthetical performance, as in Fig. 1. 

 

 

 

 

 
Fig. 1. Research Methodology [Author] 

2. Literature review 

A close connection between mathematics and architecture are limitless. Previously, 

many studies had explored the mathematical fields and its utilization in architecture, and 

the aesthetic performance evaluation subjects, and how we can apply the different 

mathematical types in achieving the optimal aesthetic performance.  

2.1. Historical review 

Such as, Ancient Egyptians and Indians architects who used the principles and 

percentages by using complex calculations to attain the building’s dimensions and 

components, that imbedded the buildings with the space, by considering the sun and star’s 

movements [5]. In addition, in Greek architecture, the Golden rectangle (1: 1.618) served 

as a rule for planning, that were based on considerations of aesthetics such as rhythm. 

While in 18
th
 and 19

th
, symmetry was used as a guiding principle, such as at the Taj Mahal 

that was based on the proportion of 1:2 that was reached only via mathematical 

calculations [6, 7]. As well in the beginning of the 20
th
, the heightened use of rectilinear 

geometry appeared in modern architecture [7]. Then, in recent times, the fractal’s concept 

was used to prove that such buildings have universal appeal and was visually attractive due 

to the ability of providing a sense of scale at different levels of viewing, as in Centre for 

Ideas [8] and Bogota International Convention Centre [9].  



171 

Aya M. Fawzy, Inas Abdel Sabour, Mathematics as a design tool: toward an effective ……… 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Time Line of Using Of Mathematics in Architecture 

2.2. Mathematics in architecture. 

2.2.1. Architecture design tool  
Architectural forms were created from the form generation process and conception, 

which was conditioned as an interdependent link between two factors; the aesthetic and 

technological ones, so it can be defined as a process that balances the intangible feature 

with the materializing aspect. These factors are dependent on the digital technology 

progress and on the evolution of mathematical concepts. The exploration of new 

mathematical methods is renovating the geometrical concepts in architecture has been 

strongly aided by the implementation of digital technology, as seen in Fig.3 [10]. 

 

 

 
 

 

Fig. 3. Relationship between Form Generation, Representative Methods, and Influencing Factors [10] 

2.2.2. Mathematics as a design tool  
A new wave of interest in the relationship of mathematics to space making has been 

aesthetically driven, by defining the relation of numbers to architecture. Numbers gave us 

the dimensions and proportions of shapes, and add innovative meanings to buildings, by 

playing a vital role in architecture creation from ancient cultures, until the contemporary 

movements. Mathematics can be seen as a common science of structures by considering 

systems of elements and their relations or processes [11]. 

2.2.3. Mathematical types 
The mathematics’ importance in architecture was studied via many aspects, that helped in 

designing freeform architecture. On the other hand, some concerned with studying the harmonic 

relation between geometry and architectural design to keep the background of culture and 

understand the actual combination between geometrical thinking and architectural designing. 

In consequence, from many previous studies in various applications, it could be 

classified into; Geometry, Parametric, Algorithm, and Topology. 
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3. Geometry 

Mathematics and geometry could be seen as a special study of structures by counting 

collective sets of architectural elements and their relations as well as operations. Thus, 

studying of geometry makes an important effort to design process by dealing with 

exploring of geometric figures, forms and shapes as elements and proportions, differences, 

angles positions and transformations as relations between them [12,13]. 

 Euclidean Geometry 

It has many roots in measurements; therefore, it corresponds with the tactile space. It has just 

described the golden section as a continuous division. The objects could be classified in one, two 

or three dimensions, and had features that can be both planar and three dimensional, which is a 

mathematical expression that shows the space filling capacity of a pattern [10, 12, 13]. 

 Non-Euclidean Geometry 

Currently, the using of Non-Euclidean geometry is an important way to developing the 

optimum structural forms and in searching for effective engineering solutions [14]. 

 Discrete Differential Geometry 

It was a new and active mathematical field, where differential geometry (providing smooth 

surfaces) interacts with discrete geometry (concerned with polytopes, simplicial complexes, etc.), 

by using tools and ideas from all parts of mathematics. The study of meshes with offsets led to a 

new curvature theory for discrete surfaces based on parallel meshes, as; planar quad meshes, 

triangle mesh, conical mesh, and circular mesh as a basic surface representation [15,16]. 

 Fractal Geometry 

The use of fractal geometry as a design tool represents a completely new approach. It is 

a new branch of mathematics used to describe and analyse the varying shapes observed in 

natural structures the most common fractals can be constructed via perimeters of iterative 

patterns involving the creators of iterative functions on metric spaces, which considered a 

powerful mathematical tool that can be used to create fractals [13, 14, 17, 18].  

3.2. Parametric 

Parametric design is a process based on algorithmic thinking that allows the aspect of 

parameters and rules that define, clarify and encode the relationship between design aim and 

response. The concern of changing forces such as climate, setting, culture, and using has 

always formed part of the design process. It is powerful of owing the ability to capture a high 

degree of variation in a few numerical values, by involving an essential expertise of scripting 

of the mathematical algorithms whereby the interaction design is not possible [1,13]. 

3.3. Algorithm 

An algorithm is mathematics’ term, which means a finite set of orders to attain a 

specific purpose in a clear way [19]. The inputs in the digital algorithms were the pattern 

and the number of repetitions [10]. The mathematical processing quality of the computer-

aided drafting and design software made algorithmic design an integral part of the 

architecture. The main advantage of using digital generators for optimal design results is 

the ability to model multi-variant solutions, and modifying easily by implementing 

numerical data iterations [20]. Besides, algorithms able to solve a wide range of 
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computational problems, including sorting and searching, data structure operations, 

combinatorial or numerical problems and computational geometry [21]. 

There is a confusion that algorithmic design is synonymous with parametric design, but 

an algorithmic design does not have to be parametric at all while a parametric design is 

always an example of algorithmic design [22]. 

3.4. Topology 

It explored the form as a process and not a finite condition, via adjustable mathematical functions or 

homeomorphism that proposed an interesting metaphoric formal concept “the fluidity of the form” [10]. 

Table.1 shows the branches that have been used in architecture in details with clarifying 

the main differences between them and its application in architecture. 

Table 1.  

Types of Mathematics in architecture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5. Aesthetic performance 
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Aesthetic performance was as a main concern in the architectural design, and was 

considered a vital factor in the architectural design’s value-system, it was determined via 

form, organization of space, material selection, colour, and shape. Quantifying Aesthetic 

performance is often difficult as it depends on many factors, and sometimes, it becomes a 

matter of personal preference or taste. Thus, researches try to accomplish the architectural 

aesthetic evaluation criteria and the weight of each element of quantification analysis, 

which was used to help in identifying the aesthetic factors.  

In consequence, it could be classified into; The Environmental Performance, The Vision 

and Perception Performance, The Form and Beauty Performance and The Implication and 

Meaning Performance, as seen in [33,34]. 

The following are the concerns that can be used to determine aesthetic performance, 

and each one contains sub factors, which help in identifying its importance;   

3.5.1. The Environmental Performance. 

 The Integration of Architecture and Environment; it depends on the connection 

between architecture and environment such as; function, economy, technology, 

art, and culture. Also, the integration of the architecture’s internal space by 

reflecting the natural environment. 

 Architectural Modelling; by utilizing architectural modelling to unify 

environmentally the architectural shape and performance. 

3.5.2. The Vision and perception performance 

 Texture Performance; That focused on the usage of diverse materials that enrich 

a sense of vision and perception, by an understanding of the formation and 

response of its aesthetics. 

 Light Performance; which influenced on displaying the shape and creating the 

architecture’s atmosphere. 

 Colour Performance; means the adoption of colour to the regional climate and the 

environment. Besides, the colour harmony with the city to demonstrate the nature 

of the architecture. 

3.5.3. The Form and beauty performance  

 Contrast and Slight Differ; Contrast emphasize on the multiplicity and change in 

sense of aesthetics. Whereas, slightly differ is micro-contrast, emphasizing on 

unification, and the combination of forms in an organic whole full of harmony 

and change. 

 Balance and Stability; focused on the sense of psychological balance and stability 

that support form beauty and bring peace to the people. 

 Diversity and Unification; diversity reflects features of the different architecture, while 

unification is the harmonious coordinator of all the architecture’s components. 

 Rhythm and Rhyme; that concerned with the phenomena of appearing regularly and 

repeating the changes systematically. Thus, the rhythm of aesthetic form divides into; 

continuous rhythm, the rhythm of the gradient, undulating rhythms, and staggered rhythms. 

 Size and Scale; The harmonious ratio and relationship of all 3D’s architectural 

components (length, width and height). There are types of scale impression 

which varied into; natural scale, exaggerated scale and gracious scale. 
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3.5.4. The Implication and meaning performance  

 City Landmark; that implies on individual sign of the city, which symbolizes its 

cultural features by verifying the history’s development and the city’s arts. It had 

three features; having familiar place to the users in everyday life, having special 

significance, and using a main position in the sense of vision. 

 Mapping Function; The architecture with different function should demonstrate 

different emotional atmosphere. 

 Psychological Implication; It represents people’s psychological tendency such as; 

the link between the environment and behaviour, the environmental protection, 

and the utilization of the environment and space. 

 Symbolic and Metaphorical; Symbolic states the cultural features of the national 

and regional via the architecture’s space. While Metaphorical implies the context 

between the architecture, traditional culture, nature and history. 

 City Context; It emphasizes on the history’s development, culture, and 

environment in architecture, by integrating and adapting of the surrounding 

environmental characteristics and inheritance. 

4. Application method 

This part of the research aimed to determine to what extent mathematics shapes 

(Geometry, Parametric, Algorithmic and Topology) could attain the aesthetic performance 

factors, through an analytical study by the subsequent stages: 

4.1. The questionnaire strategy /development 

A standardized questionnaire was designed in a Google Form application, that was 

divided into four parts, each one indicates a type of mathematics forms by using visible 

figures of the six selected buildings for evaluating from the questionnaire takers’ 

perspective. The questionnaire takers were selected according to their architectural 

knowledge degree; architects, lecturers, associate professors, and were asked to identify 

which factor could the building attain, according the building’s description, 37 

questionnaires were received from total 75 questionnaires. Then, the research was 

organizing the survey data, then accomplishing the statically analysis.   

4.2. Criteria of selecting case studies 

The case studies were selected consistent with the four mathematical types (Geometry, 

Parametric, Algorithmic and Topology). The variety of the building's function, size and the 

used materials, aids to study which of building forms will be more motivated by the scope 

of the research. 

By benefitting from the above criteria, the research utilizing the analytical study to 

evaluate case studies and their success to express the building aesthetic performance via 

the proposed criteria. The results will display the degree of succeeding the mathematical 

types to attain the aesthetic performance, which help in offering a guideline paradigm to 

identify the proper shape type that can express the building's aesthetic performance. Table. 

2 shows the selected 24 case studies that classified into four groups according to its shape.  
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Table. 2.  

The Selected Case Studies with Description 
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Table. 2. (Cont.) 
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Table. 2. (Cont.) 
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Table. 2. (Cont.) 
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Table. 2. (Cont.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

5. Results and discussion 

The following parts represent the results of the questionnaire. They discuss the opinion 

and preference of the experts and the case studies.  

5.1. Case studies analysis 

Fig. 5 presents the results obtained from the preliminary analysis of the case studies. As 

shown, across all responses there is a significant difference between the four groups.  

It was cleared that the Parametric type achieved the distinguished percentages with 

little differences between its case studies (50%) to (35%), followed by Geometry (45%) to 

(35%), then Topology (42%) to (25%). Although the Algorithm reached the highest 

percentages but with great differences between its case studies (53%) to (23%), which 

strengthened that the parametric type design tool could offer more features for buildings 

helping in reaching a better aesthetic performance.  
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Fig. 5. The Comparative Analysis of The Case Studies [Author] 

5.2. The Correlation between mathematics and aesthetics’ factorss 

From type of shape perspective, Fig. 6 displays the comparative analysis between four 

mathematics types as follows;  

Parametric shape has a high percentage with “More Effective” in all aesthetic performance 

factors; “Form and Beauty” (45%), “Vision and Perception” (43%), Environmental (42%) and 

“Implication Meaning” (33%). Followed by Topology with the same sequence of factors (42%, 

36%, 35%, 34%), then Geometry and Algorithm respectively.  

 

 

 

 

 

 

 

 

 

Fig. 6. The Comparative Analysis Between Four Mathematics Types [Author] 

From category of aesthetic performance factors viewpoint, Fig. 7 illustrates the 

comparative analysis of the four aesthetic performance factors;  

Environmental factor attained the highest percentage with “Full effective” in all shapes 

with 28%, followed by Implication and Meaning with 23%, Form and Beauty and Vision 

and Perception with (19%, 18%) respectively. While Form and Beauty had the highest 

percentage in “More Effective” with (42%), followed by Vision and Perception (40%) 

and Environmental (38 %) then Implication and Meaning (33%).  

On the other hand, Form and Beauty had the least percentage in “Not Effective” with 

(2%) followed by Implication and Meaning (2.7%) in all shapes. 
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Fig. 7. The Comparative Analysis Of The Four Aesthetic Performance Factors [Author] 

6. Conclusion 

The present study determined the effect of utilizing mathematics fields as a design tool 

to achieve a good level of Aesthetic Performance. Results have shown that;  

 Parametric design concept is the best one that could achieve most of the aesthetic 

performance factors. While the Topology design concept is the least one.  

 Whereas the “Form and Beauty performance” is the most factor could be attained 

by most of design concepts, followed by the “Environmental performance”. 

While the least one was the “Implication and Meaning performance”. Thus, Fig. 

8 clarified the concluded arrangement of the performance’s degree of aesthetic 

performance factors in each mathematic type.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8.  Arrangement of The Performance’s Priority in Each Form Type 

7. Recommendations and future work  

 Studying mathematics helps in developing creative abilities, skills and thinking 

and collaborating with visual thinking that could contribute in improving in 

innovative buildings design or redesign of the greatest buildings by considering 

its feature.  
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 Architecture Students must be supplied with advanced architecture software that 

based on mathematics scripting which had a great role firstly in the creative 

design process, then in the preparing the working drawings.  

 The focus of mathematical design teaching in the 21st century needs moving to 

development-oriented design process that covers not only the aesthetical and functional 

dimensions but also the awareness and response of sensual and culture is indications.  

 Further studies in this field of architecture design could be used to bridging the 

knowledge gaps easily by increasing the architect’s role by offering them 

variable alternatives on ways of applying (design and presentation skills) of these 

contemporary approaches by investigating the ways of integrating mathematics’ 

different branches, according to projects various requirements, for reaching 

building’s optimum performance. 

 Engineering faculties and education institutions should prepare forthcoming 

architecture designers with new curricula that integrate knowledge and 

understanding effectively the mathematics frameworks in their study in various 

architectural courses by a good knowledge of basic linear algebra and calculus 

that is considered great advantages in design.    

 Must gain a prior understanding of both the cultural and social features which 

help in emphasizing on the architect’s design concept and providing an 

opportunity to expand his point of view in applying mathematics.  
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 للمبنىال فع  أداء جمالي الرياضيات كأداة تصميمة: نحو 

 الملخص العربي

ساعد دمج الرياضيات في التصميم المعماري وعملية البناء في توليد حلول التصميم المختلفة، وبناء عليه قد تطور 

اكتشتا  همميتة ب ويمتو  الب ت . المتطتور  مجتاتت الرياضتيات المتمدمتة وبترامج ال است  استتخدا الأداء الجمالي مع 

إجتراء دراستة استمصتا ية عتر دراستات ويتتم للتع عتر قريت  العمتار . الجمتالي فتي داء الأ وتأثيرما علت الرياضيات 

. هكتد العمتار عل  الأداء الجمالي في بشكل فعّال ت مي  الرياضيات عر درجة هفضل  قدمت فهما   والتيال الة المختلفة 

 .للمبن ر كبير عل  الأداء الجمالي كان لها بالفعل تأثي عمار في ال المختلفة الب   هن هشكال الرياضيات
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