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Parametric design has been perceived as a highly 
sophisticated set of procedures requiring complex specialized 
softwares, making its introduction as part of undergraduate 
architectural education difficult. The aim of this study is to 
explore the possibility of introducing parametric thinking to 
novice architectural design students, using a purpose-
designed non-CAD method. After a detailed lecture, students 
were asked to use the method to perform a design task 
based on parametric design principles and inspired by 
elements from vernacular architecture. Students’ feedback 
was obtained in regard to three learning domains: Intellectual 
Skills, Cognitive Strategies, and Affective; and the effects of 
previous knowledge of CAD and gender were explored. The 
data was analysed statistically. Results showed that the 
method has managed to successfully address the three 
learning domains, with most of the students expressing a 
strong intention to learn more about Parametricism. Both 
genders were found to be equally prepared to receive and 
accept information about parametric design through our 
method. Students with previous CAD training showed better 
control over the method, whereas the other group showed 
better appreciation of the concept. It is concluded that when 
parametric thinking is seen as a pedagogic intention and not 
as a design tool, it can be effectively introduced to novice 
design students, in order to prepare them to meet the 
demand in practice for graduates who are aware of the 
recent trends in architectural design and form generation 
processes, and who are prepared to use the latest digital 
tools efficiently.  
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INTRODUCTION  

The dialogue between architectural education and practice is mutually beneficial and 
continually changing the architectural outcomes. Salama and Grosbie (2010) argued that 
while the practice in design professions has changed dramatically, design education is 
reacting in a slow manner. This is probably still the case nowadays. In the architectural 
profession, processes are rapidly evolving and the way design is approached has been a 
subject of discussion. The demand for novel forms, innovative design strategies, 
environmental considerations and technical and structural innovations have increased the 
challenge for designers. Moreover, in architectural practice, where time means money, there 
is always a conflict between design exploration and process efficiency. Practitioners need to 
balance the time they spend in generating design alternatives and modifications on the one 
hand, with the value that these modifications add to the outcome, on the other. The 
availability of a wealth of digital tools in the last couple of decades has, however, allowed 
designers to produce complex compositions that are not only eye-catching, but also consider 
building performance as part of the form generating process. This has resulted in increasing 
professional demand for graduates who are aware of the recent trends in architectural design 
and form generation processes, and who are prepared to use the latest softwares and digital 
tools efficiently.    

Contemporary architectural education, on the other hand, aims at preparing students to 
effectively enter the practice of tomorrow. This requires educators to adopt new pedagogical 
intents, in order to teach students updated design paradigms and the associated digital tools. 
However, with limited credit hours, hectic degree plans and overloaded curricula, there is 
usually limited room to accommodate the ever-increasing array of evolving digital tools and 
software packages. In addition, the need for education in sustainability and student’s demand 
for sustainability-focused courses has increased the challenge (Grierson & Munro, 2018). 
Despite these constrains, emerging ways of design thinking and methods should be at least 
introduced to students, to kindle their curiosity and prompting a pursuit of further information 
and to prepare them for eventual acquisition of skills in their professional life. Parametric 
thinking is one of these evolving design paradigms. 

PARAMETRIC DESIGN 

In recent years, there has been a shift in design thinking, from the conventional design 
approach where computers are used as drawing and drafting tools, to computational 
thinking, where computer-aided design systems are used to create novel forms from a set of 
variables or parameters, and an automatic generative logic, or what is known as parametric 
design method. According to Monedero (2000: p 371), the term Parametric design “implies 
the use of parameters to define a form, when what is actually in play is the use of relations”. 
Karle & Kelly (2011: p 110) provided a clearer definition: “a series of questions to establish 
the variables of a design and a computational definition that can be utilized to facilitate a 
variety of outcomes”. More recently, Oxman (2017) provided a comprehensive review of the 
development of theories and models underpinning the parametric design thinking.  

In the parametric design method, the designer does not design the form nor start from a 
preconceived or pre-determined design solution; rather, he/she starts by articulating 
parameters that define a form and constraints, or rule-set, that determine the relationships 
between these parameters (Karle & Kelly, 2011). In other words, in parametric design, the 
designer designs and models the “logic”, rather than the “object” as in conventional design 
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(Leach, 2009). Any change in one or more of these parameter values results in the 
generation of a new form. This allows the designer to explore a whole range of possible 
compositions that the variability of the initial composition allows. The designer then gives 
authority to and selects the most appropriate form, and advances it for further development.   

The advantages of the parametric design method lie in the flexibility it offers in creating 
variation and change in design with minimum effort, as well as its ability to create new and 
complex forms. Another significant aspect of parametric design is that the definition of 
parameters determines the design goal/goals. To explain, parameters could be geometrical 
properties, architectural input, environmental factors, structural properties, or any 
combination of parameters that are of interest and relevance to the project. This allows 
design exploration based on modification of meaningful architectural features, such as 
structural, geometrical, environmental, functional, etc. (Iordanova, 2008). This particular 
feature has extended the use of parametric design beyond the general perception that it 
focuses on the appearance and calls for form generation, based on aesthetic and 
architectural requirements, to cover areas such as energy-efficiency oriented design (Turrin, 
et al., 2011), design of zero emission buildings (Lobaccaro et al. 2018), structural 
performance and optimization (Almusharaf & Elnimeiri, 2010; Holzer, et al., 2007), 
manufacturing building components (Anderson & Tang, 2011), urban planning (Bielik, et al., 
2012), urban design for sustainable and energy-conscious cities (Taleb & Musleh, 2015), 
designing high-rise residential buildings based on vernacular architectural principles for 
sustainability (Al-Jokhadar & Jabi, 2017), prefabricated building design (Yuan et al. 2018), 
and as an integrated approach for decision making in planning and design processes 
(Suyoto, et al., 2015). In the world of ever-growing complexity of design and huge demand 
for eye-catching architectural forms, parametric design offers a good potential. 

Typical parametric tools are based on computational logic and algorithms, where parameters 
are scripted by means of equations. This has resulted in parametric design being perceived 
as a highly sophisticated set of procedures, which requires expensive and complex 
specialized softwares (Hernandez, 2006), making its introduction, as part of undergraduate 
architectural education at many design schools, difficult.  

Although computers are given a more active role in the design process when parametric 
design is used, parametric thinking requires more than merely learning a new interface. It is 
not about the visual presentation and modelling of buildings alone, but also concerns the 
designers’ need to understand to present buildings as a dynamic system of rules and 
relationships (Senske, 2011). It requires a new mind-set, a mind-set that combines a 
comprehensive understanding of design complexity and requirements, while being able to 
accept and use computational principles to achieve agreed design goals, with the least effort 
and time possible. In order to achieve this type of mind-set, a change in the design paradigm 
from the early stages of design education is needed.   

PARAMETRIC DESIGN EDUCATION  

Earlier endeavours in parametric design education used simple plane manipulation with 
senior students -through manual folding of materials- to explain how simple physical moves 
create geometry. The resultant geometry is used then as a starting point at which scripting is 
used to create parametric-driven forms by transformation of points and curves (Howe, 2011). 
Lecourtois and Guéna (2012) in their approach to teaching parametric design argued that no 
specific parametric design software should be taught to students; rather students should be 
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taught analytical methods that permit exploring architectural design activities. Then students 
are left free to find, assess and use the digital method that can potentially fulfil their design 
aim. This method of teaching parametric design was introduced at a post-graduate level 
where students are left free to explore the potential of different parametric design software 
packages after a theoretical course on analysing architectural activities is introduced.     

Another attempt to integrate computational design into studio curriculum used a series of 
digital workshops to introduce students to advanced computer tools and digital methods i.e. 
Rhinoceros 3D software (Carraher, 2011). Similarly, Erlendsson and Erk (2012) introduced a 
senior studio project based on parametric design to architecture students. They used the 
conventional Rhinoceros NURBS modelling and its Grasshopper plug-in. The course started 
with two-week workshop to teach students the digital tools and give them the time to explore 
the use and capabilities of these tools. They concluded that digital crafting requires a 
“different way of thinking” which proved to be difficult at this stage, and that only one half of 
the studio made the paradigm shift necessary. This study suggests that introducing 
parametric thinking in later stage of architectural education might not achieve the shift in 
design paradigm that is necessary to produce effective parametric designers. 

These studies show that when parametric design is taught in architectural education, it is 
mostly taught in a later stage of undergraduate level or at a postgraduate level; and mostly 
through digital tools. The work of Herr and Karakiewicz (2007) is one of the few endeavours 
to introduce parametric design at an earlier stage of architectural education; but, again, 
digital tools were used. These digital methods, unlike ours, require long sessions of teaching 
software packages, scripting and a good knowledge of rules of shape grammar, making it 
unsuitable for the busy design programs and courses, particularly the degree plan in the 
architectural engineering programs, where the engineering courses have a major load.      

This paper deviates from the typical perception in design education, where CAD is seen as a 
skill (Novitski, 1999) or as a tool to assist existing design processes (Mitchell, 1994), to a 
more radical understanding of the role of mathematics in design process. Although it does 
not present any digital scripts nor algorithms, this paper provides a manual, structured and 
simple way to prepare students to confront the age of computational design, from the early 
stages of design education. Our proposition is aligned with Oxman (2006), who suggested 
that since it is not possible to teach every CAD package in the current digital media and 
computational design era, educators should focus on the core concepts and help students to 
understand their relevance to the design process. 

To sum up, this paper deals with some challenges associated with teaching parametric 
design to architectural design students and aims at exploring the possibility of introducing 
parametric design to novice design students, who have no previous knowledge of using 
parametric design software packages. To this end, a non-computerized design method was 
developed based on “serial of planes” technique. The method aims to integrate parametric 
thinking in the early design studios.  

An assignment was given to undergraduate architectural design students at two higher 
education institutes in Oman during the Spring 2015 semester, which involved the use of this 
method to generate parametric-driven forms that are based on, and inspired by, vernacular 
architectural elements. Students were also asked to complete a survey that covered several 
aspects related to parametric design, in order to validate the method. The survey was 
designed based on Bloom et al. (1956) and Gagne (1972) learning domains. In doing so, the 
paper encourages educators to promote parametric thinking among design students as a 
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pedagogical objective, design paradigm and way of thinking, rather than as a mere digital 
modelling tool.     

METHODOLOGY 

The Method 

The aim of the proposed method is not to produce a fully automated and computerized 
system or script for form generation, as there are several software packages which do this; 
the aim is rather to “seed” parametric thinking as a design paradigm in the students’ mind, 
with the given limitation of time and resources. In designing our method, we follow the theory 
of problem-solving of Newell et al. (1957), who suggested a reductive process, through which 
a complex problem is broken down into smaller and simpler terms until it can be solved. In 
the context of our method, the complex parametric-driven form is broken down into 
generative simple plane and a rule-set, or formulas, which articulate the desired absolute and 
relative connections between the plane’s points and edges. Figure 1 shows a flow diagram of 
the method, which consists of the following steps: 

1. Designing a generative plane (i.e. plane-zero): The design of the generative plane is a 
crucial step, as it determines the overall appearance of the end-form. The generative plane 
could be inspired by any source, depending on the designer’s background and the required 
overall style of the project. In all cases, dimensions of the generative plane need to be 
carefully designed and to correspond to the functional requirement.  

2. Articulating a rule-set: The rule-set is any combination of mathematical procedures that 
are likely to result in noticeable transformation in the generative plane, once they are applied. 
First, the designer needs to declare the parameters of interest. These could be properties of 
points e.g. corners, midpoints, centre of a curve etc. and/or elements such as lines or curves. 
The designer needs then to develop formulas that describe the relationships between two or 
more of these parameters. There could be as many formulas as the designer thinks are 
necessary, to generate a novel form. However, the more the formulas and variables the 
designer declares, the more complex will the process be. In order to make this stage user-
friendly, the formula could be written in mathematical format or as a text, describing the 
relationships between the parameters of interest. For example, the designer might write the 
following text to describe the relationship between the location of a corner point (a) on the 
generative plane and the radios of a curve that forms an edge of the generative plane (c-1): 
when point (a) moves X value on the x-axis, the radios of the curve (c-1) shrink by 5%. It is 
important to keep this procedure as simple as possible. Hence we recommend one, or any 
combination, of the following procedures:   

• Displacement: moving a point, object or the whole planes on x-, y-, z-axis or any 
combination of two axes. The displacement could be in the positive or negative 
direction.    

• Rotation: rotating a point, object or the whole planes about x-, y-, or z-axis. The 
rotation could be in the positive or negative directions. 

• Variation: this procedure involves changing the direction of the displacement or 
rotation - i.e. plus to minus, or minus to plus- after a certain number of planes.  
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• Innovation: any more advanced mathematical procedures -such as “sin” and “cos”- 
could be used. This needs to be dealt with cautiously, as unpredictable mathematical 
procedures might generate forms with awkward spaces that do not facilitate the 
architectural functions required.  

• Richness: although it is advised to keep the rule-set simple, generating novel forms 
might require including more than one parameter in the transformation process. We 
suggest however that not more than three parameters be included at a time. 

3. Changing the values of the parameters: at this stage, the designer has the privilege to 
examine how manipulating the values of the parameters included in the rule-set alters the 
generative plane. This stage is a “playful” process, which allows the designer to generate 
endless planes by simply changing the values in the rule-set that he/she declared in the 
previous step. In the example mentioned in the previous stage, the designer might 
experiment with different values for (X) or replacing the 5% shrinking ratio by a smaller or 
larger value. It is important at this stage to balance the time the designer spends in 
manipulating the design and the value that this manipulation adds to the form.       

4. Layering of planes: the next step is to decide how many planes (i.e. layers) the end-form 
would be composed of, and the distance between the planes. It is important at this stage to 
take space function into consideration, as it will determine how much space will be available 
to accommodate the required functions and the overall dimensions of the end-form. 

5. Applying the rule-set:  At this stage, the generative plane, the rule-set and the number of 
layers in the form are known. Now the designer starts to apply the rule-set on the generative 
plane i.e. plane-zero in order to generate plane-1. Then the same rule-set is applied to plane-
1 in order to generate plane-2 and so on until the final plane is generated.  

6. Composing the form: once all planes are generated, the designer arranges them either 
vertically (e.g. in case of high-rise buildings) or horizontally, using the distance between the 
planes that was decided upon at the layering stage. The form is then evolved as the shell 
that connects the planes, whereas the planes themselves might represent the structural 
elements of the project.  

7. Evaluating the end-form: once the form is generated, the designer has to critically examine 
it to ascertain the extent to which it meets the architectural constraints and requirements 
such as space, site, environment, regulations, etc. The process could be repeated or 
modified accordingly.            

It is worth mentioning that we do not see our method as a linear process; it is rather a 
dynamic process, during which the designer is required to re-visit his/her design decisions at 
each step.  Like any other design exercise, the method is iterative in nature. To explain, after 
setting up the rule-set, the designer might find that the resulting internal space is not 
sufficient at some part of the composition. Hence, he/she may have to redesign the initial 
plane –i.e. plane zero- or change the rule-set, in order overcome this limitation. 
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Figure 1: A flow diagram of the method proposed in this study (Source: Author). 

Participants and the Environment 

Our study was carried out with novice students from two higher educational institutes in 
Oman. Both institutes offer 11-semester bachelor degree inclusive of the foundation 
program.  Due to the tight, long and busy architectural degree plans, it was not possible to 
offer a course on computational design in these institutes. As a result, architecture students 
in these institutes are likely to graduate with an understanding that the role of digital tools in 
the architectural design process is limited to drawing, drafting and presentation tools. It was 
necessary therefore to introduce the concept of parametric design to the students, to open 
up a new horizon and allow them to develop a new mind-set that appreciates the role of 
modern digital tools in transforming the design process into a more efficient, quicker and 
more fluid approach of form creation. 
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Since it was not possible to offer a full course on computational design, an alternative 
solution was proposed. Since design studio is the main medium for the acquisition of design 
knowledge, a “serial of planes” modelling technique was introduced as extra-curriculum and 
self-contained studio-based series of workshops. Three workshops were conducted and they 
were open to all cohorts. During the workshops, students were instructed not to use 
computers at any point and all tasks were performed manually, using sketching, drawings 
and physical models. 

Of the total of 57 students who took part in the study, 78.9% were female and 21.1% male. 
57.9% of the participants were users of at least one CAD software –i.e. AutoCAD, Revit 
and/or 3D Studio Max-, while the remaining 42.1% were not users of any CAD software. 
None of the participants, however, was a user of any parametric software such as 
Grasshopper. 

Student Task 

In a 45-minute lecture, students were given a theoretical introduction to parametric design. 
The lecture was structured and designed around Teymur (2001)’s “OoMm” sub-theory of 
architectural education. Teymur proposed that elements of architectural education should be 
taught in terms of Objectives & Contexts (Why), Objects & Content (What), Methods & 
Mediums (How), and Management & Structure (Who). The lecture included a brief summary 
of the history of parametric design, drivers underpinning the move toward parametric 
thinking, benefits of parametric design, definitions, procedures, criticism and limitations, and 
examples. Then the proposed method was explained and an example was presented.     

After the theoretical background was established and students were given the opportunity to 
ask questions, they were given a “warmup” exercise. The aim of this quick exercise was to 
familiarize students with the modelling materials (i.e. foam boards) and tools; and more 
importantly, affording them the opportunity to examine the method and experiment with it, 
without immediate expectation of success. They were asked to design and model an 
abstracted composition i.e. a pavilion-like structure, using serial of planes that were changing 
according to certain mathematical formulas that the student developed. The task required 
them to design a composition based on a generative plane of their design, with maximum 
dimensions of 20 cm and an overall number of planes between 10-20. Examples of students’ 
work are shown in Figure 2. After the warm- up exercise was concluded, participants were 
given the actual task as described in the following section. 

 
Figure 2: Examples of students’ work of the warmup exercise i.e. abstracted 

composition (Source: Author). 
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Survey Design and Processing 

Since the aim of this paper is to introduce a new concept –i.e. parametric design-- to 
students, an evaluation tool that covers learning domains was needed.  

The educational psychologist Benjamin Bloom and his colleagues, in their work on 
developing a taxonomy for educational objectives, argued that there are three broad domains 
of learning: Cognitive, Affective, and Psychomotor (Bloom, et al., 1956).  While the 
Knowledge domain was thoroughly covered in Bloom’s original text, the Affective and 
Psychomotor domains were addressed in later publications by Krathwohl et al (1973) and 
Harrow (1972) respectively. Although Bloom’s taxonomy was revised later by Anderson & 
Krathwohl (2001), the three domains still form the basis for the revised work.  

In summary, the Cognitive domain is concerned with “know what”, as it deals with recalling 
and recognizing knowledge and developing intellectual skills. The Affective domain is 
concerned with “know why”, and deals with feeling, interest and attitude about the 
knowledge, and the development of appreciation and recognition of the value of the 
knowledge. The third domain on the other hand focuses on motor-skills where physical 
functions, reflex actions and interpretive movements are used to encode information. This 
domain deals with movement and the use of gross and fine muscles to express or interpret 
information and hence it is most relevant to performance arts and similar areas. According to 
this understanding, the Cognitive and the Affective domains are directly relevant to this 
study, whereas the Psychomotor has no relevant applications.       

While Bloom’s three domains of learning have been widely used, Gagne (1972) argued that 
the cognitive domain does not capture the complexity of the mental processing. 
Consequently, he split this domain into three distinct domains: Verbal information, Intellectual 
skills and Cognitive strategies. The first domain deals with student’s ability to state facts and 
concepts. The second domain entails understanding how to carry out an action, apply rules 
and predict outcomes. The third domain includes the self-management skills that govern the 
student’s internal processing of attaining, learning and thinking. For the purpose of this study, 
the verbal information domain is deemed to be not relevant, since the aim of this study is to 
explore student’s ability to understand and apply the methods proposed earlier.         

Accordingly, an evaluation survey was deigned, based on the following learning domains: 
Intellectual skills, Cognitive strategies, and Affective (attitude). The survey was composed of 
nine Likert items: three items relative to each domain as shown in Table 1.  Students were 
asked to indicate their level of agreement with each statement using a 5-point agreement 
scale, where 1 represented strong disagreement and 5 represented strong agreement. The 
data was then analysed using the method recommended by Jamieson (2004) to analyse 
Likert items, using the mode, median, inter-quartile and nominal levels of disagree vs. agree. 
The Analysis was performed using IBM SPSS statistics software. 
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Table 1. Survey Items (Source: Author). 

Seq. Code Statement Broad ability measured 
Intellectual Skills 
1 IS-1 I understand what parametric design is. Ability to understand and 

interpret the information 

2 IS-2 I have developed the basic skills necessary to generate forms 
using principles of parametric design. 

Ability to apply the knowledge  

3 IS-3 I can imagine the resulting form, once the starting element 
and rule-set are defined. 

Ability to predict and control 
outputs 

Cognitive Strategies 
4 CS-1 I prefer parametric design to the conventional design process. Ability to select a learning 

strategy  
5 CS-2 I am likely to use parametric design in my coming projects. Ability to apply a learning 

strategy  
6 CS-3 Parametric design gives more control and capability to 

designers in terms of form generation. 
Ability to assess a learning 
strategy  

Affective (attitude) 
7 Af-1 I see the value of parametric design in the architecture design 

field. 
Ability to value the knowledge  

8 Af-2 Parametric design could generate creative and innovative 
forms. 

Ability to recognize the 
importance of the knowledge   

9 Af-3 I would like to learn more about parametric design 
techniques. 

Ability to develop interest in 
the knowledge  

RESULTS 

Task Processing and Outcomes 

In order to give the task a context, we follow the recommendation of Vygotsky (1978), who 
stated that when dealing with a problem, “always connect, never isolate”. Hence, we 
connected the task to a real architectural problem. According to the review by Salama 
(2010), there has been an intensive discussion on the value of introducing real life issues in 
architectural education practices (Salama and MacLean, 2017). This will potentially help 
students to realize the value of parametric design in providing unique solutions to real life 
design challenges. This approach takes into account typical architectural considerations such 
as climate, surroundings, views, site, etc., as part of the form generation process, which 
overcomes the limitations of former approaches in parametric education, where the form is 
generated context-free (Ra, 2011).   

The architectural problem selected for this task was to design a prototype for a bus stop, to 
be distributed across the city. The reason for selecting this particular design task is the 
recent installation of new bus stops in the university. The design of the new bus stop was a 
subject of discussion among students and staff, as to what extent the design of the bus stop 
represented the contemporary image of the university, while symbolizing the rich history of 
the country and its long-preserved tradition. 

Accordingly, students were given the following brief: “You have been commissioned by the 
municipality to design a prototype of a bus stop to be used across the city. The directions 
from the municipality emphasized that the bus stop should respect the Omani vernacular 
architecture; yet it has to symbolize the futuristic ambition of the Omani people and the 
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contemporary image of the country. The bus stop should have a clear useable and covered 
area of 3m by 6m. It should protect users from the harsh environment; but it has to allow 
visual connection to the outside to reduce the boredom of waiting.”  

Since the selection of the generative elements determines the design intension in our 
method, students were instructed, before the workshop, to collect pictures and/or drawings of 
traditional Omani buildings that represent the vernacular architecture in Oman. They were 
asked, during the workshop, to use these pictures and drawings as sources of inspiration to 
design the generative plane.  An example of a student’s work is shown in Figure 3. This step 
was necessary, given the project brief. We hoped, by combining vernacular elements and 
parametric-driven design, to produce contemporary forms that respect the architectural 
tradition of the country. Such forms will potentially merge smoothly within the urban fabric 
and be accepted by the public, since it is based on traditional elements that are highly valued 
in the collective Omani value system. 
 

 
Figure 3: Example of the design process of progress of the students’ projects – from left to right: the 
inspiration source i.e., Traditional Style Wooden Door- Oman (diak/Shutterstock.com), the designed 

generative plane with the rule-set, and front elevation of the resultant form (Source: Author).  
 

Students were given a site on-campus and had to perform a typical site analysis activity 
including environment, accessibility, noise, views, etc. They followed the method outlined 
earlier, using basic drawing and modelling tools and materials with the instructor offering help 
and advice. They were encouraged to draw planes on millimetre papers, using an 
appropriate scale and cut them to get a better understanding of the possible outcomes, as 
shown in Figure 4. 

An attempt was made by the instructor to minimize his intervention in the student’s projects 
along the process. The aim was to give students sufficient freedom to experiment with the 
method and test the resultant form. Pedagogical focus was on the iterative nature of the 
method. The instructor focused on drawing the attention of the students to the influence of 
the rule-set they designed on the end-form and encouraged them to explore with different 
rule-sets. This was practised in step 2 (Articulating a rule-set) and step 5 (Applying the rule-
set) of the method. 
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Figure 4: Example of a student’s attempt to apply the rule-set on millimetre papers as part of the 
iterative design process (Source: Author). 

Instructions were given in the form of quick and short prompts based on “what if” strategy, as 
design exploration was one of the main pedagogical intentions of this assignment. The 
instructor was available to answer questions at any point of the process. However, a non-
deterministic approach was used when giving answers as the aim was to stimulate thinking 
and encourage experimentation with the method. The major intervention of the instructor was 
in step 7 of the method (Evaluating the end-form) in order to help students to realize the 
functional consequences of the form and relate to the project’s functional requirements. 

Students had to document each design decision in the form of text or drawing. They then 
presented all alternatives they came up with and selected one for further development and 
modelling. They had also to justify their selection and show that the selected design fulfilled 
the functional requirements and site restrictions. Examples of final outputs of the task are 
shown in Figure 5. 

Figure 5:  Examples of students’ final submissions (Source: Author). 

 

 

Max Height = 15 cm 
Angle of rotation X= 0° 
Angle of rotation Y= 0° 

 

MH = 17 cm 
X= 2°, Y= 6° 

 

MH = 19 cm 
X= 4°, Y= 12° 

 

MH = 21 cm 
X= 6°, Y= 18° 

 

MH = 23 cm 
X= 8°, Y= 24° 
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Student Survey 

As mentioned earlier, the survey consisted of nine Likert items, covering three out of the five 
learning domains proposed by Gagne (1972), viz., Intellectual skills, Cognitive strategies, 
and Affective (attitude), which were deemed to be relevant to the study.  Participants’ 
feedback was obtained using a 5- point agreement scale. A total of 57 students participated 
in the study. All participating students completed the task and the survey. Table 2 
summarizes the mode, median, inter-quartile rank and nominal level of agree vs disagree for 
the nine items as recommended by Jamieson (2004) when analysing Likert data. 

The result shows that most items were positively evaluated by the participants (medians and 
modes of 4 and 5). The nominal levels of agree/disagree confirm that most of the participants 
seemed to agree with all statements. This indicates that our method has successfully 
managed to address the three targeted learning domains. The only exception is the result of 
statement CS-1 (medians and modes of 2 and 3, agree 11.4%), which asked the participants 
whether they preferred parametric design to the conventional way of design. This is however 
expected, due to students’ familiarity with the non-parametric methods they have been using 
in their design studios and due to the fact that this was the first time they were exposed to 
parametric design. This does not contradict our method, as the aim of this study is to “seed” 
parametric thinking in students’ approach to design and give them alternative methods.  

Another result worth noting is the score of IS-3 and Af-1 i.e. about 60% agree. Although it is 
true that most of the students agreed with the two statements, the relatively lower score 
raises the question of whether it would be better to introduce parametric thinking at a later 
stage when students develop better ability and skills in design. In fact, this result is not 
surprising due to the variability of the possible outcomes in parametric design. Since several 
forms can be generated from the same rule-set by manipulating the value of one or more of 
the parameters, the slightly low scores of agreement for these two statements is expected 
from novice students.      

Table 2: Results of the Survey. For the full text of each Likert item, 
please refer to Table 1 (Source: Author). 

Items  Median Mode (Q1-Q3) Agree % Disagree % 

Intellectual Skills 
IS-1 5 5 (4, 5) 98.2 zero 
IS-2 4 4 (4, 5) 82.4 8.8 
IS-3 4 4 (3, 4) 59.7 22.8 
Cognitive Strategies 
CS-1 2 3 (1.5, 3) 11.4 50.9 

CS-2 4 4 (3, 5) 71.7 3.8 
CS-3 4 4 (4, 5) 82.1 3.6 
Affective (attitude) 
Af-1 4 5 (2.5, 5) 59.7 24.5 
Af-2 5 5 (4.5, 5) 98.2 zero 
Af-3 5 5 (4, 5) 94.2 zero 
Note: Agree and disagree values do not add up to 100% because of the “Neutral” answers. 

It is also of interest to this study to explore whether previous knowledge of CAD softwares 
such as AutoCAD, 3D Studio Max, and Revit influence the acceptability of parametric design 
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to students. The results of such exploration indicate when it would be better to introduce 
parametric design to students i.e., before or after CAD courses. The effect of gender on 
acceptability of parametric design was also explored.             

Since the Likert data is nominal, the nine statements were analyzed inferentially with Mann-
Whitney U analysis of variance test, as recommended by Field (2013). The following acted 
as independent variables: CAD (user/non-user), and Gender (male/female). Due to the 
relatively small sample size, the Monte Carlo Exact significant was calculated instead of the 
default Asymptotic Method. The former method provides a more accurate calculation of the 
significance of Mann-Whitney U, when data is obtained from a smaller sample (Field, 2013), 
as in our case. The 2-tailed Exact significant is reported, because we have made no 
assumption about the effect of the independent variables on students learning domains in 
parametric design, due to the lack of studies in this field. The results are shown in Table 3. 

Firstly, Gender has not been associated with any significant differences in participants’ 
response to any of the statements. This suggests that both males and female are equally 
prepared to receive and accept information about parametric design through our method.  
Secondly, being a user or not of CAD softwares (three softwares were included: AutoCAD, 
3D Studio Max, and Revit) has shown a significant effect on three statements: IS-2 
(p=0.014), IS-3 (p=0.03), and Af-1 (p=0.039). Checking the mean ranks of the three 
statements reveals interesting findings: 

• IS-2: Those who are users of CAD softwares have agreed more that they have 
developed the basic skill for parametric design. They have higher mean rank than the 
other group (user of CAD mean rank= 33.09, nonuser of CAD mean rank= 23.38).  

• IS-3: CAD software users have also reported significantly higher ability to image the 
results of a parametric exercise, once the basic steps are setup (user of CAD mean 
rank= 32.91, non-user of CAD mean rank= 23.63).  

• Af-1: Surprisingly, those who are not CAD software users have valued parametric 
design significantly higher than the CAD software users (user of CAD mean rank= 
25.26, not user of CAD mean rank= 34.15). 

Table 3: The differences between groups (CAD: user/non-user, and Gender: Male/Female) in the 
Likert statements.  For the full text of each Likert item, please refer to Table 1 (Source: Author). 

Independent variables  
(Likert items)  

IS-1 IS-2 IS-3 CS-1 CS-2 CS-3 Af-1 Af-2 Af-3 

CAD Mann-
Whitney U 

368 261 267 298.5 318.5 272 272.5 368 313 

Wilcoxon W 668 561 567 733.5 618.5 548 833.5 929 589 
Z -0.51 -2.43 -2.17 -0.93 -0.56 -1.94 -2.01 -.60 -.441 
Exact. Sig     
(2-tailed) 

0.714 0.014* 0.03* 0.383 0.557 0.056 0.039* 0.681 0.71 

Gender Mann-
Whitney U 

242 229.5 227.5 228 161 231.5 230.5 214 213 

Wilcoxon W 320 1264.5 1262.5 1131 227 1221.5 308.5 1249 279 
Z -0.63 -0.88 -0.87 -0.07 -1.63 -0.7 -0.8 -1.47 -.033 
Exact. Sig     
(2-tailed) 

0.708 0.430 0.399 0.928 0.121 0.515 0.429 0.250 0.731 

Mann-Whitney U test                        Grouping variables: CAD & Gender                           *Significant at the 0.05  



                     
International Journal of Architectural Research                                       
            
  Chaham Alalouch                                                                        

Archnet-IJAR, Volume 12 - Issue 2- July 2018 - (162-181) – Regular Section 
 

     

 Copyright © 2018 | Copyrights are granted to author(s), Archnet-IJAR, and Archnet @ MIT under the terms of the "CC-BY-NC-ND" License. 

 

176 

This suggests that using our method to introduce parametric thinking at a later stage in the 
undergraduate design education is likely to result in better ability to apply the concept, predict 
the outcome, and control the process, whereas “seeding” parametric design at an earlier 
stage will better develop the appreciation and value of the concept in students’ mind.  

In order to explore this issue further, the average Likert score of the three statements that 
form each learning domain was calculated. Then another Mann-Whitney U test with Monte 
Carlo Exact significant was run with the independent variable being the CAD. The results are 
shown in Table 4. 

Table 4: The differences between the CAD groups in the three learning domains (Source: Author). 

Independent variables (Likert items)  Intellectual Skills (IS) Cognitive Strategies (CS) Affective (Af) 
CAD Mann-Whitney U 245.5 279 26.5 

Wilcoxon W 545.5 555 698.5 
Z -2.469 -1.025 -1.313 
Exact. Sig(2-tailed) 0.013* 0.311 0.192 

Mann-Whitney U test                            Grouping variable: CAD                                       *Significant at the 0.05  

Being a user of CAD software appeared to be a significant factor associated with differences 
in the Intellectual Skills learning domain only, with those who are users of CAD softwares 
reporting a higher ability to understand, apply, predict and control parametric design through 
our method (user of CAD mean rank= 33.56, non-user of CAD mean rank= 22.73); although 
those who do not use CAD software reported higher values in the Affective learning domain 
(user of CAD mean rank= 27.09 non-user of CAD mean rank= 29.54), the result was not 
significant (p=0.192).     

DISCUSSION 

There has been much emphasis in the architectural pedagogy literature on “durable 
knowledge”; see for example (Poole, 2007). Once the students gain this, it stays with them. 
In order for the knowledge to be “durable”, the knowledge should be gained through a hands-
on experience and experimentation, that involve sensory information and makes the student 
attentive to the design and construction processes including flaws and reasons. In fact, 
experiential learning is advocated for not only design studio courses but also for theory 
courses in architectural education (Salama, 2010). Offering this knowledge at the early 
stages of design education gives students more time to apply it, experiment with it and 
examine its capabilities, without the expectation of immediate success. Parametric design is 
mostly a computer-based approach, which lacks the sensory and tactile dimensions and is 
often offered at the postgraduate stage of architectural education. In response to this 
limitation and in order to make the parametric design a durable way of thinking, this paper 
introduced a non-computerized method to infuse parametric thinking into design studios to 
novice design students, using manual techniques that are based on a serial of planes 
modelling exercise. In doing so, the methods revive the role of the freehand sketching and 
drawing as well as the role of the physical models in the design process, in this era when 
design process is entirely computerized and digitized.       

Presenting parametric design using a simple, feasible and user-friendly method that uses 
basic drawing and modelling tools and materials which are familiar to students -such as in 
our method- demystifies computational design, which is portrayed as a complex and 
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sophisticated process. Such a method establishes the foundation and serves as a driving 
force that encourages students to seek future development in this design paradigm. This will 
not only help students to meet the demand of the profession, but also facilitate future 
integration of parametric thinking in design curricula.       

Understanding parametric design as a pedagogical approach, and not as a design tool, 
requires students to have an opinion and the ability to make design decisions when endless 
possibilities are thrown up and hence results in students developing an analytical eye. It also 
pushes the limits to learning by asking students to think of, operate and negotiate a range of 
alternative solutions. By using the method presented in this paper, projects become less end-
focused and more process-oriented.   

We do not claim that the method presented here represents a full approach for parametric 
design nor that it achieves its capabilities. It rather forms a starting point which, we hope, will 
act as a catalyst for further independent development during the students’ design life. One of 
the limitations observed during the studio activity was that some students opted to simplify 
either the design of the generative plane, the rule-set or both, after the first design attempt of 
plane transformation. They started with high expectations and a strong motivation, but they 
could not imagine how complex the output could be, in cases where the generative plane is 
not simple and the rule-set is complex. Almost all the students ended up with simple 
mathematical procedures such as addition, subtraction and/or rotation. Interestingly, one 
student used Pythagorean Theorem as a rule-set for plane transformation. Since the method 
presented in this paper is introductory, it is important for the instructor to steer the design 
process in such a way that it does not involve complex procedures, but nevertheless 
encourages novelty and creativity.  

Our analysis showed that when the method presented in this study was used, principles of 
parametric design were well understood and applied by most of the students, with positive 
answers obtained for all three learning domains included in the study i.e. Intellectual Skills, 
Cognitive Skills, and Affective. Most of the students indicated that they want to learn more 
about parametric design, they are likely to use it in their future projects, and that they have 
developed a positive attitude and appreciation towards the concept. No significant 
differences were found between male and female students.  

A further statistical analysis showed that knowing CAD softwares has a significant effect on 
one learning domain only. This supports our earlier results, which showed that the use of the 
method is feasible at any stage in the undergraduate education. However, when our method 
is used before any CAD course is taught to students, they are likely to value parametric 
design more, whereas using the method after a CAD course is taught, is likely to result in a 
better ability to apply and control the process. 

In fact, the question of: on what level, and after how many design studios and other related 
courses such as ‘shape grammar’ parametric thinking should be introduced is debatable. 
However, our study showed that when parametric thinking is introduced at early stage of 
architectural education, it is well accepted and highly valued by students. The results showed 
also that introducing parametric thinking at a later stage in the undergraduate design 
education (after CAD softwares training) is likely to result in better ability to apply the concept 
and predict the outcome, whereas “seeding” parametric design at an earlier stage will better 
develop the appreciation and value of the concept in students’ minds. This conclusion is 
aligned with the work of Herr and Karakiewicz (2007) who tested Algogram, a purpose-
designed plugin to 3D StudioMax software for generative diagrammatic representations, with 
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second year undergraduate students. The Open-ended qualitative feedback on how the 
software integrated with the students’ design processes showed that the tool supported 
students in developing individual design solutions and exploring architectural typologies 
beyond their initial preconceptions.  

This leads to a question for further research: What is the optimum stage of undergraduate 
architectural education at which introducing parametric thinking as a design paradigm could 
result in a better outcome?  Further work should also test the method with a wider sample 
and include a larger population with students from other design fields such as interior and 
product design. Although students’ feedback on the practicality of the method was not 
obtained as the survey focus was on the learning domains, our observation during the 
workshops indicates that the method is user-friendly, easy to understand and use for the 
students. 

CONCLUSION 

This paper presented a simple, systematic, structured and non-computerized method to 
integrate parametric thinking in early design studios. It presents parametric design as 
pedagogic intention and design paradigm, rather than as a design tool. The results of the 
current study showed that the method has managed to successfully address the three 
learning domains explored in the study –i.e. Intellectual skills, Cognitive Strategies, and 
Affective- with strong positive feedback obtained from the participants. It was also found that 
the method is a useful and practical tool that can be used before or after the CAD courses 
offered as part of the Degree Plan in many design-related programs.  

The proposed method does not intend to replace the fully computerized process of 
parametric design nor to compete with it; it rather supports the latter by providing a 
systematic and structured way to “seed” parametric thinking in design education from the 
early stages and where the design studio syllabus cannot afford to offer a full course on 
computational design. The method presented in this paper provides an intense introduction 
to parametric thinking and it is hoped that it will act as a catalyst for future independent 
development in the subject.   

Educating students in a new process-driven way of thinking and exploration, instead of the 
strongly visual and output-driven architectural culture that has been dominating the 
architectural scene for decades, is a necessary pedagogical objective in the age of 
Parametricism. Parametric design develops a more analytical type of thinking, a skill that is 
invaluable for designers. This way of thinking enhances the education process by providing 
better ability to analyse, decompose, and respond to complex situations. Our method 
provides one way to do so, right from the early design studios. All in all, we think that the use 
of our method has empowered students, opened new design horizons for them, prepared 
them to accept emerging design paradigms, and encouraged them to seek further self-study 
on the subject. 

ACKNOWLEDGEMENT  

The author would like to express his gratitude to the reviewers for their incisive comments, 
constructive feedback, and enlightened critique, which had helped to improve the quality of 
the paper.  



                     
International Journal of Architectural Research                                       
            
  Chaham Alalouch                                                                        

Archnet-IJAR, Volume 12 - Issue 2- July 2018 - (162-181) – Regular Section 
 

     

 Copyright © 2018 | Copyrights are granted to author(s), Archnet-IJAR, and Archnet @ MIT under the terms of the "CC-BY-NC-ND" License. 

 

179 

The author would like also to thank all students who participated in this research and credit 
their works and contribution to this study. Their seriousness and valuable feedback was a 
key to the success of this work.  

REFERENCES 
 

Al-Jokhadar, A. & Jabi, W. (2017). Applying the Vernacular Model to High-Rise Residential 
Development in the Middle East and North Africa. Archnet-IJAR: International Journal of 
Architectural Research, 11 (2): 175-189.  

Almusharaf, A. M. & Elnimeiri, M. (2010). A Performance-Based Design Approach for Early Tall 
Building Form Development. 19-21 October. Fez, Morocco, Proceedings of 5th International 
Conference the Arab Society for Computer Aided Architectural Design. 

Anderson, L. W. & Krathwohl, D. R. (2001). A Taxonomy for Learning, Teaching, and Assessing: A 
revision of Bloom's Taxonomy of Educational Objectives. New York: Pearson, Allyn & Bacon. 

Anderson, J. & Tang, M. (2011). Form Follows Parameters: Parametric modeling for fabrication and 
manufacturing processes. Proceedings of 16th International Conference on Computer-Aided 
Architectural Design Research in Asia, Newcastle, Australia, pp 91-100. 

Bielik, M., Schneider, V. & König, R. (2012). Parametric Urban Patterns: Exploring and Integrating 
Graph-Based Spatial Properties in Parametric Urban Modelling. Proceedings of the 30 th 
eCAADe Conference, 12-14 September, Prague, Czech, pp. 701-708. 

Bloom, B. S. et al. (1956). Taxonomy of educational objectives: The classification of educational goals. 
Handbook I: Cognitive domain. New York: David McKay Company. 

Carraher, E. (2011). Parameters of a Digital Design Foundation. University of Nebraska - Lincoln, 
Proceedings of ACADIA Regional 2011 Conference: Parametricism (SPC). 

Erlendsson, G. T. & Erk, G. K. (2012). Temporal and Urban Peripheries in Systems Thinking. Archnet-
IJAR: International Journal of Architectural Research, 6 (2): 149-157. DOI: 
http://dx.doi.org/10.26687/archnet-ijar.v6i2.90 

Field, A. (2013). Discovering Statistics Using IBM SPSS Statistics. SAGE Publications Ltd. 
Gagne, R. M. (1972). Domains of learning. Interchange, 3 (1): 1-8. 

Grierson, D. & Munro, K. E. (2018). Towards Transformative Learning Methods for Interdisciplinary 
Postgraduate Education for Sustainable Development (Esd): A Case Study. Archnet-IJAR: 
International Journal of Architectural Research, 12 (1): 209-227. DOI: 
http://dx.doi.org/10.26687/archnet-ijar.v12i1.1430   

Harrow, A. (1972). A Taxonomy of Psychomotor Domain: A Guide for Developing Behavioral 
Objectives. New York: David McKay. 

Hernandez, C. R. (2006). Thinking parametric design: introducing parametric Gaudi. Design Studies, 
27:  309-324. 

Herr, C. M. and Karakiewicz, J. (2007). Algogram: Automated Diagrams for an Architectural Design 
Studio. In Dong, A., Moere, V. & Gero, JS. Edit. (2007). Computer-Aided Architectural Design 
Futures (CAAD Futures) - Proceedings of the 12th International CAAD Futures Conference. 
Springer. ISBN: 978-1-4020-6527-9  

Holzer, D., Hough, R. & Burry, M. (2007). Parametric Design and Structural Optimisation for Early 
Design Exploration. International Journal of Architectural Computing, 5(4): 625–643. 

Howe, N. (2011). Algorithmic Modeling: Teaching Architecture in Digital Age. University of Nebraska - 
Lincoln, Proceedings of ACADIA Regional 2011 Conference: Parametricism (SPC). 

Iordanova, I. (2008). Teaching Digital Design Exploration: Form Follows.... International Journal of 
Architectural Computing, 5(4): 685-702. 



                     
International Journal of Architectural Research                                       
            
  Chaham Alalouch                                                                        

Archnet-IJAR, Volume 12 - Issue 2- July 2018 - (162-181) – Regular Section 
 

     

 Copyright © 2018 | Copyrights are granted to author(s), Archnet-IJAR, and Archnet @ MIT under the terms of the "CC-BY-NC-ND" License. 

 

180 

Jamieson, S. (2004). Likert scales: how to (ab) use them. Medical Education, 38: 1212–1218. 
Karle, D. & Kelly, B. M. (2011). Parametric Thinking. University of Nebraska - Lincoln, Proceedings of 

ACADIA Regional 2011 Conference: Parametricism (SPC). 

Krathwohl, D. R., Bloom, B. S. & Masia, B. B. (1973). Taxonomy of Educational Objectives, the 
Classification of Educational Goals. Handbook II: Affective Domain. New York: David McKay. 

Leach, N. (2009). Digital Morphogenesis. Architectural Design, 79(1): 32–37. 
Lecourtois, C. & Guéna, F. (2012). Architectural design education and parametric modeling: An 

architecturological approach. In Gu, N. & Wang, X. Edit (2012). Computational Design Methods 
and Technologies: Applications in CAD, CAM and CAE Education. P. 338-350. 10.4018/978-1-
61350-180-1.ch019 

Lobaccaro, G., Wiberg, A. H., Ceci, G., Manni, M., Lolli, N., Berardi, U. (2018). Parametric Design to 
Minimize the Embodied GHG Emissions in A ZEB. Energy and Buildings, 167: 106-123. 
https://doi.org/10.1016/j.enbuild.2018.02.025. 

Mitchell, W. (1994). Three Paradigms for Computer Aided Design. In: G. Carrara & Y. Kalay, Eds. 
Knowledge Based Computer Aided Architectural Design. Amsterdam: Elsevier, pp. 379-89. 

Monedero, J. (2000). Parametric design: a review and some experiences. Automation in Construction, 
9: 369–377. 

Newell, A., Shaw, J. C. & Simon, H. A. (1957). Elements of a Theory of Human Problem Solving. CA: 
Rand Corporation. 

Novitski, B. J. (1999). The Computer Education Received by Today’s Architecture Students may not 
Provide them with the Skills Sought by Employers. Architectural Record, 184(4): 39-42. 

Oxman, R. (2017). Thinking Difference: Theories and Models of Parametric Design Thinking. Design 
Studies, 52 (2017) 4-39. http://dx.doi.org/10.1016/j.destud.2017.06.001 

Oxman, R. (2006). Theory and Design in the First Digital Age. Design Studies, 27: 229-265. 
Poole, S. (2007). Pumping Up: Digital Steroids and the Design Studio. In: Material Matters. London: 

Routledge, pp. 103-114. 

Ra, S. (2011). Parametric Translations. University of Nebraska - Lincoln, Proceedings of ACADIA 
Regional 2011 Conference: Parametricism (SPC). 

Salama, A. M. (2010). Delivering Theory Courses in Architecture: Inquiry-Based, Active, and 
Experiential Learning Integrated. Archnet-IJAR: International Journal of Architectural Research, 
4 (2-3): 278-295. 

Salama, A. M., & MacLean, L. (2017). Integrating Appreciative Inquiry (AI) into architectural pedagogy: 
an assessment experiment of three retrofitted buildings in the city of Glasgow. Frontiers of 
Architectural Research, 6(2), 169-182. DOI: 10.1016/j.foar.2017.02.001 

Salama, A. M. & Crosbie, M. J. (2010). Design Education: Explorations and Prospects for a Better 
Built Environment.  Archnet-IJAR: International Journal of Architectural Research, 4 (2-3): 10-
18. 

Senske, N. (2011). A Curriculum for Integrating Computational Thinking. University of Nebraska- 
Lincoln, Proceedings of ACADIA Regional 2011 Conference: Parametricism (SPC). 

Suyoto, W., Indraprastha, A. & Purbo, H. W. (2015). Parametric Approach as a Tool for Decision-
making in Planning and Design Process- Case study: Office Tower in Kebayoran Lama. 
Procedia - Social and Behavioral Sciences, 184: 328 – 337. 

Taleb, H. & Musleh, M. M. (2015). Applying urban parametric design optimisation processes to a hot 
climate-UAE. Sustainable Cities and Society, 14: 236–253. 

Teymur, N. (2001). '4 x 4' > Towards a working theory of architectural education. Cardiff, Proceeding 
of Architectural Education Exchange 2001 Conference. 



                     
International Journal of Architectural Research                                       
            
  Chaham Alalouch                                                                        

Archnet-IJAR, Volume 12 - Issue 2- July 2018 - (162-181) – Regular Section 
 

     

 Copyright © 2018 | Copyrights are granted to author(s), Archnet-IJAR, and Archnet @ MIT under the terms of the "CC-BY-NC-ND" License. 

 

181 

Turrin, M., Buelow, P. V. & Stouffs, R. (2011). Design explorations of performance driven geometry in 
architectural design using parametric modeling and genetic algorithms. Advanced Engineering 
Informatics, 25: 656–675. 

Vygotsky, L. S. (1978). Mind in Society. Cambridge: Harvard University Press. 

Yuan, Z. Sun, C. Wang, Y. (2018). Design for Manufacture and Assembly-Oriented Parametric Design 
of Prefabricated Buildings. Automation in Construction 88: 13-22. 
doi.org/10.1016/j.autcon.2017.12.021 

 

 


