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Abstract. In recent years, the design industry and design education 
has experienced a major epistemological shift in the architectural de-
sign process, triggered by Building Information Modeling. Since its 
inception, BIM has developed into an acceptable concept, implement-
ed by a range of software vendors around the world. The mainstream 
adoption of BIM has disrupted the traditional methods of design, rep-
resentation and collaboration during the design and delivery phase of 
an architectural building project. This shift is affecting practitioners 
and academics alike, which are involved in teaching, designing and 
delivering our built environment. The change of industry environment 
has stimulated new research into the nature of the architectural design 
problems. The analysis of cognitive activities (that leads to a mental 
picture of design) supports the transformation of implicit design inten-
tions into explicit design requirements. Diagrams provide the level of 
abstraction necessary to analyse intentions as well as to transform 
them into tangible statements. The adoption of Constructive Diagrams 
is explored within a BIM environment, by means of lightweight ge-
ometry, attached with semantic rules that are expressed in form of 
parametric relationships and formulas. The presented case of teaching 
Constructive Diagrams at University level suggests its potential adop-
tion in professional design practice. 
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1. Introduction  

The presented research has been developed in respond to the epistemological 

shift experienced in architectural design, triggered by the mainstream adop-
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tion of Building Information Modeling. BIM enables a data-rich environ-

ment that is challenging the traditional methods of design, representation and 

collaboration during the design and delivery phase of an architectural build-

ing project. The big data situation is demanding an increase in explicit com-

munication. Previously implicit intentions have to be expressed explicitly 

within the BIM workflow. Since communicating design information is es-

sential during the architectural design process, there is a need for effective 

concepts that can handle rich-data design environments. This research uses a 

structured abstraction approach in form of diagraming. Diagrams provide the 

level of abstraction necessary to analyse intentions as well as to transform 

them into tangible statements. 

This paper presents a framework to test and evaluate the method of con-

structive diagrams within a BIM environment, under the controlled condi-

tions of an undergraduate bachelor degree course. The paper describes why 

Constructive Diagrams present an effective method of communicating de-

sign intents to project partners, including design teams, contractors and 

manufacturers. Constructive Diagrams are implemented in Autodesk Revit 

2013 and can take advantage of the underlying database and parametric 

functionality, as well as the family concept. Constructive diagrams contain 

lightweight geometric information and correlating semantic rules that add 

value to the performance manual for a building design. Geometric infor-

mation describes the physical form, and semantic rules are basically nota-

tions for the design problem, such as performance parameters and construc-

tion tolerances. In contrast to traditional design and construction 

representations, the constructive diagram is flexible, dynamic and collabora-

tive. Within a BIM workflow, the Architect maintains control over the de-

sign, but shares the responsibilities with other project partners by giving 

them ownership of particular aspects of the design. Constructive Diagrams 

not only provide solutions for practice, but also carry great potential for the 

BIM education in the architecture discipline. Based on its nature of being 

collaborative, dynamic and flexible, Constructive Diagrams can be applied 

in all stages of design, but most beneficially during the early stages, when 

much information has to be evaluated and design driver have to be identified. 

The paper concludes with a case study that starts with a reference-

collection of potentially parametrically conceived structures. Adopting a re-

verse engineering approach, students had to analyze the structures and de-

velop descriptive sketches to demonstrate their underlying parametric logic. 

Within Revit, the sketches were brought to live using the Concept Mass and 

Adaptive Components. Following the initial learning exercise, students had 

to design and develop a parametric floor plan and whole tower geometry. 



 CONSTRUCTIVE DIAGRAMS 441 

 

The paper closes with an outlook that reflects on the gained insight and 

speculates about future research. 

2. Background  

In “Notes on the Synthesis of Form”, Christopher Alexander (1964) has sug-

gested to combine “Requirement Diagrams” and “Form Diagrams” into one 

single term, the “Constructive Diagrams”. Alexander (1964, pp.87) argues 

that the requirement diagram “is not very useful as such, in the search for 

form” because it has to be “interpreted, so that one can understand its physi-

cal consequence”. In order for a diagram to play a constructive role in the 

design development process, its functional consequences in respond to re-

quirements have to be foreseeable. Alexander demonstrates by means of a 

traffic flow diagram in figure 1 how numerical information can be presented 

in a condensed graphical form. On one hand we can identify the form dia-

gram represented as carefully positioned curves. On the other hand, we can 

identify two embedded requirement diagrams. The first requirement diagram 

is expressed by means of line weight that represents number of vehicles per 

hour. The second requirement diagram is indicated as arrows on the begin-

ning and end of each curve, representing the direction of traffic. Since this 

diagram embeds both, Alexander defines this as a Constructive Diagram. 

Figure 1. Constructive Diagram - Traffic Flow Diagram by Alexander (1964, pp.88) 

The initial step of a potential implementation of constructive diagrams 

with foreseeable functional consequences is enabled through parametric de-

sign tools. Parametric design tools promise to offer a novel perspective for 

design generation (Akin, 1990, pp. 107-113). The rule based structure of 

parametric design tools “supports the creation, management and organization 

of complex digital design models” (Woodbury, 2010). In recent years, para-

metric design tools have advanced and became commonly used by the archi-

tectural design practice. Controlled by parameters and their variations, “de-

sign has been rendered more flexible and productive” (Kolarevic, 2003) 

providing advancements in design processes and communication (Iordanova 
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et al, 2009, pp. 423-439; Lee et al, 2012, pp. 959-970; Schnabel, 2007, pp. 

237-250) During the process of constructing parametric models the cognitive 

activity is “significantly different” (Yu et al, 2013) to conventional model-

ling, and has to take into account the dynamic dimension of transformation 

when values are controlled within defined limits. The parametric model is a 

form diagram and the limits are defining the requirement diagram. The re-

quirement diagram is a constraint-definition that can take on many forms, 

such as numerical values, geometric definitions, mathematical equations, etc. 

The parametric Tower Floor Plan in figure 4 demonstrates a lightweight 

digital constructive diagram. The geometric model presents the form dia-

gram and its parametric relationships, geometric constraints and mathematic 

formulas define each a requirement diagram.  

The multidimensional potential of requirement diagrams creates the ques-

tion of representation and accessibility. In “Design Exploration through Bi-

directional Modeling of Constraints”, Axel Kilian (2006, pp.305) discusses 

the relationship between “design representation, design constraints and their 

respective implementations”. The “emergent trend of hybrid design descrip-

tions” (Kilian, 2006, pp.305) enables a parallel existence of concept space, 

performance space and physical space, combined in a single design explorer. 

Kilian (2006, pp.305) highlights that this development “poses a unique chal-

lenge for the creation of design explorers as exercisable constructs the de-

signer can interact with”. 

In recent years, the improvement of BIM platforms has rendered a design 

environment that promises an integrated holistic approach to design, plan-

ning and construction. The possibility of adding multiple layers of infor-

mation into one design model has initially created an overload on data that 

affects the exercisability of the BIM model. In respond to the large data is-

sue, BIM software developer have allowed for a split of information. Even 

though a single BIM environment is provided, specialized profession-based 

templates for Architecture, Structure and MEP allow a reduction of com-

plexity and data volume. In Figure 2 the split of a building design model into 

Architecture, Structure and MEP is represented; Cover image and design 

courtesy of RSP Architects Planners & Engineers (Pte) Ltd and the BCA 

Academy of the Built Environment. Some BIM platforms further split into 

component-specific templates, such as furniture, stairs, adaptive compo-

nents, concept mass, etc. 

This systematic split of information contributes greatly to enabling exer-

cisable models. It also enables a rational that encourages the design team to 

explicitly define transitions to move from one template to the other - from 

one state of design to the next state of design.  
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Figure 2. Profession-based split of BIM (taken from BCA, 2013) 

The process of transforming implicit action into explicit instructions de-

mands a change in cognitive activity that contributes to the epistemological 

shift in design. Constructive Diagrams provide the level of abstraction nec-

essary to analyse intentions as well as to transform them into tangible state-

ments. 

3. Research method 

The aim of the presented paper is to test the method of constructive dia-

grams, evaluate and identify pattern that lead to further research. The adopt-

ed methodology for this explorative research is three fold and combines 

positivistic and phenomenological research methods. After setting up the 

scope for the research in form of a high rise tower design, a suitable target 

group was chosen that most likely would apply parametric design and BIM 

in the professional design environment. 

The authors has set up and conducted a course at City University Hong 

Kong, Division of Building, Science and Technology (Web, CityU - BST, 

2013). The course was taken by thirty-seven final year undergraduate stu-

dents. The course focused on parametric design within the BIM platform 

Revit 2013 (Web, Autodesk Inc., 2013). Course documents are provided via 

the online-learning platform Blackboard (Web, Blackboard Inc., 2013). Stu-

dent submissions are collected via Blackboard and feedback has been pro-

vided via the Blackboard Announcement tool. 

The students conducted a case study consisting of three experiments that 

are described in detail in the case study section. Architectural Design is natu-
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rally a rather qualitative field, only very rarely quantifiable as a whole. 

Therefore, the conducted research was initiated on a qualitative level, by 

means of observing user’s design process and their attitude towards paramet-

ric design, BIM and diagraming. The conducted case study offered the op-

portunity to study the group of users / students in depth to gather qualitative 

as well as quantitative data. Blackboard offers a wide range of learning feed-

back tools to gather these data. For this research, the reflective-learning 

journal has been chosen as a medium to collect data about the user’s learning 

experience, progress, issues, etc. Additionally, precisely targeted question-

naires have helped to gather detailed data about specific issues related to 

parametric modelling, BIM, abstraction and diagraming. The collated data 

have been analysed and interpreted in respect to the used software function-

ality, parametric modelling skills, geometric understanding, abstraction skills 

to conceptualize the constructive diagram, and the emergence of design con-

straints and limitations. The emphasis during the experiments was to gather 

data about the design process, rather than the design outcome. The “creative 

leap” happens during the design process, explained by Cross as a bridge be-

tween the problem space and the solution space. (Cross, 1997, pp. 427–455) 

Therefore, the Think-aloud protocol analysis (Lewis, 1982) was chosen to 

analyse the process feedback of the experiments, whereby the Consensual 

Assessment Technique (Baer et al, 2009) was applied to evaluate the exper-

iment outcomes. 

4. Case Study  

In order to gain insight into the applicability of Constructive Diagrams dur-

ing the design process within a BIM environment, a case study was set up. 

The case study was conducted within the environment of a thirty-nine hour 

undergraduate computational design class that was set up by the author at 

City University of Hong Kong, Division of Building, Science and Technolo-

gy. The decision to choose an academic environment opposed to a profes-

sional office environment was a conscious one. The academic environment 

allows for a controlled environment and stronger focus on the purity of the 

exercise and research. Thirty seven out of sixty undergraduate students were 

chosen to participate in the course. The selection criteria include previous 

3D modelling experience, but no previous parametric design experience. 

The case study was split into 3 experiments, in order to analyse different 

aspects of learning, such as observation, parametric know-how, abstraction 

and diagramming skills, and implementation how-to. 
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4.1. REFERENCES IN THE BUILT ENVIRONMENT 

The first experiment analysed the student’s understanding of the parametric 

design concept. Each student had to find three built structures that express 

the potential for a parametric set-up. After selecting and analysing the refer-

ences, a simple descriptive sketch, shown in figure 3 had to be prepared to 

demonstrate the embedded parametric logic. By means of using different 

colours, a hierarchy of relationships was expressed. 

 

Figure 3. Descriptive Sketch (taken from CityU student Ng, Ka Ian, 2013) 

4.2. IMPLICIT VS. EXPLICIT PARAMETRIC MODELING IN REVIT 

The second experiment provided an introduction to parametric modelling 

within the Revit 2013 environment. Students explored the potential of im-

plicit parametric functionality and experience its limitations. In order to 

overcome these limitations, students had to construct parametric models 

based explicitly on points and lines. Explicit parametric modelling as shown 

in figure 4 provided the conceptual framework for the constructive diagrams. 

In this stage the Think-aloud protocol analysis (Lewis, 1982) was applied to 

document the student’s process and experience. 

Figure 4. Explicit Parametric Model (taken from course, 2013) 
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4.3. CONSTRUCTIVE DIAGRAMS IN REVIT  

The final exercise is a succession of exercise two by adding multiple re-

quirement diagrams to the form diagrams. The most basic requirement dia-

gram is built into the parametric form diagram by means of geometric con-

straints. Geometry can also be constraint actively by adding formulas to keep 

geometries hosted or linked to each other. The 2D parametric construct was 

used as input to develop the 3D parametric Mass that allowed extraction of 

Mass Floors for early GFA adjustments. A manual annealing approach was 

applied to reach the target GFA, by manipulating the explicit parameters of 

the building mass. This design stage marks a controlled transition moment, 

from mass to façade. At this stage, the requirement diagram for deflection 

was applied, as shown in figure 5. It is constructed based on adaptive com-

ponents. The numerical values are visualized graphically by means of sched-

ules and filters. Due to the lightness of geometry, the constructive diagram 

exposed easy handling and exercisability. 

Figure 5. Deflection Diagram (taken from course, 2013) 

5. Conclusion  

This early exercise into Constructive Diagrams within a BIM environment 

has served to highlight a few important aspects, related to parametric design, 

BIM and the underlying cognitive activity, as well as the impact on design 

management. 

Most of the student’s references are related to subdivided-surfaces. 

Therefore, the reference exercise demonstrates that visual pattern recognition 

may play an important role for identifying potential parametric structures.  

A very relevant insight gained during the case study was the importance 

of manual sketching. The process of sketching has helped students to explore 

quickly the consequences and constraints of their design thinking. Tis insight 
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suggests that diagramming may need to receive more attention during the 

BIM workflow. Due to the importance of communicating know-how explic-

itly via sketch diagrams to support the BIM process, senior designer may be 

able to build a closer relationship with BIMers. That would further improve 

knowledge exchange and transfer within a design environment. However, to 

fully embrace this potential, the design management level is encouraged to 

show interest in some of the underlying concepts of parametric design and 

BIM. 

Operating the developed constructive diagrams has demonstrated that ex-

ercisability is slowing down with the increase of surfaces, as well as the in-

crease of curvature of those surfaces. By means of comparing multiple tow-

er-massing of varying complexity, the dynamic adjustment of parameters 

creates increased computational effort in the model. While modelling in the 

computer, the consequence of the computing effort of the model has to be 

considered during the process; and regularly evaluated. 

To conclude this paper, Constructive Diagrams have demonstrated a fea-

sible way to reduce complexity and information overload due to the nature 

of controlled abstraction. The possibility to exchange diagrams with each 

other and understanding the internal logic by means of operating them was 

very well received by students and colleagues. The amount of possible mod-

elling without the need of scripting, as demonstrated with the deflection dia-

grams was surprisingly high and increases accessibility for a wider audience. 

Even though, limitations of exercisability have been experienced, the cause 

is most likely due to the computer performance. Further investigations into 

multiple BIM platforms have to be conducted to benchmark this diagram-

matic approach, as well as the documentation of the computer specifications. 
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