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Abstract 

 

Space programming is a primary task during the schematic design process, to produce a 

geometric configuration of a space layout that is in accordance with the project's requirements. 

By nature, space programming is an iterative process that evolves according to the clientôs 

requirements. A critical challenge of space programming is the limitation in the link between the 

clientôs requirements and design tools. The rigorous process of analyzing, structuring and 

extracting meaningful information often leads to requirements being overlooked or important 

requirements failing to be satisfied. Failure to meet the clientôs space program requirements, 

could possibly lead to decline in the performance of the building, cost increase, client 

dissatisfaction and penalty fines charged by the client which are usually clearly stated in design 

contracts. 

This study adopted an observation-based empirical research approach to investigate the 

current practices and challenges of space program requirements data management, and design 

workflow at a large scale international architectural/engineering firm. Following the case study 

and recording challenges, I developed a smart Microsoft Excel® template to structure and parse a 

clientôs space programming requirements data. This was essential to extract significant information 

such as the name of the rooms that have a proximity relationship requirement. This data was used to 

develop a dashboard to visualize space programming information and to validate the compliance of a 

building projectôs space programming requirements in conjunction with a visual computational tool 

through a visual floor plan overlay. 
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The developments were made to help designers extract space programming requirements 

in an automated manner and improve the iterative design process of space programming by 

automating visualizations to assess the compliance of space programs.  
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Lay Summary 

 

During the space programming process there is a gap between clientôs requirements 

documents and design tools that forces a designer to manually analyze requirements and use it to 

assess the compliance of a space program in a highly iterative, manual and tedious process. 

This research will discuss the method that was used to develop a smart excel template to 

structure and parse the clients space programming requirements data. This was essential to 

extract significant information such as the name of the rooms that have a proximity relationship 

requirement. Next, it will discuss how this data was used to develop an interactive space program 

requirements data visualization dashboard. Finally, it discusses the development of a 

computational tool script used to validate the compliance of a buildingôs space program 

requirements through a floorplan overlay. 
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Chapter 1: Thesis Overview 

  

1.1 Introduction  

Space programming is a critical task during the schematic design process that requires the 

geometric configuration of a space layout in accordance with the project's requirements. By 

nature, space programming is an iterative process that evolves according to the clientôs 

requirements (Kiviniemi, 2005 & Guo & Li, 2016). A space program frames the entirety of the 

building and has a major effect on whether the building will function well for the intended 

purpose. Designers are expected to comply to an ownerôs requirement with a set of criteria and 

this can be a tough endeavor for designers as some building program requirements may be 

complex (Zifeng & Li, 2017). A designer constantly reiterates a space program until it is 

sufficiently compliant with the clientôs requirement. This process generally entails a designer 

receiving space programming design information from clients in various formats and 

unstructured data sets during the early stages of design and manually analyzing it to make 

changes in the design software accordingly.  

Space programming requirements can be significantly different depending on the type 

and function of the project being constructed. These requirements are commonly received from 

an owner in a standard document known as a Statement of Requirement (SOR). The SOR is a 

ñrule bookò that will contain key information about the functional program, such as room and 

department names, room areas, the function of each room, and the proximity between rooms. 

These requirements can be complex to analyze when developing a final space program solution 

that is compliant with the clientôs requirements due to the interdependent relationship between 
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rooms, spaces and departments (Guo & Li, 2016). This demonstrates the importance of 

leveraging data to further improve the compliance of space programming in accordance with the 

clientôs requirements. 

A critical challenge of space programming is the limitation in the link between the 

clientôs requirements and design tools (Chae, 2017 & Yi, 2016). The rigorous process of 

analyzing, structuring and extracting meaningful information often leads to requirements being 

overlooked or important requirements failing to be satisfied (Kiviniemi, 2005). Closing this gap 

could result in a designer approaching an overall design solution effectively by solving smaller 

requirements incompliance that are discovered though analysis and visualization. Failure to meet the 

clientôs space program requirements, could possibly lead to decline in the performance of the 

building, cost increase, client dissatisfaction and penalty fines charged by the client which are usually 

clearly stated in design contracts. This is typically due to rooms that are not able to function for 

their intended purpose because of incompliance with proximity relationship requirements. A 

space programôs design compliance with the clientôs requirements are important for two major 

reasons: (i) To allow for a building to carry its functions and high performance by using the 

space effectively and (ii) To avoid space program incompliance that may result in fines, client 

dissatisfaction, and the deterioration of the design firmôs ability to attain future projects 

(Touloupaki & Theodosiou, 2017, Derix, 2014, Deutsch, 2015, American, I. O. A, 2013 & 

Cherry & Petronis, 2016). For example, during the case study conducted at a large architectural 

firm, it was found that for large hospital projects the nonconformity of a space program could be 

quite costly, up to $200,000 CAD for the misplacement of a single room due to incompliance. 

This research aims to investigate the extent to which computational tools in conjunction 

with BIM could be used to evaluate a building projectôs space program requirements compliance 
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through semi-automated analysis at a large scale architectural firm. Specifically, I investigated 

the current practices of space program requirements data management, and design workflow 

within the firm and proposed a solution to bridge the gap between the manual analysis of the 

clientôs space program requirements and the firmôs space programming workflow. 

In order to understand the challenges and develop an optimization method, I first 

followed the firmôs current practices of design requirements data collection and management to 

populate the project database. By closely following project data managers and designers, I 

recorded their workflow and analyzed space programming requirements documents. Primarily, I 

focus on the structuring and analysis of the clientôs requirements data for Mechanical, Electrical, 

Structural and Architectural disciplines for three building projects. Next, I populated the 

requirements information for all the disciplines into each of their dRofus® project databases. 

dRofus® is a data management and BIM collaboration tool server to maintain data for 

departments, rooms, room templates, finishes, items, systems, and components (dRofus, 2015). 

This allowed me to record the challenges and limitations of the workflow to structure qualitative 

data of space programming requirements. Shortcomings such as poor database management, data 

redundancy, and referencing external documents within the database, were revealed which are 

discussed later in this study. Observing the current highly iterative space programming design 

workflow and conducting informal interviews at the firm on other projects, revealed that space 

programming consumed about 10-20% of the total design time. The current practice of space 

programming did not benefit from the availability of requirements data to support its compliance 

with the clientôs requirements. 

Following the current practices of design data analysis and population at the architectural 

firm, I developed a semi-automated workflow that assesses the compliance of the space program 
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against the clientôs requirements in a more efficient and automated manner. The shortcomings 

recorded motivated me to develop a smart Microsoft Excel® template to parse, analyze and 

structure space programming requirements. The focus of this research was narrowed to space 

program requirements of daylight, adjacency, access, visibility, daylight and acoustics. By 

leveraging the parsed requirements data from the smart Microsoft Excel® template I developed a 

Microsoft PowerBI® dashboard to visualize these space programming requirements. This 

provided designers an interactive, searchable dashboard visualization of room interrelationships. 

In addition, to assess the compliance of a building projectôs space programming requirements I 

developed a visualization in conjunction with a visual computational tool. The evaluation and 

assessment of the space programming requirements was carried out by using Autodesk Revit® 

and Dynamo® to produce a visual overlay on the architectural modelôs floor plan. This 

development was well received by the designers at the large scale architectural/engineering firm. 

 

1.2 Research Objectives 

After researching case studies and developments made in the field of space programming 

the following objectives were established for this research to contribute to space programming: 

1. To examine the current practices and challenges of space programming and requirements 

management at a large scale architectural firm. 

2. To develop an automated approach to analyze and visualize space programming 

compliance. 

3. To develop a space programming information visualization dashboard.  
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In order to achieve the underlying objectives of this research project, the following 

research tasks (RT) were carried out: 

RT1: Analyse and identify clientôs design requirements. 

RT2: Populate architectural, mechanical, electrical and structural design requirements in 

dRofus®. 

RT3: Communicate with various design discipline teams to verify requirements database 

accuracy. 

RT4: Attend space program design meetings and work shadow throughout the space program 

design process. 

RT5: Develop smart excel template to parse space program requirements data. 

RT6: Develop computational approach to visualize space program requirements as a floor plan 

overlay. 

RT7: Develop Microsoft PowerBI® room relationships dashboard visualization. 

 

1.3 Research Methodology 

This section introduces the case study and research methodology carried out to 

accomplish the objectives and tasks of this research. Figure 1.1 shows the objectives, tasks, and 

outcomes (RO) that have resulted from this research. Under the tasks carried out are indicated 

the sub-section where a detailed discussion can be found of the specific task. Figure 1.2 shows a 

simplified visual roadmap for the visual assessment of space program requirements compliance. 
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Figure 1.1 Research roadmap
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Figure 1.2 Visual roadmap of space program requirements compliance assessment approach
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1.3.1 Case Studies 

Case studies help a researcher gain insight on cases, by comprehending why decisions 

were made, how they were implemented and the results they deliver (Yin, 2008). The space 

programming design process in practice was investigated to develop a framework that could be 

implemented in future projects by analyzing the ownerôs requirements. This was accomplished 

by implementing an observation-based empirical research approach. 

This study was performed at large scale architectural and engineering firm. The firm is a 

significant international contender in this field with over 64 years of experience. The firm 

provides consultancy for architectural, structural, electrical, and mechanical disciplines. The 

study was performed in the Vancouver, British Columbia office over a course of one year. 

The projects that were studied for this research along with their general information are 

depicted in Table 1-1. In an effort to populate the dRofus® databases for design purposes, 

different documents were analyzed for each project; these documents are identified in the óData 

Analyzedô column of Table 1-1. Each projectôs datasets were examined to a different extent, and 

for different research objectives. The extent to which each projects dataset was analyzed is 

different depending on the hours spent on population and the density of data populated as 

indicated in Table 1-1. 
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Project Project Type Location Project Cost Data Analyzed 
Data Populated in 
dRofus® 

Hours of 
Data 
Analysis 

Type and Level of 
Interaction with 
Project Team 

Project A Institutional 
New 
Westminster, 
BC 

$106.5 Million 

Statement of Requirements 

Mechanical, 
Electrical, Structural, 
and Architectural 
Design 
Requirements Data 

120 

Frequent emails 
with project design 
team to update 
dRofus® database 

Functional Program 

Room Data Sheets 

3D Models 

Addendums Frequent meetings 
with project data 
manager to discuss 
client design 
requirement 
document analysis 

Request for Proposal 

Mark-ups 

Space Programming 
Requirements Data 

Project B Institutional 
Edmonton, 
Alberta 

$260 Million 

Statement of Requirements 
Built dRofus® 
database with 
departments and 
zones with essential 
room data 

21 None 

Functional Program 

Space Program List 

3D Models 

Space Programming 
Requirements Data 

Project C 
Healthcare 
Facility 

Owen Sound, 
Ontario 

$25 Million 

Room Data Sheet 

Mechanical, 
Electrical, Structural, 
and Architectural 
Design 
Requirements Data 

40 

Limited emails 
with project design 
team to update 
dRofus® database 

Functional Program 

Addendums Few meetings with 
project data 
manager to discuss 
client design 
requirement 
document analysis 

Mark-ups 

Project D 
Healthcare 
Facility 

Calgary, 
Alberta 

$1.4 Billion 
Room Data Sheet Mechanical, 

Electrical, Structural, 
12 

Limited emails 
with project design Functional Program 
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and Architectural 
Design 
Requirements Data 

team to update 
dRofus® database 

Addendums Few meetings with 
project data 
manager to discuss 
client design 
requirement 
document analysis 

Mark-ups 

Table 1-1  Projects description and data analyzed 
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Figure 1.3 illustrates a rendered view of Project A which was a secondary school 

replacement project located in New Westminster, BC. Although the procurement of Project A 

was not successful, the design and design database were highly detailed and were realistic 

enough for this research. The involvement with the project team was high due to the involvement 

with the projectôs design database population of dRofusÈ. Constant feedback was received about 

the design data management from all disciplines. The documents containing this data were 

shared on the design firmôs server and Procore ï a document management system. A final survey 

was conducted on Project Aôs architectural design team to investigate the impact of the 

developed space programming framework; this will be discussed in Chapter 4.  

 

 

Figure 1.3 Project A rendered view 

 

Project B is shown in Figure 1.4, it is a large public institutional building with an 

approximate budget of $260 million located in Edmonton, Alberta. It was procured from the 

Government of Alberta and was completed before this research had commenced. However, the 

availability of the design documents and design models allowed for this research to be conducted 

on the project. The study conducted on Project B consisted of analyzing its clientôs requirements 
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documents and design model to build a simple dRofus® database. I built the GUI to investigate 

the time consumed to build a dRofus® database and customize it to contain separate space 

programming fields to provide architectural designers with clarity. This simple database was 

built for research purposes alone and was not an official database. 

 

 

Figure 1.4 Project B rendered view (Alberta Infrastructure,  2017) 

 

Project C was a small-scale healthcare facility located in Owen Sound, Ontario. The 

project was not procured; however, multiple design documents were analyzed to populate the 

dRofus® database. Project D is a large healthcare facility under construction in Calgary, Alberta 

anticipated to be completed in 2023. The involvement with Project C and Project D for this 

research was limited to analyzing data and populating the database for design purposes. This 

helped to gain an understanding of the similarities and differences of design data requirements 

for different project types.  
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Figure 1.5 Project D rendered view (SandraJansenMLA, 2017) 

 

Data for this research had been collected from four projects but because Project A was in 

the space programming design phase throughout the duration of this research, the involvement 

and contribution were higher and as a result, it will be discussed in more depth. Table 1-2 

illustrates the tasks carried out on each Project. 

 

 

Project  Project A Project B Project C Project D 

Build dRofus® GUI  V    

Analyze Design Documents V  V  V  V  

Populate dRofus® Database V  V  V  V  

Parse Space Programming 

Requirements Using Smart 

Excel Template 

V     

Develop Space Programming V     
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Compliance Visualization 

Table 1-2 Research activities carried out on each project 

 

1.3.2 Research Approach 

An observation-based empirical research approach was implemented for this case study. 

This was conducted by following A.D. de Grootôs (Heitink, 1999)[1] empirical framework of: 

1. Observation: ñThe observation of a phenomenon and inquiry concerning its causes.ò 

(Wikipedia, n.d.) 

Primarily, an observation was made concerning the issues of the current practices of 

space programming and requirements management. Populating the dRofus database 

(RT2) and attending space programming meetings throughout the space programming 

design process (RT4) revealed that there was a poor representation of requirements and 

inefficient manual process of space program compliance assessment. 

2. Induction: ñThe formulation of hypotheses - generalized explanations for the 

phenomenon.ò (Wikipedia, n.d.) 

The poor representation of requirements was assumed to arise from data dumping by 

design data managers as well as failing to populate data in the proper fields. In addition, 

the current space programming practice lacked a link between requirement documents 

and the design software. This was observed when I carried out RT2 and RT4. 

3. Deduction: ñThe formulation of experiments that will test the hypotheses (i.e. confirm 

them if true, refute them if false).ò (Wikipedia, n.d.) 

Identifying the requirements management process (RO1) revealed that the requirements 

documents received from the client were unstructured and time consuming to analyze for 
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the data manager and designers. In addition, identifying the space programming design 

workflow (RO2) revealed that assessing a space programs compliance was a highly 

iterative and time-consuming workflow. 

4. Testing: ñThe procedures by which the hypotheses are tested, and data are collected.ò 

(Wikipedia, n.d.) 

I developed a smart Microsoft Excel® template to parse and structure space program 

requirements data (RT5). The template was tested on Project A and utilizing this 

template optimized the manual analysis of clientôs requirements documents by 

significantly lowering the time consumed to analyze and populate space program 

requirements (RO3). Furthermore, a semi-automated visual script was developed in 

Dynamo® (RT6) to support designers visualize and assess space programming 

requirements (RO4). Finally, the parsed requirements data was used to develop a 

Microsoft PowerBI® dashboard (RT7) to visualize space programming requirements 

(RO5). 

5. Evaluation: ñThe interpretation of the data and the formulation of a theory - an abductive 

argument that presents the results of the experiment as the most reasonable explanation 

for the phenomenon.ò (Wikipedia, n.d.) 

Designers were presented with the developments made in this study, such as the: (i) smart 

Microsoft Excel® template, (ii) visualization of space program requirements as a floor 

plan overlay, and (iii) visualization of room relationship dashboard, to evaluate and 

reflect the possibility of implementation in future projects. The developments were well 

received by the designers and the results of the evaluation are discussed in depth in 

Chapter 4.  
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Figure 1.6 Empirical cycle according to A.D. de Groot (Wikipedia, n.d.) 

 

1.3.3 Requirements Data Management 

The database of three building projects were analyzed, structured and populated (RT1 

and RT2); one secondary school and two healthcare facilities to identify the requirements 

management process at a large architectural/engineering firm (RO1). This was achieved by 

closely following the projectôs data manager and recording her workflow. After learning the 

workflow, I structured and populated Project A, C and Dôs requirements data into their 

respective dRofus database from SORôs and addendums for designers and Project Managers to 

use (RT2). This was an iterative process of requirements data management that also included 

constantly communicating with the various design disciplines and constantly receiving feedback 

to verify the databaseôs accuracy (RT3).  
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1.3.4 Structuring and Visualizing Space Programming Requirements 

I developed two visualizations, so designers can assess the compliance of space program 

requirements (RO4) and visualize space program requirements in a dashboard (RO5). The first 

visualization leveraged a visual programming tool to develop a script that visualizes space 

programming requirements in the form of a floor plan overlay using Autodesk Revit® and 

Dynamo® (RT6). The second visualization was a Microsoft PowerBI® dashboard that 

visualizes room interrelationship requirements such as location, adjacency, and access (RT7). 

The visualizations were developed so that designers would be able to easily identify space 

programming related data and avoid constantly filtering through the SOR.  

 

1.3.5 Validation through Expert Reviews 

An interview was conducted amongst the three architectural designers that had the 

highest influence on the space program design of Project A, to explore the value and likelihood 

of the architectural firm implementing the developments of this research on future projects. A 

presentation was made to the space programming design team discussing two visualizations that 

were developed during the course of this research. The developments were well received, and the 

results of the interview are discussed in depth in Chapter 4. 

 

1.4 Thesis Overview 

This thesis consists of five chapters. Chapter 1 provides a general overview of the 

research topic and discusses the research methodology that was implemented for this study. 

Chapter 2 discussed literature that has been reviewed and gains insight on the work that has been 

done by researchers in this topic. Chapter 3 will discuss the research conducted at the 
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architectural firm where the study was conducted. This will include the project backgrounds, the 

current practices of space programming design and the current practices of requirements 

management at the firm. Chapter 4 will discuss the approach implemented to support designers 

visualize space programming requirements at the large scale architectural firm. Chapter 5 will 

conclude the research and provide a conclusion as well as its limitations and scope of future 

work.  
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Chapter 2: Literature Review 

 

The Whole Building Design Guide (WBDG) defines space programming as ñthe research 

and decision-making process that identifies the scope of work to be designedò. Space 

programming has existed since the beginning of architecture as an exploration of decision 

making for design (Cherry & Petronis, 2016). Different researchers have developed algorithms to 

aid with solutions for space program issues since the 1960ôs. However, the increasing 

complexity of design and construction in the last few decades and the significant reduction in 

time available for a projectôs preliminary conceptual design phase has changed the space 

programming design activity (Donato, 2017). The constraint of space, decisions, information and 

specifications has served as a motivation for researchers to make developments towards space 

programming compliance (Yi, 2016). There are different constraints and requirement 

specifications that could be necessitated by the client depending on the complexity of the project 

such as the proximity between rooms, daylight requirements, and the noise level some rooms 

produce that may affect others. 

 

2.1 Space Programming Requirements Representation  

Any developments or process of space programming begins with the analysis of the space 

program requirements received from the client. The program document containing the critical 

information of the building requirements can be received in different forms and structures from a 

client (American, I. O. A, 2013). ñRegardless of form, however, analyzing the building program 

and drawing out the critical information is an important first stepò (American, I. O. A, 2013). 
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The content of this document may be referred to as Statement of Requirements (SOR), Owners 

Statement of Requirements (OSR) or Statement of Intent (SOI). However, the information 

required for the space program will be referenced as an external document referred to as either 

the óFunctional Programô or óFacility Programô. In this research, this document will be referred 

to as the óFunctional Programô in accordance to the case studies conducted- discussed later in 

this chapter. The functional program is a document that contains detailed information on the 

building scope, function, departments, rooms and spaces. Essentially information such as net 

area, lighting, temperature, sound level, and connections to other spaces can be found within this 

document (Kiviniemi, 2005). Large healthcare, institutional, and research facility projects have 

multiple functional requirements that are interdependent and complex. This interdependency of 

functional requirements requires different deliberations by the designer and may cause a strain 

when they are complex. A change in one of the functions can result in a chain reaction, affecting 

many other functions (Sang Min Park, 2004). 

(Cherry, 2008) defines the process of space programming being successful when it is able 

to achieve the following: 

1. The clientôs requirements being met within the budget. 

2. The design team being determined and focusing on meeting the criteria listed in the 

requirements. 

3. A benchmark being established, for which any future changes can be compared against to 

charge the client for additional services when changes are made after the design phase has 

commenced. 

Whether it is for a simple or complex project or application, (Pena & Parshall, 2001)  

establish the information required for a space program to be designed: 
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1. Function 

¶ People 

¶ Activities 

¶ Relationships 

2. Form 

¶ Site 

¶ Environment  

¶ Quality 

3. Economy 

¶ Initial Budget 

¶ Operating Costs 

¶ Life cycle costs 

4. Time 

¶ Past 

¶ Present 

¶ Future 

These requirements contain both quantitative and qualitative information. When dealing 

with quantitative data, such as room area or ceiling height, it is easier to extract or validate this 

data within the requirements. However, it may not be as easy when dealing with qualitative data 

as this data is possibly a description from an owner or future occupant (Marchant, 2015 & Pena 
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& Parshall, 2001). Limited research is available on how to automate the extraction of qualitative 

data for space programming.  

The space programming process consists of designers relying mostly on their memory of 

the clientôs requirements (Kiviniemi, 2005), this is because it is a highly iterative process and it 

would be protracting the limited time they have to refer to the SOR for the requirements of each 

space, and their interdependent relationships each time changes were made. As Kiviniemi (2005) 

explains and substantiated by (Guo & Li, 2016), it is impossible for a designer to remember all 

the critical information and the relationships between requirements for the following reasons: 

¶ The amount and complexity of project information, 

¶ The duration of projects, 

¶ The need for designers to work simultaneously, 

¶ Changing stakeholders in different project phases, and 

¶ Shifting design focus, e.g., moving from overall problem solving to detailed technical 

solutions.   

Kiviniemi (2005) argues that because ñdesign tools do not support recording of client 

requirements or designerôs intent in the documentsò, the aforementioned reasons would 

collectively result in what he calls a ñshift awayò from the goal, that being the clientôs 

requirements. Figure 2.1 illustrates the drift that may result when designers do not access the 

requirements and make changes based on the previous design solution.  
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Figure 2.1 Shifting away from the goal (Kiviniemi, 2005) 

 

The challenges of space programming identified in the literature were a significant 

research motivation to develop a better workflow for space programming and to automate the 

extraction of critical data from design documents to produce visualizations of the compliance in 

the form of an overlay on the floor plan of the design software.    

 

2.2 Visualization of Space Programming Requirements 

Space programming requires significant analysis of requirements documentation. 

Although information could exist in a document or a database management system that is rich in 

data, it may be time consuming and challenging for a user to access if it is not in the suitable 

format or structure (Hu et al., 2016). When designers review design documents for information 

they encounter large data sets that is not organized in a way for them to quickly extract the 

information they need. Analyzing and visualizing this data would save the cumbersome time the 

designers spend on design documents. ñData visualization helps communicate complex 

information, insights, and abstractions to nonprofessionals, and makes data more accessible and 
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understandable to more peopleò (Deutsch, 2015). Utilizing data visualization could benefit in 

identifying relationships between various data to enhance decision making and improve the 

ability of the design team to analyze data (T Korde, 2005 & Russell et al., 2009). Visualizing 

space programming requirements allows for a designer to easily analyze and understand the 

requirements a client is conveying in a shorter period of time or to a greater depth (Chae, 2017 & 

Gallagher et al., 2008). In addition, an in-depth space programming requirements analysis and 

visualization could be accomplished to evaluate the compliance of the space program that has 

been designed by leveraging BIM tools. ñIn general, the benefits from design validation include 

greater opportunities to increase building performance, prevent miscues, and enhance project 

successò (American, I. O. A, 2013). 

Recent researches focus on parametric modeling to generate and visualize space program 

requirements. This is due to a new generation of architects being accustomed to a powerful BIM 

digital process and BIM tools for design generation and representation, as well as the ability to 

address multiple requirements at the same time during various stages of design (Touloupaki & 

Theodosiou, 2017). Discussed below are a few approaches that have been developed to bridge 

the gap between space programming requirements analysis and the space programming process 

by developing visualizations of space programming requirements data. 

Yi (2016) developed a space layout tool to generate space layout geometry to evaluate 

ñdaylight level and room shadingò to help architects make design changes accordingly. ñDesign 

information, strategies, and functional requirements that are identified at this step outline an 

overall direction of the specified spatial organization within particular contexts and project 

objectivesò (Yi, 2016). Figure 2.2 illustrates three variations of space layouts generated by Yiôs 

tool, each color block representing a room. 
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Figure 2.2 Sample of layouts generated in the space layout panel (Yi, 2016) 

 

Das & Haymaker (2016) propose the use of ñan emerging methodology and toolò that 

generates space plan designs known as Space Plan Generator (SPG) using Autodesk Dynamo® 

and Project Fractal®. They generate multiple designs using a hierarchical approach of placing 

departments first and then programs within the department, and finally circulation. As shown in 

Figure 2.3, this methodology uses a cell matrix approach that applies different weights, such as 

acoustic performance, daylighting, and site constraints to ñcellsò, which are departments, rooms 

or circulation. Using a program document containing information such as ID, name, department, 

quantity, area, program, preference value, and adjacency, an Autodesk Dynamo® script is used 

to analyze and allocate the elements. 
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Figure 2.3  Generated space plan layout options with design score for reference (Das & Haymaker, 2016) 

 

Boon et al., (2015), used analytical tools Grasshopper and Galapagos to develop a script 

ñto graphically represent and optimize the adjacency requirements in programmatic spacesò. 

Through client interviews and intuition, they first develop a relationship matrix for the 

programmatic elements, including a priority ranking with color tones (Figure 2.4). This 

workflow that developed the relationship matrix as shown in Figure 2.4 was developed manually 

by designers through meetings with clients. Next this relationship matrix is used to automate 

space program solutions for many rooms on multiple stories as shown in Figure 2.5. Figure 2.5 

illustrates the final production after the requirements have been analyzed and the Galapagos 

script is run. 
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Figure 2.4 Various programmatic elements for a hospital and the relationship with others. there are three 

different levels of importance indicated by tones (Boon et al. , 2015). 

 

 

 

Figure 2.5 Most fit iteration generated using Galapagos script (Boon et al., 2015) 

 




































































































































































