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ABSTRACT 

The purpose of this study is to explore the influence of using Building 

Information Modeling (BIM) in the schematic design (SD) and the design development 

(DD) phases in the interior design studio class. The data was collected from five senior 

interior design students. The majority of BIM studies have been conducted in AEC or 

mechanical engineering disciplines. Few of them have been done in the interior design 

discipline. Thus, there is a gap in the interior design body of knowledge. This study is a 

qualitative case study, and the data collected are direct observations, documentation of 

the design process, and interviews. 

The findings reveal a significant influence of using Revit on the design process. In 

the SD phase, Revit provides different representations and accurate measurements in the 

existing structure, which helps to explore and develop the chosen concept, spatial forms, 

spatial relationships, and conflicts identification. Different design methods could be used 

during the design exploration. In addition, Revit helps the forms of the design become 

more legible, which helps in human needs accommodation and design communication. In 

the DD phase, Revit provides a visual illustration of 3D modeling and simulation of 

virtual reality that helps to explore and develop design details, including the RCP, 

materials, and lighting. The trial and error approach could be used during detail 

exploration. In addition, Revit helps to conduct a series of renderings to reach the final 

design execution. This study suggests a new conceptual framework of Revit in the 

interior design process to facilitate the intellectual design work in studios. 
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 The ZPD learning theory is applied in this study to interpret studentsô learning 

experiences during the design process when Revit is utilized. The interpretation of this 

study is that students become more thoughtful in the design decision. The suggested new 

conceptual framework of Revit in the interior design process could provide a strong 

guideline and help to construct prompts. Using these prompts in design education can 

raise students' awareness about the design process.  

 Researchers are encouraged to conduct further studies: to examine the influence 

of using Revit on the rest of the design process and to examine the influence of using the 

new conceptual framework of the design process on design deliverables, design thinking, 

and student learning. 
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Design education covers different disciplines including, interior design, 

architecture, graphic design, and industrial design (Orthel, 2015). Design education 

attempts to deliver design understanding and skills that include ñcreativity, critical 

thinking, and connectivity across disciplinesò to students (Ankerson & Pable, 2008, p. 8). 

In addition, design education involves applying constructivist learning theory whereby 

students explore solutions, accept criticism and feedback, share thoughts, collaborate, and 

express themselves through problem solving and creative thinking process in design 

(Ankerson & Pable, 2008; Kocadere & Ozgen, 2012). 

Interior design courses: CIDA (2018) categorizes interior design courses as 

professional education courses that are ñfocused on skill development for specific 

purposesò (Council for Interior Design Accreditation, 2018, p. 4). 

Studio design courses are conducted in a studio environment where students are 

engaged in solving problem projects. Students in design courses construct their 

knowledge and learning via evaluation, feedback, and their design experience (Kocadere 

& Ozgen, 2012). 

The interior design process: Interior Design Educators Council (IDEC), 

International Interior Design Association (IIDA), The Council for Interior Design 

Accreditation (CIDA), American Society of Interior Designers (ASID), and National 

Council for Interior Design Qualification (NCIDQ) adopted Guerin and Martin's (2010) 
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description of the interior design process as having six phases that include programming, 

schematic design (SD), design development (DD), contract documents, contract 

administration and post occupancy evaluation. 

Schematic design phase (SD): is a ñpreliminary design development stageò 

(Slotkis, 2017, p. 96). Students develop design concepts and parti sketches. Parti sketches 

ñshow a relationship of parts to wholeò (Cline, 2014, p. 5), and illustrate the basic design 

concept through forms. In addition, students use bubble diagrams to explore, identify and 

locate zones of activities (Guerin & Martin, 2010; Slotkis, 2017). A bubble diagram is a 

group of labeled circles that illustrates spaces and functions and its relationship to each 

other (Cline, 2014). Moreover, students prepare the preliminary layouts of floor plan, 

materials, and fixtures, furniture, and equipment (FF&E) (Guerin & Martin, 2010; 

Slotkis, 2017); prepare mood boards, that contain color scheme with inspiration images, 

which Cline calls it ñthe design essenceò (p. 5); and draw preliminary sections, 

elevations, and perspectives (Guerin & Martin, 2010). 

Design development phase (DD): Students work to communicate their design and 

add more details in the floor plan, scale models, sections, elevations, and perspectives; 

finalize color choices, materials, and FF&E; and review building codes (Guerin & 

Martin, 2010; Slotkis, 2017). In addition, they finalize ñprocedures necessary to obtain 

approval of designò (Guerin & Martin, 2010, p. 32). 

 Visualization is ñthe ability to create mental pictures which lead to the 

manifestation of a design solutionò (Dong & Gibson, 1998, p. 4).  
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Building information modeling (BIM)  is a platform that provides ñobjects that 

represent architectural elements, parametric 3D modeling, rendering functions, automated 

drafting, rich graphic and non-graphic information stores, and interoperability to analysis 

programsò (Clayton et al. 2010, p. 44). 

Models ñare a three-dimensional method of visualizing a three-dimensional 

space. [The model] captures the essence and spirit of a space and helps [students] to 

visualize the three-dimensional realityò (Dodsworth & Anderson, 2015, p. 58). 

Revit is a BIM application that can produce two-dimensional (2D) drawing and 

three-dimensional (3D) modeling, such as plans, elevations, and 3D views with a 

parametric feature and computational analysis capability (Slotkis, 2017; Gerber & Lin, 

2014). 

The parametric feature means that if a change happens in an element design in 

2D or 3D design drawing, Revit will update this change automatically for all design 

drawings (plan, elevation, 3D views, etc.) of the project, which saves time and effort 

(Slotkis, 2017). 

Computational analysis. Revit does not design by itself, but does some analysis 

including energy analysis, sun analysis, and artificial light analysis (Gerber & Lin, 2014). 

Parametric building model feature. e.g., the wall will resize itself if the height of 

the ceiling is raised. 

Design Exploration means considering a variation of design solutions and goals to 

ultimately reach a better design solution (Kilian, A. (2006). 
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Visualization ñis the manner of thought in which images are generated or recalled 

in the mind. These images may be manipulated, rotated, increased or decreased in sizeò 

(Allen, 2010, p. 241). 

Spatial ability  is ñrelated to visualization [and] emphasizes three-dimensional 

space. The two-dimensional image transforms to a mass or empty volume, providing 

a sense of proportion, distance, balance, and the likeò (Allen, 2010, p. 241). 
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CHAPTER 1: INTRODUCTION  

 

ñ[Using Revit,] I walked through the space and I've been into every single 

corner... [Revit] helps me put myself at the scale of everythingò (ID student) 

Interior design education prepares students to be practitioners in the design 

industry by focusing on competencies of technology skills, design thinking, design 

process, communication, team collaboration, professional ethics, environmental 

awareness, and multicultural awareness (Council for Interior Design Accreditation, 2018; 

Guerin, & Thompson, 2004).  

In design literature, scholars study the area of technology in design education. 

Oxman (2008) encourages work on the development of a new body of knowledge, 

methods, and processes based on the use of technology in design education. Gerber and 

Lin (2014) study the impact of using BIM on the design decision making in the early 

stage of the design process in AEC. They report that the use of BIM in the design process 

ñremains largely unexploredò (p. 937).  

In this study, the focus will be on the use of Building Information Modeling 

(BIM) technology and the design process in interior design education. The Building 

Information Modeling (BIM) platform is a way for the architecture, engineering, interior 

design, and construction industries to manage building data throughout the projectôs life 
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cycle from conception to construction, and through facility management (Asojo, 2012; 

Demchak et al., 2009; Mostafa, 2016; Rosli et al., 2016). 

 Revit is a BIM software application that is used to produce two-dimensional (2D) 

and three-dimensional (3D) drawings during the design process (Slotkis, 2017). Revit is a 

parametric building design software that collects data about the project's physical 

characteristics, providing information on building elements, including cost and 

manufacturing (Stine & Hansen, 2018). 

BIM provides numerous advantages that encourage educators and practitioners to 

use this technology. Examples of these advantages in the design include the ability to 

communicate about design, the ability to collaborate with a team, the ability to analyze 

the space and visualize it, and the ability to test space layouts and materials (Johnston, 

2011). More literature on BIM technology and its advantages and limitations are 

discussed in Chapter 2. 

Scholars have studied technology and interior design education by examining 

attitudes and usage of technology, comparing hand tools and digital tools, and exploring 

the impact of technology and digital tools on creativity (McLain Kark, 2000). The 

majority of BIM studies were done in architecture, engineering, and construction (AEC) 

(Berwald, 2008; Denzer and Hedges, 2008; Gerber and Lin, 2014; Hedges and Denzer, 

2007; Leicht and Messner, 2007; Park and Lee, 2010; Rosli et al., 2016). However, few 

scholars in interior design have studied the use of Building Information Modeling (BIM) 

in the design process in a studio setting (Asojo, 2012; Gibson, 2007; Orthel and Day, 
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2016; Zuo and MaloneBeach, 2010; Zuo et al., 2010). In addition, limited studies have 

focused on how BIM influences the design process. Thus, there is a gap in the interior 

design body of knowledge. 

Further investigations are needed about how BIM technology influences the 

design process in interior design education. The objective of this study is to develop the 

fundamental knowledge of the design process while using BIM/Revit. This could 

enhance studentsô utilization of BIM/Revit and their productivity in the design process.  

In 2018 at a university in the Midwest, five senior interior design students were 

interviewed to collect data about the influence of using BIM/Revit on the design process. 

The data collected are direct observations, documentation of the design process, and 

interviews. The knowledge is constructed between the researcher and the participants 

from discovery and verification within a real-life setting to answer the research questions. 

Findings reveal a new conceptual framework of Revit in the interior design 

process that adds to the body of interior design education knowledge. The constructivist 

learning theory (David, 2015; Gash, 2014; Hein, 1991; Hokanson, 2000; McLeod, 2015; 

Mergel, 1998; Pelech, 2010; Taber, 2011; Vygotsky, 1978) and Vygotskyôs Zone of 

Proximal Development (ZPD) theory (Chaiklin, 2003; Gredler & Shields, 2008; Hickey 

et al, 2000; Kuusisaari, 2014; Shabani et al. 2010; Taber, 2011; Vygotsky, 1978; 

Wertsch, 1984) are used. These are discussed in Chapter 2, the literature review. 
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In Chapter 1, the researcher discusses the problem statement, purpose statement, 

research questions, research approach, significance of the study, and the organization of 

the dissertation.  

1.1 Problem Statement  

Based on the literature review, several studies have been done on the BIM topic. 

Most of them discuss creativity or the design process. Gerber and Lin (2014) study the 

impact of using BIM on the design decision making in the early stage of the design 

process in AEC. They report that the use of BIM in the design process ñremains largely 

unexploredò (p. 937). The majority of BIM studies are done in AEC or mechanical 

engineering disciplines. Few of them are done in the interior design discipline. Thus, 

there is a gap in the interior design body of knowledge. 

Four years ago, the researcher started exploring the influence of BIM on the 

design process. After several pilot studies to determine the research topic, the researcher 

determined that exploring how BIM influences the design process could provide 

fundamental knowledge that contributes to interior design education.   

1.2 Purpose Statement 

Historically, interior design students used hand representation techniques in the 

design process to develop conceptual and schematic ideas. More recently, with evolving 

technologies such as BIM, students have been exploring their designs digitally. This 

study focuses more specifically on the schematic design (SD) and design development 

(DD) phases of the design process.  
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The purpose of this study is to explore the influence of BIM/Revit in the 

schematic design (SD) and design development (DD) phases in the interior design studio 

class.  

1.3 Research Questions 

There is a primary research question and two sub-questions: 

1) How does BIM/Revit influence the design process in the interior design 

studio? 

a. How does BIM/Revit influence the schematic design phase (SD) of the 

design process in the interior design studio? 

b. How does BIM/Revit influence the design development phase (DD) of 

the design process in the interior design studio? 

1.4 Research Approach 

In order to study the influence of BIM/Revit in the design process, an explanatory 

case study approach is used. This approach aims to develop a deep understanding of the 

phenomena and provide an in-depth description (Yin, 2014). Data is collected from direct 

observations, documentation of the design process, and interviews to provide valid results 

and answer the research questions (Creswell, 2014). 

Research participants are selected from the population of undergraduate interior 

design students. Homogeneous, purposive sampling resulted in n=5 senior interior design 

students. They are selected based on a proficiency skill level in Revit. Data is collected 
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from Interior Design Studio VII IDES 4607, where participants experience the use of 

BIM in the design process. 

 IDES 4607 is a fourth-year interior design studio course where students engage 

in creative design problem solving of interior design projects focusing on universal 

design, life safety issues, and adaptive use of spaces (The University of Minnesota, 

2015). IDES 4607 consists of three projects. Data collection is done on a second project 

called óautism spectrum disorder (ASD) vocational facility designô and the third project 

called óadaptive reuse- restaurant design (ARRD)ô (Hickey et al., 2018). 

The researcher constructs the study results from participantsô interviews using 

thematic interpretation analysis. Through a process of constant comparison, categorizing 

of the data, and pattern matching, four themes emerged in the SD phase and three in the 

DD phase (Creswell, 2014; Ryan & Bernard, 2000; Yin, 2014).  

1.5 Significance of the Study 

The purpose of this study is to explore the influence of BIM/Revit in the 

schematic design (SD) and design development (DD) phases in the design process in the 

interior design studio. The objective of this study is to develop the fundamental 

knowledge of the design process while using BIM/Revit. This knowledge could enhance 

studentsô utilization of BIM/Revit and productivity in the design process. 

This study provides a rich description of the design process while using 

BIM/Revit. Findings contribute to the interior design body of knowledge in different 

ways. Interior design students will  become more aware of the interior design process 

while using Revit. Educators will be able to develop new studio prompts based on the 
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study findings. Researchers may conduct future research that explores other technology 

influences in the design process. These are the general implications of the findings; more 

detailed implications are discussed in Chapter 6.   

1.8 The Organization of the Dissertation  

 

 

Figure 1. The organization of the dissertation. Adapted from: A Culture-Based Design 

Pedagogy for Nigerian and South African Spatial Forms (p. 6) by Asojo (2011). 

Figure 1 illustrates the organization of the dissertation. Chapter 1 introduces an 

overview of the study, the problem statement, purpose statement, research questions, 

research approach, significance of the study, and the organization of the dissertation. 

Chapter 2 demonstrates three domains of information from the literature review: A) The 

BIM section presents BIM history, BIM advantages, Revit, and Revitôs elements; B) The 

design education section explains interior design education, the design process and BIM 

implication in design education; C) The theory section elaborates constructivist learning 
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theory, theory assumptions, the zone of proximal development, and theory implication in 

design education. Chapter 3 presents the study methods with an outlined study design, the 

framework of the research design, research sample, natural setting, data collection 

methods, procedure, ethical considerations, and data analysis procedures. Chapter 4 

demonstrates the results in four sections: A) The Interior Design Studio VII IDES 4607 

section demonstrates the case study class, what and when data collection happened; B) 

The participantsô demographic and background section describes the demographic 

information of the participants and their backgrounds; C) The observations, documents, 

and interview data section provides in-depth descriptions of the ASD (second) and 

ARRD (third) projects with each student; D) The interviews section indicates the themes 

that emerged from interviews with participantsô quotes as evidence. Chapter 5 

demonstrates the answers of the research questions in four sections: A) evolution of 

multiple stages of design exploration using BIM/Revit in the SD phase, B) evolution of 

multiple stages of design exploration using BIM/Revit in the DD phase, C) the 

conceptual framework of the evolution of multiple stages of design exploration using 

BIM/Revit, and D) the interpretations of findings based on the Zone of Proximal 

Development (ZPD) theory. Chapter 6 explains the conclusion and recommendations in 

four sections: overview, limitations, implications, and recommendations.   
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CHAPTER 2: LITERATURE REVIEW  

This chapter presents a review of literature, concepts and theories that inform a 

greater understanding of the influence of BIM in undergraduate interior design and 

architecture, engineering, and construction (AEC) classes. In this chapter, the main 

keywords are Building Information Modeling (BIM), Revit, the design process, BIM 

implication in design education, constructivist learning theory, and Zone of Proximal 

Development theory (ZPD). The chapter outlines three domains of information. First, the 

BIM section presents BIM definition, BIM history, BIM advantages, Revit, Revit 

advantages, and Revit limitations. Second, the BIM implication in the design education 

section demonstrates interior design and the design process, human factors and discusses 

research related to interior design and the design process within the context of using BIM 

in design education. Third, the theory section demonstrates constructivist learning theory, 

the theoretical assumptions and principles of constructivist theory, the strengths and 

weaknesses of constructivist theory, the Zone of Proximal Development (ZPD) theory, 

the ZPD framework, and the ZPD assumptions. These three domains of information are 

selected to illustrate relevant studies and thoroughly explain key concepts and theories 

essential to this study. 

2.1 Building Informat ion Modeling (BIM)  

2.1.1 BIM definition. The BIM platform is a way for the architecture, 

engineering, and construction (AEC) industry to manage building data throughout a 

projectôs life cycle from conception to construction, and through facility management 

(Asojo, 2012; Demchak et al., 2009; Mostafa, 2016; Rosli et al., 2016). It is ña digital 
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representation of physical and functional characteristics of a facilityò (Fernandez, 2015, 

p. 1). BIM technology reduces errors that could happen in the worksite and creates 

prototypes as digital models, which helps in the design of complex projects (Demchak et 

al., 2009).   

2.1.2 BIM history. The design process engages a variety of drawing tools ranging 

from pencils to digital programs such as CAD and BIM (Mostafa, 2016; Piedmont-

Palladino, 2007). CAD and BIM are digital drawing tools that make this execution more 

precise. BIM can also manage building life cycle information, quantify elements in the 

project, calculate cost and time, and transfer ñthe design thinking from visualization to 

simulationò (Mostafa, 2016, p. 23).  

BIM is a technology that has evolved over the years through many innovations by 

different investors all over the world (Goubau, 2017; Mostafa, 2016). Nearly 60 years 

ago, well before the emergence of BIM, writers were considering how technology could 

improve architecture and design. In Augmenting Human Intellect (1962), Englebart 

described a futuristic vision of the use of computer programs in architecture and design in 

which an advanced computer program could manage and solve complex problems in 

accessible and productive ways. Englebart described the concepts of parametric objects 

and relationships, concepts that contemporary BIM technology uses. 

Concurrent with Englebartôs envisioned technology, Ivan Sutherland (1963) 

invented a 2D drafting interface called Sketchpad, which is the first version of CAD 

(Goubau, 2017). However, due to the high cost of this program, it did not expand to 

public use (Dong & Gibson, 1998). In the 1970s, the architecture and construction 
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industries started to use CAD programs; however, it was not a fast rollout. Fewer than 

30% of architecture and engineering firms in 1976 worked with computers in any 

capacity beyond project management tasks such as design analysis and cost estimating 

(Dong & Gibson, 1998). In the 1980s, the AEC and design industry gradually started 

using CAD software in their projects; however, these computer programs still did not 

impact the early stage of the design process and were widely considered to be 

documentation and representation tools (Dong & Gibson, 1998). 

In the Use of Computers Instead of Drawings in Building Design (1975), Charles 

Eastman and colleagues developed a prototype of a computer system that resembles BIM. 

They called the program Building Description System (BDS) and built it at Carnegie 

Mellon University in Pennsylvania. BDS contained a library of ready-made objects and 

materials. Eastman (1975) described BDS as a ñdesign coordinator and analyzer, 

providing a single integrated database for visual and quantitative analysis for testing 

spatial conflicts and for draftingò (p. 50). After BDS was implemented at Carnegie 

Mellon in a class project in 1975, Eastman reported that it enhanced the finished drawing, 

provided visual analysis, and provided design solutions in less time than other methods. 

Between 2007 and 2012, the adoption of BIM in the North American interior 

design and AEC industries increased by 22% (Mostafa, 2016). The most famous 

examples of BIM tools that work based on parametric modeling are Autodesk Revit, 

Bentley Architecture, ArchiCAD, Vasari, and Vectorworks (Eastman et al., 2011). 

However, this study focuses on Revit software. 
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2.1.3 BIM advantages. BIM can reduce the project cost and time needed for 

documentation, which in turn boosts productivity and project quality, facilitates the 

design process, and enhances project team collaboration (Eastman et al., 2011; Mostafa, 

2016). The BIM system provides more than a 2D and 3D view; it also provides 4D (time 

dimension), 5D (cost dimension), 6D (facility operation dimension), and 7D 

(sustainability dimension) views (Megahed, 2015; Goubau, 2016).  

BIM ñdeliver[s] quick and reliable information in areas of sustainability, 

estimating, structural analysis, demolition and reconstructionò (Sah & Cory, 2008, p. 2). 

BIM provides spatial relationships, light analysis, and digital files that contain all data 

related to the project. This data does not just provide a wide range of information about 

the building life cycle but also helps in decision making (Eastman et al., 2011; Goubau, 

2016). BIM contains a parametric object, which provides automatic consistency with any 

modification that would happen in the project (Goubau, 2016). Finally, the BIM platform 

has several additional benefits, including drawing, data management, the ability to share 

data with multiple parties, and the specification of finishes (Rosli et al., 2016). 

2.1.4 Revit. Architecture and interior design drawings require precision detailing 

and high levels of accuracy, which can be easily achieved by using digital tools, 

including Revit (Brandon, & McLain Kark, 2001). Revit is a BIM software application 

used to produce 2D and 3D drawings during the design process (Slotkis, 2017), such as 

plans, elevations, and 3D views with a parametric feature and computational analysis 

capability (Gerber & Lin, 2014). Revit is a parametric building design software that 
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collects data about the project's physical characteristics, providing information on 

building elements, including cost and manufacturing (Stine & Hansen, 2018). 

In 1997, Irwin Jungreis and Leonid Raiz founded Charles River Software 

Company in Massachusetts, and in 2000 they produced Revit software, its name a 

portmanteau of two words: ñreviseò and ñinstantly.ò In 2002, Autodesk Company bought 

Revit for $133 million and introduced it to the market (Rosli et al., 2016). Revit is 

considered the market leader for BIM in architectural design because it has a well-

organized menu, an easy user interface, hints about each tool, and animated graphics 

designed to introduce users to the function tool. The user-friendly menu makes it easy to 

generate a drawing and provides support to create custom parametric objects. Revit also 

contains an extensive library that includes collections and products, a feature that is 

attractive to external furnishing companies who can upload and share their products as a 

family file through Revit. One of the most important features of Revitôs platform is its 

ability to import models from SketchUp, 3D Max, and form Z, as well as export DXF 

files and FBX for the 3D view to other software (Eastman et al., 2011). 

By using the Revit program, designers have the advantage of digital tools that 

work through both quantitative and qualitative problem-solving processes. For example, 

Revit can be used to solve problems like óexplore the environmental context and do the 

calculations necessary for comprehensive fabrication and the management of the 

manufacturing and construction processesô (Zuo & MaloneBeach, 2010). As a result, 

designers adopted Revit because BIM technology makes drawing more manageable, 

which in turn leads to the ability to focus more on design (Stine & Hansen, 2018). Stine 
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and Hansen (2018) reported that Revitôs primary goal is to ñeliminate much of the 

repetitive and mundane tasks traditionally associated with CAD programs, allowing more 

time for design, coordination, and visualizationò (p. 2).  

Next, the researcher discusses some of the essential features in Revit. Revitôs key 

features include model elements, Revit families, datum elements, view-specific elements, 

subcategories, views, schedules, sheets, parametric building model, bidirectional 

associativity, design option, and mass elements (Asojo, 2012; Stine & Hansen, 2018). 

2.1.4.1 Model elements are the architecture and interior design elements used in 

the building process, e.g., ceiling, wall, floor, windows, doors, furniture (see Figure 2). 

These model elements are referred to as Revit Families (Stine, & Hansen, 2018). 

  

 

2.1.4.2 Revit families are model elements that could be either models or 

annotation categories. Revit has three kinds of families: system, standard, and in-place. 

Figure 2. Model Elements in Revit. From Interior design using Autodesk® 

Revit® 2016 (p. 1-5), by Stine and Hansen, 2018, SDC Publications. 
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System families are basic design elements such as walls, floors, and ceilings, which come 

with the Revit software once it is installed on the computer. Standard families are the 

secondary design elements, such as furniture and lighting, that can be found in external 

resources. For example, furniture companies and manufacturers provide standard families 

in the Revit files that can be downloaded and used in design projects. In-place families 

are custom objects, such as custom furniture, that are made for a specific project (Asojo, 

2012; Demchak et al., 2009; Eastman et al., 2011). 

2.1.4.3 Datum elements define the location of model elements such as grids, 

levels, and reference planes. Grids are the vertical and horizontal lines in the plan view to 

draw columns, beams, and walls (see Figure 3). Levels define vertical relationships (e.g., 

furniture, doors, and windows placed on levels) (see Figure 4). Reference plans are 

horizontal or vertical lines that define specific design elements and their location on a 3D 

model. For example, students might draw a reference plan on a wall in order to place a 

TV (Stine, & Hansen, 2015) (see Figure 4). 
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Figure 3. Grids are datum elements. 

From Interior design using 

Autodesk® Revit® 2016 (p. 1-7), by 

Stine and Hansen, 2018, SDC 

Publications. 

 
Figure 4. Levels and Reference Plane are 

datum elements. From Interior design using 

Autodesk® Revit® 2016 (p. 1-6), by Stine and 

Hansen, 2018, SDC Publications. 

 

2.1.4.4 View-specific elements are used to add sophisticated details that enhance 

communications, construction, and presentations to clients. View-specific elements  

 

 

Figure 5. View-Specific Elements contain annotation elements and 

details. From Interior design using Autodesk® Revit® 2016 (p. 1-7), 

by Stine and Hansen, 2018, SDC Publications. 
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contain annotation elements and details (e.g., dimensions, symbols, tags, and text) that fill 

regions and detail lines (see Figure 5). Detail lines is a tool used to draw ñdetail lines to 

provide additional information to the model geometry in detail views and drafting viewsò 

(Autodesk, 2017, p. 1). 

2.1.4.5 Subcategories help to control the specific assigned materials in the model. 

For example, in a chair model, students assign the chair legs to one subcategory (e.g., 

wood material), seating parts to another (e.g., upholstery fabric) (Asojo 2012; Autodesk 

Revit, 2015). 

2.1.4.6 Views, schedules, and sheets. Students can display and develop their design 

by using one of three features in Revit: views, schedules, and sheets. Views help to 

display the project in plans, elevations, sections, 3D, and camera. Schedules display the 

integrated modelsô information (e.g., the door schedule shows all used doors in a project) 

with specifics, details, and data, including height, width, and materials. Sheets help 

students display their designs for final presentations (Stine & Hansen, 2018).  

2.1.4.7 Visual styles allow students to view their drawings in different graphic styles 

to explore problems, for example, by choosing one of six views to display their design. 

These views are wireframe, hidden line, shaded, consistent colors, realistic, and ray trace. 

The wireframe displays all drawing lines, which help students to explore problems; the 

hidden line displays front lines in white and black; the shaded view displays the design 

with gray shadows; the consistent color displays the design with material colors; and the 

realistic and ray trace display the design with realistic mood (Stine & Hansen, 2018).  
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2.1.4.8 Parametric building model has a relationship feature that allows for the 

modification of adjacent elements based on changes to other elements (Stine & Hansen, 

2018). For example, if the height of the first floor is changed from 9ô to 12ô, the wall 

height attached to the ceiling and beams will also change to the new first floor height 

(Eastman et al., 2011), i.e., the wall will resize itself if the height of the ceiling is raised. 

This parametric model allows for visualization of the design at any time during the design 

process with dimensional consistency in all views. Therefore, having parametric objects 

in the system reduces the amount of time and number of errors in the design (Eastman et 

al., 2011). 

2.1.4.9 Bidirectional associativity is an automatic update feature in all views and 

schedules (Stine & Hansen, 2018). For example, in a Revit file of a design project, a 

project is a ñ3D modelò and all other drawings/views (e.g., floor plans, elevations, 

sections, and perspectives) can be generated from it. If anything (e.g., a door) is deleted 

in one view, this item will be deleted from all views, including the 3D model (Asojo 

2012; Stine & Hansen, 2018).  

2.1.4.10 Design options is a tool that enhances the design process and pushes it to 

the maximum development of the design (Stine & Hansen, 2018). This tool allows 

exploration alternatives in a design project. Students can use it to develop different floor 

plans and furniture layouts. It also provides the possibility to do design alternatives that 

could solve the design problem (Autodesk Revit, 2018). 

2.1.4.11 Mass elements are for designing complex forms, (e.g., tilted or curved 

walls) and are located in the massing and site tab (Stine & Hansen, 2018) (see Figure 6). 
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2.1.5 Revit advantages. Revit has many advantages, including: 1) visual 3D 

modeling during the design process to improve spaces, spatial relationships, and element 

relationships (e.g., floor, wall, and ceiling); 2) clash detection, which helps save money 

during construction; 3) parametric modeling, which makes updates to any changes in the 

design (floor plan, sections, and perspectives) and applies them to the building schedule 

as well; 4) the estimation of project budgets because it quantifies everything used in the 

project (e.g., furniture, finishes, and lightings); and 5) the support of sustainable design 

through the presentation of design option features that allow for an exploration of 

different sustainable strategies. (PR Newswire, 2008; Stine & Hansen, 2018). Third-party 

companies have introduced many applications that work as an ñadd-onò feature, 

including lighting analysis programs and cost estimating (Stine & Hansen, 2018).  

2.1.6 Revit limitations. One major limitation is that time, effort, and heavy cognitive 

load are needed in order to reach an automatization level (Tan et al., 2015). For example, 

based on the researcherôs observations during the last two years, most of the interior 

Figure 6. On the right, a mass with a sloped side. On the left, walls 

are applied by face to mass. From: Interior design using Autodesk® 

Revit® 2016 (p. 6-16), by Stine and Hansen, 2018, SDC 

Publications. 
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design students in sophomore and junior levels struggle with technical issues using 

BIM/Revit during their design projects because of a lack of familiarity with Revit. This 

unfamiliarity with a technology ñcan slow the design process and reduce the number of 

distinct outcomesò (Tan et al., 2015, p. 43). In addition, building complex geometric 

forms in Revit is more complicated than building them with other applications such as 

SketchUp (Park & Lee, 2010). SketchUp is a 3D modeling software to generate quick 

and initiative 3D models (Eastman et al., 2011).  

2.2 BIM and the Design Process Implication in Design Education  

This section discusses definitions of interior design, the design process, and human 

factors in design. It also discusses research related to interior design and the design 

process within the context of using BIM in design education. Three trends are identified 

in the literature: 1) Studies examine the BIM applications in the design curriculum; 2) 

Studies compare the use of manual, CAD, and BIM techniques in the design process; and 

3) Studies compare the use of BIM in various phases of the design process. 

2.2.1 Interior design and the design process. The National Council for Interior 

Design Qualification (NCIDQ) (2004) defines interior design as creating a creative and 

technical solution for an interior environment by following a systematic approach, which 

is the interior design process. The interior design process ñfollows a systematic and 

coordinated methodology, including research, analysis, and integration of knowledge into 

the creative processò to enhance the health, life safety, and welfare of the public 

(NCIDQ, 2004, p. 1). One of the critical parts of this definition is that design follows a 

systematic approach and a process. Furthermore, the design process engages different 
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cognitive activities, including design thinking and problem solving. Overall, it is essential 

to remember that design thinking reflects a human-centered approach to the solution of 

problems because it integrates emotional meaning, functions, and demands, as well as 

innovations to creativity (Slotkis, 2017). 

2.2.1.1 The design process of interior design education. Dodsworth and 

Anderson (2015) defined the design process as a framework that ñcovers a set of 

operations which, when carefully undertaken by the designer, result in a 

thoroughly considered and well-crafted design solution that meets the needs of the 

clientò (p. 11). IDEC, IIDA, CIDA, ASID, and NCIDQ adopted Guerin and 

Martinôs (2010) description of the interior design process having six phases: 

programming, schematic design (SD), design development (DD), contract 

documents, contract administration, and post-occupancy evaluation. 
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Figure 7. The Design Process before using Revit (Guerin & Martin, 2010; Cline, 2014; 

Slotkis, 2017). 

 In the programming phase, students prepare the initial documents and 

information to start the design by doing the following: 1) conduct research to identify and 

analyze the clientsô and usersô needs; study existing condition and building code 

requirements; 2) analyze and synthesize space requirements and functions; 3) identify 

ówhoô and óhow manyô people will use the space; 4) develop project schedules; 5) 

provide writing program of requirements; and 6) provide adjacency matrices (Cline, 

2014; Guerin & Martin, 2010; Slotkis, 2017). Adjacency matrices ñshow space 

relationships and requirements in a visual mannerò (Cline, 2014, p. 5). 

The schematic design phase (SD) is a ñpreliminary design development stageò 

(Slotkis, 2017, p. 96). Students develop design concepts and parti sketches. Parti sketches 
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illustrate the basic design concept through forms (Cline, 2014). In addition, students use 

bubble diagrams to explore, identify, and locate zones of activities (Guerin & Martin, 

2010; Slotkis, 2017). A bubble diagram is a group of labeled circles that illustrates spaces 

and functions and their relationship to each other (Cline, 2014). Moreover, students 

prepare prototypes for the space-planning configuration (Slotkis, 2017). Then they 

prepare the preliminary layouts of floor plan, materials, and fixtures, furniture, and 

equipment (FF&E) (Guerin & Martin, 2010; Slotkis, 2017); prepare mood boards, that 

contain color scheme with inspiration images, which Cline calls ñthe design essenceò (p. 

5); and draw preliminary sections, elevations, and perspectives (Guerin & Martin, 2010) 

(see Figure 7). 

The design development phase (DD) is ñthe process of taking an idea, identifying 

its strengths and weaknesses, and resolving any problems to create a strong design 

solutionò (Dodsworth & Anderson, 2015, p. 92). Students work to communicate their 

design and add more details in the floor plan, scale models, sections, elevations, and 

perspectives; finalize color choices, materials, and FF&E; and review building codes 

(Guerin & Martin, 2010; Slotkis, 2017). In addition, they finalize ñprocedures necessary 

to obtain approval of the designò (Guerin & Martin, 2010, p. 32) (see Figure 7). 

In the contract documents phase (CD), students prepare a óworking drawing,ô 

which Slotkis defines as ña term often used for those detailed drawings that define the 

work to be constructedò (p. 99). These drawings include title sheet, floor plan, reflected 

ceiling plan (RCP), sections, elevations, perspectives, and details (Slotkis, 2017). In 

addition, they prepare design drawings and documentation for lighting, electrical, 
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plumbing, and HVAC (heating, ventilation, and air conditioning) (Guerin & Martin, 

2010). 

The contract administration phase (CA) is done by practitioners at their firms and 

for real projects by purchasing furniture, finishes, and equipment for installation (Slotkis, 

2017). However, in an educational setting, the contract documents phase is considered 

the final phase when students prepare their design drawings for the final presentation in 

front of the instructor, juror, and classmates for the final critique. 

Finally, the post-occupancy evaluation (POE) phase is also done by practitioners 

doing this phase at their firms and for real projects. It happens when ñthe designer and 

client evaluate the effectiveness of the design decisionsò (Jones, 2014, p. 19). For 

example, a year after finishing the project, the designer has to interview the space users 

and take photos of the space to analyze the design solutions (Jones, 2014). This phase 

does not exist in an educational setting. 

2.2.2 Human factors in design. 

As a human-centered approach should be reflected in the design thinking in 

interior design (Slotkis, 2017), some concepts related to the human factors are identified 

in this study. These concepts are accessibility (compliance with the Americans with 

Disabilities Act), universal design, ergonomics, anthropometrics, and proxemics 

(Dodsworth, & Anderson, 2015; Slotkis, 2017). 

First, the Americans with Disabilities Act (ADA) is national legislation that 

requires designers to accommodate individuals with disabilities and make spaces 

accessible for them (Dodsworth & Anderson, 2015; Slotkis, 2017). Second, the universal 
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design is an approach that incorporates a wide range of users from early childhood to the 

elderly in design consideration (Slotkis, 2017). Third, ergonomics considers peopleôs 

comfort level (Slotkis, 2017); it ñis about designing for people and their physical needsé 

and how much effort is needed to perform a taskò (Dodsworth & Anderson, 2015, p. 98). 

Other concepts that the researchers identified under ergonomics include homeostasis, 

territoriality, and wayfinding. Homeostasis is a behavior to seek balance inside the space 

and it is related to sensory stimulation ð the lack of homeostasis affects the comfort 

level in the space (Slotkis, 2017). Territoriality theory is a human need based on creating 

boundaries to fulfill the need of being safe; it indicates the need for self-identity and 

freedom of choice (Sack, 1986). The Society for Experiential Graphic Design (SEGD) 

defined wayfinding as ñinformation systems that guide people through a physical 

environment and enhance their understanding and experience of the spaceò (SEGD, 2018, 

p. 1). Fourth, anthropometrics is ñthe study of human body measurementsò (Slotkis, 

2017, p. 26). Finally, proxemics refers to the distance zones between individuals, which 

are divided into four zones: intimate, personal, social, and public distance (Hall et al., 

1968).  

2.2.3 BIM implication in design education.  

Design education covers a broad range of fields, including architecture, 

engineering and construction (AEC), and interior design. Multiple studies are discussed 

to understand the extent to which scholars have discussed the implications of using BIM 

in design education. Three trends are identified in the literature: Studies examined the 

BIM application in the design curriculum (Berwald, 2008; Asojo, 2012; Rosli et al., 

about:blank
about:blank
about:blank
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2016). Studies compared the use of manual, CAD, and BIM techniques in the design 

process (Zuo and MaloneBeach, 2010; Zuo et al., 2010; Gibson, 2007; Park and Lee, 

2010). Studies compared the use of BIM among the various phases of the design process 

(Denzer and Hedges, 2008; Leicht and Messner, 2007; Hedges and Denzer, 2007; Gerber 

and Lin, 2014; Orthel and Day, 2016). 

2.2.4.1 BIM application in design curriculum. 

Berwald (2008) discussed the transition when the architecture department at Montana 

State University integrated the use of BIM in the design studios. The author observed 

students throughout their entire university experience as architecture majors. The students 

had the freedom to choose between any design strategies: hand, CAD, or BIM. Berwald 

compared the experience of students using BIM and students who used CAD. Over time, 

the numbers of students using BIM increased due to its advantages of saving time and 

effort and providing precise daylight analysis. Findings identified that BIM advantages 

included the capability to analyze daylight, calculate project cost, and study spatial 

relationships. Berwald noticed that BIM provides different approaches to learn 

architectural design. In addition, using BIM facilitates visualization in conflict detection 

and construction sequence. On the other hand, the author argued that using Revit hinders 

creativity because students have limited ability to create objects from scratch. Berwald 

(2008) concluded by encouraging the architecture curriculum to change based on the 

transformation that occurred as a result of the transition to Revit: ñit has changed the 

mechanics of the professional design processò (p. 6). Berwaldôs study constructs an 
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understanding of the use of BIM a different from using CAD; as a result, the influence of 

BIM in the design process should be examined.  

Asojo (2012) discussed the ramifications of introducing BIM into the interior design 

curriculum. The research consists of two case studies examining the learning curve 

needed to engage fully with BIM in undergraduate courses. The first case studied the 

process of teaching Revit in a computer applications course, and the second case was a 

studio design course for sophomores in the interior design major. In order to evaluate 

learning, the author engaged a pedagogical framework informed by the Adaptive Control 

of Thought-Rational (ACT-R) learning theory, developed by Anderson (1995). The ACT-

R evaluates three learning skills: cognitive, associative, and automatization. In the first 

stage, cognitive, the student learns facts and basic knowledge. In the second stage, 

associative, the student practices the skills and basic knowledge learned. In the final 

stage, automatization, the practiced skills become automated (Anderson, 1995; Asojo, 

2012).  

Asojo (2012) applied the first two stages of ACT-R theory (cognitive and associative) 

in the first case. The goal was for students to learn a fair amount in Revit; the emphasis of 

the curriculum was to develop as many software skills as possible through constant 

practice. The third stage (automatization) was applied in the second case in order to allow 

more students the opportunity to practice Revit until they reached a certain level of 

proficiency in their design projects. The findings revealed that the students showed 

independent progress in their skills and that Revit facilitated this development. Asojo 

(2012) concluded that ACT-R is an effective learning theory and pedagogical approach to 
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facilitating student comprehension of BIM. Asojoôs study constructs an understanding of 

the appropriate sample that provides reliable results in this study.  

Rosli and colleagues (2016) applied BIM to the architectural design curriculum and 

measured studentsô use and perceptions of its effectiveness and other programs such as 

AutoCAD and SketchUp via a survey completed by 30 architecture students. The survey 

used a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree) and examined 

studentsô perception in the following areas: BIM simplicity, enhancing creativity, 

rendering quality, constructional information, and usage in a design studio. Descriptive 

statistical analysis was used to compare the results. The findings indicated that students 

perceived BIM as a time-saver and a useful tool for efficiently producing 2D drawings 

and details. The students also perceived that it was critical to have knowledge of BIM and 

similar tools in order to succeed in the course and reported uncertainty about the ability 

of these tools to enhance their creativity. Nevertheless, the study reports an overall 

positive attitude toward BIM and advocates for its usage in the architecture curriculum. 

2.2.4.2 The use of manual, CAD, and BIM techniques in the design process. 

Zuo and MaloneBeachôs (2010) study divided 80 sophomore interior design 

students equally into groupsðone that used a fully ñby handò technique, and the other, a 

hybrid (by hand and digital media using CAD) technique. They asked them to design 

residential units. The researchers compared the differences between the two groups in the 

learning experience, workload, and outcomes for the students, and the students filled out 

a survey that assessed the used techniques in the workload. In addition, three juror 
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members evaluated the final studentsô outcomes using a 10-point Likert scale (1= very 

low, 10= very high). The evaluated variables included complexity, functionality, 

requirements, solar orientation, and 2D and 3D drawings. The findings revealed that 

students who used the hybrid technique ranked higher on student learning and design 

thinking than students who used the hand technique only. Zuo and MaloneBeachôs (2010) 

study created an understanding that the hybrid method is better than the hand method; 

however, the study did not consider the use of BIM in the design process. The authors 

recommend further research in this area. 

Zuo et al.ôs (2010) qualitative case study of 51 sophomore interior design students 

explores the use of CAD application (Autodesk VIZ) to simulate a real-life setting for 

advanced analysis and exploration in design. The authors asked students to design a 

residential unit using CAD with the following requirements: exterior, interior space 

planning, and landscape. The CAD was used to study spatial relationships, views, 

daylight, and final rendering. Zuo et al. (2010) used four methods to collect data and 

compare digital and non-digital media: (1) an observation of the design process; (2) a 

questionnaire after the final presentation; (3) an informal interview after each desk 

critique; and (4) juror evaluation of studentsô works. Findings indicate the following: (1) 

Most students worked easily with both types of media to design their project; (2) Students 

visualized problems and weaknesses more quickly in the digital model; (3) Both digital 

and non-digital tools were used to develop the design ideas; (4) The daylight simulation 

advantages helped students design building exteriors, identify the appropriate proportion 

of windows, and find suitable solutions for the shape and building orientation and solar 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

30 

 

shading. As a result, the authors concluded that using CAD positively affected the 

studentsô thinking and course learning outcomes. In addition, digital models enhanced 

studentsô understanding of the spatial relationship of the building and environment by 

raising studentsô awareness of sustainable design principles (Zuo et al., 2010).  

Gibson (2007) conducted two case studies, including interior design students 

(n =19, n = 14), to develop a design thinking technique by using ówhat ifô scenarios and 

digital tools (such as Revit) to create multiple options for proposing a new form. 

Gibsonôs study asks whether using the digital tools in ñwhat ifò scenarios stimulate 

design thinking beyond the traditional methods for generating ideas (e.g., generating 

ideas using hand sketching). Students were given the task of producing a new idea based 

on a habitat concept using ówhat ifô scenarios. After generating the alternative forms, 

students reviewed the resulting images to produce their final idea. After the activity was 

complete, the students were interviewed (Gibson, 2007). Findings revealed that 

participants reported that using ówhat ifô scenarios made them produce forms they had 

not previously considered, suggesting that the ówhat ifô method affects the exploration 

level of the participants. Gibson reported that not all participants benefited from this 

method, however, the technique is designed to help participants who have trouble 

brainstorming and generating ideas. Gibson (2007) concludes that the ówhat ifô method is 

a technique that fosters studentsô creativity, breaks habitual thought patterns, and 

generates alternative forms for design. The findings of Gibsonôs study construct a 

fundamental understanding of how digital tools can help in design exploration by using 

ówhat ifô scenarios. 
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Park and Leeôs (2010) qualitative case study of five architecture students, 

explores productivity, design outcomes, design development, and different design 

strategies, in the adoption of BIM during early and late stages in the design process. 

Students in the study designed a residential high-rise condominium using both manual 

and digital modeling methods; however, final presentations required a BIM file. The 

authors describe the different design methods used during the design process: (1) manual 

modeling applied to the conceptual phase via hand sketching; (2) geometric modeling to 

explore environments and play with forms and shapes in the schematic and 

developmental phase via AutoCAD; and (3) Building Information Modeling (BIM) to 

draw designs in 2D and 3D using Revit. Throughout the study, students had the freedom 

to choose between various applications in order to develop their design based on their 

skills and how they would communicate it. 

Park and Lee (2010) analyzed data, student outcomes, mentor evaluations, and 

design process description papers. Park and Lee (2010) noted that some of the students 

reported integrating BIM in the early phase of the design process, while others integrated 

it at the end. Findings revealed that the students who used AutoCAD for most of the 

design process had a difficult time communicating, modifying, developing, and exploring 

their projects. In addition, the students who used AutoCAD spent more time than others 

working on their projects, only to achieve a low-quality final design solution for their 

final project. However, the study found that students who integrated BIM in the early 

phase of the design process reported high satisfaction with their productivity, design 

outcomes, and design development. The findings of Park and Leeôs (2010) study 
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demonstrated that not all digital tools affect the design thinking and design process in the 

same way.  

2.2.4.3 The use of BIM in various phases of the design process. 

Denzer and Hedges (2008) surveyed different levels of architecture students for six 

semesters to explore the challenges and opportunities of using BIM in educational 

settings. Denzer and Hedges (2008) discussed that having an advanced skill in BIM 

facilitates conceptual development; however, having intermediate skills in BIM ñmay 

hinder student learning rather than helpò (p. 4). They concluded that the ability to test 

design alternatives using BIM improves the design process. They reported that BIM 

ñmaximize[s] efficiency through all phases of designò (Denzer and Hedges, 2008, p. 7). 

Leicht and Messnerôs (2007) case study of the design process in the AEC industry 

examines the differences between BIM and CAD in the schematic design (SD) phase. 

The case studied was the Dickinson School of Law (DSL) building at Penn State 

University (PSU) in Pennsylvania. The research question sought to understand the 

differences in building geometry, building information, building analysis, and simulations 

made in CAD and BIM during the SD phase. They assessed the differences between 

CAD and BIM by using the PSU (client) requirements. Then, they interviewed three 

employees that worked on the project in order to understand perceptions of the difference 

between the two projects. The interviewees noted that structural, lighting, and air system 

analyses were done via BIM, not CAD. The study found that using BIM supported the 

incorporation of a variety of information components into the early stage of the project, 
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which boosted the ability to visualize and evaluate information during the SD phase. 

Second, the study found that participants spent more time using BIM than CAD for 

design because BIM was more effective for identifying conflicts in the design. The time 

that BIM saved could then be used to address and fix the design conflicts, which led to a 

stronger overall outcome. Leicht and Messner (2007) concluded that the amount of time 

spent using BIM depends on the complexity of the project and its requirements. While a 

large amount of information and details incorporated into the early stage are time-

consuming, they result in overall boosts to efficiency in the later stages of the process. 

Leicht and Messnerôs study developed an understanding that using BIM influences the 

architecture design process by saving time and detecting conflicts, as well as improving 

the ability to visualize and evaluate the building information. Thus, it further justifies the 

stated purpose of the current studyðto fill the gap identified in interior design education. 

Hedges and Denzerôs (2007) qualitative case study of 34 architecture students 

explores the use of BIM to visualize energy performance in studentsô designs. Hedges 

and Denzer (2007) collected data through observation, surveys, studentsô journaling, 

studentsô final works, and interviews. The findings showed that students constructed 

intellectual behavior (Bloomôs taxonomy) using BIM through visualization tools to 

evaluate the design decisions. The 3D modeling helped students to understand the forms, 

space, and building orientation through lighting analysis. Students reported that using 

BIM enhanced the design process by facilitating selection and assembly of the materials 

in the early stage.  
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Gerber and Lin (2014) conducted an experimental study to explore the impact of 

using BIM on the design decision making in the early stage of the architecture design 

process. Gerber and Lin (2014) collected data from 27 architecture and building science 

students working in an experimental setting with a given design scenario. They collected 

the speed of the design analysis and amount of the design alternatives as quantitative, and 

the quality of the design solution as qualitative data. The results showed that using BIM 

enabled the participants to produce more design iterations to generate alternative designs. 

Gerber and Lin (2014) discussed that increasing the quantity of design alternatives 

increases the quality of the final design decision. Gerber and Linôs study developed an 

understanding that studying the design process closely would allow building a new 

paradigm in the design process by using BIM. 

Orthel and Dayôs (2016) qualitative case study of 13 senior interior design 

students explored studentsô design thinking process in the conceptual and schematic 

design phases. They collected hand sketches, digital design progress, and written design 

process journals. The results revealed: 1) The hybrid design method resulted in strong 

design outcomes; 2) Hand media and digital media were important in developing design 

ideas; 3) The most important outcome was deep and thorough design thinking, not highly 

appealing visual sketches. 

2.3 The Constructivist Learning Theory and the Zone of Proximal Development 

(ZPD) Theory 

 This section discusses two theories: the constructivist learning theory and the 

zone of proximal development theory. The constructivist learning theory is considered, in 
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this study, a macro-level theory which covers a wide range of areas, and the ZPD theory 

is considered a micro-level theory that focuses on a specific area (Friedman, 2003). The 

constructivist theory is introduced first in order to understand the ZPD theory that is 

discussed in Chapter 5. In this section, the constructivist learning theory definition, its 

strengths and weaknesses, the ZPD theory, and the ZPD framework and theoretical 

assumptions are discussed. 

2.3.1 Constructivist learning theory.  

Constructivist learning theory is a student-centered approach based on the belief 

that immersion in experiential learning is the best approach for facilitating self-

constructed knowledge (David, 2015; Hein, 1991; Hokanson, 2000; Mergel, 1998; 

Pelech, 2010). Constructivist learning theory appears in literature from a wide variety of 

fields, including education, adult education, technology and communication, design 

education, and social and behavioral sciences. 

Constructivism is associated with Piaget (1967) and Vygotsky (1978) although 

other theorists and scholars have developed its approaches and views over time. Piaget 

believed that learning happens when a child experiences an inquiry (Gash, 2014; 

McLeod, 2015; Taber, 2011), and Vygotsky believed that learning happens in the context 

of the social environment (Taber, 2011).  

2.3.2 The theoretical assumptions and principles of constructivist theory.  

2.3.2.1 Learner-centered teaching. Learner-centered teaching is one of the 

constructivist theory principles that focuses on the level of teacher guidance. When 

teachers construct a prompt, they should consider the learners and learning materials, and 
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determine the learning activities. Learner-centered teaching assumptions are that 1) the 

teacher has to consider who the learners are in order to determine what the material 

should be based on, and that 2) the teacher should prepare high structured guidance or a 

prompt that provides more exploratory activities (Taber, 2011).  

2.3.2.2 Studentsô internal representations. The constructed knowledge is based 

on personal interpretation, studentsô background, and attitudes. Thus, the conceptual 

mind grows as multiple perspectives are shared between students, students and their 

instructors, and students and digital tools such as BIM. This collaboration will develop 

and change studentsô internal representations (Mergel, 1998; Taber, 2011). 

2.3.2.3 Open-ended learning experience. The constructed knowledge is gained 

by an open-ended learning experience, and this knowledge varies among individual 

students (Mergel, 1998). 

2.3.2.4 Discovery learning. According to Taber (2001), discovery learning is 

when students are provided with the tools needed in order to make discoveries. Discovery 

learning encourages creativity by allowing students to discover patterns that lead to many 

solutions, as opposed to learning that provides one pathway to one specific solution 

(Taber, 2011). Taber (2011) emphasizes that instructors must find a balance between 

these two central features of constructivist learning: 1) Learning occurs from the 

interaction between the internal thoughts and external experience; 2) Students will gain a 

better understanding of the world by letting them discover with minimal external 

guidance (p. 57). 
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2.3.3 The strength and weaknesses of constructivism and constructivist 

theory.  

The primary strength of constructivism lies in its pedagogy, which values problem 

solving. Without attention to how students might apply their knowledge to different 

situations inside and outside the classroom, it is difficult to achieve the goals and 

objectives of the constructivist learning theory (Mergel, 1998). One of the primary 

weaknesses or critiques of constructivist learning theory is that it is difficult to assess 

systematic processes in which there is one ñrightò way of doing things. For example, it 

would be difficult to argue that constructivist approaches to learning would be useful for 

filing federal income taxes as there are strict rules and regulations guiding individuals 

toward one ñrightò way of completing their forms. In this example, and others, Mergel 

(1998) argues that constructivism will cause problems for the individual if the task is not 

done correctly (Mergel (1998). 

2.3.4 The Zone of Proximal Development (ZPD) theory.  

Vygotsky (1978) introduced the model of concept development, what Vygotsky 

termed the Zone of Proximal Development (ZPD) (Taber, 2011). The ZPD theory 

appears in literature from a wide variety of fields, including education, adult education, 

second language learning, technology, and communication (Chaiklin, 2003). The ZPD 

theory is ñthe distance between the actual developmental level as determined through 

problem solving under adult guidance or in collaboration with more capable peersò 

(Vygotsky, 1978, as cited in Kuusisaari, 2014, p. 47). The ZPD states, ñWhat the child is 

able to do in collaboration today, he[/she] will be able to do independently tomorrowò 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

38 

 

(Chaiklin, 2003, p. 40). The ZPD does not refer to particular classroom tasks or 

homework problems. The ZPD is ñthe domain of transitions that are accessible by the 

childò (Vygotsky, 1987b, as cited in Gredler & Shields, 2008, p. 85).  

Gredler and Shields (2008) discussed in their book, Vygotskyôs legacy: A 

foundation for research and practice, that the purpose of using the ZPD theory in 

educational research is to develop insight, reflective practice, and student outcomes. 

Thus, the ZPD is used in this study to provide a theoretical basis for understanding 

studentsô learning experience. The ZPD theory also guided the analysis by providing a 

framework (Bae et al., 2019).  

Various concepts from Wertsch (1984), Shabani et al. (2010), and Gredler & 

Shields (2008) that are relevant to the ZPD and that are used in this study are 

demonstrated in Figure 8. The concepts are intersubjectivity, internalization process, 

mediation, signs, higher cognitive processes and situation definition (Wertsch, 1984; 

Shabani et al., 2010; Gredler & Shields, 2008). The researcher organizes them under 

three headings, the constructed knowledge, the higher cognitive processes, and the 

meaning of the task.  
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Figure 8. The implications of the ZPD's concepts in the study (Wertsch, 1984; Shabani et 

al., 2010; Gredler & Shields, 2008) 

 

 Shabani et al. (2010) defined intersubjectivity ñas the establishment of a shared 

perspective between an expert and a learner in a problem-solving taskò (p. 238). 

Intersubjectivity is critical to the internalization process. The internalization process is 

when students become dependent on themselves in constructing their knowledge 

(Shabani et al., 2010). Communication requires some form of mediation, such language, 

i.e., ñVygotskyôs account of mediation by signsò (Wertsch, 1984, p. 13). Signs are ñevery 

conditioned stimulus, artificially created by humans, that functions as a means of 

mastering behaviorò (Vygotsky, 1997, cited by Gredler & Shields, 2008, p. 223). In this 
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study, the researcher considers Revit as a sign, and students developed their projects by 

modeling them in Revit, which led to creating a higher cognitive process. 

Gredler and Shields (2008) identified that the ZPD theory can be assessed by 

externalizing the internal cognitive process (internalization). Hickey et al. (2000) reported 

that internalization occurs when students interact with cultural signs such as people, 

books, computers, and classrooms. In addition, Gredler and Shields (2008) reported that 

using cultural signs (such as Revit) develops a higher cognitive process. These higher 

cognitive processes are identified by Vygotsky as categorical perception, conceptual 

thinking, and logical memory (Gredler & Shields, 2008). The following are the 

definitions of these cognitive processes from Vygotsky's legacy: A foundation for 

research and practice (Gredler & Shields, 2008). 

¶ Categorical perception is the ability to synthesis design ideas that result in 

reflected ideas through forms and objects relations (Gredler & Shields, 

2008). 

¶ Conceptual thinking is when students explore concepts (ideas) in various 

ways, compare and contrast these concepts, analyze concepts 

relationships, and then coordinate these relations (Gredler & Shields, 

2008). 

¶ Logical memory is when students reflect the selected design concepts 

(ideas) on design analysis, and materials, and connect complex 

relationships among events and objects (Gredler & Shields, 2008). 
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The researcher uses these higher cognitive processes to assess the ZPD zone in 

the design process while using BIM/Revit, as discussed in Chapter 5. In this study, the 

internal cognitive process was externalized by conducting a series of interviews. This 

externalization of the cognitive process provided information about the meaning of the 

situation (Gredler & Shields, 2008). According to Wertsch (1984) the situation is the 

setting defined by teachers and students who ñare operating in that settingò (p. 8). In this 

study, the situation is the interior design process while using Revit.  

 Wertsch (1984) argued that to understand the situation, two issues must be 

identified: ñthe representation of objects and the representation of action patterns for 

operating on those objectsò (p. 11). Thus, in Chapter 4, the representation of objects is 

illustrated in the final deliverable and the photos of the design process. The representation 

of action patterns is illustrated in the description of the design process. Thus, the situation 

definition (i.e., the meaning of the task) is identified. Indeed, the ZPD theory facilitates 

data analysis and organization in Chapter 4. Gredler and Shields (2008) reported that 

providing information about the meaning of the situation ñcan determine the meaning of 

the task for the learner and identify those who do not understand task requirementsò (p. 

45).  
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2.3.5 The ZPD framework. 

 

Figure 9. The Zone of Proximal development (Vygotsky, 1978). From: ñConstructivism 

as educational theory: Contingency in learning, and optimally guided instructionò by 

Taber (2011). Educational theory. p. 51. 

Figure 9, the ZPD model, illustrates the relationship between zones of knowledge. 

These zones are actual development, proximal development, and no development. The 

zone of actual development represents the knowledge and skills that the teacher has 

targeted to be gained. The zone of proximal development is the knowledge that could be 

gained with support and is the kind of knowledge that is beyond the learning objectives 

targeted by the teacher. Finally, the zone of no development represents when there has 

been no gain of knowledge because of the loss of readiness to learn and motivation 

(Chaiklin, 2003; Taber, 2011). 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

43 

 

2.3.6 The ZPD assumptions. 

Three levels of ZPD assumptions are identified as follows: generality assumption, 

assistance assumption, and potential assumption. Generality assumption is the ability to 

learn all subjects. Assistance assumption means learning occurs by teacher help. The 

potential assumption is the learner's potential and readiness to learn without loss of 

motivation (Chaiklin, 2003). Thus, without learner potential, there is no learning, as 

Taber (2011) identified in the third zone (the zone of no development). 

The constructivist theory shifts the viewpoint of using the computer as a tool that 

delivers a final product to a method that is used for exploration and manipulation 

(Hokanson, 2000). As a result, Hokanson (2000) indicates that based on the theoretical 

constructivist perspective, computers and media enhance cognitive abilities and 

consequently learning. The constructivist theory is well suited for this study because the 

use of technology (BIM) is considered a constructivist method that helps students to 

explore and manipulate their design. In addition, the ZPD theory is used in this study 

because it provides a theoretical basis for understanding studentsô learning experience 

and how it occurs. This helps to understand the influence of BIM/Revit in the design 

process.  

2.4 Chapter 2 Summary 

This chapter consists of three major sections. The first section, 2.1 Building 

Information Modeling (BIM), outlines BIMôs definition, history, advantages, Revit, and 

Revitôs advantages and limitations. 
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 The second section, 2.2 BIM and the design process implication in design 

education, discusses interior design and design process definitions. It also discusses the 

human factors in design and concept definitions, including the Americans with 

Disabilities Act (ADA), universal design, ergonomics, anthropometrics, and proxemics. 

This section also discusses research related to interior design and the design process 

within the context of using BIM in design education. Three trends are identified in the 

literature: 1) Studies examined the BIM application in the design curriculum (Berwald, 

2008; Asojo, 2012; Rosli et al., 2016); 2) Studies compared the use of manual, CAD, and 

BIM techniques in the design process (Zuo and MaloneBeach, 2010; Zuo et al., 2010; 

Gibson, 2007; Park and Lee, 2010); 3) Studies compared the use of BIM during the 

various phases of the design process (Denzer and Hedges, 2008; Leicht and Messner, 

2007; Hedges and Denzer, 2007; Gerber and Lin, 2014; Orthel and Day, 2016). 

Berwaldôs (2008) study constructs an understanding that the use of BIM is 

different from CAD; as a result, the influence of BIM in the design process should be 

examined. Asojoôs (2012) study constructs an understanding of BIM/Revit in interior 

design education. Rosli et al. (2016) reported an overall positive attitude toward BIM and 

advocates for its usage in the architecture curriculum. Zuo and MaloneBeach (2010) 

reported that the hybrid method is better than the hand method. Zuo et al. (2010) 

discussed that using CAD transfers the design process to a new approach, which consists 

of an evaluation of building performance during the design process, not only after the 

design process. Gibsonôs (2007) study constructs a fundamental understanding of how 

digital tools can help in design exploration by using ówhat ifô scenarios. Park and Lee 
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(2010) described that not all digital tools would affect design thinking and the design 

process in the same way. Denzer and Hedges (2008) reported that BIM ñmaximize[s] 

efficiency through all phases of designò (p. 7). Leicht and Messnerôs (2007) study 

developed an understanding that using BIM influences the architecture design process by 

saving time and detecting conflicts, as well as improving the ability to visualize and 

evaluate the building information. Thus, it further justifies the stated purpose of the 

current studyðto fill the gap identified in interior design education. Hedges and Denzer 

(2007) found that students reported that using BIM enhanced the design process by 

facilitating selection and assembly of materials in the early stage. Gerber and Linôs 

(2014) study developed an understanding that studying the design process closely would 

allow building a new paradigm in the design process by using BIM. Orthel and Day 

(2016) found that the hybrid design method results in a strong design outcome.  

The third section, 2.3 Constructivist Learning theory and the Zone of Proximal 

Development (ZPD) theory, considers using BIM as a constructivist method that helps 

students to explore and manipulate their design. In addition. The ZPD theory provides a 

theoretical basis for understanding studentsô learning experience and for understanding 

the influence of BIM in the design process.   
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CHAPTER 3: METHODOLOGY  

 

The purpose of this study is to explore the influence of using BIM/Revit in the 

schematic design (SD) and the design development (DD) phases of the design process in 

the interior design studio class. The primary research question is how does BIM influence 

the design process in the interior design studio? The two sub-questions are 1) How does 

BIM influence the schematic design phase (SD) of the design process in the interior 

design studio? 2) How does BIM influence the design development phase (DD) of the 

design process in the interior design studio?  

To answer the research questions, a qualitative case study approach is used. This 

chapter presents the study methods with an outlined study design, the framework of the 

research design, research sample, natural setting, data collection methods, ethical 

considerations, and data analysis procedures.  

3.1 Study Design 

3.1.1 Constructivism paradigm in qualitative case study methodology. 

The constructivist theory (Denzin & Lincoln, 2003) was selected as an essential 

paradigm for the methodology of this study. Creswell (2014) explained that the 

constructivist paradigm consists of immersing in peopleôs life experiences and observing 

individualsô behavior in their real settings to identify general themes that describe a social 

phenomenon. In this study, the knowledge is constructed between the researcher and the 

students from discovery and verification within a real-life setting that helped to answer 

the research questions (Creswell, 2014; Denzin & Lincoln, 2003).  
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 According to Yin (2014), a case study can be used to investigate an in-depth 

phenomenon ñwithin its real-world contextò (p. 16). In this study, the case study 

approach is used to study the influence of BIM/Revit in the design process. The data 

collection consisted of direct observations, documentation of the design process, and 

interviews.  

3.2 The Framework of the Study Design 

 

Figure 10. The framework of the study design. 

Yin (2014) identified multiple types of case studies; however, the single-case 

(embedded) design is used in this study. In this case, the single case represents the senior 

interior design studio, and the embedded units of analysis represent the SD and DD 

phases of the design process (see Figure 10). 

Figure 10 illustrates the research design starting from a single case that represents 

the interior design studio. This single case study contains two embedded units of analysis, 
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which are the SD and DD phases. The framework describes the collected data visually. 

The SDôs observation, interviews, and documentation of the design process answer the 

first sub-question, Q1.a, how does BIM influence the schematic design phase (SD) of the 

design process in the interior design studio? The DDôs observation, interviews, and 

documentation of the design process answer the second sub-question, Q1.b how does 

BIM influence the design development phase (DD) of the design process in the interior 

design studio? After analyzing themes that emerged from the study, a new conceptual 

framework of Revit in the interior design process is constructed (see Chapter 5). Then a 

comparison is conducted between the original design process (Guerin & Martin, 2010; 

Cline, 2014; Slotkis, 2017) and the new conceptual framework to answer the main 

question, Q1, how does BIM influence the design process in the interior design studio? 

Then findings are discussed, followed by interpretation and conclusion. To ensure a high-

quality analysis, an alternative interpretation is considered based on the Zone of Proximal 

Development (ZPD) theory. 

The researcher constructs the study results from the participantsô experiences. In 

addition, in order to understand the emerging themes, a constant comparison method is 

used. The constant comparison method involves comparing and contrasting themes and 

concepts. Then, memos are used for recording relationships between themes (Creswell, 

2014; Ryan & Bernard, 2000).  

3.3 Research Sample 

The researcher chose research participants from the population of undergraduate 

interior design majors at a research-intensive public university in the Midwest. 
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Homogeneous, purposive sampling resulted in n=5 senior interior design students. The 

age of participants ranges between 20 and 26. The selection criteria are advanced ability 

in Revit and attainment of the automatization skill in using Revit (Asojo, 2012). Intensive 

observation and case study interviews, which are constant short interviews, were 

conducted, asking the students about their experience in the design process while using 

Revit in the interior design studio. In addition, supportive documents of the design 

process were collected.  

3.4 Natural Setting 

3.4.1 Interior design studio VII IDES 4607. 

The case study was conducted during fall of 2018 in Interior Design Studio 

VII  IDES 4607. IDES 4607 is a fourth-year interior design studio course where students 

engage in creative design problem solving of interior design projects focusing on 

universal design, life safety issues, and adaptive reuse of spaces (The University of 

Minnesota, 2015).  

Data were collected in the field where subjects experienced the use of BIM/Revit 

in the design process in interior design studio VII IDES 4607 (Creswell, 2014). The 

following studio description is from Hickey et al.ôs (2017) syllabus of the interior design 

studio VII.  

The studio lasts 15 weeks and contains three projects. The studio expects students 

to build on their existing knowledge of human needs, safety, codes, accessibility, 

and aesthetics. In addition, the studio projects encourage students to construct 

knowledge in several concepts, including life safety, universal design, and 
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adaptive use, while highlighting the exploration of multiple concepts and design 

solutions. The studio objectives are developing a sense of place, relating design 

decisions with context, using codes, and developing design solutions from 

synthesizing the case studies.  

IDES 4607 consists of three projects. However, data collection was only done on the 

second project called óautism spectrum disorder (ASD) vocational facility designô and the 

third project called óadaptive reuse- restaurant design (ARRD)ô (Hickey et al., 2018).  

3.4.1.1 Autism spectrum disorder vocational facility design project (ASD). In the 

ASD project, students were asked to design a vocational facility space that educates and 

trains people who have been diagnosed with autism spectrum disorder (ASD), 

considering the principles of universal design, for a three-week long project. The program 

contains a reception area, a multipurpose classroom, a crafts area, an apartment, office 

spaces, an exercise space, a sensory space, and an outdoor courtyard (Hickey. et al., 

2018). The ASD project was done as part of a team project.  

3.4.1.2 Adaptive reuse-restaurant design project (ARRD). In the ARRD project, 

students were asked to design a craft cocktail bar/restaurant in a mixed-use historic 

building for a seven-week project. Students were requested to consider three aspects in 

their design--sustainability, site, and history of the building. The program contains a 

lobby, a welcome area, a bar area, a dining area, and a kitchen (Hickey. et al., 2018). 

3.5 Data Collection Methods 

After obtaining the instructor agreement, the researcher attended the senior studio, 

IDES 4607 Interior Design Studio VII, in fall 2018, every Tuesday and Thursday from 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

51 

 

9:35 a.m. to 12:35 p.m. Data collection started after obtaining the IRBôs approval, which 

was at the beginning of the ASD project. After the IRBôs approval, the researcher 

explained her dissertation study to the students. Then the researcher asked students to 

participate in her study and sign the consent form if they were willing to participate. The 

researcher informed them that participation was voluntary, they could change their minds 

about participation anytime, and their decision would not be held against them. On 

October 9, the consent forms were collected from five students who volunteered to 

participate in the study. The data collection started in the 6th week of the semester. The 

duration of the ASD project was from week six, October 9- 25. Then the duration of the 

ARRD project was from week nine to week fifteen, October 30- December 13. The 

researcher also collected the consent forms from each participantôs partner, who 

consented to share the design progress binders in the ASD project. The selection criteria 

of the students are advanced ability in Revit and attainment of the automatization skill in 

using Revit (Anderson, 1995; Asojo, 2012). 

3.5.1 Consent form. The researcher explained the study and the collection methods to 

each student before they signed the consent form (see Appendix A). In addition, the 

researcher gave a request tasks sheet, which informed the students that there would be 

compensation for participating in the interviews. The compensation was that each student 

who participated in the short sequence interviews during the ASD and ARRD projects would 

receive a $25 gift card prize (see Appendix B). All five students received the $25 gift card 

prize at the end of the semester for their participation.  
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The data collection methods are direct observations, documentation of the design 

process, and interviews. Each data collection approach is explained in the following sections.  

3.5.2 Observations. According to Yin (2014), observational evidence provides 

additional information on the phenomena being studied, and it adds a new dimension to 

understanding the phenomenon. In this study, direct observations focused on observing 

studentsô activities and design progress while working with BIM/Revit in the design 

studio. The researcher took intensive memos and field notes during every session that 

help to understand the studied phenomena. The students were observed on how they 

design their projects in the SD and DD phases using BIM/Revit.   

3.5.3 Documentation of the design process. In each session, the researcher 

photographed the progress in studentsô work. These photos are organized based on the 

SD and DD phases in ten graphs illustrated in Chapter 4. A comparison is conducted 

between each phaseôs photos to understand the changes and development approach that 

led to understanding the influence of BIM/Revit in the design process. In addition, the 

researcher collected project binders at the end of each project, which are in total ten 

binders. The project binder is a digital document where students documented their design 

progress and final outcomes with a written description of the design project. The 

researcher collected consent forms from each participantôs partner, who consented to 

share the design progress binders in the ASD project.   

3.5.4 Interviews.  After a general observation was conducted in the first project, five 

students were selected for the interviews. Short, semi-structured, face-to-face, interviews 
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were continuously conducted with the selected five students during the ASD and ARRD 

projects. Each interview lasted between 6-15 minutes. The researcher asked the following 

open-ended questions to the students each class: 

1) Tell me about your design experience during this project? 

2) How do you feel when designing this project using Revit? 

3) How do you explore design alternatives by using Revit in this project? 

4) How do you think using Revit helped you in the schematic design and design 

development phases? 

Interviews were recorded and transcribed verbatim. The recorded interviews took 

place at the university campus. Each week, the students recalled what they did during 

that week.  

3.6 Ethical Considerations 

Regarding the IRB standard, ethical procedures were followed to ensure that 

participants were well informed about the purpose of the research. The external 

motivation was offered in such a manner to allow the members of the target population to 

feel free to make independent decisions without fear of negative consequences. The 

researcher interviewed the students inside the class in accordance with their ease of 

participation. The researcher prepared the interview questions accompanied by a laptop 

computer for recording. The students signed the consent form, and they were treated with 

respect in a friendly tone while the researcher remained objective in the questioning.  
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3.7 Data Analysis Procedures 

Qualitative analysis, specifically thematic interpretation analysis, is used to answer 

the research questions. For the analysis procedure, the researcher went through a five-

phase cycle to analyze the data. First, the data was compiled and organized to make the 

database ready for analysis. Second, the data was disassembled by breaking down 

interviews into small pieces and coding them. Third, the data was reassembled by 

rearranging data facilitated by illustrating the data graphically (see Appendix E). Fourth, 

the researcher wrote the interpretations and conclusion (Yin, 2015). In order to 

understand the emerging themes, a constant comparison method was used (Creswell, 

2014; Ryan & Bernard, 2000). The observations, including field notes and memos, 

documentation of the design process, and interviews, were analyzed using thematic 

interpretations analysis.  

3.7.1. Inductive and deductive analysis. The direct observations, documentation of 

the design process, and interviews were analyzed by conducting inductive and deductive 

data analysis.  First, the inductive process was conducted by reading the database several 

times to identify patterns, categories, and themes. Then the deductive process was 

conducted by reading the database to identify evidence that supports patterns, categories, 

and themes (Creswell, 2014; Bloomberg and Volpe, 2016). Thus, the researcher 

identified the results and developed explanations for these results to answer the research 

questions, as will be seen in Chapter 5. After that, the explanations were supported by the 

collected evidence and literature (Yin, 2014).  
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Figure 11. Thematic Interpretations Analysis. From: Research design: Qualitative, 

quantitative, and mixed methods approach (4th ed.) (p. 197) by Creswell, 2014, 

Thousand Oaks: SAGE Publications. 

As shown in Figure 11, first, the researcher organized and prepared all collected data 

for analysis. NVivo program was used to help in organizing the data. Second, the 

researcher read the collected data manually several times to identify general ideas, 

themes, patterns, and meanings. Third, the researcher constructed figures to organize data 

from observations and documentation of the design process and sort photos under either 

SD or DD phase to compare the changes that occurred in the designs. Data from 

interviews were coded using the NVivo program. Then all codes were categorized to 

identify the themes. After themes and patterns were identified, descriptions and 

explanations were developed. These identified themes helped to develop, in the end, a 

conceptual framework. 
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 3.7.2 High-quality analysis. Yin (2014) identified three principles to achieve 

high-quality analysis, and the researcher met them in this study as follows: 1) covered all 

key research questions and showed all evidence in SD and DD phases, 2) addressed 

alternative interpretation using the ZPD theory, 3) addressed significant aspects, 

including design method exploration (see page 129). As a result, this analysis provides a 

rich description supported by tables and graphics (Creswell, 2014; Yin, 2014). 

3.8 Chapter Summary 

The approach of this qualitative case study to collect data from a real setting. The 

research methodology is explained comprehensively, starting from study design, the 

framework of the study design, research sample, natural setting, data collection methods, 

ethical considerations, and data analysis procedures. Regarding study design, single-case 

study design is used. This case study is IDES 4607 Interior Design Studio VII with two 

embedded units of analysis. The two embedded units are the SD and DD phases, 

analyzed closely to answer the research questions. The research sample is interior design 

students that n=5, and approval from the IRB was obtained to conduct this study. 

Regarding the natural setting, the design studio class for seniors is considered the field of 

the study, where students experience the use of BIM/Revit in the design process. The 

procedures describe how, where, and when this study was conducted. Data collection 

methods are direct observations, documentation of the design process, and interviews. In 

addition, data analysis procedures are discussed in this section, supported with a visual 

figure using Creswellôs (2014) thematic interpretations analysis.   
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CHAPTER 4: RESULTS 

A qualitative case study was adapted to explore the influence of using BIM/Revit 

in the schematic design (SD) and the design development (DD) phases of the design 

process in the interior design studio class. The data collected are direct observations, 

documentation of the design process, and interviews. These data are analyzed, and the 

results are presented in this chapter. 

The data collection was done in fall 2018 in an interior design senior studio. The 

direct observation focused on observation of the students while working with BIM/Revit 

in the design studio and memos taken during the design process. The documentation 

includes photographs of the studentsô design process and the final deliverables. The 

design process descriptions collected from the interviews. Finally, the interviews are 

analyzed to find the themes and patterns. 

In Chapter 3, the researcher discusses the case study, the Interior Design Studio 

VII IDES 4607, and what and when data collection happened. The projects that students 

were working on during the data collection are also identified.  IDES 4607 consists of 

three projects; however, data collection was only done on the ASD project óautism 

spectrum disorder (ASD) vocational facility designô and the third project óadaptive reuse- 

restaurant designô (ARRD) (Hickey, et al., 2018). 

The data collection started in the 6th week of the semester after obtaining IRB 

approval. From week six to week eight, October 9-25 was the duration of the ASD 

project, which was three weeks long. Then from week nine to week fifteen, October 30- 

December 13, was the duration of the ARRD project, which was seven weeks long. On 
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October 9, the consent forms were collected from five students who volunteered to 

participate in the study. The researcher also collected the consent forms from each 

participant who consented to share the design progress binders in the ASD project. The 

selection criteria are advanced ability in Revit and attainment of the automatization skill 

in using Revit (Anderson, 1995; Asojo, 2012). 

This chapter outlines four main sections, which are as follows: The participantsô 

demographic and background section describes the demographic information of the 

participants and their backgrounds. The observations, documentation, and interview data 

section provide in-depth descriptions of the ASD and the ARRD projects with each 

student. Three subsections are discussed regarding each student: the final deliverables, 

the photos of the design process, and the description of the design process. Finally, the 

interviews section presents the themes and patterns that emerged from interviews with 

participantsô quotes as evidence. 

4.1 Participants Demographic and Background 

During the first project and while the researcher was waiting for IRB approval to 

start collecting data, the researcher attended the IDES 4607 class after obtaining the 

instructorôs consent to observe the real-world setting of the first project. After observing 

the first project, five students were selected based on their advanced skills in Revit and 

some degree of automaticity using Revit. 
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Table 1.The demographic information of the participants 

Participants Gender Age Race Major  

Student #1  Female 21 White Interior design 

Student #2 Female 22 White Interior design 

Student #3 Male 22 White Interior design 

Student #4 Female 25 Asian Interior design 

Student #5 Female 22 White and 

Asian 

Interior design 

  

4.1.1 Participantsô background. 

The researcher discusses here the studentsô experience. During their study years, 

all the students worked as interns or in part-time jobs.  

Student #1 achieved first place in the Haworth Design Competition in 2017 as an 

interior design sophomore. She had design experience working as an intern for 

Cuningham Group in 2017 and then for LHB Group Interior Design in 2018. Student #2 

had design experience working as an intern for Knoll Textiles in 2016- 2017 and then for 

Miller Dunwiddie Architecture in 2017- 2018. Student #3 had design experience working 

as an intern for DLR Group in 2017- 2018. Student #4 had no intern design experience, 

but she had work experience as a party coordinator in 2013. She also worked as a server 

for Benihana restaurant in 2013- 2015, and then for Outback restaurant in 2017. Student 

#5 had work experience for 44 North Apartments as a leasing consultant in 2017. Student 

#5 had design experience working as an intern for BDH & Young in 2018. Students #4 

and # 5ôs teamwork design, for a Nordstrom changing room module project, won first 

place in the PAVE/Global Shop Competition in 2018.  
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4.2 Interior Design Studio VII IDES 4607 Projects 

Before the design process is described with each student in-depth, general descriptions 

about what happened in the ASD and ARRD projects are discussed. 

4.2.1 Autism spectrum disorder vocational facility design project (ASD). 

  In the ASD project, the students spent the first week on research with the aim to 

learn more about autism. In the second week, all students started using Revit to do space 

planning and furniture layout. In the third week, students presented their design solutions. 

The space planning program requirements are front entry reception, a staff lounge, a 

unisex restroom for clients, a directorôs office, a shared staff office, a unisex staff 

bathroom, a flexible use room, a sensory integration space, an apartment, a private space, 

a training /demonstration kitchen, and a multi-purpose training room (see Figure 12). 

 

Figure 12. The design process took over 3-week for the ASD project. 

4.2.2 Adaptive reuse restaurant design project (ARRD). 

 The ARRD project is a seven-week long project. The students spent the first week 

on research with the aim to learn more about hospitality and restaurant design. In the 

second week, the students visited the location and took some photos to understand the 

real dimensions of the space and the existing condition of the space. In the third and 

fourth weeks, the students worked on the SD phase. Their space planning included a 

lobby, a lounge area, a dining area, a bar area, and a private dining area. In the fifth week, 

the students presented their SD work, and based on the feedback, they developed their 

Week 1

ωProgramming

Week 2

ωSD phase

Week 3

ωDD phase

ωFinal 
presentation
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design in the DD phase in the sixth week. The students presented their final design in the 

last week of the semester (see Figure 13).

 

Figure 13. The design process took over 7-week for the ARRD project. 

 

Figures 13 and 14 describe each project in general. Subsequently, the researcher 

discusses in detail what happened with each student during the ASD and ARRD projects. 

4.3 Observations, Documents, and Interview Data  

To answer the research question of how BIM influences the schematic design 

phase (SD) and the design development phase (DD) of the design process in the interior 

design studio, the researcher collected data from five students through the ASD and 

ARRD projects. This data provides in-depth descriptions of the design process. These in-

depth descriptions are developed from three different resources: 1) the notes from 

observing the students, 2) the design process description from the series of interviews, 

and 3) the photos of the design process. The data describes in detail, what happened in 

the SD and DD phases, with each student during the ASD and ARRD projects. 

This discussion is divided into three subsections to understand what happened in 

the SD and DD phases of the design process with each student: 4.3.1 the description of 

the design process, 4.3.2 the photos of the design process, and 4.3.3 the final deliverables. 
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4.3.1 The description of the design process subsection demonstrates the design 

process of each student for the assigned project using Revit. In addition, the researcher 

illustrates in figures what she observed during the design process when students drew by 

hand and when they used Revit tools during SD and DD phases of the design process. 

4.3.2 The photos in the design process subsection demonstrates what happened in the 

follow up to the SD and DD phases. The photos are followed by keynotes. 4.3.3 The final 

deliverables subsection displays figures of each studentôs final design decision with a 

brief description of each project to give a general idea of what students delivered at the 

end of the design project. 

 4.3.1 The description of the design process. 

Student #1. 

 The ASD project. In the first week, student # 1ôs team did research to learn about 

autism and developed their concepts. After selecting their concept, the team developed 

bubble diagrams, space layout, and adjacencies by hand. In the second and third weeks, 

the team drew the floor plan in Revit and created block diagrams to do the space planning 

and furniture layout. The design decision pattern starts by doing hand sketches and then 

doing the hybrid method of hand and digital drawing. The team made changes to the 

walls design after analyzing the floor plan. The team designed cubbies for quiet spaces as 

a primary design feature in the space. However, they conducted functional analysis using 

Revit within the space to decide where they could apply it based on user needs. They 

used a realistic visual style to view the downloaded furniture. They designed a custom 

ceiling by creating it from the soundscape blades system. After that, the team used Revit 
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to complete the DD phase. They used the Revit outskirts to design alternative design 

ideas and started to switch between ideas by moving things around to make the final 

design decision. Next, the team analyzed the circulation path of the floor plan and created 

a second circulation route. After that, the team adjusted furniture distribution in several 

areas. However, the team designed the RCP using trial and error method. Also, the team 

used the 3D view to see the right height of their design. They used the painting tool (a 

Revit tool that is used to apply materials on objects) to select the right material by using 

3D and elevation views to visualize the chosen materials. By visualizing materials in a 

3D view, the team explored the location, texture, and portion of the materials within the 

space. Next, the team used a realistic view to select materials and colors in different areas 

of the space. The team presented their final design to the instructor and peers. 

The ARRD project. In the first and second weeks, student #1 did research to learn 

about the site, building, and architectural style. Student #1 created a mood board. After 

that, she selected a concept and called it óline spirits.ô Then, she created the branding, 

logo, and menu design for the restaurant. In the third week, student #1 did the hand 

drawings of bubble and block diagrams. After that, she drew the existing structure of the 

place in Revit. Next, she made a block diagram using Revit by defining spaces, zones, 

and adjacencies. She used a section view to design a ramp, the main idea of the project, 

that connects three areas. In the fourth week, student #1 finished the SD phase because 

she finished the floor plan, perspectives, the RCP design, the furniture distribution, and 

lighting design. She started doing the DD phase. In that week, the student received a disk 

critique. Subsequently, she made some changes in the bar, and she visualized the 2D 
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drawings in Revit to identify the conflicts. In the fifth week, the student worked on the 

lighting analysis and design. She explored and tested different lighting options, using a 

realistic view. She also developed the beverage showcase shelves located in the middle of 

the bar area. In addition, she changed the lounge wall material. The student developed the 

lounge area and transferred it to a multipurpose room that could be a lounge or private 

area for events. Finishing the SD by this time of the project allows the student to explore 

and upgrade the project to the next level. Student #1 fiddled with her design to refine it in 

the DD phase. However, she went back to the SD and made some changes in space 

planning, such as rearranging the lounge furniture. Student #1 used a realistic view to 

select materials. She also used a consistent color visual style to analyze the material 

selections. After that, the student did the lighting analysis for lighting design. Next, the 

student used the floor plan and the section view to decide which part of her design should 

be built in a physical model. Then, student #1 worked on the physical model. In the last 

week of the semester, student #1 presented her project to the instructor and peers. 

Student #2. 

The ASD project. In the first week, student #2ôs team did research to learn about 

autism and developed their concepts. Then, the team started to collect data for the 

projectôs users and narrow the user profile. After that, they selected the initial concept to 

design a parti using hand sketches. Next, student #2ôs team worked on the existing 

structure by drawing it using Revit to identify the exact dimensions and wall height. The 

team used Revit at the beginning of the SD as a drawing tool that provides essential 

information to move forward in the design process by saving time and effort. Revit 
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helped them to resolve the measurement of the existing building and perceive the actual 

space in the 3D view. After building the existing floor plan, the team printed the floor 

plan out and drew some hand drawings on it to resolve the bubble diagrams and space 

relationship. The initial concept was ómoving forward;ô later, this concept was developed 

and changed. In the second week, the team drew hand sketches to explore how they could 

apply and reflect on the chosen concept in the space. They drew three bubble diagrams, 

and the parti was developed from a circle of the camera lenses, which was the new 

concept óthrough the lens.ô They also drew by hand six prototypes of a general shape for 

the floor plan in thumbnail format. All these sketches reflect deep design thinking and 

exploration on paper. In the third week, the team designed the floor plan using Revit. 

Student #2 explained that visualizing the 3D view made her able to generate ideas. The 

team created a fish tank in the middle of the room in a 2D view. However, student #2 

mentioned that seeing this element through space gave her a sense of how the space 

would feel. While the team was trying to finalize the floor plan, refinements happened in 

different areas in the floor plan. The team presented their final design to the instructor 

and peers. 

The ARRD project. In the first week, student #2 inserted the existing floor plan 

into Revit to draw the existing structure. After that, the student printed the floor plan to 

trace bubble diagrams to analyze the spatial relationships and adjacencies using her hand. 

Next, student #2 did research and selected a concept. Then student #2 made an early 

design decision by making the main feature of the space an artwork wall that interacts 

with the users. After that, student #2 started to do some hand sketching to design 
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branding. In the second week, student #2 did the block diagrams using Revit. Student #2 

showed many hand sketches of different perspectives. In the third week, student #2 

worked on the main floor plan layout. She kept changing the design using elevation and 

3D views until she was satisfied with the results. Thus, going through óexploring 

alternative designô is making a series of changes. Student #2 did a hybrid method, which 

advanced the SD process, by using hand then Revit to design the mezzanine. In addition, 

she used Revit then hand to design the bar. In the fifth week, student #2 started the DD 

phase by designing the lighting in the space and reflecting on the ceiling plan (RCP). The 

goal was to design a functional ceiling that had a wayfinding system. Student #2 designed 

the RCP and took a camera view to perceive different design elements. After visualizing 

the view of the ceiling, the student recognized that the ceiling was cluttered with so many 

lighting fixtures, so she decided to delete some of them. By visualizing the realistic mood 

in the space, the student conducted lighting analysis by exploring a different kind of 

lighting in the space. The student built and developed the columns by building box 

planters that surrounded them. The student did it by hand sketches first then applied the 

idea in Revit. Student #2 generated alternatives by fiddling with the design and 

refinement. Next, the student worked on materials by using a trial and error method to 

find the best material distribution within the space. In the sixth week, student #2 explored 

the chosen materials using a realistic view. This exploration was done through two steps: 

first, testing the chosen material by turning to a realistic view in visual style, and second, 

rendering the scene to examine it and make any necessary changes, such as increasing or 
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decreasing light exposure. The students presented their final design to the instructor and 

peers. 

Student #3. 

 The ASD project. In the first week, student # 3ôs team did research to learn about 

autism and developed their concepts. The team came up with three alternative concepts. 

Then they chose the deer tracks concept and developed the parti. They generated an 

abstract idea from the concept to be reflected in the floor plan by designing a path for 

wayfinding of the space. In the second and third weeks, student # 3ôs team developed the 

space planning using their hand sketch to do the parti, bubble diagrams, and block 

diagrams. Then, the team developed the floor plan using Revit. They did an exploration 

of different furniture layouts. The design decision was taken after viewing the 3D 

perspective. Thus, using the 3D view validated their design decision. The team, while 

using Revit, refined their design during the DD phase. Student # 3ôs team started working 

on the 3D views and adding furniture, lighting, and details on the walls, such as 

acoustical panels. They developed the reflecting ceiling plan (RCP) by exploring design 

alternatives. Student #3 described that using Revit allows visualizing the differences 

between two ceiling elements, the regular ceiling panel, and the acoustic drops. Thus, 

Revit facilitates visual comparisons. In addition, the team developed a wayfinding system 

on the floor plan that also related to the concept. Student #3ôs team refined some design 

decisions regarding the floor plan by hand sketching, and then they drew it in Revit. 

However, some changes happened while they drew the idea in Revit because the idea 
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became a part of the whole context. At the end of the third week, the team presented their 

final design to the instructor and peers. 

The ARRD project. In the first and second weeks, student #3 did research on the 

site, building history, and the city. Then, the student created a mood board and selected a 

concept. The studentôs idea was to build a cabin structure inside the historic building to 

reflect the selected concept. In the third week, development occurred in the chosen 

concept. After that, the student drew block diagrams using Revit. Then, he explored them 

using his hand, and then he redrew them using Revit. After that, the student made a 

furniture layout using his hand. The student sketched 12 alternative forms for the cabin 

beams by using online resources. Then, the student narrowed the choices to four to be 

able to model them in Revit and examine the forms within the space to choose the final 

one. After that, the student developed sketches of the fireplace area. Next, student #3 

used a bar model from the internet; however, he discovered a conflict that the bar was 

over a column. Consequently, the student customized the bar model to fit within the 

space. Student #3 used Revit in space planning and furniture layout. In the fourth week, 

student #3 finished the floor plan (SD phase) and focused on detail exploration (DD 

phase) in each area of the restaurant. The student used the design options tool to examine 

different alternative designs, such as different shapes, colors, materials, and lights on the 

bar and ceiling beam design. Student #3 designed two alternative designs for the bar by 

hand. Then, he built it in Revit using the design options tool. After that, he built the third 

option using only Revit by combining previous ideas. The student reported that using the 

design options tool allowed him to compare different alternative designs within the space. 
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After that, the student selected initial materials. However, in the DD phase exploration, 

the student changed the selected materials. In the fifth week, student #3 explored details 

in the hearth area. The student did a material analysis by selecting different materials and 

applying them in the space to visualize it using a realistic view. In the sixth week, student 

#3 finished the booth design, which was the last part of the project, by modifying the 

shape, selecting the materials, and deciding on the size of the table. After that, the student 

did the lighting analysis to select the right lamp fixture and color temperature. After that, 

the student rendered using the trial and error approach to verify the final design decisions 

regarding lighting and materials. In the last week of the semester, student #3 presented 

their final design to the instructor and peers. 

Student #4. 

The ASD project. In the first week, student #4ôs team did research to learn about 

autism and developed their concepts. After that, the team drew hand sketches to think 

about the bubble diagrams and zonings. They thought about circulations and human 

needs on how the flow would be in the transition between spaces. In the second and third 

weeks, the team used Revit to resolve the measurements of the existing building and 

visualize the actual space. Next, the team started to design several layouts of the floor 

plans and then shared what they did to pick what worked best in a one-floor plan. During 

the SD phase, the team used the floor planôs view of exploring design decisions. They 

verified whether this selected furniture fit or not. Student #4 used the óthe detail lineô 

tool, a tool that produces 2D lines, to sketch her idea digitally. The student worked on the 

human need accommodation by drawing the ADA circle and dragging it around each 
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corner to make sure that there were no extra pieces that created a hard movement. Then, 

the student used the dimension tool to validate the requirement on both sides of the doors. 

The team showed the instructor three design options for the floor, from which they 

picked one after receiving the instructorôs feedback. Thus, Revit helped the groupôs 

communication about spatial design with the instructor. Revit also helped the instructor 

to find design weaknesses and give good feedback. Next, the team finished laying out all 

project requirements and finalized design decisions. The team wanted their skylight to 

produce ambient light because the users of the space were sensitive to the direct light. 

They explored the RCP design and did much alternative design. The team presented their 

final design to the instructor and peers. 

  The ARRD project. In the first week, student #4 did research on the site, building 

history, and the city. Then, the student created a mood board and selected a concept. The 

student inserted the existing floor plan into Revit to draw the existing structure. In the 

second week, student #4 finished a digital block diagram using Revit. In the third week, 

student #4 worked on the floor plan layout. In the fourth week, student #4 started a 

furniture layout after she had a general idea of where things should go based on the block 

diagram. While student #4 was developing the restaurant design, she kept changing the 

design using elevation and 3D views until she was satisfied with the results. Thus, going 

through óexploring alternative designô means having a series of changes until the student 

makes his/her decision. Student #4 used the digital method only and used a detail lines 

tool as a sketching tool, exploring her thoughts in the space. In the fifth week, student #4 

explained how she built her custom design, the top bar, and the bank vault door. After 
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that, student #4 examined lounge capacity by selecting random furniture. Regarding the 

booth design, the student used a detail line to sketch a decorative element between booths 

and then used the extrusion tool to create its thickness. In the sixth week, student #4 

started the DD phase by designing the lighting in the space and reflecting ceiling plan 

(RCP) and selecting materials. The student designed the RCP and took a camera view. 

Her process was the trial and error method, which allowed her to find the best material 

distribution within the space. She explored the chosen materials using a realistic view. 

This exploration was done through two steps: first, testing the chosen material by turning 

to a realistic view of the visual style, and second, rendering the scene to examine it and 

make any necessary changes, such as increasing or decreasing the light exposure. Next, 

student #4 presented their final design to the instructor and peers. 

Student #5. 

The ASD project. In the first week, student #5ôs team did research to learn about 

autism and developed their concepts. They designed a parti using a digital sketch. Next, 

they worked on the existing structure by drawing it using Revit to identify the exact 

dimensions and wall height. The team used Revit as a drawing tool that provides essential 

information to move forward in the design process by saving time and effort. Revit 

helped the team to resolve the measurement of the existing building and visualize the 

actual space. After that, the team drew the bubble diagram and block diagram digitally. In 

the second and third weeks, they drew three floor plan prototypes using Revit. The team 

finalized the floor plan using Revit. Student #5 explained that visualizing the 3D of the 

reception area made her able to generate an idea and create a complex geometry of the 
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reception desk. The student used the trial and error method in the furniture layout; 

however, she mentioned that using Revit gave her a sense of the size of the space for each 

room. The team finished laying out all project requirements and finalized design 

decisions. The team presented their final design to the instructor and peers. 

The ARRD project. In the first week, student #5 inserted the existing floor plan 

into Revit to draw the existing structure and to identify the exact dimension. The student 

did research on the site, building history, and the city. Then, the student created a mood 

board and selected a concept. In the second week, student #5 designed a logo and a 

digital block diagram using Revit. In the third week, student #5 completed the existing 

floor plan and worked on the main layout based on the final block diagram. In the fourth 

week, student #5 developed the space planning in the floor plan and explored different 

furniture layouts. In addition, the student explored space planning using a detail line too 

to create a digital sketch. Student #5 developed the restaurant design by using a floor 

plan, elevations, and 3D views until she was satisfied with the results. Student #5 used 

the digital method only by using the detail lines tool as a sketching tool, exploring her 

thoughts in the space. In the fifth week, student #5 explained how she built her custom 

design, the bar, and top of the bar. The top of the bar was built for decoration reasons. 

However, after she received feedback from the instructor, she changed the area above the 

bar to a private area. The student used the 3D view to make sure that her design looked 

good, and the measurements were right. In the sixth week, student #5 started the DD 

phase by designing the lighting in the space and reflecting ceiling plan (RCP). She also 

started to select materials. The student designed the RCP and took a camera view. Her 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

73 

 

process to select materials was by trial and error, which allowed her to find the best 

material distribution within the space. In the last week of the semester, student #5 

presented their final design to the instructor and peers. 

4.3.2 The photos of the design process. 

 This study includes figures designed by the researcher that illustrate the influence 

of using BIM/Revit in the SD and DD phases ð these are followed by table keynotes that 

explain each photo. All the keynotes provide a sequential understanding of what 

happened in the SD and DD phases. Part of the table keynotes are highlighted with gray, 

which means the step was done using Revit. White means the step was done by hand. 

Student #1. 

 The ASD project.  
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Figure 14. Photos of SD and DD phases in the design process of student #1ôs team 

during the ASD project. 
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Table 2. Figure 14 keynotes. 

 

The ARRD project.  

Photos

ô 

numbe

r  

Date Description  

SD phase 

1 10-16 The bubble diagrams.  

2 10-16 The first prototypes of furniture layout. 

3 10-16 The second prototypes of furniture layout. 

4 10-16 The third prototypes of furniture layout.  

5 10-16 The digital block diagrams. 1-4 led to produce 5. 

6 10-23 The parti of óease transitionô concept. 

7 10-23 The initial floor plan. 5 led to produce 7. 

8 10-25 The second-floor plan. 7 led to produce 8. The red circles highlight changes 

occurred in the floor plan. These changes are adding an outdoor patio and 

work area, developing the design in the training room, and changing the 

furniture layout in the kitchen, reception, and multipurpose training room. 

11 10-25 The ceiling material for the multi training room.   

12 10-25 The final RCP design. Series of trials and errors occurred to produce 12.   

DD phase 

9 10-30 The final floor plan. 8 led to produce 9. 

10 10-30 The selected materials. Series of trials and errors occurred to select final 

materials. 

13 10-30 The section of the space.  

14 10-30  The multipurpose space, which contains the quiet spaces.  

15 10-30 The final rendering of the entry/reception. 

16 10-30 The section of the quiet space. 

17 10-30 The final rendering of the outdoor space. 

18 10-30 The final rendering of the sensory space. 
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Figure 15. Photos of SD and DD phases in the design process of student #1 during the 

ARRD project. 
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Table 3. Figure 15 keynotes. 

Photo

sô 

numb

er 

Date Description 

SD phase 
1 11-8 The bubble diagrams.  

2, a, 

b, c 
The block diagrams. 

3 11-15 The digital block diagram. 1-2 led to produce 3.  

4 11-20 The first floor plan. Multiple furniture layouts occurred before 4.  

5 11-27 The second floor plan. 7 led to produce 8. The red circles highlight changes 

occurred in the floor plan. These changes are occurred in the furniture 

layouts, in the dining area, the reception, the lounge area, and the bar area. 

The refrigeration in the bar was replaced with alcohol display bottles. 

7 11-27 The first prototype of the selected materials. 

9 11-8 The top is the restaurant ramp solution.  

The bottom is the ideation of the bottle showcase shelves.  

10 11-15 The section of the restaurant ramp solution to show the heights of the ramp. 

Student #1 ñThe floor is raised above the existing column basesé creating 

three distinct levels for the lounge, bar, and dining area.ò 

11 11-20 The 3D view of the lounge using the hidden line visual style. 

12 11-27 The 3D view of the lounge using the hidden line visual style. Some changes 

occurred by adding glass on the wall.  

13 11-27 The 3D view of the private dining room. Some explorations occurred on the 

RCP.  

14 11-27 The section of the restaurant.  It shows the different heights of the ceilings 

and floors.  

15-

16  

11-20 The 3D views of the bar area. 

17 11-27 The custom bottle showcase in the bar area. 

DD phase 
6 12-6 The final floor plan. 

8 12-6 The selected materials. Series of trials and errors occurred to select final 

materials. 

18 12-4 The physical model. 

19 11-29 The 3D view of the dining area using the realistic visual style. 

20 12-6 The RCP. 

21 12-4 

 
The dining area.   

22 12-6 The final rendering of the dining area. The color temperature was modified. 

19-21 led to produce 5. 
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23 11-29 The 3D view of the lounge using consistent color visual style. 

24, a 11-29 

12-4 
The 3D view of the lounge. Some explorations occurred on the details, wall 

materials, and lightings. 

26 12-6 The final rendering of the lounge area. 23,24, 24a led to produce 26. 

25 12-6 The section of the restaurant. It illustrates the vertical relationships of the 

ramp, ceiling, mezzanine, and furniture. 

27 11-29 The 3D view of the private dining area. 

28, a 11-29 

12-4 
The 3D view of the private dining area. Some explorations occurred on the 

light temperature and materials. 

29 12-6 The final rendering of the private dining area. 27,28, 28a led to produce 29. 

30 11-27 The 3D view of the bar using the hidden line visual style. 

31 11-29 The 3D view of the bar using consistent color visual style to identify the 

dominant color. 

32 11-27 The 3D view of the bar. Some explorations occurred on the light temperature 

and materials.  

33 12-6 The section of the bar to understand the idea of different levels. 

34 12-6 
The axonometric of the space. 

35 12-6 
The final rendering of the bar area. 

 

Student #2. 

 The ASD project.  
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Figure 16. Photos of SD and DD phases in the design process of student #2ôs team 

during the ASD project. 
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Table 4. Figure 16 keynotes. 

Photosô 

number 
Date Description  

SD phase 
1 10-16 The bubble diagrams.  

2 10-16 The prototypes of space layout.   

3 10-16 The parti of óthrough the lensô concept.  

4 10-23 The initial floor plan. 2,3 led to produce 4. 

5 10-25 The second floor plan. 4 led to produce 5. The red circles highlight 

changes occurred in the floor plan.  

 

8 10-16 The branding exploration.  

9,10 10-

16,23 
The wall forms explorations.  

11 10-25 The 3D view of the sensory room. 11 led to develop details in the room.  

12,13 10-23 The reception ideation.  

DD phase 

6 10-30 The final floor plan 

7 10-30 The selected materials. Series of trials and errors occurred to select 

final materials. 
14 10-30 The exterior elevation. 

15 10-30 The outdoor area. 

16,17 10-

26,30 
The 3D view of the sensory room for material exploration.   

18 10-26 The 3D view of the multi-purpose training room for material exploration.   

19,20, 

21 

10-

26,30 
The 3D views of the reception area. 19,20 led to produce21.  

  

 

 

 The ARRD project.  
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Figure 17. Photos of SD and DD phases in the design process of student #2 during the 

ARRD project. 
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Table 5. Figure 17 keynotes. 

Photosô 

number 
Date Description 

SD phase 

1 11-8 The pdf file of the existing structure. The pdf file was imported in Revit to 

draw the existing structure. 

2 11-8 The logo of the restaurant.  

3 11-8 The bubble diagrams.  

4 11-8 The block diagrams 

5 11-15  The graffiti wall. The main feature of the restaurant.   

6 11-15 The block diagrams.  

7 11-20 The initial floor plan. 

10, a 11-8,20 The columns and the bar ideation.  

11 11-15 The alternative designs of the bar.  

12 11-20 The 3D view of the bar area. 10a led to produce 12  

13 11-27 The 3D view of the ceiling design in the bar area.  

14 11-27 The 3D view of the lounge using the hidden line visual style. 

15 12-4 The 3D view of the lounge adding a light fixture.  

16 11-15  The graffiti wall. 5 was developed to 16.   

17 11-20 The different angle of the 3D view of the lounge. 

18, a 11-20 The semi-private/private dining ideation.  
19 11-20 The 3D view of the main dining and semi-private /private dining.  

DD phase 

8 12-4 The final floor plan. There were no changes occurred.  

9 12-4 The selected materials. Series of trials and errors occurred to select final 

materials. 

20, 21 12-4 The 3D views of the bar and dining area for materials and light temperature 

exploration.  

22 12-6 The section of the bar. 

23,24 12-4 The 3D views of the lounge area for materials and lighting exploration. 

25 12-4 The final rendering of the lounge area  

26,28 12-4  The 3D views of the lounge area for materials and lighting exploration. 

27 12-6 The section of the restaurant represents vertical relationships. 

29 12-4 The final rendering of the lounge area. 

30,31 12-4 The 3D views of the main dining and semi-private/private dining for 

materials and lighting exploration. 

32 12-6 The axonometric of the semi-private/private dining illustrates the idea of the 

moving panels.  

33 12-4 The final rendering of the main dining and semi-private/private dining. 
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Student #3. 

 The ASD project.  
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Figure 18. Photos of SD and DD phases in the design process of student #3ôs team the 

ASD project. 

 

Table 6. Figure 18 keynotes. 

Photos

ô 

numbe

r  

Date Description  

SD phase 

1, a, 2 10-16 The bubble diagrams.  

3 10-16 The block diagrams 

4 10-16 The three alternative concepts. The team came up with three concepts, 

óthunderbird, running water, and deer tracks.ô They had to choose between 

them. 

5 10-23 The parti for the chosen concept óOn Trackô. 

6 10-23 The floor plan. 

6a 10-23 The floor plan. The red circles highlight changes occurred in the floor plan 

including furniture layout and wayfinding line. 

9 10-25 The 3D view of the sensory room.  

10 10-23 The reception area. 

DD phase 

7 10-25 The final floor plan. 

8 10-25 The selected materials. Series of trials and errors occurred to select 

final materials. 
11 10-25 The exterior elevation. 

12 10-30 The 3D view of the sensory room. 

13 10-30 The 3D view of the flexible use space. 

14 10-30 The 3D view of the demonstration kitchen and dining area.  

15 10-30 The two sections of the project.  

16 10-25 The 3D view of the hallways started exploring materials. 

17 10-30 The 3D view of the hallways.  

18 10-30 The RCP design.  

19,20 10-

25,30 
The 3D views of the reception area. 

The ARRD project. 
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Figure 19. Photos of SD and DD phases in the design process of student #3 during the 

ARRD project. 
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Table 7. Figure 19 keynotes. 

Photos

ô 

numbe

r  

Date Description 

SD phase 

1 11-8 The exposed wood beam ideation that reflects the cabin style. 

2, 2a 11-15 The block diagrams.  

3 11-8 The restaurantôs logo exploration.  

4 11-20 The block diagrams.    

5 11-20 The block diagrams. 2,4 led to produce 5,5a 

6 11-20  The furniture layout exploration. The student traced over the walls and 

columns of the digital floor plan using a blue color then explored furniture 

layout using a red color.   

7 11-20 The furniture layout exploration. 

8 11-27 The floor plan. 4-7 led to produce 8. The red circles highlight changes 

occurred in the floor plan.  

10 11-27 The selected materials. 

12, a 11-20 The wood beams alternatives.  

13, a 11-20 The hearth alternative designs.  The student used the ówhat ifô scenario in his 

exploration.  

14 11-27 The beam structure.  

15 11-27 The section detail of the columns. The student raised the floor level to cover 

the wide base of the columns. 

16 11-29 Further exploration of the hearth area using hand sketches.   

17 11-20 The 3D view of the lounge using the hidden line visual style. 

18, a 11-27 The sections of the bar area.  

19 11-20 The section of the lounge area. 

20 11-20 The lounge area exploration. The student used a hybrid approach. 19 was 

traced using a blue color then explored of different ceiling levels using a red 

color.   

DD phase 

9 12-11 The final floor plan. 

11 12-11 The selected materials. Series of trials and errors occurred to select final 

materials. 

21, a, 

b, c 

12-4 The materials application on the furniture. 

22 12-11 The elevation of the restaurant lobby.  

23 12-11 The final 3D view of the restaurant lobby.  

24, a 11-29 The elevation views of the hearth area exploring materials and textures.  

25 12-4 The 3D modeling of the booth. 
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26 11-29 The elevation of the hearth wall. 

27 12-4 The 3D view of the lounge area using the realistic visual style. 

28 12-11 The final 3D view of the lounge area.  

29 11-27 The elevation of the bar.  

30 11-27 The 3D view of the bar.  

31, a 11-29 The 3D view of the bar. The student used the design options tool to compare 

alternative designs of the bar.  

32 12-11 The physical model for the bar.  

33 12-11 The final 3D view of the bar area. 29-31a led to produce 33 

34, a 12-4 The alternative designs for the dining area. 

35 12-4 The RCP design. 

36 12-11 The final 3D view of the dining area. 

 

  

Student #4. 

 The ASD project.  
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Figure 20. Photos of SD and DD phases in the design process of student #4ôs team 

during the ASD project. 

Table 8. Figure 20 keynotes. 
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Photos

ô 

numbe

r  

Date Description  

SD phase 

1 10-16 The bubble diagrams.  

2 10-16 The furniture layout exploration.  

3 10-16 The block diagrams 

4 10-18 The prototypes of the space layout. 

5 10-23 The initial floor plan. 

6 10-20 The concept exploration. 

7,8 10-20 The prototypes of the space layout. 

9 10-25 The second-floor plan. 

10 10-25 The second-floor plan. The red circles highlight changes occurred in the floor 

plan.  

13, a, 

b 

10-20 The physical prototypes and section of the skylight design. This skylight 

feature is the main feature that reflects the chosen concept. The team explored 

different positions of the sunlight. 

14, a 10-26 The 3D view of the skylight exploration.  

15-

16 

10-20 The wall ideation.  

17 10-25 The furniture layout in the sensory room.   

18 10-25 The 3D view of the sensory room.  

DD phase 

11 10-30 The final floor plan. 

12 10-30 The selected materials. Series of trials and errors occurred to select final 

materials. 

19-

20b 

10-28 The 3D views of the skylight area for materials and lighting exploration. 

21 10-30 The final 3D view of the skylight. 

22-

23 

10-28 The 3D views of the outdoor. 

24-e 10-28 The 3D views of the reception area for materials and lighting exploration. 

25 10-30 The final 3D view of the reception. 

  

 

 The ARRD project.  
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Figure 21. Photos of SD and DD phases in the design process of student #4 during the 

ARRD project. 
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Table 9. Figure 21 keynotes. 

Pho

tosô 

num

ber 

date Description 

SD phase 

1 11-8 The restaurantôs logo exploration. 

2 11-8 The logo of the restaurant. 

3 11-15 The block diagrams. 

4 11-27 The first-floor plan. 

5 11-27 The second-floor plan. 

6 11-29 The furniture layout exploration.  

7,8 11-29 The third-floor plan. The red circles highlight changes occurred in the floor 

plan. 

12 11-29 The 3D view of the main dining area. 

13 11-29 The 3D view of the dining and the bar area. 

14 11-29 The 3D view of the bar area. 

15 11-29 The 3D view of the restaurant door 

16 11-29 The 3D view of the restaurant door and the bar.  

17 11-29 The 3D view of the booths design. 

DD phase 

9,10 12-6 The final floor plan. 

11 12-11 The selected materials. Series of trials and errors occurred to select final 

materials. 

18-

20 

12-11 The sections of the restaurant represent the vertical relationships. 

21 12-6 The 3D view of the dining/bar area.   

22 12-11 The final 3D view of the bar area. 

23, 

25, 

a 

12-6 The 3D views of the dining area for materials and lighting exploration. 

24, 

26 

12-11 The final 3D view of the dining area. 

 

  

Student #5. 

 The ASD project.  
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Figure 22. Photos of SD and DD phases in the design process of student #5ôs team 

during the ASD project. 
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Table 10. Figure 22 keynotes. 

Photos

ô 

numbe

r  

Date Description  

SD phase 

1, a 10-16 The bubble diagrams and adjacencies matrix.  

2-4 10-16 The prototypes of space layout.   

5 10-16 The parti of óencompassô concept. 

6 10-23 The floor plan layout. 

7 10-25 The floor plan with furniture layout. 

10 10-23 The 3D view of the concept exploration 

11 10-25 The RCP design of the multi-purpose room. 

12 10-25 The 3D view of the reception area.  

DD phase 

8 10-30 The final floor plan. There are no changes occurred from 7 

9 10-30 The selected materials. Series of trials and errors occurred to select final 

materials. 

13 10-30 The elevation of the reception area.  

14 10-30 The multi-purpose training room. 

15 10-30 The sensory integration space. 

 

  

 The ARRD project.  
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Figure 23. Photos of SD and DD phases in the design process of student #5 during the 

ARRD project. 
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Table 11. Figure 23 keynotes. 

Photosô 

number 
date Description 

SD phase 

1 11-15 The block diagram. The student traced over the pdf file of the existing 

structure.  

2 11-27 The initial floor plan. 

3 11-29 The second-floor plan.  

4 11-15 The logo of the restaurant. 

5 12-6 The third-floor plan.  

6 12-6 The fourth-floor plan. The red circles highlight changes occurred in the 

floor plan. 

9 11-29 The 3D view of the main dining area using hidden line visual style. 

10 11-29 The 3D view of the main dining area. 

11 11-29 The 3D view of the main dining area using shaded visual style. 
12 12-4 The 3D view of the main dining area. 

13 12-4 The 3D view of the bar.  

14 12-4 The 3D view of the main dining area.  

15 12-6 The 3D view of the lounge.  

DD phase 

7 12-11 The final floor plan. 

8 12-11 The selected materials. Series of trials and errors occurred to select final 

materials. 

16 12-6 The 3D views of the dining area for materials and light temperature 

exploration. 

17 12-11 The final rendering of the bar area. 

18 12-6 The 3D views of the bar and dining area dining area for materials and light 

temperature exploration.  

19 12-6 The 3D views of the bar and dining area dining area for materials and light 

temperature exploration.  

20 12-11 The final rendering of the dining area. 

21 12-11 The final rendering of the lounge area. 

22 12-6 The 3D views of the private dining area for materials and light temperature 

exploration.  

23 12-11 The final rendering of the private dining area. 
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4.2.3 The final deliverables.  

Student #1. 

The ASD project  

 

The ARRD project 

 
Figure 24. The ASD project by student 

#1ôs team. 

 

 
Figure 25. The ARRD project by student 

#1. 

 

  Student #1ôs team delivered the chosen 

concept, which was óease transition,ô 

through a parti, a floor plan, two sections, 

four perspectives, and selected materials. 

The team named the building óThe Next-

Door Life Skills Centerô located in 

Minneapolis, MN. The team described 

their project as a space that creates a 

social life for ASD people where they can 

network and strengthen their relationships 

with others. It also teaches them how to be 

independent and live a healthy, active life. 

Student #1 delivered the chosen concept, 

which was óthree-step spirits,ô through a 

parti, a floor plan, an RCP plan, two 

sections, four perspectives, an 

axonometric, selected materials and 

furniture, and a physical model. The 

concept was inspired by the three steps to 

make a cocktail. 

Student #1 named the restaurant óThree 

Step Spiritsô located in downtown St 

Paulôs famous Landmark Center. The 

student described the restaurant project as 

a place that educates customers about the 

ingredients and secrets of the cocktail 

besides serving meals and drinks. 
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Student #2. 

The ASD project  

 

The ARRD project 

 
Figure 26. The ASD project by student 

#2ôs team. 

 

 
Figure 27. The ARRD project by student 

#2. 

 

Student #2ôs team delivered the chosen 

concept, which was óthrough the lens,ô 

through a parti, a floor plan, an elevation, 

four perspectives, and selected materials. 

The team chose the concept óthrough the 

lensô to emphasize that this center 

provides a good opportunity to live an 

independent life. 

The team named the building óThe Aim 

and Focus Centerô located in Lakewood, 

New Jersey. The team described their 

project as a space that helps ASD 

individuals to become independent 

through a learning experience provided 

by the center. 

Student #2 delivered the chosen concept, 

which was ógraffiti artwork,ô through a 

parti, a floor plan, an RCP plan, two 

sections, four perspectives, an 

axonometric, selected materials, and a 

physical model.  

Student #2 named the restaurant óThe 

Markô located in downtown St Paul. The 

student described the restaurant project as 

a place that encourages graffiti artists to 

practice their graffiti artworks on the 

restaurant walls. 
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Student #3. 

The ASD project  

 

The ARRD project 

 
Figure 28. The ASD project by student 

#3ôs team. 

 

 
Figure 29. The ARRD project by student 

#3. 

 

Student #3ôs team delivered the chosen 

concept, which was ódeer tracks,ô through 

a parti, a floor plan, an elevation, a 

section, six perspectives, and selected 

materials. The chosen concept ódeer 

tracksô represents safety, prosperity, and 

shelter in Native American culture. 

 

The team named the building óthe 

American Indian Center for Independent 

Learningô located in Minneapolis, MN. 

The team described their project as a 

space that helps ASD individuals within 

the American Indian population to be 

independent learners. 

Student #3 delivered the chosen concept, 

which was óup north experience,ô through 

a floor plan, an RCP plan, a section, four 

perspectives, selected materials, and a 

physical model. The concept was reflected 

in the selected materials, texture, earth 

tone colors, and exposed wood beams. 

Student #3 named the restaurant óPig Eye 

Parlorô located in downtown St Paul. The 

student described the restaurant project as 

an upscale cabin that brings the northern 

Minnesota spirit among the city life. 
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Student #4. 

The ASD project  

 

The ARRD project 

 
Figure 30. The ASD project by student 

#4ôs team. 

 

 
Figure 31. The ARRD project by student 

#4. 

 

Student #4ôs team delivered the chosen 

concept, which was ónatural rhythm of 

the rising and setting of the sun,ô through 

a parti, a floor plan, three perspectives, 

and selected materials. The team chose 

this concept to celebrate the importance 

of routine to all living things. 

The team named the building óHorizon 

Centerô located in Tennessee. The team 

described their project as a space that 

creates a social life for ASD people 

where they can network and strengthen 

their relationships with others. 

Student #4 delivered the chosen concept, 

which was óforbidding,ô through a parti, a 

floor plan, an RCP plan, two sections, an 

elevation, three perspectives, selected 

materials, and a physical model. The 

concept was inspired by the history of 

criminals and the corruption of the law in 

St. Paul.  

Student #4 named the restaurant 

óCorruptionô located in downtown St Paul. 

The student described the restaurant as a 

place that provides different experiences 

and feelings by highlighting the era of the 

late 1920s in St. Paul. 
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Student #5. 

The ASD project  

 

The ARRD project 

 
Figure 32. The ASD project by student 

#5ôs team. 

 

 
Figure 33. The ARRD project by student 

#5. 

 

Student #5ôs team delivered the chosen 

concept, which was óencompass,ô through 

a parti, a floor plan, an elevation, two 

perspectives, selected materials, and 

furniture. The team chose the concept 

óencompassô to include all levels of the 

autism spectrum. 

The team named the building óEncompass 

Center for Independent Livingô located in 

Austin, Texas. The team described their 

project as a space that helps ASD people 

to be independent adults. 

Student #5 delivered the chosen concept, 

which was óRebellion,ô through a floor 

plan, four perspectives, and selected 

materials. The concept was inspired by the 

rebellious attitudes prevalent in the 1920s 

during the prohibition era. 

Student #5 named the restaurant óThe 

Rebellionô located in downtown St Paul. 

The student described the restaurant as a 

space that reflects secrecy and rebellion 

with a luxury look. 

 

 

4.4 The Interviews 

 The researcher conducted a series of semi-constructed interviews with five 

students during the semester while they were working on the ASD and the ARRD 

projects. Overall, the students reported that using Revit facilitates the SD and DD phases 
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in different ways. Seven themes emerged from the interviews: four themes from the SD 

phase interviews, and three themes from the DD phase interviews. The following Figure 

34 demonstrates themes and how many students justify these themes. The themes that 

emerged in the SD phase are (1) initial concept development, (2) the exploration of 

forms, (3) human needs accommodation, and (4) design method exploration. The themes 

that emerged in the DD phase are (1) the exploration of details, (2) design decision 

validity, and (3) final design decision execution. 

 

 

Figure 34. Themes that emerged from data. 

In the SD phase, using Revit facilitates early design decisions. In the initial 

concept development theme, the students used Revit to develop their initial concepts, 

starting from ideating, choosing a concept, sketching it out by hand or in Revit, exploring 

the design within the whole context, and executing the ideas. In the exploration of forms 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

102 

 

theme, the students explored ideas and forms using 2D and 3D views in several interior 

design phases, including building the existing structure, space relationship analysis, space 

planning, conflicts identification, and custom design. Thus, the 2D/3D views helped the 

students to understand their design and then communicate their design with others. In 

the human needsô accommodation theme, the students compared and contrasted their 

design decisions while using Revit with human needs, such as ADA 

accessibility/universal design issues, to make their final design decisions. In the design 

method exploration, an unexpected theme emerged in the SD phase because using Revit 

did not restrict the students in their design exploration methods. Some students used only 

Revit in their design exploration, while others used the hybrid method.  

Similarly, in the DD phase, using Revit facilitates late design decisions. In the 

exploration of details theme, the students explored details in several interior design 

phases including RCP design, testing materials, lighting analysis, and details 

development. In the design decision validity theme, the students used 2D/3D views, 

visual styles, and draft rending to validate their design decisions. In the final decision 

execution theme, the students used the trial and error approach and iteration of draft 

rendering to execute their final design decisions. 

Schematic Design Phase (SD) 

4.4.1 SD Theme 1: Initial con cept development. 

 Using Revit helped the students to develop their initial concept. What I found here 

is a small process inside the design process; I call it óthe initial concept development 

process.ô  
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Figure 35. The initial concept development process. 

 

 In Figure 35, this process starts with ideating, choosing the concept, exploring the 

concept within the whole context, developing the concept, and executing the idea. The 

students explained to me that this exploration made them examine whether this design 

reflected their concept, and whether this reflection conflicted with the requirements and 

the human needs. Consequently, using Revit helps the students to see the design elements 

within the whole context, which allows them to refine the initial concept and then execute 

the design. 

4.4.1.1 Concept selection. 

In the ARRD project, student #3 chose the initial concept of ócabin feel.ô Then he 

used a hand sketch to draw the idea. He refined his concept to be óup north cabin.ô When 

the student finished the hand sketches, he moved to Revit to model some alternative 

cabin structures and used the 3D view to visualize how the design looked within the 

space: 
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[I came] up with different designs that I found online of how cabins use their rafters 

as an exposed element. [I created] as many ideas as I could [then I chose] those 

four. My next step would be to [model] them in Revit and then switch it out [to] 

see how each of them looks and works best within the space. 

4.4.1.2 Exploration of ideas.  

All the students reported that they used Revit to see their idea within the whole 

space. Students #1 and #2 reported that Revit helped in perceiving the chosen concept 

within the whole context. Student #1 said: ñ[In] Revit it was very easy to [see] how does 

[the design idea] affect the rest of the restaurant.ò Student #2 said: ñI usually sketch little 

chunks of the design that I want in [the design project]. Once I start putting in [Revit], I 

am like, óoh, I do not want that, or I do like this.ò Student #3 explored the design within 

the whole context: ñMy concept is óup north cabinô so [I am] trying to figure out a variety 

of different beams that I could use it [to] drop the ceiling andécreate this cabin structure 

inside of this building.ò 

 Student #4 selected the concept ócorruption.ô She explored her idea by drawing 

design elements that reflected the concept, such as the restaurant door. Revit helped 

student #4 see the design elements within the whole context, which allowed her to refine 

her concept and then execute her design: 

For this vault door, first, I do not know how big I want the vault door, so using this 

view made me realize [that] Iôve got to make it bigger or smalleréand I donôt know 

how I should swing the door, so this view [helped] me put it in perspective again to 

see how it would relate to my space and fit in the space. 

 

Student #5 reported that using Revit helped to visualize and understand the whole space 

and therefore to design within the whole context: 

I think building in Revit gives us an idea of how big the space is and how much 

space we have to work with, and I think it also makes it easier to visualize how we 
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want the space to be laid out and it helps us lay forward where we want to go in 

design.  

4.4.2 SD Theme 2: The exploration of forms. 

Using the 2D/3D views in Revit helped the students in the exploration of spatial 

forms. They illustrated the basic design concept through forms and did bubble diagrams 

to explore, identify, and locate zones of activities. The students explained to me that this 

form exploration occurred at various stages in the SD phase, including the existing 

structure, space relationship analysis, space planning, conflicts identification, and custom 

design. Therefore, using Revit helped the students to explore their design in 2D and 3D 

views. After this exploration, the forms of the design become more legible. They reported 

that using Revit during this exploration made them capable of communicating their ideas 

with others (see Figure 36).  

 

Figure 36. The exploration of forms would occur at any time of the SD phase using 

2D/3D views that lead to make the design idea more legible. 
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4.4.2.1 The existing structure. 

Student #1 used a 2D view in Revit to draw the existing structure in the ASD 

project, after finishing the bubble diagram by hand: ñNow we are working on the floor 

plan, and we are building it in Revit.ò 

Student #2 used the 2D view to draw the existing structure in the ASD project so 

that she could start her design: ñHaving [the existing structure] overlaying onto [Revit] 

and then [the instructor] did provide measurements for us.ò In addition, using 2D/3D 

views were useful to meet the space requirements: ñIt was easy to place the [furniture] 

and know how big [space] needs to be and how high up [the ceiling] is.ò Student #2 

reported that she used Revit to draw the existing building: ñso I was trying to get 

[dimensions of the building] as close as possibleé because it always helps me visualize 

where Iôm going to put [furniture].ò 

Student #5, in the ASD project, used the 2D and 3D views to draw the existing structure: 

ñWe havenôt done any sketches [by hand] yet. We started in Revit. We started building 

out space since we got a PDF floor plan of this space, so I started building that up into a 

three-dimensional space.ò In the ARRD project, she started the project by transferring the 

pdf file to a 3D parametric modeling file: 

[After] the block diagram, I am drawing out the floor plan, I put the PDF into Revit, 

and now Iôm tracing the walls. So, I have that I know the space and so I can get an 

idea of how big this space is. And then Iôm going to start figuring out a layout once 

I figure out the space I have to work with. 

4.4.2.2 Space planning. 
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Student #1 reported, in the ASD project, that using the 2D view for exploration helped in 

the space planning, such as space measurements and furniture layout: ñWeôre playing 

with space and visualizing how big is our space by putting the furniture in. We are using 

it as a tool to help us gauge how much room.ò In the ARRD project, the student used 

Revit to do measurements: 

I decided the one, two, three [levels] on paper and then in Revit; I decided that itôs 

going to be a difference. From level one to two, itôs six inches, and then from level 

two to three, itôs a foot because of how it worked out with the bar. 

In addition, student #1 used the 2D view to do the furniture layout: 

I was locked on space planning. Once I did all the block diagrams and entered [them 

in] Revit, I knew roughly where I wanted what. I guess one thing that has developed 

is how the furniture is arranged. It was more strongly developed. 

Student #1 explained how she explored the 2D forms as alternative designs in the space 

planning: ñIôm just shifting [alternative designs] using the [canvas] of the Revit file. I 

would say it is where I do a lot of my saving alternate areas and then putting them in.ò  

Student #2 reported that using the 2D view for exploration helped in space planning: 

We used [Revit] first [in] schematic because we needed to understand how the 

layout was going to be because we didnôt really know how to visualize it any other 

way because of [the] square footage and I think it helped to put it in there and edit 

it a little bit before finalizing the floor plan. [it] helped a lot. 

 

Student #3 reported that using the 2D view for exploration helped in space planning: 

 In SD [phase], Revit is very helpful and using it as a space planning, once [I] get 

[my] general idea down on paper and then bring that into Revit. So that [I] can see 

if things actually work out, especially thinking about clearances.  

Student #4 explored 2D views in the ASD project in the space planning by exploring 

different layouts of the floorplan: ñYes, we did a bunch of layouts on Revit and then 
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picked what element from each of those floors plans works and then put them into one 

floor plan.ò Student #4 reported that using Revit helped in space planning: 

[I design] right into Revit rather than sketching it out on paperé because we feel 

it is a waste of time to sketch it out. [I] do not know how big a room is. So, for the 

Revit, there is a tool where [I] can measure out this room [and] how big it is. And 

then they are the 3D view again using that as a tool it is very helpful because [I] 

can see how the furniture would look. 

Student #5 explored the 2D view in space planning by exploring different layouts of the 

floorplan and making adjustments based on the 2D exploration: ñI personally like to 

sketch out ideas first and then put it into Revit just to get a general idea. And then once I 

have the furniture actually in the file, then Iôll move it around and adjust based on how it 

actually fits in the space.ò Student #5 reported that using 2D view for exploration helped 

in the space planning, such as space measurements and furniture layout: 

Once we started putting it in Revit, we had to make adjustments and changes based 

on which rooms needed more space or less space and make sure thereôs a nice flow 

throughout the space as welléI think Revit helped to come up with the shape [of 

the floorplan layout]. 

4.4.2.3 Space relationship analysis. 

Student #1 used the 2D view, such as elevation and 3D view, to explore the vertical 

relationships in the space:  

[Using Revit] I walked through the space and Iôve been into every single corner 

and I think Revit helps me do that. [it] helps me put myself at the scale of everything 

éif [I] just looked at on plan [I] would forget that [I] have 22 feet a vertical space 

that [I] need to fill. [Revit] helps meé how do I play with that vertical space. 
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Student #3 used the 2D and 3D view to analyze space relationships by ñtrying to fit the 

requirements within a refined space and make sure that [the] adjacency spaces are next to 

each other.ò 

Student #4 used the 2D view to analyze the space needs and space relationships: 

 [In the ARRD project], all of these decisions were made after putting it onto Revit 

and moving the rooms around to see how it would fit into our conceptéFor my 

entrance, I was thinking Iôm going to put in a secret door pathway where thereôs 

going to be a person sitting right next to it and then lead people inéIôm going to 

have a bank vault. [The users] can go through this vault and then have seatingé 

and then the booths are hidden in the back. 

 

Student #5 analyzed the space relationship by exploring it using a 2D view in Revit to 

build the final floor plan: "We did not know our final floor plan layout until we started 

building it out in Revit.ò 

4.4.2.4 Conflicts identification. 

Student #1 explored the design idea using the 2D/3D views to identify conflicts: 

ñI really like using Revit because Iôm able to have an idea and attempt to build it and see 

if it looks correct or not.ò She reported: ñ[Using Revit] we saw how we needed a wall to 

line up with a mullion and play with more of the logistics of this space.ò She also 

reported: ñWe decided that we wanted the door in the center so that you can go from one 

to the other.ò Then she discovered that there was a conflict after changing the door 

location: ñAnd then we flipped the location of the desks, in our drawings, they tended to 

be down here [in the floor plan] while this workstation tended to be up there.ò 
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Student #1 sketched by hand to generate an initial idea which was having different levels 

with a ramp around the bar area. Then, she used Revit to identify conflicts and validate 

her idea (see Figure 37). 

So, part of my design is playing with different levelsé Revit was helpful in 

visualizing [the bar] and playing with it. I did the math on paper and was okay! It 

needs to be this but being able to see it and see that óyes, this works!ô. I had a sketch 

of a section view, and then with Revit, I was able to make it.  

 

Figure 37. 2D/3D form exploration helps in conflicts identification. 

Student #2 explored the design idea using the 2D and 3D views to identify conflicts: 

 I think Revit is good at helping [me] understand constraints that sketching it 

doesnôt because [I] can sketch anything but once [I] put it into Revit there are things 

that [I] canôt do, or just donôt make sense, once [I] put it into the space.  

 

Student #3 changed the bar design after detecting some conflicts: ñThe bar is going to be 

over here. I forgot to put my columns in. So, I need to put my columns in, and thatôs 

going to mess with [the bar], and that also means I canôt use this [bar], so Iôm going to 

make something custom.ò 
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Student #4 explored the design idea using the 2D/3D views to identify conflicts in the 

early design decision of the space planning: ñWe laid out the block diagram, and we 

developed it in Revit. We took our sketches and put them into Revit and then figured out 

what pieces could go where and the adjacencies, [I can see] this room connection of that 

room.ò Student #4 identified conflicts in her design decision by using temporary 

furniture, in 2D/3D views, to examine the capacity of the space: ñWe [were] nervous 

about the multipurpose room. [We were supposed to] be able to fit 20 people, so then we 

went on to Steelcase and imported some of the furniture just to see if it fit 20 people.ò 

She added, ñRight now, I just want to put any furniture to see how big it is and then weôll 

change it according to the dimension of this face to this face.ò 

Student #5 explored the design idea using the 2D/3D views to identify conflicts: ñI do 

like to do 3D [view] we use to make sure that it looks great, so typically Iôll start out by 

placing the furniture in the plan view, and then Iôll switch back to my 3D view to make 

sure it looks nice and works well.ò She added: ñI was using elevation when I was 

designing this part of the bar. I was using this view to measure and make sure these are 

the same size and distance apart for technical things and making sure measurements are 

correct.ò 

4.4.2.5 Custom Design. 

Student #3 explored the design idea using the 2D and 3D views to design the custom 

family. He used a ówhat ifô scenario to explore several forms of the internal beams and 

fireplace: 
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I have been looking into different beams. So, I liked this simple beam, but then I 

was [thinking] okay if I have this, what can I do with these spaces? Then I saw 

something on Pinterest, and I was [thinking] what if I did something like this? But 

these just had to be spread out wider, so that way, they all still kind of incorporate 

this over the beam systemé [I came] up with a few ideas for my fireplace, such as, 

what goes above the fireplace whether itôs a moose head or itôs my concept framed 

a formal portrait above [the fireplace]. 

Student #4 explored the design idea using the 2D/3D views to design a custom family. 

She built a piece of custom furniture using the digital sketch in 2D view then used the in-

place family in 3D view: 

First of all, I used a detail line to sketch out what shape I wanted to make, sketching 

it on Revit. After that, I went into the [in place family], and then I built one of the 

panels at a time. Then from there, I went into 3D view and see where they are and 

pull it up or set the heighté for building my bar [the focal point], first I measure 

[the bar because I want to know] how big I want the top of my bar and then after 

that I went in [Revit] and build these poles inside of them using measurement and 

make it equal on both sides [using] óin place family toolô If I was stuck, I use the 

3d view and then put into perspective of how it would look in a form. 

 

Student #5 explored the design idea using the 2D/3D views to design a custom family. 

She built a piece of custom furniture using the in-place family tool: 

 When I was designing the reception, for example, I knew I wanted a curved type 

of shape, and so I drew it and then I looked at it and 3d view to make sure it looks 

how I wanted it but then I realized I wanted to add something extra, so then I added 

this element here [which] makes it look more interesting and then the cut out here. 

I think using the 3D view helps me visualize the space better, and it does help me 

come up with more ideas as well. 

4.4.2.6 Legibility of design.  

Student #1 used Revit to ask for peer feedback on her design idea: ñI copied [the dining 

area] and rearranged it and placed it and then asked for a classmateôs opinion on it and 

then wiggled it a little bit more and more.ò The student reported that designing to scale 
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allowed understanding of size and the portion of the space: ñ[Revit] helps us explore the 

ideas quickly in scale, [but in] sketches itôs really hard to be in scale and be quick.ò 

When student #1 executed her design using Revit, she made the idea more 

understandable, which allowed the instructor to give her proper feedback: 

Iôm playing with [the bar area], that behind it right now are some refrigerators and 

my thought process was thereôs private room back here and was giving that room 

privacy but after talking with [the instructor], [I am] moving more towards to show 

it off, through using glass and I found this image that Iôm inspired by to incorporate 

kind of a casing that is storage for the alcohol it is a decorative element to the space 

and this is going to be a really kind of huge part of my design because itôs right in 

the center of everything  (see Figure 38). 

 

Figure 38. 2D/3D form exploration helps to make the idea more understandable. 

Student #2 used Revit to make her ideas more understandable for others: 

I always like using Revit. It makes it easier to get your ideas across. Iôm pretty good at 

sketching. People can still understand my ideas based on my sketches but pushing it 

farther through Revit is nice because youôre presenting this to clients, and they see 

something that almost looks real. Itôs going to make it a lot more exciting for them to 

see it completed or understand whatôs happening in the design process as youôre going 

through it. 
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Using Revit made the idea more understandable in communication between team 

members. Using 2D drawings (floor plans) helped the students to communicate with each 

other and arrive at a final decision.  

Student #4 explained how her team collaborated on ideas in the floor plan using Revit, 

which made the process of communication between them easier: ñ[Using Revit in the SD 

phase] is going back and forth from both of our floor plans at what works and what 

doesnôt and weôre going to talk about it and then improve our ideas into one in whole 

floor plan.ò 

Student #5 reported that she could keep tracking her changes in the floor plan in the early 

phase using 2D and 3D views: ñEarly on I am already putting things in Revit in the 

schematic phase. When I am still trying to figure out the floor plan and other stuff, Revit 

is still helpful because as I am changing around the floor plan, I can look at it in 2D and 

3D.ò 

4.4.3 SD Theme 3: Human needs accommodation.  

Visualizing the spatial design in 2D/3D views in the SD phase helps the students to 

recognize spatial design as a human-centered design related to human needs, values, and 

preferences. This recognition helps to accommodate human needs, including ADA 

accessibility, universal design, ergonomics, proxemics, and anthropometrics within the 

space designs. Thus, human needs accommodation is part of the exploration process in 

the early design decision in the SD phase. The students explained to me that this 

accommodation occurred while they did space needs and functional analysis. Therefore, 
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using Revit facilitates the space needs and functional analysis that allow students to 

accommodate human needs (see Figure 39).  

 

Figure 39. The human needs accommodation occurs in the space needs and functional 

analysis while using Revit. 

 

 

Student #1 analyzed the space needs of public circulation by using the 2D view in Revit, 

i.e., she used Revit to accommodate the anthropometrics: 

We did make a change to our design wall in Revit. We decided we needed more 

circulation after seeing how our space was laid outéthere was only going to be one 

way of access in, but thené once we could see it [using 2D view in Revit] and it 

was in proper scale, we found that was awkward and so we decided we needed a 

second a circulation route for this space. 

Student #1 reported that after space needs analysis she designed a staff area to 

accommodate employee needs, i.e., she used Revit to accommodate the ergonomics: ñI 
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fiddled around with my lounge area, and Iôve now added kind of a sidebar for staff to use; 

this wasnôt here before, and I rearranged the furniture.ò 

Student #2 designed the reception disk in the center with curved lines that works as a 

focal point to accommodate the wayfinding, i.e., she used Revit to accommodate the 

ergonomics: 

[There is] the front desk, and thereôs a large branding ring thatôs on that above the 

reception desk along with a circular skylight that shines down on the ringé our 

front desk was a mixture of 3d [and other views] because we wanted it to be very 

visually strikingéThe lobby is a focal point area for visitors due to its strong 

circular geometry and the unique design of skylight that echoes with the concept 

through the lens. It acts as a grounding point for people within the building to help 

find their way if they are lost. 

Student #3 accommodated the needs of circulation flow by viewing 2D and 3D views 

when he developed the lobby area in the ARRD project, i.e., he used Revit to 

accommodate the anthropometrics: 

I have to develop the lobby area because I placed a few thingsé [I] feel there must 

be something here. It might be a strong branding wall right here, but this space is 

not utilized, but with a door here, so this is the main flow into the space, so there is 

nothing [I] can really put here, so maybe it is just a branding wall. 

I was originally going to put a ramp right here, but now I donôt think Iôm going to 

do that because if I put a ramp to go up then thereôd be like this weird step right 

here by these doors and that wouldnôt work for the servers and then my bar is 

already so low that I couldnôt raise it up another foot. 

Student #3 accommodated the need for intimate spaces and avoided crowded places in 

the restaurant, i.e., he used Revit to accommodate the proxemics: ñThe space is having 

40-50 people and [with the second floor] to add another 20-30 above just seemed a lot of 
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people and I didnôt think the atmosphere of this space needed that to be that many 

people.ò 

Student #4 worked to reduce the smells and noises that come from the kitchen and 

permeate the space, i.e., she used Revit to accommodate the ergonomics: 

We came up with an idea of building a working kitchen that mocks a restaurant, so 

then they could practice a jobéour hallway goes down this corridor where is our 

kitchen is, and then weôre going to make it into a mock restaurant, and itôs going to 

be blocked off because we donôt want the smell to escape and make noises to those 

that are really sensitive to the sound. 

Student #4 considered people with autism by selecting semi-private seating to escape 

from noise, i.e., she used Revit to accommodate the ergonomics: ñRight now these booths 

are fixed, and I want something that they could move, if [the users] have a party they can 

move all of these out and put it into a storage.ò 

Student #4 accommodated ADA accessibility and universal design when designing the 

mockup apartment in the ASD project: ñ[About] the apartment, I can have trouble doing 

the bathroom, so I made a circle representing the ADA circle, and I dragged it around to 

see if it fits into corners. Throughout the plan I kind of placed the circle around to see if it 

will fit into the plan.ò 

Student #5 accommodated the needs of a variety of furniture to serve different types of 

people within the space, i.e., she used Revit to accommodate the ergonomics: 

We want to make sure we include all different types of people on the autism 

spectrum. So, we want to provide a variety of different furniture and different types 

of spaces so that it accommodates the different people on the spectrum é so weôre 

going to provide different types of seating, different textures, and things like that. 
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Student #5 accommodated the needs of the circulation flow and wayfinding when she 

developed the space planning, i.e., she used Revit to accommodate the anthropometrics 

and ergonomics: 

I put [the bar] over here, and I realized because itôs right next to the kitchen so it 

would be easy for the employees [movements] and éI like the idea of having all 

the counter space and the center I wanted to be a tall element to be as a focal point. 

 

Using 2D and 3D views helped student #5 to accommodate the ergonomics by transfer 

design elements to functional elements based on the instructor feedback: 

At first, I had the gold [metalôs strips] elements, and it was going to be a design 

element, but then [the instructor] suggested having maybe private dining in [the 

gold metal strips area] which I thought would be cool. So, my mezzanine was just 

going to be up here, but then I needed more space anyway, so I extended it to go 

all the way around, and now this area is going to be a private dining area. 

 

Unexpected Theme. 

4.4.4 SD Theme 4: Design method exploration. 

The design method exploration theme is an unexpected theme that emerged during the 

analysis of studentsô interviews. Some students used Revit to examine their design 

decision. Others used hands then Revit. In addition, some students used hand, then mixed 

hand and Revit, then Revit only. Furthermore, some students used Revit then hand, then 

Revit. Others used hand then Revit, then turned back to using hand sketch and then Revit 

again. The students reported four different design methods of exploration while they used 

Revit in the SD phase. Figure 40 illustrates different methods of exploration found in the 

interviews and can be concluded that there are many design method explorations that 
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students can consider during the design process. 

 

Figure 40. The different kinds of method exploration that are found in interviews. 

Student #4 used Revit only in her design exploration: ñNo [hand sketches], I did 

everything in RevitéI work with the floorplan rather than work with a pencil, so Revit 

was my main tool for design this project.ò The student reported that using the Revit in the 

digital sketch was because the drawings were more precise with dimensions: 

I use Revit when I have an idea. For example, [I was] building this staircase. If I 

sketch that out [by my hand], it wouldnôt make sense because the dimension in 

Revit is probably different than how I would estimate. Then I was playing around 

[using Revit] with how many steps should I have so then this length of entering 

would fit into my floor plan and also creating this curve right here it took me a 

while to figure out and so I used to dimension and detail lines [to] again sketch out 

the shape that I want so detailed line itôs my main priority of using the tool. 

 

Student #2 reported that her design method exploration was using the hand, then Revit: ñI 

think it was a mixture, both [hand and Revit]. [I] would kind of talk about an idea and 
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then see how it looks and [I] sketched it out [by hand] and then in Revit [I] tried to see 

how to implement [it].ò  

Student #1 reported that her design method exploration was using the hand, then hybrid 

method, then Revit: ñ[I] did kind of majority hand sketching in the beginning and then [I] 

mixed hand sketching with digital and now [I am] transitioning to being mostly digital.ò 

Student #5 reported that her design method exploration is by using Revit, then hand, then 

Revit. She traced over the digital view and used her hand to develop ideas: ñI do a 3d 

view, it makes it easier to visualize this space and then sketch based on that.ò 

 Student #3 reported that her design method exploration was using hand then Revit, then 

turning back to use hand sketch and then Revit again. He described his hybrid design 

method as: ña mixture of using Revit and kind of using paper to figure things out.ò Then, 

he described why he used this method in exploring ideas: 

I try to do it like that [trace over the floor plan in Revit]. [In] space planning [I] 

want to make sure that [I] have something too large, and then [I] donôt have enough 

space when [I] go into Revit or [I] have something drawn too small on paper. Itôs 

nice to have it [trace over the floor plan in Revit] so that way you can visualize how 

much the lounge space took up. Itôs definitely good to go back and forth between 

Revit and paper. 

Student #3 traced over the main structure using the blue color and added new ideas by 

hand using the red color: 

I traced [the main structure] from my computer [to make sure] that I have [the 

drawing to] a scale é the blue is whatôs from Revit, so I think it just makes it faster, 

[and] make sure that where columns are and where existing walls are. [This] is the 

way I donôt miss when Iôm sketching out. So, the red is what I added while the blue 

is existing like walls and columns; itôs that way I donôt have to do the guesswork. 
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Design Development Phase (DD) 

4.4.5 DD Theme 1: Design decision validity.  

Using Revit helps the students validate their design. The students reported that they 

could validate their design decisions using a trial and error approach toward executing 

their design (see Figure 41).

 

Figure 41. The Students used a trial and error approach to validate the design 

decision in DD phase. 

 

4.4.5.1 Trial and error.  

Student #1 validated her design decision using the trial and error approach. She validated 

the design of the sound baffles in the ceiling by ñplacing them and organizing them and 

experimenting [them].ò She also added design validity by using a trial and error 

approach: 

I fiddled with this upper bar [and] this whole upper dining area last time for 

probably an hour, and my classmate kept giving me ideas, óI would do this, I would 

do thatô and I was debating that like okay well if I change this itôll fix this solution, 

but it will make this thing worse, or itôll cause this problem and I think in Revit, I 

can see whatôs working and whatôs not. 
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4.4.5.2 2D/3D views.  

Student #1 validated her design decision using the 3D view and realistic visual style:  

I think in [The DD phase], Revit really helps me understand how I can use lights in 

the space because otherwise, [I am] never forced to think about sunlight or 

darknessé as a young designer whoôs never really built a real buildingéand now 

I would say all the perspectives Iôm showing our end realistic, so I can just see how 

it looks together. 

Student #2 validated her design decision using the 3D view and realistic visual style. She 

reported that she validated what she imagined with what she ended up seeing to know if 

she reached her goals or not: 

Thereôs not a lot going on in the space versus I want the art to speak for itself within 

it so I didnôt want the design to be overpowering in any way, but I also have to 

balance that with it not being boring for people to walk into the space and not see a 

lot going on either. So, I still have to edit some of these and change whatôs going 

on and so that it seems more interactive space. 

 

Student #5 validated her design decision using the 3D view and realistic visual style: ñI 

look at [my design] in three different views and make sure itôs how I want it to beéI 

think of something, then I put it in a Revit, then I look at the 3D view to make sure that 

itôs what I was imagining.ò 

4.4.5.3 Design validity. 

Student #1 validated her materials ratio using Revit: 

This paneling right here is wood slats, and I had to play with the scale of the material 

in Revité I was able to see how big I wanted to get it to make it look correct in the 

space. I mean, that scaled correctly into space. Originally when I brought it in, it 

was way too small. 
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Student #2 reported what happens in the design validity process: 

It is a process of trying to get to the perfect point that [I] want it to be at, [I] have 

to keep fiddlingéprobably four or five times [I make changes] at least, and it was 

a lot of: óOh, I like this, but I think it could be better!ô So, it was just kind of what 

I wanted to do. 

Student #3 reported what happens in the design validity process: 

[In the DD phase], Revit is a very visual tool that [I] can use and it helps [me] to 

realize what [I] can do, instead of have it in [my] head and now [I am] putting it 

into [the] place and [see] if that actually looks right in a model settingé[I] 

enhanced [my] perspectives whether [by] adding furniture iné thinking about the 

lighting within the space, details on the walls [such as acoustical panels]. 

Student #3 reported how he validated his design: 

It was structural things that we werenôt thinking about when we were doing the 

ceiling in 2D [view], but then when [we] put in 3D [view] weôre like óoh yeah we 

need to have a soffit above here. We didnôt think about it because we visually 

couldnôt see it, but then once we run into 3D [view] thereôs blank black space here, 

and weôre just like óoh yeahô we need to add that in.  

Student #3 reported the importance of validating the design: 

I think itôs good to verify [the design] because it would have turned out better. Itôs 

nice to see at least you can say to yourself, óhey, I tried all the different options, and 

I know that this one is better based on what Iôve seen in Revit and done in Revit.ô 

 Student #4 validated her design using Revit:  

For our ceiling skylighté we built [a physical] model; after that, we put it into 

Revit. Theyôll confirm [that] this will workéso in these renderings, you can see, I 

was playing the height how tall of this length should be to have direct sunlight, so 

this is kind of too low. Then I moved it up a little bit to have a different effect on 

the space. So, Revit helped me to make sure this would work.  
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4.4.6 DD Theme 2: The exploration of details. 

Using the 2D/3D views in Revit help the students in the exploration of details. This 

exploration may occur at any time of the DD phase. The students explained to me when 

the exploration of details occurred, including during the RCP design, testing materials, 

lighting analysis, and details development. Therefore, using Revit helped the students to 

explore their details design in 2D and 3D views. This exploration occurred in several 

interior design phases. Consequently, they could validate their design decisions toward 

executing their design (see Figure 42). 

 

Figure 42. The detailsô exploration would occur any time of the DD phase. 
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Student #1 and student #3 reported the exploration of details theme that occurred in the 

DD phase. Student #1 reported: ñIôm on the point in the design where I need to polish it. 

And I need to get the wrinkles out. I want to fiddle with [the design] because what I have 

now works; itôs just it could be better and just got discovering how it can be better.ò 

Student #3 reported: ñRevit is really helpful when [I] get into picking materials [and] 

using the realistic view and switching out fabrics and seeing what works and what 

doesnôt work so that way [I] can visually see it...[I] can see the full volume of everything, 

so thatôs good.ò 

4.4.6.1 RCP design. 

Student #1 reported that the exploration of details occurred in the RCP design in the DD 

phase. She used 2D and 3D views to design the RCP: 

I created these beams in my space as an architectural feature, and now Iôm putting 

light on top of them to shine up onto the ceiling to kind of play with how big those 

spaces. é Iôve been playing in draft renderings, and Iôve been jumping between 

my perspective and my planned drawingsé Iôm using my 3D views a lot more to 

play with the space. If you noticed, I added these beams. [I] was playing with their 

height placement and how many there are and how thick they are (in the ceiling) 

é I have all the basics there. So, I was able to take the time then to explore a little 

bit more with these beams [in the ceiling].  

Student #2 reported that the exploration of details occurred in the RCP design in the DD 

phase. She used 2D and 3D views to design the RCP: 

I fixed the lighting so that itôs different, so itôs actually leading a path throughout 

the spaceéIôm still trying to figure out if I like them in this space because right 

now, I feel they make it too busy and I want it to be more clean looking. 
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Student #2 overlapped the floor plan on the ceiling to design the lighting layout based on 

the floor plan layout: ñI always overlay the lights so that I can see them on the floor plan 

so when I place them, I know how they line up with the furniture and the rest of the 

space.ò 

Student #3 reported that the exploration of details occurred in the RCP design in the DD 

phase. She used 2D and 3D views to design the RCP: 

[To design] ceiling elements, these are acoustical baffles, they are called the leaves. 

We thought they looked like footprints. How can we make this space a little more 

designed for not the typical ACT and so we were able to make it? [These baffles] 

opened up the ceiling and made space seem larger with Revit, weôre able to see 

how these acoustic drops were different from just a regular panel grid system. 

4.4.6.2 Testing materials.  

Student #1 used the 3D view, realistic visual style to do material analysis to select the 

right materials: 

Another place I used the paint tool to play with scale was in creating the quiet space 

elevation and experimenting: is this bright orange kind of at the foot level? Is that 

too intense? Or is that nice? Or what should it be above? Should a field below? 

How does that work? It was a nice way to explore different drawers that are going 

to come out (under the seating), and the framing are two different types of wood 

materials, and I knew I wanted to use two different materials, but then I fiddled 

with, I wanted to be painted? Or do I want metal? or do I want to be two types of 

wood? I fiddled with it maybe for ten minutes, but it was really nice because I could 

quickly visualize it and change it. 

 

Student #1 used the 3D view and the consistent color visual style to help her in material 

analysis. The consistent color showed her the dominant shade in the place and helped her 

to analyze the proper portion of each material within the whole space (see Figure 43). 

I used the consistent color too... to see it but to see where [and] what the majority 

of the color in the space is. So, here the majority of the color is this teal with the 
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pop of yellow, and then everything else is neutral. I have to add this back but kind 

of using this as a tool to see how my materials are placed because one of my goals 

is to make it feel a lot lighter and so by doing that, I want to make sure I have a lot 

of light materials like whites and light tans. 

 

 

Figure 43. The consistent color visual style was used in material analysis in the 

DD phase. 

Student #1 reported that the exploration of details occurred when selecting materials in 

the DD phase: 

I appreciated using Revit when I was applying the materials because of the ability 

to make quick decisions and see how they interacted with each otheréI used the 

paint tool where you can put the materials up on the wall pretty easily. I did when 

I was putting the materials, and I used that in a realistic perspective view and in 

elevation views to decide where I wanted to put the materials and if they looked 

good or not [such as the scale of] some wood paneling. 

 

Student #1 used a ówhat ifô scenario to select materials because she did not know how 

many colors should be applied within the whole space: 

In my lounge, I played the most with placing materials around. I knew I wanted the 

turquoise blue floor because thatôs based on whatôs originally in the space and I 

knew I wanted the yellow somewhere. I didnôt know if I wanted the chairs. At one 

time I had it in the entire couch around the pillows, and I used both the realistic 

view and rendering to pick the right amount of color for the yellow [which] is in 

the chairs and proportionate to the blue flooring. However, then everything else in 
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the space needs to be neutral because I did play with ówhat ifô my ceiling was yellow 

too? But then it was too intense, and so Revit was a good [tool] to play with that 

and figure that out, which was really nice. 

Student #2 reported that the exploration of details occurred when selecting materials in 

the DD phase, such as making a comparison between different materials using the 

realistic visual style and draft rendering:  

I had some materials picked out that I tested on the realistic view in Revit to see 

which ones I liked the best. And then from there once they were finished I started 

doing my renderings to see which ones I needed a tweaked, change, and fix 

...because I had several materials that I tested, and I didnôt like it so I kept changing 

it till I got it to where I liked it éin realistic view you can actually see the material 

thatôs applied to it, so it gives you a really good sense of how it works togetheréI 

had materials picked out before, and as I was testing them in Revit, I was like, Oh, 

I really like how the scheme looks like right now! But when I put it in the space 

(with the whole context), I was like: Oh, I donôt like this anymore!  

Student #3 reported that the exploration of details occurred when selecting materials in 

the DD phase, such as making a comparison between different materials using the 

realistic visual style: 

This is me looking in Revit, just looking at the different stone options and seeing 

which one. This is the first one that turned out a little red. This one was closer to 

what I wanted. This one just went in the wrong direction; itôs way too orange. Then 

I got this one. It was a little bit more muted, but it had a lot of different textures in 

it, which is what I wanted. I did have different fabric on these [booths], but then it 

was too much pattern, so then I just chose a blue that went good with this [patterned 

fabric]. Itôd look good, so I went with ité weôre having a difficulty picking the 

kind of wood elements we wanted on the walls, and so with Revit, weôre easily able 

[changing between] paint or [wood] finish. 

Student #4 reported that the exploration of details occurred when selecting materials in 

the DD phase, such as making a comparison between different materials using the draft 

rendering: 
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I am thinking about what type of material can work together and so by keeping 

rendering over and over again é I am uploading materials into furniture. And 

render each process that I do, and if I do not like it, I take it out, put in something 

else, and then render it again in the cloud and so I have been doing that back and 

forth and see how it is all coming together. 

Student #5 reported that the exploration of details occurred when selecting materials in 

the DD phase: 

In the design development, when I am starting to put materials, [Revit] helps 

because I can look at the 3D view and look at draft rendering, so I can make sure 

that everything is looking goodé I played around the materials and also look 

furniture and moved them around and saw what looked nice based on the 3D view, 

so I guess I didnôt really know how I wanted it to be until I had it in Revité. then 

the carpet I had it as a dark grey carpet option I was first but then when I put it into 

the Rivet file and look at the 3d view I was like óthatôs a little bit too much gray,ô 

and I think I needed to warm up the space a little bit and so I changed it to kind 

warmer carpets. I [am] looking at the 3D view and putting the materials and did 

change the amount of the different materials that I used. 

4.4.6.3 Light analysis. 

Student #1 reported that the exploration of details occurred in the light analysis in the DD 

phase. She adjusted the lighting after visualizing the draft rendering: 

I am in my private dining playing with how I bring it to the next level. é one thing 

I noticed in my last rendering is that this area under the bar is dark, and [I] canôt see 

the tile there, and I want [users] to be able to see that tile. So now Iôm going to play 

with the lighté [such as] I make some sort of in-floor element that lights up or 

something under the bar. This is something that by being able to render, Iôm able 

to see how it works and play with the lighting in the space. 

Student #2 reported that the exploration of details occurred in the light analysis in the DD 

phase. She did light analysis using the 3D view to make a final decision in the chosen 

lights. 
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I want to make sure that itôs bright enough in this space because right now, it seems 

a little dim. Itôll be done based on where the lighting is looking right now, and I 

think it clutters it up a lotéso Iôm trying to figure out how I can put lighting that 

wonôt make the space look as busy as it is right now because I want it to be more 

clean lookingé I was having lots of problems with the lighting. 

Student #3 reported that the exploration of details occurred in the light analysis in the DD 

phase. She adjusted the lighting after visualizing the draft rendering: 

The other thing that edited it with the lights was é type of light. Some of them are 

halogen lights, so thatôs a very orange light and I didnôt want that, so I put it on a 

warm white which is kind of in-between having a yellow and blue light so it kind 

of gives you that ambient feel without being too orangeé.I like this coffered 

ceiling. Iôll have to think about how lighting is going to be. If itôs going to be sitting 

up in the coffered or if itôs going to be hanging down over the bar area. 

Student #4 reported that the exploration of details occurred in the light analysis in the DD 

phase. She used draft rendering to analyze the natural light that comes from the skylight: 

For our ceiling skylight, we want it to see how the light effect in a space and we 

didnôt want to draw [harsh] light into the space because this place is for autism 

people and theyôre really sensitive to the light éwanted the sun to interact in a way 

where they dominated the space rather than direct sunlight into the space so we 

built [a physical] model showing how high the ceiling should go up and so we have 

a light move it in a way where thereôs no sunlighté After that, we put it in to [ 

Revit] and see if it will work. 

4.4.6.4 Details development. 

 Student #1 reported that the exploration of details occurred in the custom family 

design in the DD phase. She used 2D and 3D views to explore and develop the details in 

the custom bar in the ARRD project: 

In [the SD phase], the central bar was pretty locked down. I knew I needed the full 

bar seating in the upper bar seating, and then kind of this central area has remained 

relatively the same. But then in [the DD phase], I really explored what this area is 

and came up with this kind of glass showcase of the bottles and further developed 

okay how many shelves are there and how tall are the bottles, so I guess in 
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schematic you come up with the big idea and then in design development you refine 

the idea. 

Student #1 reported that using Revit allowed her to execute what was in her head and 

develop it further: ñI think [the bar area] is an accurate description of what I have in my 

mind, and I think [Revit] took what was in my mind, brought it out, and then allowed me 

to push it further and explore it further.ò  

Student #1 used 2D/3D views in Revit to explore and develop the details in the custom 

design: ñI played around and created my own customized desk that was inspired by a 

picture that I saw, that was two pieces forming a joint. I used the custom component 

model, and I had to explore the void versus extrusion tools.ò  

Student #3 reported that the exploration of details occurred in the custom family design in 

the DD phase. He used 2D and 3D views to explore and develop the details in the custom 

acoustic panels in the ARRD project:  

[The manufacturing] had a blank panel, so I had to take that panel [and] insert [the 

chosen pattern], and then I just kind of cut it out with detail lines. That way, we 

could create that effect of these trees and draw nature in. That was one way to [use] 

an acoustical material [that] helps to absorb noise. 

Student #5 reported that the exploration of details occurred in the custom family design in 

the DD phase. She used 2D and 3D views to explore and develop the details in the 

custom bar in the ARRD project: ñI am working on putting in more details, such as  

adding shelves in the center island in the bar. And then for the columns, I made it some 

historical style, so I added details on the tops and in the bottom.ò 
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4.4.7 DD Theme 3: Final design decision execution. 

Using Revit helps the students in their final design decision. The students reported that 

they went through a small process toward the final design execution. This process is as 

follows: trial and error/ refinement, draft rending, then final decision execution (see 

Figure 44).

 

Figure 44. The iteration in refinement and draft rendering to execute the final 

design decision. 

 

 

Student #1 reported that she used the trial and error approach to refine her design and 

iteration of draft rendering toward the final decision execution: 

This is the first time my lighting is accurate to what I want it to be. A lot of my 

renderings tend to be very dark, and thatôs because I didnôt know how to turn the 

light on [and] manipulate the light to be the right color temperature or intensity 

because either it would be too intense or not intense enough... I sat and fiddled with 

this room and got it until I liked it, and then I went to the next space and got it until 

[I] liked itéIôve definitely done more in Revit iterations of what something looks 

like éIôm just rapidly prototyping. 

Student #2 reported that she used the trial and error approach to refine her design and 

iteration of draft rendering toward the final decision execution: 
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There is a lot of tweaking involved with each individual rendering. I can show you 

all the rendering versions before it comes into the final one that I wantéI have to 

do a lot of trial and error to get it where [I] want to be because colors always turn 

out differently, and the light needs to be adjusted, so itôs not glaring too much into 

the renderingé It was the final view that I ended up taking from this, but there 

were total of six different ones that I went through to get there. 

Student #2 reported that to produce a right color in rendering, the design should be 

rendered in a dark light then the exposure setting of the picture changed to reach the 

chosen color: ñA lot of the light causes drowned out color, so for example, this blue here 

was almost black looking because it was so dark to be able to get it to be that color.ò 

Student #2 reported an interesting approach in executing the final design that goes 

beyond the discussed process. She rendered the design twice using different visual styles 

to give the rendering more definition. In the first rendering, she rendered the design with 

a realistic visual style. In the second rendering, she rendered in the used hidden line style. 

Then she saved the picture as a pdf to apply it above the first picture using Photoshop. 

This application gives the rendering black borders for more definition (see Figure 45). 

 

Figure 45. Student #2 went beyond the iteration in refinement and draft 

rendering to execute the final design. 
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[What] I use a lot in Revit now for my renderings is putting the lines from the 

[hidden line visual style] view that has just the lines of the perspective, and I overlay 

that over the rendering [realistic view] to give it more definition. For example, if I 

wanted to render the sensory space, you would first do a normal rendering and fix 

it accordingly until itôs where I want it to be. Then during this process, I usually 

have it in the realistic view to kind of see the colors in a general sense before putting 

it into the cloud to render. After that, I will put it into the hidden line, and so in the 

hidden line, everything is white. I usually hide things that will be shaded like the 

floors. Then I save it as a PDF and then open it in Photoshop [because] there will 

automatically be no background, so itôll just be the lines, and then you can overlay 

that onto the image. 

Student #3 reported that she used the trial and error approach to refine her design and 

iteration of draft rendering toward the final decision execution: 

This is a rough rendering. [I was] trying to play with the lighting, and there wasnôt 

enough lighting and here was when I figured I had an amount of lighting and then 

[I] can see from this itôs not white light, but itôs still not yellow lights [so it was in] 

right balance. I use this [another rendering]. Itôs kind of weird and doesnôt work too 

well. 

Student #4 reported that she used the trial and error approach to refine her design and 

iteration of draft rendering toward the final decision execution: 

I have an idea about the place that it will look like, but I am trying to figure out the 

color palette. Color could look different once I apply it in my rendering and so I 

can adjust, according to how I want it to look. If I think this yellow is too bright, I 

can go back and turn it down to fit with the aesthetic that I envision. 

4.5 Chapter Summary 

The findings of exploring the influence of using BIM in the SD and DD phases 

are outlined in four main sections. The first 4.1 section outlines the participantsô 

demographic and background. The second 4.2 section explains the Interior Design Studio 

VII IDES 4607 Projects, the ASD and ARRD projects. The third 4.3 section provides in-
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depth description of the collected data. In the 4.3 section, three subsections are discussed 

with each student: 4.3.1 The description of the design process subsection illustrates the 

details of the design process with each student. By reading this description, the reader 

understands the sequential order of the stages and studentsô behavior patterns that 

occurred during the design process. 4.3.2 The photos in the design process subsection 

illustrate the influence of using BIM/Revit in the SD and DD phases, followed by figure 

keynotes that explain each photo. This section helps the reader to understand what 

happened in both phases and when Revit was used. 4.3.3 The final deliverables 

subsection illustrates the outcomes of the ASD and the ARRD projects. The objective of 

the 4.3.3 subsection is to give the reader a general idea of the outcomes in the beginning. 

However, this subsection is not part of the discussion. 4.4, the interviews section, is the 

final and most critical section of this chapter because the discussion of Chapter 5 is based 

on the emerging themes from the interviews. Four themes emerged from the SD phase 

interviews, and three themes emerged from the DD phase interviews. The themes that 

emerged in the SD phase are (1) initial concept development, (2), forms exploration, (3) 

human needs accommodation, and (4) design method exploration. The themes that 

emerged in the DD phase are (1) details exploration, (2) design validity, and (3) final 

decision execution. Figures in this section illustrate the small process or behavior patterns 

that are illustrated in each theme. The final discussion and interpretation of these figures 

create a new conceptual framework that answers the research questions in the next 

chapter. 
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CHAPTER 5:  DATA ANALYSIS AND INTERPRETATION  

 

5.1 Overview 

The purpose of this study is to explore the influence of using BIM in the 

schematic design (SD) and the design development (DD) phases in the interior design 

studio class. The findings are intended to develop the interior design education discipline 

and broaden the perspective of BIM technology implications in interior design. The 

understanding of the design process while using Revit provides insight on Revit and 

interior design education. In addition, the understanding of this phenomena (what 

happens during the design process while using BIM/Revit) provides a solid foundation 

for conducting future research in BIM and the design process.   

The data collection methods are direct observations, documentation of the design 

process, and interviews. This triangulation principle reduces the likelihood of 

misinterpretation (Bloomberg & Volpe, 2016). The data was collected from five interior 

design students. In the previous chapter, the data is coded, analyzed, and organized by the 

research questions and emerged themes, as shown in Figure 34.  

This study suggests a new conceptual framework of Revit in the interior design 

process to facilitate the intellectual design work in studios (see Figure 47). Introducing 

this conceptual framework to the body of knowledge will elevate the understanding of the 

design process while using Revit and other BIM applications. 
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In this chapter, the researcher discusses the themes that emerged, compares them 

with the previous findings in the literature, and then ties them with Vygotskyôs Zone of 

Proximal Development theory (ZPD).  

The primary research question is how does BIM influence the design process in 

the interior design studio? The two sub-questions are 1) how does BIM influence the 

schematic design phase (SD) of the design process in the interior design studio? and 2) 

how does BIM influence the design development phase (DD) of the design process in the 

interior design studio? In this chapter, the researcher answers the two sub-questions first 

then discusses the holistic picture in a developed conceptual framework to answer the 

main question.  

In this chapter, four sections are discussed: evolution of multiple stages of design 

exploration using Revit in the SD phase, evolution of multiple stages of design 

exploration using Revit in the DD phase, the conceptual framework of the evolution of 

multiple stages of design exploration using Revit, and the interpretations of the findings 

based on the ZPD theory. 

5.2 Evolution of Multiple Stages of Design Exploration Using Revit in the SD Phase 

Research question: How does BIM/Revit influence the schematic design phase (SD) of 

the design process in the interior design studio? This section describes the four themes 

that emerged from the study: initial concept development, the exploration of forms, 

human needs accommodation, and design method exploration (see Figure 34). 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

138 

 

5.2.1 SD Theme 1: Initial concept development.  

Using Revit in the SD phase facilitates the early design decisions and helps in 

developing the initial concept. In this study, the students collected project information 

and chose the initial concept after the ideation. They then used the 2D and 3D views to 

explore and analyze how the design idea looked within the space. This exploration 

occurred in four sequential stagesð ideation, concept selection, examination, and idea 

executionðthat led to the development of the design concept within the SD phase (see 

Figure 35). This process started with ideation, then choosing the concept by making hand 

sketches or digital sketches using Revit. After that, the examination was done by 

exploring the concept and visualizing the design using Revit within the whole context. 

The examination stage is where using Revit influences the design process.  During this 

examination, students used the iteration approach to refine, develop, and/or change the 

concept to execute the final design.  

In this theme, the students reported that Revit helps in perceiving the chosen 

concept within the whole context. For example, student #1 said, ñ[In] Revit, it was very 

easy to [see] how [the design idea] affected the rest of the restaurant.ò This study 

discusses that using the ability of visualization provides an opportunity for students to see 

the idea within the whole context, which allows them to refine the concept and then 

execute the design.  

Overall, student #2 provided an excellent example of how she developed the initial 

concept using Revit. She reported, ñWhat I usually do is once I get an idea of where I 

want things [by drawing things in Revit] I can start to think 'oh' this might be cool to have 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

139 

 

this here or I can see this being a thing.ò Student #2 chose 'progression' as an initial 

concept of the ASD project. She explored by hand, then Revit, different forms that 

reflected this concept. After many explorations, the student changed the concept to be 

'through the lens,ô which was quite a different concept from the first one.   

Student #3 provided another example of how the initial concept was developed. He 

chose three different concepts and had some exploration in each one using hand sketches. 

Then the student chose one of them to complete the exploration using Revit. He 

developed the concept more by putting the concept in the context and abstracting it. He 

drew different alternative ideas that reflected the concept in Revit and switched between 

them to examine them within the whole context.  

The observed action patterns of the students during the SD phase, in this theme, are 

perception, analysis, and iteration. They used their perception to see, read, and grasp the 

graphic representation of the project information that Revit provided. Then, the students 

used an analysis approach by thinking and asking questions to find design solutions. 

After that, they used iteration to develop their designs.   

5.2.2 SD Theme 2: The exploration of forms.  

 Using Revit in the SD phase elevates the exploration of spatial forms. The 

students explored alternative designs in different SD stages, including existing structure, 

space relationship analysis, space planning, conflict identification, and custom design. In 

addition, after designing the spatial layout, the communication with the instructor became 

easier because the instructor was able to see where and how the ideas are implemented 
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within the space. Thus, the forms of the design become more legible which allows the 

instructors to provide efficient feedback and critique (see Figure 36). 

 Overall, what the students did in the exploration of spatial forms are as follows. 

First, they drew the floor plan in Revit (the existing structure) to create block diagrams. 

Revit helps students to figure out the measurements of the existing building and visualize 

the actual space. Student #2 provided a good example of how she explored spatial forms 

using Revit. 

Since the square footage was such a big deal in this design for certain spaces, we 

needed to put it in Revit to understand how things were going to work because we 

could not visualize it on paper. So, having the square footage helped us plan out the 

rest of how the shape was going to work and how the flow was going to be in the 

space (Student #2). 

 Second, the students conducted a space relationship analysis. They printed the 

existing structure (the floor plan) to trace bubble diagrams and analyze the spatial 

relationships and adjacencies using hand then digital tools. Scribner and Anderson (2005) 

defined spatial cognition as the knowledge of the relationships between people, objects, 

and space. The students studied the relationships between the usersô circulation, objects 

and forms, and space. Thus, using Revit helps students to construct the spatial cognition 

during the SD phase. The students examined these relationships using precise dimensions 

and 2D and 3D views. The comparison of the hand and the digital block diagrams in 

Figure 46 shows that the relationship of the spaces in the digital block diagram are more 

connected with the space and structure (e.g., column, window, and doors). Casey (2008) 

reported that using BIM ñcombines visualization and parametric modeling;ò this 
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combination allows students ñto simultaneously consider the interdependent processes of 

planning, analysis, design and constructionò (p. 5). 

 

 

Figure 46. Shows a comparison of the hand and the digital block diagram. 

Third, the students conducted space planning and furniture layout. Revit helps 

students to make wall distribution based on the requirements by using the square footage 

annotation tool. Johnston (2011) reported that the ability to test space layouts is one of 

the advantages of using BIM/Revit. The students explored each room layout and then 

compared alternatives until they made the final design decision  

 Fourth, the students conducted conflict identification. This is consistent with 

findings from the literature. Leicht and Messner (2007) reported that BIM identifies 

conflicts in the early stage (the SD phase). What is not reported in the literature but is 

found in this study is that using BIM/Revit in the late stages (the DD phase) also helps to 

validate design decisions as identified later.  
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  The students used the floor plan view (the 2D view) in conflict identification, 

e.g., they used temporary furniture on the floor plan to identify design conflicts and 

examine the capacity of the space. After that, they verified whether the selected furniture 

fit. Student #3 provided a good example of conflict identification. After he designed the 

furniture layout in the bar zone, a conflict was identified that the bar overlapped with a 

column. Then, he used a hand sketch to make more alternative furniture layouts. The 

student worked in the 'what ifô scenario and made different alternative designs. To choose 

between alternatives, the student tested many space layouts using the 2D view in Revit.   

 Fifth, the students built a custom design that included furniture, ceilings, 

floorings, and columns. Some of the students sketched their ideas by hand, then discussed 

it with the instructor for feedback, and then applied it in Revit. Once they applied it in 

Revit, a refinement occurred in the measurements, forms, materials, and locations based 

on the visual analysis. Student #3 provides a good example of how he created the custom 

design that developed using Revit. He did 12 hand sketches as alternative designs for the 

cabin beams. Then, he narrowed the choices to four alternative designs to model them in 

Revit and examine them within the space to choose the final one. Thus, using Revit 

influences the SD phase by facilitating the exploration of alternative designs. 

 While students developed their custom design, they kept changing the design 

using elevations and 3D views until they were satisfied with the results. It is important to 

note that this process is different from using the design option tool in Revit, which 

provides two or more design options for the students to compare. Student #3 was the only 

one who used this tool to explore alternative designs. When student #3 was asked about 
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the design option during the ASD project, the student seemed to have some basic 

knowledge about the tool, but he was not sure if this tool influenced the design decisions. 

The student described it as a ñcomplicated and hard toolò to use in comparison to 

alternative designs. However, student #3 used this tool on the ARRD project, 

constructing a positive attitude and new knowledge about using this tool that could 

influence the design decision. Stine & Hansen (2018) explained that using the design 

options tool enhances the design process because it helps the student in the critical 

evaluation between different design alternatives. In addition, no one used the Mass 

elements tool, which is another tool for design form exploration, because all students 

thought this tool was complicated. This creates a negative case as discussed later.            

 In the end, after all these explorations, Revit made the design ideas 

understandable and readable. First, in the ASD project, students designed several layouts 

of floor plans using Revit and shared them with their team members to pick what worked 

in the final decision. Thus, using Revit helped the teams in the ASD project, to 

communicate with each other and build several layouts to compare and choose the better 

solutions. Second, using Revit helped the instructor to find design weaknesses and give 

efficient feedback. A good example of that was when student #3 received feedback from 

the instructor about raising a fireplace to be seen in a crowded restaurant environment. 

The hand sketch of the fireplace idea was good. However, when this idea was executed in 

Revit, the instructor noticed a problem and explained to the student that the location of 

the fireplace based on the restaurant culture was not right. Thus, a small yet important 

detail was noticed and fixed using Revit.  
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 Using Revit in the early stage of the SD phase is critical because it allows 

delivering a legible design idea within the whole context. Thus, students receive feedback 

from others that allow them to learn from their mistakes. 

Using Revit helps students construct their design skills and spatial ability in 

critical evaluation of spatial relationships, space planning, and alternative ideas for 

problem solving. This is consistent with findings from the literature. Dong and Gibson 

(1998) reported that using a computer program in an education setting enhances the 

critical evaluation of spatial relationships and produces alternative ideas for problem 

solving.  Hennessy and Murphy (1999) reported that interactions with 2D and 3D models 

allow form and function to be tested and problems to be explored. Denzer and Hedges 

(2008) reported that 97% of architecture students (n= 30) agreed that BIM ñimproved 

their understanding of form and space by working in one 3D model databaseò (p. 3). 

 The observed action patterns of the students during the SD phase, in this theme, 

are measuring, analysis, iteration, and communication. Students used a measuring tool to 

measure the space footage and size. Then, they analyzed the relationship between spaces, 

forms, and circulations. After that, they used iteration to explore forms with the spatial 

design. After forms exploration, they created a solid design that they were ready to share 

with others because the spatial design forms had become more understandable. Gibson 

(2007) and Gerber and Lin (2014) reported that design iteration overrides habitual 

thinking. In Revit, the students explore ideas using the 'what if' scenario. As Gibson 

(2007) identified, the purpose of this exploration is to override habitual thinking while 

constructing a design method. 



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAGOGY 

145 

 

 

5.2.3 SD Theme 3: Human needs accommodation.  

Visualizing the space in 2D and 3D helps students accommodate functional 

analysis that helps to accommodate human needs (see Figure 39).  

 During the ASD and ARRD projects, the students tried to accommodate the ADA 

accessibility, universal design, the user movements (ergonomics), human interaction 

(proxemics), and anthropometrics. For example, student #1 used Revit to accommodate 

the ADA accessibility for the user while designing the restaurant project. She came up 

with the idea of putting the bar on a ramp so ADA users could get the same level as the 

rest of the bar top. She used the measurement and 3D modeling to build her idea using 

Revit. 

 Another example is that student #2 considered the need for self-identity by 

applying it as a concept in the restaurant project and allowing artists to express 

themselves. She worked on many ideas and built them in Revit to accommodate these 

needs. However, human needs accommodation could vary based on project users, size, 

and type.  

 The students used multiple views (floorplan, elevation/or section, 3D views, and 

camera view) to explore their design. Revit provides information about the building 

modeling design that informs students on how the masses interact with users in the space.  

 The students reported that seeing design elements through space gave them a 

sense of how the space would be felt. In addition, the ability to read the information in 

the floor plan, dimensions, furniture layout, and space relationship created a simulation of 

a live situation in the space. Student #4 provides a good example of showing how she 
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accommodated human needs in space planning. She accommodated the ADA 

accessibility and universal design in the ASD project: ñ[About] the apartment, I [had] 

trouble doing the bathroom, so I made a circle representing the ADA circle. And I 

dragged it around to see if it fits into corners throughout the plan.ò 

5.2.4 SD Theme 4: Design method exploration.  

 This is a significant theme. Different design methods are identified in Chapter 4 in 

that each student had his/her design strategy. Is there a strategy better than others? Zuo 

and MaloneBeachôs (2010) study creates an understanding that the hybrid method is 

better than the hand method. Students who used the hybrid technique ranked higher on 

student learning and design thinking than students who used the hand technique only 

(Zuo & MaloneBeach, 2010). Based on Zuo and MaloneBeachôs findings, future studies 

should be conducted to compare different design methods while using BIM. This study 

does not discuss which method is better; it simply informs the readers that more than one 

method and strategy in the design exploration could be used while using BIM/Revit.  

 As identified in Figure 40, there are two methods that would be used during the 

exploration by using Revit or a hybrid method. In the hybrid method, there are three 

alternative strategies that the students used to explore their design: hand then Revit, Revit 

then hand then Revit, and hand then Revit then hand then Revit.   

5.2.4.1 Revit.  

 Two students used Revit to sketch their ideas digitally before building them. 

Student #4 did a digital block diagram using Revit. She also used the detail line tool to 

sketch her ideas; then, she built them using the family in-place in Revit. In addition, 
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student #5 drew bubble diagrams then floor plan prototypes using Revit. This student also 

explored space planning using a detail line tool as a digital sketch. 

5.2.4.2 Hybrid. 

 HandĄ Revit. Student #1 drew the ideas using hand sketches and then chose the 

best idea to draw using Revit. Student #3 sketched 12 alternative forms for the cabin 

beams. Then, the student narrowed the choices to four alternatives to model in Revit and 

examined the forms within the space to choose the final one. 

 RevitĄ HandĄ Revit. Student #2 drew the existing structure in Revit. After that, 

the student printed the floor plan to trace the bubble diagrams and analyze the spatial 

relationship and adjacencies using her hand. Then, she drew the floor plan using Revit. 

The reason behind using Revit then the hand is because Revit provides precise 

dimensions and ratio of the spaces for the bubble diagram.   

 HandĄ RevitĄ HandĄ Revit. Student #3 made the block diagram first by hand, 

then Revit. After that, he built the existing structure and initial design solution using 

Revit. Then he traced over the floor plan using blue color and added a new design using 

red color by hand. Student #3 designed two alternative designs for the bar by hand. Then, 

he built them in Revit using the design options tool. After that, he built a third option 

using Revit only by combining previous ideas. 

 Student #3 reported an important hybrid approach that educators should consider. 

Blue is used to draw the existing structure or idea, and red is used to draw the exploration 

idea. This gives more depth in the ideation and facilitates the dialogue between the brain 

and paper (Sawyer, 2012). 
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 Gerber and Lin (2014) reported factors that influence generating design 

alternatives are ñthe individualôs initial design, exploration method, and their exploration 

strategiesò (p. 955). Gerber and Linôs study develops an understanding that these 

different methods influence the generating design alternatives.  

Students #1, 2, and 3 used hand to draw the bubble diagrams, while students #4 

and 5 used Revit to explore the zones of activities. Then, students #1 ,2, and 3 used 

hybrid methods, while students #4 and 5 used Revit to explore the activities location. All 

students used Revit in proportional sizes of the adjacency because they needed to be 

precise in their measurements.   

5.2.5 Summary of SD phase themes. 

Using Revit in the SD phase provides different views representations (2D and 3D 

views) and accurate measurements in the existing structure. This helps students to 

explore alternative design and develop the concept, spatial forms, space planning, and 

conflicts identification. The students used different design methods, which is considered 

the unexpected theme during their explorations. In addition, BIM/Revit makes the design 

idea legible, which helps in human needs accommodation and design communication. 

The SD phase themes that are found in this study support Gerber and Lin's (2014) 

findings that using BIM helps students to explore alternative design. 

5.3 Evolution of Multiple Stages of Design Exploration Using Revit in the DD Phase  

Research question: How does BIM/Revit influence the design development phase (DD) 

of the design process in the interior design studio? In this section, three themes design 
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decision validity, the exploration of details, and final design decision execution are 

discussed based on the finding from Chapter 4.  

5.3.1 DD Theme 1: Design decision validity.  

Using Revit in the DD phase facilitates the design decision validity process. 

During the exploration of details, the students used the trial and error approach, which 

helped them develop the design solution. In the DD phase, the students tested the chosen 

materials and light. Then, they did draft rendering and kept exploring more to validate 

their choices. This finding supports Zarzyckiôs (2010) study that the use of BIM helps 

students to validate their design implementation. In addition, this finding is similar to 

what Denzer and Hedges (2008) reported--that BIM helps students to constantly assess 

their work. Student #3 reported: ñI think it's good to verify [the design] because it would 

have turned out better. It's nice to see. At least you can say to yourself, 'hey, I tried all the 

different options, and I know that this one is better based on what I've seen in Revit.ò 

Denzer and Hedges (2008) reported that BIM helps students to constantly assess their 

work (see Figure 41). 

The observed action patterns that the students did during the DD phase in this 

theme are trial and error, perception, and validity. Students used trial and error for details 

developing exploration. Then they reviewed the 3D modeling representation. After that, 

they used rendering to validate their design decision. Student #2 defined the DD phase as 

ña process of trying to get to the perfect point.ò 
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5.3.2 DD Theme 2: The exploration of details.  

 Using Revit in the DD phase facilitates the late design decisions by exploring 

details. The students explained that details exploration occurred in the RCP design, 

testing materials, lighting analysis, and details development (see Figure 42). 

          The students designed the RCP in the DD phase using a trial and error approach by 

visualizing the ceiling design elements through the 3D view. For example, student #1 

explained what she did in the ceiling design: ñplacing [ceiling design elements], 

organizing them, and experimenting [with them].ò Student #3 also described that using 

Revit allowed visualizing the differences between two ceiling elements, such as the 

regular ceiling panel and the acoustic drops. 

 The students kept changing and testing materials, colors, and lighting 

configurations to reach satisfactory results. This is consistent with Johnston's (2011) 

study which reported that the ability to test materials is one of the advantages of using 

BIM/Revit. The students tested materials by applying them in the space and visualizing 

them using a realistic view. For example, student #3 tested different textures of stones for 

the hearth wall covering using a realistic view. In addition, the students explored the 

locations, textures, and portions of the materials within the space. The trial and error 

approach and realistic view are used to find the best material distribution within the 

space.  

 The steps that occurred in testing materials while using Revit are exploring 

different selected materials in the realistic view, choosing the best materials companion, 

and starting rendering. PR Newswire (2008) and Stine & Hansen (2018) reported that 
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Revit enables the use of materials for simulating more accurately and providing cost and 

manufacturing information. The materials in the 3D modeling are illustrated in a real 

ratio and interact with artificial lights, daylights, and spatial design, which encourages 

more logical decision making. An example of how the students tested different materials 

provided by student #5 who reported: ñI played around with the materials and also looked 

at furniture and moved them around and saw what looked nice based on the 3D view, so I 

guess I did not know how I wanted it to be until I had it in Revit.ò 

           The students did detail development in the space by modifying custom design 

shape, location, or color. Student #1 reported, ñI think [the bar area] is an accurate 

description of what I have in my mind and I think [Revit] took what was in my mind, 

brought it out, and then allowed me to push it further and explore it further.ò 

5.3.3 DD Theme 3: Final design decision execution. 

  Even though Revit has photo realistic rendering capabilities, this technology 

needs several extra steps that should be done by students to reach an adequate rendering.  

The students had to modify some details in exposure or darkness of light settings in the 

rendering to reach better results. The same process occurred with all students to execute 

their designs, as seen in Figure 44. However, student #2 went beyond this process that 

should be considered by instructors. She reported an interesting approach in executing the 

final design (see Figure 45). Her rendering approach is to render two pictures for each 

perspective scene. The first rendering is in a realistic visual style, and the second 

rendering is in a hidden line visual style. She used post-processing in Photoshop to put 

the final touch on the rendering by laying down the second picture on the first picture, 
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which gave black edges to the perspective that was rendered in the realistic visual style, 

which gave ñit more definitionò (student #2).  

 Instructors can make students aware of the 'final design decision execution' stage 

and how they have to consider an iteration approach. Some students think that to reach a 

perfect scene of their design, they click the render command in Revit, and Revit will 

represent the real design. However, students must be aware that to reach good results in 

rendering, they have to do the final design decision execution process. 

5.3.4 Summary of DD phase themes.  

 Using Revit in the DD phase provides a visual illustration of 3D modeling and 

simulation of virtual reality that helps students to explore and develop design details, 

including the RCP, materials, and lighting. Students could use the trial and error approach 

during their exploration. In addition, Revit helps students to conduct a series of 

renderings to reach the final design execution.  

5.4 The Conceptual Framework of the Evolution of Multiple Stages of Design 

Exploration Using Revit. 

Research question: How does BIM/Revit influence the design process in the 

interior design studio? In this section, a new conceptual framework of Revit in the 

interior design process is developed based on the findings. The design process is 

identified as a systematic approach by NCIDQ (2004), and the findings of this study 

reveal that this systematic approach becomes a more distinct evolution of multiple stages 

of design exploration using BIM/Revit in the SD phase and the DD phase. The simulation 

of reality through using camera view and rendering improve the ability to make a critical 
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analysis and then make an efficient design decision. The answer to this research question 

is that using Revit during the design process introduces a unique systematic approach that 

has resulted in a new conceptual framework of Revit in the interior design process. 

 This framework answers one of Denzer and Hedges (2008) challenges in design 

education using BIM. Denzer and Hedges (2008) reported, ñThe biggest challenge for 

design instructors is that BIM demands new teaching methodsé by incorporating BIM as 

a process and not a tool ò (p. 4). 
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Figure 47. The new conceptual framework of Revit in the interior design process; the 

evolution of multiple stages of design exploration using Revit. 

In Figure 47, the stages of the themes where overlap occurs are represented with 

the same color. For example, the exploration of forms could occur in the examination 

stage of the initial concept development. In addition, the design method exploration could 

be used in the ideation stage, in the initial concept development, and in the initial 

structure stage. Moreover, the accommodation of human needs can occur in the third to 

fifth  stages of the exploration of forms.
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Figure 48.The comparison of the design process before and after using Revit.
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Figure 48 illustrates the differences that occur in the SD and DD phases before 

and after Revit and represents where the old design process stages occur in the new 

conceptual framework. These distinct stages are considered the range of possibilities that 

using Revit provides to the design process. In addition, using Revit shifts the design 

process tasks to new positions. Furthermore, the different design drawings such as floor 

plans, sections, and elevations are generated automatically while using Revit. 

Before using Revit, in the SD phase, students develop design concepts and parti 

sketches, mood boards, and bubble diagrams. They also identify and locate zones of 

activities, illustrate the basic design concept through forms, draw preliminary sections, 

elevations, and perspectives, and select FF&E and materials (Guerin & Martin, 2010; 

Cline, 2014; Slotkis, 2017). However, after using Revit in this study the students do the 

following in the SD phase: 1) The initial concept development, through concept selection, 

ideation, examination, and idea execution; 2) The exploration of forms, which makes the 

design idea understandable and readable through the existing structure, space relationship 

analysis, space planning, conflicts identification, and custom design; 3) Human needs 

accommodation, through space needs and functional analysis using 2D/3D views, ADA 

accessibility, and universal design, ergonomics, proxemics, and anthropometrics; 4) 

Design method exploration, through Revit and hybrid approaches.  

As a result, Revit significantly influences the design process. This influence is 

that using Revit turns the design process into the evolution of multiple stages of design 

exploration. 
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5.5 Interpretation of the Findings Based on the Zone of Proximal Development 

(ZPD) (Vygotsky, 1978) 

5.5.1 The Zone of Proximal Development.  

To achieve high-quality analysis, it is important to address alternative 

interpretations of these results based on the ZPD theory (Creswell, 2014; Yin, 2014). The 

ZPD learning theory is applied in this study to interpret the studentsô design knowledge 

during the design process when BIM/Revit is utilized. In this study, the students 

experienced an open-ended task by designing the projects during the semester (see Figure 

49). They gained the actual development zone through the studioôs objectives. I speculate 

that when students collaborate with Revit to develop their design, a higher cognitive 

process is elevated (see Figure 50).  Gredler & Shields (2008) reported that ñ[a] higher 

cognitive process results from the development of new ways of thinking based primarily 

on some system of signsò (p. 50). Data shows that students develop a new way of 

thinking while exploring design ideas in Revit that leads to elevating the higher cognitive 

process.   

Figure 49. Examples of the students' experiences in design projects. 
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Figure 50. The Zone of Proximal development of the Interior Design Studio VII adapted 

from (Vygotsky, 1978, as cited in Taber, 2011, p. 51). 

 As identified in the literature review, the higher cognitive processes include 

categorical perception, conceptual thinking, and logical memory (Gredler & Shields, 

2008). The higher cognitive processes are found in different emerged themes. First, 

categorical perception is found in the exploration of forms theme. The students were able 

to define the characteristics of the chosen concepts in the exploration of forms. Student 

#2 reported: 

We would talk about an idea and then see how it looks and sketched it out and then 

in Revit tried to see how to implement it. For the sensory space we're thinking of 

having this circular window kind of looking through the one lens idea again, so 

understanding how that translates within the space and 3D [view] is very helpful. 
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 Second, conceptual thinking is observed in the initial concept development 

theme. The students compared and contrasted the chosen concepts and applied them in 

their design projects. Student #3 reported: 

Some of the things that [I] explored was a space planning within a room so [I] 

would do a layout and then would take that outside of the room and do another 

layout and then compare and contrast which layout [I] like better. 

 

Students #1 and #2 reported that Revit helps in perceiving the chosen concept within the 

whole context. Student #1 said: ñ[In] Revit it was very easy to [see] how does [the design 

idea] affect the rest of the restaurant.ò Student #2 said: ñI usually sketch little chunks of 

the design that I want in [the design project]. Once I start putting in [Revit], I am like, 

óoh, I do not want that, or I do like this.ò 

Third, logical memory is observed in the exploration of details. The students 

achieved the final design decisions through conducted analysis in complex relationships 

among the selected design objects. Student #1 used the 3D view, realistic visual style to 

do material analysis to select the right materials: 

Another place I used the paint tool to play with scale was in creating the quiet space 

elevation and experimenting: is this bright orange kind of at the foot level?éI knew 

I wanted to use two different materials, but then I fiddled with, I wanted it to be 

painted? Or do I want metal? Or do I want it to be two types of wood? I fiddled 

with it maybe for ten minutes, but it was nice because I could quickly visualize it 

and change it. 

 

The design process is changed by using Revit, becoming a more distinct 

systematic approach. Revit allows students to explore, develop, and refine the design 

solution during the design process efficiently. Hickey et al. (2000) reported that using 

computer tools facilitates learning and extends the zone of proximal development. Thus, 
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using Revit in the design process helps the students elevate their ZPD level and be more 

productive and thoughtful in design decisions. 

  

5.5.2 Negative case.  

In Chapter 2, the ZPD assumptions are discussed. In this chapterôs discussion, I 

focus on the third ZPD assumption by Chaiklin (2003), the potential assumption, which is 

the readiness to learn without feeling frustration or loss of motivation. When the learner 

loses motivation, there will be no development (the third zone of the ZPD model) (Taber, 

2011). In this study, the studentsô opinion toward the Mass element tool was that using 

this tool caused frustration. Berwald (2008) discussed the same problem that architecture 

students faced in creating an object from scratch in Revit which requires an advanced 

skill using Revit. Therefore, the zone of no development occurred somewhere in the 

exploration of forms. Based on this analysis, it is critical that educators work on studentsô 

potential toward using this tool and create external and internal motivation to help them 

achieve the ZPD zone while using this tool in exploring forms. 

 

 

 

 

 
















































