Chapter Four

Study of Interdisciplinary Design

This chapter summarizes a study of design thinking processes in interdisciplinary work. My initial plan for this dissertation was to expand the Virtual Architecture Design Tool to accommodate more diversified interactions. I began by surveying the design thought processes and problem solving techniques of five disciplines: Architecture, Interior Design, Industrial Engineering, Mechanical Systems, and Computer Science. Next, I summarized the various design process steps and considered the roles of the participants in those steps.

This study also proposed a conceptual design tool to facilitate collaborative design in virtual spaces. This proposed tool included a set of potential expansions to the VADeT system. Those expansions include concepts from visual communication, adaptive interfaces, and human visual perception.

This chapter includes a discussion of visual communication. Communicating the solution is a final design process step and pictorial languages are among the earliest recorded forms of communication. Mayan hieroglyphs are presented as an example of a symbol based visual language. The interpretation of these visual symbols is a very complex cognitive process.  An article on non-verbal metaphor is presented, introducing the concept of language metaphors and their interactions in human cognition.

Finally, this chapter presents a set of research questions this conceptual design tool could be used to answer.

Multidisciplinary Design Process

Disciplines Studied

This study considers the design stages involved in the following five disciplines: Architecture, Interior Design, Industrial Engineering, Mechanical Systems, and Computer Science. The design process review was conducted by sampling literature and publications in each domain. The intent of the review was to determine the training, design criteria, and design thinking processes relevant to each profession. The detailed summaries for the five disciplines can be found on the course website at http://www.public.iastate.edu/~lewhill2/class/Arch590Webpage.htm [Hill’03].

These summaries indicate that the common aspects of the design processes involve incremental requirements fulfillment, application of domain knowledge, and communication of solutions. Incremental requirements fulfillment is a technique for evaluating solutions against a set of requirements. Domain knowledge is information relevant to the field and its practitioners. Examples of domain knowledge include information about software languages, formulas for calculating forces, knowledge of basic design forms, or knowledge of interpersonal interactions in spaces. Final design solutions can be communicated through a variety of media formats including technical drawings, reports, presentations, virtual models, videos, mockups, walkthroughs, software prototypes, and more.

A system of requirements can have multiple solutions. Typically the practitioner will subdivide, prioritize, and fulfill the requirements individually as solutions are developed. The practitioner will integrate domain knowledge where necessary. Examples of requirements fulfillment can be found in each of the study areas. Table 4.1 below provides examples. In all of these disciplines, candidate solutions are refined until an optimal solution is achieved.

Table 4.1 Requirements fulfillment activities across the various disciplines.

	Discipline
	Requirement Fulfillment Activity



	Software Engineering
	Software Engineers can apply Top-Down design, working from high-level requirements to low-level requirements in a UML software design tool.



	Interior Design

Architecture
	Interior Designers or Architects may design a space first in terms of generic forms, and later in more precise detail. 



	Industrial Engineering
	An Industrial Engineering workplace design could consider the flow of resources through a factory. Once an initial assessment is complete, the Industrial Engineer could then optimize it to meet a set of performance requirements.



	Mechanical Engineering
	A Mechanical Engineer might consider the stress, strain, weight, and/or cost of a part. The design review process might include comparisons of alternative design parts.


Design Process Steps

The next step in the review process was to compare and contrast the disciplines and their design stages. The common steps include:

· Identify the design problem

· Gather specifications, requirements, and constraints

· Select or develop a process for achieving the design

· Execute the design process in an iterative manner

· Test and evaluate potential solutions

· Communicating the solution

Using these design steps as a guide we can consider a software tool for accomplishing the steps. An ideal virtual design software tool should enable users to perform many of the steps above. Table 4.2 describes potential uses for the tool at each step in this generalized design process summary.

Table 4.2 Role of Conceptual Tool in Design Stages

	Design Process Steps
	Design Software Role

	
	

	Identify Problem

Gather

Requirements


	This system could model an interior design space, basic shape forms, software modules, components, and present design scenarios.

	Determine Design Process
	The initial virtual model can provide three-dimensional insight into the design space. It could accommodate diverse sets of data from multiple disciplines.



	Execute Design Process
	Iteration can be accomplished with multiple design scenes. Users can begin with sketches and simple geometry and add more specific content over time.



	Test/Eval.

Potential Solutions
	The virtual reality environment allows customer and design team to continually interact with their design. The system should be intuitive enough for all users to operate.



	Communicating the Solution
	All team members are able to experience the virtual model as it is constructed.




Expanding VADeT

Here we discuss the types of modifications required to convert the VADeT system [Chan] into a more diversified modeling tool. The conceptual design system should implement a set of geometric modeling features, appearance controls for the geometry, and a system for interacting with the geometry. Each of those tasks is addressed briefly, followed by a discussion of intelligent interfaces in the design tool.

Modeling 

Users should be able to create and manipulate virtual geometry in the scene. Users must be able to create, delete, translate, rotate, and scale objects. Users should also be able to modify objects, curves, and verticies.

The virtual geometry implemented in this app will reflect the background research in human perception presented in visual perception portion of the background chapter. Geometry will be subdivided into categories as 2 dimensional, 2.5 dimensional, 3 dimensional objects, and volumetric. Table 4.3 lists the specific features for each category.

Table 4.3 Modeling Features arranged by Geometry Categories
	Category
	Features



	2 Dimensional
	Lines

Curves

Vertices

Basic Planar Shapes



	2.5 Dimensional
	Geons



	3 Dimensional
	Architecture and Design Primitives



	Volumetric Models
	Per-pixel modules for creating multiple voxels within a volume.


The last category in the table, volumetric models, is a 3D sketch paradigm for creating custom shapes. In this mode, an empty volume is divided into small volume cells called voxels. The VoxDesign 3D sketch tool describes one such system in which users may create and color voxels to perform 3D architectural and artistic modeling [Regenbrecht].

A simple volumetric modeler was prototyped. It was integrated into the MidiVizSuite. The modeler supports adding and removing cells by way of a 3D cursor and can generate 2D views of the created model. I envision that this volumetric modeler would be invoked in a design space, causing an empty voxel space to be generated. This space could then be ‘painted’ by the users. Once the design is complete, the user can close the editor and position the modeled volume as any other 3D object in the scene.

Appearance Controls

The system will provide some methods to change the appearance of the virtual geometry. The minimum requirements include color, material properties, and textures. The appearance controls will be designed to mimic standard CAD/Modeling applications. One issue to consider is that the expanded objects may have multiple faces and must enable users to modify individual or multiple faces.

User Interface

This project can leverage intelligent and adaptive menu concepts. The application can be designed so that each object presents a unique collection of operators to the user. For example, a box might have a scale, rotate, and translate operation. A doughnut may contain the same operators as a cube, but also has an inner and outer radius parameters (Figures 4.1 and 4.2).
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Figure 4.1 Sample Context Sensitive Menu for a Box
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Figure 4.2 Sample Context Sensitive Menu for a Washer

Note that a smaller menu obscures less of the virtual design space. These objects may also have custom widgets for common editing operations. These widgets can be drawn whenever the user shifts their current design focus. Maneuvering the input device near to an object could cause the widgets to appear. Selecting a widget will immediately cause an operation to be performed (Figure 4.3).
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Figure 4.3 Sample Shape Manipulation Widgets

The intelligent interface work presented in chapter two could be applied to this application. Shapes and objects in the virtual scene will be edited via control widgets as depicted above. These widgets should give a user access to translate, rotate, and scale virtual geometry. Shapes should so have a special context sensitive menu that will provide access to the shape specific modeling operations and parameters.

This brief system description serves to connect the background research with the proposed system components. Many of the aspects of this system have not been decided, but the general theme will be similar to VADeT with the enhancements listed above. This concludes the description of the core capabilities for the conceptual tool. If this tool were to be created, it would be useful in addressing a number of research topics. Those topics are addressed in the last section of the chapter.

Before presenting those research topics, we transition into a side topic of visual communication. Two types of visual communication are considered. One involves a hieroglyphic writing system, the other focuses on the cognitive operations associated with non-verbal metaphors.

Visual Communication

A portion of this study considered the area of visual communication. The intent was to consider communication in a wide context and to ask these specific questions:

· What do people see when they look at scenes?

· What types of information is communicated in visual languages?

· What is the role of non-verbal metaphor in communication? 

· In other words, what processes do humans apply when transitioning between imagery, language, and concepts?

· How can thsese processes be leveraged in the virtual space.

I performed a general search for information about languages and graphical languages. This section presents two major research areas. The first area, Mayan hieroglyphic writing, is a visual-syllabic based language. Next, we consider a visualization technique, Tree Maps, which employ a strategy that is related to glyph layouts. The third area is a review of non-verbal metaphor, wherein metaphors are considered from multiple research perspectives.

Mayan Hieroglyphs [McNelly]

Mayan writing consists of graphical symbols placed in specific arrangements [McNelly]. Some symbols, called logographs or glyphs, represent whole words. Others represent consonant-vowels or vowels. There are special rules for selecting and connecting the symbols. There are also methods for combining symbols including infixing, where one symbols characteristics are integrated into another to present a combined idea. 

Figure 4.4 below depicts the author’s name, Nancy McNelly. The name is written as a combination of the phonetic symbols given in Figure 4.5. Note that the face symbol in Figure 4.4 has been removed. This face symbol represents the Moon Goddess; a common prefix for indicating the following subject is feminine.
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Figure 4.4 Nancy McNelly written in Mayan Hieroglyphics [McNelly].
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Figure 4.5 Phonetic disassembly of the name Nancy McNelly [McNelly]

One last note about hieroglyphics concerns the use of Glyph blocks to integrate multiple sets of syllables. Glyph blocks may contain different numbers of syllables. These glyph blocks are placed and proportioned in a specific manner (Figure 4.6). Note the variations in two, three, five and eight syllable blocks. 
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Figure 4.6. Ordering of Multiple glyphs

Mayan writing systems provide an interesting contrast against the English language. The arrangement and proportion of the glyphs helps communicate the order and solidifies the interrelatedness of the communicated syllables. These placements may be useful in arranging and prioritizing 2D summary displays of visual objects. One similar visualization technique is that of tree maps.

Tree Maps

Tree Maps are a powerful visualization technique for large hierarchical datasets. Tree Maps also utilize scaling and positioning to indicate ratios between data points and to demonstrate the hierarchical relationships [Bederson][HCIL] (Figure 4.7-8).
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Figure 4.7 A Tree Map in an application [HCIL]
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4.8 A Tree Map style, Pivot by Slip Stock Portfolio [Bederson]

In Figure 4.8, high-level groups are indicated with darkened lines. Those areas are subdivided to indicate lower-level groups. Related values are presented as shading information. This tree map in the conceptual design tool could serve to give the user an all-in view perspective on the virtual geometry. 

Nonverbal Metaphor [Seitz]

Nonverbal metaphor is a body of research that examines the role of metaphor in communication. The common views of metaphor have focused heavily on language. However there are some phenomena that cannot be explained in that view. A recent review by [Seitz] offers a new view, given below.

This author presents three accounts of metaphor: the language view, the synesthetic view, and the cognitive view. Each perspective is summarized, followed by a summary of a new framework for metaphor exploration. That new framework is presented within a more general theory of visual thinking. This theory considers the experience of a metaphor to be a correlated set of cognitive mechanisms.

The language view stems form the Aristotelian view which Seitz [Seitz] summarizes as follows, ‘in perceiving similarity, language simply indexes itself.” Research in this view has revealed, “adults use the same comprehension strategies and… context information whether processing literal or non-literal language.” This view however does not accommodate for the fact that temperature terms like warm and cold are applied as personality traits in language.  This and other limitations are addressed in the next approaches.

The synesthetic view focuses on cross-modal pairings. The author notes “metaphor involves the ability to recognize similarities across different sensory domains.” It relates the concept of synesthesia and it’s automatic sensory cross-activations to the idea to metaphor. Medical research into the human sensory connections is providing insight into many aspects of synesthesia, including visual pain, textured speech, colored speech, and audio-motor sensations. The author presents evidence of “intersensory equivalences” in young children. Examples here include mappings of pitch to brightness and loudness to brightness. Pitch to size relationships develop in adolescence, possibly due to a learned association These equivalencies are described as the development of relationships between sensory codes.

The symbol systems (cognitive) approach “involves the transfer of properties across symbol systems.” In this view properties are compared, and metaphor is a “calculated category-mistake”. This view enables metaphors to be used to create “new organizations or sortings of experiences.” Metaphor is then viewed as an interrelation of generalized concepts and sets of relations, or gestalts. These gestalts can include structural, orientational, and ontological metaphors.

The balance of the paper presents the prelinguistic and evolutionary evidence for metaphor and considers the role of visual thinking. The author concludes that metaphor is a expansive concept, with relationships ranging from sensory-perceptual to conceptual. The author also states “these processes are ‘captured’ in linguistic, graphics, and gestural symbol systems.”

In summary, this paper presents several modes for considering how metaphors operate in the human mind. Metaphors are important because virtual spaces are loaded with virtual geometry, visual icons, and other means of indicating data or relationships amongst data. This knowledge helps us to understand the human experience of virtual reality on a cognitive level. Also, we can consider the conceptual relationships found in metaphors as necessary relationships in communicating designs solutions. Finally, we can consider the categories of metaphorical relationships in designing our interfaces and enabling users to perform comparisons on diverse objects.

Research Applications of a Conceptual Design Tool

At this time, we consider the specific research questions this proposed application could be used to investigate. These studies are beyond the scope of this dissertation, but some themes are forwarded into the evaluation plan for the feature integration-based interfaces. The research ideas are grouped by their primary focus. Those groupings are: 

· Analysis of user created content

· Analysis of user perception and recognition of content

· Analysis of the interface and its effectiveness

· Analysis of the impact of dynamic geometry and synesthesian concepts on participants and their designs

Analysis of User Created Virtual Content

A group of users models could be created and compared for a given design task. [Biederman] shows an airplane represented in varying levels of detail from 2 to 9 geons. Users could be given a similar challenge to create geometry representing a 3D object with a limited number or limited set of primitives. Also, the position and orientation of the objects can be considered to determine individual’s preferences in placing virtual objects.

Analysis of User Perception and Recognition of Virtual Content

One experiment could present models to users with the task of identifying features in the scene. Users’ recollections of designs could be tested upon exiting the virtual environment. This will enable a study of which items are recalled and why. Tracking their heads and/or eye positions might reveal specific aspects of the computational approaches to human perception. The user tracking data can then be correlated with the recalled/non-recalled geometry and/or the time the objects were attended to.

Analysis of Interface Effectiveness

The interface could be implemented to record all user operations and count the number of incorrect or unnecessary edit selections. The interface widgets will need to be evaluated for their intuitiveness and ease of operation. It would be useful to track user preferences for interaction, to determine what interface components they choose to operate, as well as considering the order they perform the operations in.

Impact of Dynamic Geometry and Synesthesian Concepts on Participants and their Designs


There is potential here to examine the emotional impact of dynamic geometry. Tools could be provided to support color, sound, and motion integration a model. With these tools, users could create geometry that responded autonomously to the participants or conditions in the virtual space. The dynamic geometry and synesthesian concepts should have an impact on user attentiveness. Selectively disabling or creating some dynamic or synesthesian behaviors might reveal whether color, motion, or sound has the most impact on a design and user perception. 

There are many more studies that can be implemented with this system. This section has identified four core areas and has presented a few ideas for initial experiments. Considering these features has helped to formulate the philosophy and evaluation chapters of this dissertation.

Summary

The conceptual design tool provides a nice framework in which to consider collaborative design. This chapter has reviewed the design process and has proposed a system for accommodating this type of activity. This study has considered the tasks and interface enhancements required in the tasks. A set of user studies have been identified for the conceptual tool, including the application features which would be required to support those tests. 

Additionally we have reviewed visual communication in Mayan hieroglyphics, tree maps, and non-verbal metaphor. In the next chapter, this framework and the communications principles are combined with the background and HCI experiences chapters to create the foundations for a philosophy of interaction in conceptual design.
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