Chapter Two

Background

The primary background areas covered in this dissertation are divided into three main areas: Interaction, Cognitive Science, and Virtual Design applications. The intent of this section is to demonstrate the breadth of research conducted for this writing. 

In the topic of interaction, we consider a generalized framework for modeling Systems, Users, Inputs and Outputs. We consider a number of interfaces applied in virtual environments. We introduce the concept of adaptive interfaces and summarize two dominant perspectives on designing usable interfaces. Cognitive Science research is presented in the area of feature recognition and visual processing. Finally we review a number of Virtual Design related applications to get a feel for the capabilities and functions that have been researched to date.

Interaction


Interaction in the context of human-computer interfaces includes any communication of intent or state between a computer user and a computer [Dix98]. An interaction system should provide the user with information about the state of the system or application. The system should allow users to perform system operations as necessary [Dix98] [Burdea94].

Foley, et al. identifies six main interaction tasks that a user may wish to perform [Foley84].  Watsen summarizes and describes these tasks [Watsen99]. Foley’s list, directly quoted from [Watsen99], includes:

· Selection: Make a selection from a number of alternatives.

· Position: Indicate a position on the display or in the workspace.

· Orientation: Alter the orientation of an object in the workspace.

· Path: Generate a path, which is a series of positions and orientations over time.

· Quantification: Specify a value (i.e. a number) to quantify a measure.

· Text: Input a text string.

Foley’s list of interactions is very action oriented. We turn to Donald Norman’s research to consider the thought processes involved in interaction. Norman’s Execution-Evaluation model of interaction, presented in [Dix98] and [Norman90], acknowledges two entities: the user and the system. Norman’s model has two main stages. The user forms a task and performs an action using the system. The user then evaluates the outcome of that action as presented by the system.  Norman further divides the interaction model into seven stages:

· Establishing the goal

· Forming the intention

· Specifying the action sequence

· Executing the action

· Perceiving the system state

· Interpreting the system state

· Evaluating the system state with respect to the goals and intentions

These stages all focus strictly on the activity of the user. Norman’s model focuses on the system solely an interface [Dix98] [Norman90]. 

The next model we will examine considers the behavior of the system was well as the interface. Abowd and Beale [Abowd91] extend Norman’s model to incorporate any communications that the system sends to the user through the interface. In this model, the interaction system is divided into four major components:  The User, the System, the Input and the Output. Operations form a cycle where the Input and Output serve as conduits between the System and the User. Figure 2.1, adapted from [Abowd91], indicates these relationships. 
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Figure 2.1 Interaction Framework with System, User, Input, and Output

Abowd and Beale’s model features four main operations: presentation, observation, articulation, and performance. Figure 2.2, adapted from [Abowd91], indicates these relationships. 

Presentation is performed by the system, through the output channel, to indicate system status. The user observes the system output and formulates tasks. The user performs actions by articulating them to the system through the input channel. The system then performs the task that has been articulated through the input channel [Dix98]. The input/output channel plays an important role in both interaction models discussed earlier. 
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Figure 2.2 Interaction Framework and Translations between Components
This framework is useful for explicitly identifying the steps in an interaction cycle. 

The next section will focus on the interfaces that users use to articulate their intentions and the interfaces which systems present to users. 

Interfaces

There are a large number of interaction devices for virtual environments. Examples of input devices include mouse, wands, pens, joysticks, speech interaction, and tablet computer interaction devices. These devices and their uses are well documented in the HCI literature. Suffice it to say that they are used to interact with virtual windows, ring and pie menus, and also

These interaction devices are often used to work with dialogs, to enter text, to issue commands, to move virtual characters, and perform system operations. There are dialog and window toolkits for virtual reality. There are software libraries for speech interaction. There are libraries for connecting tablet computers to virtual environments. There are also techniques for studying interface usability. 

The author assumes that HCI researchers are acquainted with virtual windows and standard operating system hierarchical menus. This research focuses on ring menu systems. A ring interface is arranged circularly or radially about the point of interest. Examples of ring interfaces are given below.

Ring Interfaces

“The Design and Implementation of Pie Menus”, presented by Don Hopkins describes the use of pie menu based interfaces for computer systems. Developed at the University of Maryland in 1986, pie menus are round with pie shaped target regions. They are characterized as being “faster and more reliable than linear menus”, because pointing at a slice requires very little cursor motion. “Pie menus take advantage of the body’s ability to remember muscle motion and direction, even when the mind has forgotten the corresponding symbolic labels.” This essentially means, the human body remembers from the orientation of the motion used to select menu options.  This provides a distinct advantage over linear menus. Two example menus are given below in Figure 2.3.

[image: image3.wmf] [image: image4.wmf]
Figure 2.3 Pie Menus [Hopkins91]
HoloSketch, a virtual reality sketching and animation tool uses hierarchical ring menus to present drawing modes and design primitives to designers (Figure 2.4). These menu options are arranged according to functionality. “The outer right rings are individual geometry drawing modes”. Inner ring buttons are editing modes. The left buttons are one-time actions [Deering95].
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Figure 2.4 HoloSketch Ring Menus [Deering95]

One evaluation of ring interfaces [Gerber04] extends and evaluates the ring menus introduced in [Liang94]. This study considers the users ability to select items from ring menus (Figure 2.5). They found ring menus interesting in immersive environments for three main reasons. “It is easy to remember the position of an item in a 1D list; rotating the wrist (to select ring items) is fast and induces very little movement (translation); It is easier to maintain a given orientation with the wrist than to maintain an unconstrained position.” In this study, interfaces were evaluated to determine the users margin for error in their selections. The ring interfaces were also compared to other metaphors including 3D Windows and Command and Control Cube (C3) [Gerber04]. 
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Figure 2.5 Ring Interfaces [Liang] [Gerber]

An application of pie menus in design review is presented by [Knöpfle00]. The author states that the “the most important aspect during a design review is communication between the participants, because the knowledge of all experts is required to judge a design.” Pie menus offer an advantage because the cursor appears initially in the center of the circle. As a result, all items are the same distance form the initial cursor position. Also, “the possibility for selecting an entry increases with the distance form the center. Thus, the demand for high accuracy relaxes with increasing distances.” This interfaces is pictured in Figure 2.6 [Knöpfle00].
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Figure 2.6 Pie Menu Interface [Knöpfle00]
Pie and ring menu configurations are appealing to interaction designers for the ease and accuracy in selecting items. The circular configuration means that there is less distance for the users wand to move to make selections. Also, the circular arrangement is similar to a 1D arrangement of options, which make it easier to select menu items.

Adaptive Interfaces

An adaptive interface is one that changes itself to reflect the users behavior. There are a number of objectives that adaptive interfaces might work to accomplish. One writer divides the functions into two main groups, supporting system use, and supporting information acquisition [Jameson]. 

Supporting system use aims to “supporting the users effort to operate a system successfully and effectively.”  This can involve taking over parts of routine tasks, adapting the interface, giving advices about the system use, and controlling a dialogue. Of that list, this dissertation works to adapt the interface by changing the placement and sizing of interface elements. One technique for performing for this adaptation is to consider the user’s type, and our expectation of that user’s through processes, and operations. Another technique is to consider the history of operations the user has performed with the system. The interface can change to make the frequent or recent operations easier to find [Jameson].

Supporting information acquisition aims to reduce the effects of information overload on a user. In a complex informatics system, the user may require assistance in locating the information of interest. Helping uses to find information, tailoring information presentation, recommending products, supporting collaboration, and supporting learning activities can support this task [Jameson]. 

This research effort focuses on helping users to find information and tailoring information presentation. One method for helping users to find information is to support browsing. This research attempts to enable the user to browse the objects in the virtual space. In this case, users will be able to indicate the types of parameters they are interested in, and the interface will present those objects. Tailoring the information presentation can involve considering user’s interest in topics or characteristics of objects, understanding their knowledge about topics or concepts, supporting the users preference or need for particular forms of information [Jameson].

Adapting interfaces is a delicate task. Too much dynamic change can make the interface appear unpredictable [Jameson]. One study indicates that users anticipate the location of menu items through cognitive modeling [Hornoff]. Another issue is that the interface’s operation becomes less transparent, i.e. more hidden, to the user. Controllability of the interface is also very important. Controllability is the users ability to cause specific actions or states to occur in the system. 

Adapting interfaces can be useful in supporting users design intentions, in presenting relevant information to a user, and in customizing information. The amount and type of adaptation must be carefully considered because too much adaptability can have a negative impact on the user. User interface design guidelines and evaluation techniques can be used to study the impact of adaptive interfaces. The next section presents a set of guidelines for designing usable interfaces.

Usability

Usability is a field of study that focuses on improving the user’s interaction with a system. This is accomplished through early focus on users and their tasks, empirical measurement of user performance, and iterative design. The last chapter of this document describes a plan for task analysis. Empirical measurement requires the collection of experimental data. Finally iterative design is the process by which an interface is originally created, and refined through successive test and evaluation cycles.

Two prominent authors, Norman and Schneiderman provide guidelines for designing usable interfaces. I have included both of their principles below. These guidelines and the author’s discussion of the principles in operation help provide perspective on some common interface errors they observed in practice. More information can be found in [Norman] and [Schneiderman].

	Norman’s Principles
	Schneiderman’s Eight Golden Rules

	Use existing knowledge

Simplify tasks

Increase visibility

Present correct mappings

Exploit constraints

Designing for error
Standardize controls and operations

	Strive for consistency

Enable frequent users to use shortcuts

Offer informative feedback

Design dialogs to yield closure

Offer error prevention and simple error handling

Permit easy reversal of actions

Support internal locus of control


Reduce short-term memory load


Table 2.1 Norman’s Usability Principles [Norman] and Schneiderman’s Eight Golden rules [Schneiderman]

Of this list the most relevant to this research are to simplify the task of a users in a virtual design application, increase the visibility of operations, enabling shortcuts, reducing short-term memory load, and supporting an internal locus of control. 

To review, this section has introduced interaction, described some common interaction tasks, and presented a framework for considering interaction. Adaptive interfaces were introduced as a method for automatically customizing the user interface in response to the task. Usability principles and guidelines were introduced and the key focuses for this research were listed. The next section introduces cognitive science concepts which will be used to directly translate users perceptions of virtual objects into editable interface components.

Cognitive Science

The cognitive science field offers much to Human Computer Interaction. With this material, we can design interfaces that reflect the user’s cognitive processes. We can also identity and diagnose interaction errors by considering the cognitive systems at play.

The theory of feature integration describes the cognitive processes involved in recognizing objects. Two theories of visual processing for three-dimensional objects are presented. To finish, we consider the limitations of working memory and the interface design guidelines that arise from those limitations.

Feature Integration Theory [Triesman]

The theory of feature integration presents a hypothesis that humans must direct their attention to individual features of a display in order to recognize and separate out the aspects of that display. Example features include color, orientation, spatial frequency, and/or movement [Treisman]. It is accepted that receptor cells respond selectively to these stimuli and map the stimuli into the brain, however there is another view that says that a special perceptual activity is involved in the integration process.

There are two major views in perception, Associationist and Gestalt. The Associationists view is that complex perceptions are combinations of “more elementary sensations”. The Gestalts claim that the entire scene is conceived as a whole, and that we separate the objects into components parts or properties” as needed. 

The theory of integration claims that some features are “conjoined prior to conscious perception.” I read this to mean that our minds automatically assemble some sensations. The authors claim that some features require attention to be conjoined correctly, while others are “conjoined prior to our conscious perception.” Further, the “top-down processing of unattended features” may use past experience and context information. [Triesman]. 

These feature integration concepts indicate that human perceptual systems attend to object characteristics at a low level. Humans combine these characteristics to recognize the objects. Further humans use of context information and past experience to recognize shapes.

Visual Processing 

Human visual processing theories offer perspective on human recognition of three-dimensional objects. One approach, Recognition by Components, presents a set of basic primitives and assembles them into complex scenes. Another approach discusses how two-dimensional diagrams of lines and edges are assembled into three-dimensional geometry.

Recognition by Components

Irving Biederman’s Recognition By Components (RBC) [Goldstein][Biederman] presents a theory of visual processing which is based on the composition of simple geometric shapes. This theory is based on basic volumetric primitives called geons (geometric icons). Many three-dimensional objects can be assembled from a small set of geons. Figure 2.7 shows some sample geons.
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	Figure 2.7 Geons (Geometric Icons) [Biederman]
	Figure 2.8 Simple Objects assembled from Geons [Biederman]


The simple objects in Figure 2.8 consist of two geons each and already provide hints at their form. It is important to note that the orientation of the figures can bias the users interpretation of the figures. The top two objects appear to be a briefcase and drawer. The bottom two appear as a mug and a bucket. Note that context may also influence the viewer’s perception of the objects. In a virtual environment simulation of a kitchen, the upper right corner in Figure 2.8 might appear to be a drawer. However, that same object placed on in an office simulation might imply a suitcase and handle. 

The geons are presented as a set of related primitives. Each geon object has a specific set of symmetry and end attributes. These attributes could be presented in a user interface, thus enabling a user to modify a generic shape, changing it from cube to column, or into an advanced primitive. 

Marr’s Vision

A computational approach to human perception approach is presented in David Marr’s Vision [Goldstein][Marr]. This pipeline begins with the image on the retina and ends with a perceived 3D object. The stages are summarized below with the perceptual tasks written in italicized text.

Objects Image Appears on the Retina

Raw Primal Sketch

Identification of Edges and Primitives

2.5-D Sketch

Primitives and Processes are Grouped
3-D Representation

Perceive 3D Object
Primitives are described as blobs (closed loops), segments of edges, bars (open passages), and terminations (the ends of edge segments). Similar primitives are assembled based on size and orientation. 

Both component and vertex/line oriented methods are used in today’s CAD applications. Using the geons as a framework and Marr’s vision, we can create an interface that enables us to construct every possible type of Geon shape. Using Marr’s vision research, we can provide a user with access to edit groups of objects.  This closes the discussion of visual processing. 

Working Memory

An operator’s success with an interface can be analyzed with relationship to human memory [Baddeley][Wickens][Sweller]. One accepted theory states that working memory is divided into three main functions or areas. The functional areas are the phonological store, visuospatial sketchpad, and central executive. The mental requirements of a task can be studied by considering the work required by each section of memory.

The phonological store holds acoustic information and is composed of two parts, phonological memory store and sub-vocal articulatory rehearsal. The visuospatial-sketchpad handles visual or spatial information. This sketchpad is invoked when spatial tasks are planned or executed. The central executive is involved in selecting strategies and decision-making. The central executive integrates information from the phonological store, visuospatial sketchpad, and from long-term memory. Additional information about these working memory divisions is available in the literature. Examples of that information include capacity, duration, and chunking strategies.

Engineering psychology and human performance literature [Wickens] presents working memory guidelines for designing interaction tasks. The focus of those guidelines is on the limitations of the subsystems and interactions between modalities. One guideline says that the modalities should be kept separate to reduce a users cognitive load while operating an interface. The other states that interfaces should require at most one task per modality. These guidelines can be applied to interface design. An interface should not require a user to simultaneously perform two complex visuospatial tasks. Conversely, it should not require two simultaneous phonological processes. 

To review, Feature Integration Theory provides a means for understanding how individual recognize complex objects. Recognition by components and Marr’s vision describes one technique by which complex objects are interpreted by humans. Finally, research into human working memory provides a framework for predicting user performance with specific tasks.

Virtual Design Applications

A Virtual Design application is a virtual environment in which users are able to create and modify designs. In one sense, these applications are like immersive computer aided design tools. However, the virtual and augmented environment allows for a wide range of input devices, and for free body-based interactions. This section lists a few sample applications and lists their key features.

Sample Applications

One tool, the Virtual Architecture Design Tool enables users to create and edit scenes based upon three-dimensional design primitives [Chan]. VADeT is discussed in greater detail in subsequent chapters.

Construct3D, “is a three dimensional geometric construction tool” designed to teach mathematics and geometry education. Construct3D integrates a sketch panel with a tracked pen and pad. This tool allows users to create lines, planes, points, cones, cylinders, and spheres [Kauffman00]. This author references a publication with a detailed history 3D modeling systems with 6DOF input devices [Mine96].

VoxDesign (1995) is a voxel-based modeling application. This application allows users to place voxels in virtual space by sketching them with a Polhemus Stylus. PlaneDesign (1997) expands this metaphor using rectangular planes. VRAM (1999) is designed for viewing, browsing, editing, and modeling three-dimensional models by using magnetic tracking and either head mounted or stereo projected system [Donath].

Recent applications enable the creation of shapes through evolutionary processes. A technique called Interactive Evolutionary Computation allows users to modify parameters of 3D models to make them more elaborate. Users can create toroid and ellipsoid primitives. Editable parameters include twist, bend, shear, taper, and deformation [Nishino].

Teddy [Igarashi99] is a sketching interface for 3D Freeform Design. The system constructs 3D polygonal surface from a 2D silhouette drawn by the user. This work extends work done in the SKETCH application, “which introduced a gesture-based interface for the rapid modeling of CSG-like models consisting of simple primitives” [Igarashi99][Zeleznik96]. Digital Clay meets the architect in the paper sketch stages of design. This application “interprets gestural and abstracted projection drawings and constructs appropriate three dimensional digital models” [Schweikardt’00]. 

A Calligraphic Interface presented in [Bimber’00] defines a rich 3D sketch language based upon gesture. It enables users to construct primitives, perform object control operations, and change editing modes.

There are a number of sketch, primitive, and freeform design tools in existence for virtual and augmented reality. This section has listed just a few of them. Chapter 4 of this document presents a plan for extending the functionality of VR CAD tools towards a more multi-disciplinary flexible system. The interfaces presented Chapter 6 are designed  to improve the process of interaction. 

Summary

To review, this chapter has surveyed information Interaction, Cognitive Science, and Virtual Design applications. The interaction research presents a framework for considering interactions, lists a set of commonly performed interaction operations, and presents ring interfaces as an area of ongoing research. 

The Cognitive Science section presented information on feature integration theory and two visual processing theories. The feature integration concept will be used in later chapters as the basis for a feature-based interaction system. The visual processing theories will be used to define feature-based editable shapes for virtual design.

 Finally, the section on Virtual Design Applications describes a number of current research tools. It gives a brief feel for the type of operations performed in these tools. 

The upcoming chapter on the Study of Multi-Disciplinary Design describes a number of expansions for design applications that would accommodate diversified interactions amongst a design team. This concludes the chapter on background research.
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