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Introduction

» About me:
» Graphics Software Engineer at Intel

» Previously a researcher at INRIA (France) and DERI/NUIG
(Ireland).

» Publications: http://grey-eminence.org/

i : WebGL
» Talk based on Usability of WebGL Applications chapter from Insights

WebGL Insights book http://www.webglinsights.com/
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What Is Usability?

» ISO defines usability as the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified context of use.

» It is the result of several, sometimes conflicting, characteristics:

vV v v v

>

Easy to learn
Efficient to use
Easy to remember
Error tolerant

Subjectively pleasing

» Since characteristics of usability can conflict with one another, the goal of the design should
determine the priority with which each characteristic is applied.
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Easy to learn: Learnability determines how easy is it for users to accomplish basic tasks the first time they encounter the design.
Efficient to use: Efficiency is a measure of how quickly users can perform tasks once they have learned the design.
Easy to remember: Memorability is a measure of how easily users can re-establish proficiency when they return to the design after a period of not using it.
Error tolerant: Error tolerance is determined by how well errors are prevented and how easily users can recover from the errors when they occur.
Subjectively pleasing: Satisfaction is related to how pleasant it is to use the design.

For example, a tourist information system that assumes no prior training would probably have learnability as a primary usability goal. On the other hand, a computer game would have to be fun to use or, in other words, subjectively pleasing, in order to succeed; in this case the user does not want to accomplish any goals beyond being entertained.


What Is 3D Web Site/Environment?

» Avirtual environment (VE) can be defined as a three-dimensional world made up of geometry,
colors, textures, and lighting. It contains purely visual information.

» Traditional hypertext applications, on the other hand, consist of symbolic information (text) and
navigational means (hyperlinks).

» 3D web sites/environments can be defined as HTML applications employing 3D graphics deployed
on the web and therefore accessible using web browsers.

The cube (here in blue] & a
three-dimensional solid object
bounded by six square faces,
facets or sides, with three
meeting at each vertex.

A sphers s a perfecdy round
geometrical object (here in
green). Like irche in two

completely symmetrical around Its center, with all paints on the surface laying
the same distance from the center point. This distance i known as the radius
of the sphere. The maximum straight distance through the sphere is known as
the diamater of the sphere.
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(a) Hypertext+3D (b) 3D+Hypertext (c) 3D
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From a human–computer interaction (HCI) perspective, viewing and interacting with such 3D web sites might be complicated: Users need to simultaneously deal with hypertext and three-dimensional graphics—two very different media that should both be appreciated equally. Users need to be able to browse the text—look through the general information and search for more specific information. They also need to navigate freely through a three dimensional space and examine and manipulate virtual 3D objects, to gain a better understanding of the data. An interface for the exploration of this kind of information spaces must provide adequate controls for the user to support all these tasks �


#1: Use 3D with Care

» Implementation of WebGL (WebGPU?) in all major web browsers provides us with an opportunity
to build experiences that would otherwise be impossible.

However, most web applications (in the current era of the flat screens) do not really require 3D.

For serious applications, consider using 3D graphics for visualization of objects that need to be
understood in their multidimensional form.

» Avoid emulating the physical world when it is not really necessary (e.g., by building a virtual
shopping mall, a library, or a museum). As Nielsen pointed out, the goal of web design is to be
better than reality. Asking users to “walk around the mall” is really putting your interface in
the way of their goal, which, in this case, is shopping.
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—for example, sites that allow users to enter digital re-creations of places that are too dangerous to visit physically, historical sites that no longer exist, interesting places that are simply inaccessible for an average Internet user, experiences that allow for architecture walkthroughs, simple product configuration, augmented reality experiences, and, of course, engaging games. 


#2: Make Text Readable

The cube (here in blue) s a
three-dimensional solid object
bounded by six square faces,
facets or sides, with three
meating at each vertax.

A sphere is a perfectly round
pgeometrical object (here in
green). Like a circe in two
dimensions, a perfect sphere is -
completely symmetrical around its center, with all points on the surface laying

the same distance from the center point. This distance is known as the radius fuhe g NS e i -

of the sphere. The maximum straight distance through the sphere is known as A pyramid is a polyhedron
formed by connecting a
polygonal base and a

geometrical
e in green).

sphere is completely
symmetrical around its

the diameter of the sphere.

A pyramid Is a polyhedron formed by connecting a polygonal base and a point,

called the apex. Each base edge and apex form a triangle. point, called the apex.

(a) Hypertext+3D (b) 3D+Hypertext

» Two major techniques:
» hypertext+3D - 3D scene is embedded in hypertext - applicable for extensive texts

» 3D+hypertext - hypertextual annotations are immersed in 3D - works well for short annotations

» Object-space techniques, where annotations are embedded into a 3D scene (e.g., by
placing information onto object surfaces or using billboards)

» Screen-space (viewport-space) techniques, where annotations are placed on a 2D plane that overlays a 3D scene,
thus ensuring better legibility of text
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In one of the experiments evaluating depth and association cues between objects and their labels in information-rich VEs, Polys et al. [07] showed that screen–space interfaces outperformed object–space layouts, where text projected onto faces of objects in a 3D scene undergo pitch, yaw, and roll transformations �


#2: Make Text Readable

» As for typography, designers should choose one that communicates.
Our study of text readability in 3D environments showed that

» the negative presentation, where light characters appear on a dark
background, outperformed the positive presentation;

» billboard drawing styles supported the best performance;

» subjective comments also showed a preference for the billboard style.

' ‘j_[ﬁ; lerferepce Style

S0V SSIYIES

» If possible, enable standard operations for text manipulation like copy-and-paste

(Ctrl+C/Ctrl+V), increase or decrease of the size of web pages to improve readability

Plain Text

Billboard Style: |

Anti-Interference Style:

Shadow Style;

(Ctrl+/Ctrl-), and searching text (Ctrl+F). With regard to searching, if the browser locates
a given keyword or phrase in an annotation of a 3D object, the virtual camera should show

that object.
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#3: Simple Navigation

» One-click movement

>
>

Reserve a single left mouse button click (or a touch) for targeted movement (or POI) navigation.

The click on the object should smoothly animate the camera from its current position to the this object.
This preserves the primary interpretation of clicking in the web browser as following a hyperlink.

The technique is easy to use, fast, and cognitively friendly; can be integrated with other techniques.

Drawback: The target is always a selectable object.

» Rotate-Pan-Zoom
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#3: Simple Navigation

» Emulate real-world behaviors if you can

» Geographic VEs often employ a walking metaphor of camera motion, where user positions are restricted
to the 2D plane of the terrain;

» The examine metaphor is often used to view different sides of objects and is suitable for tasks where
the user’s goal is to view an object as though he or she were holding it.

» If the user’s goal can be reliably determined, the mode switching between the navigation techniques
should be automated

» Use multi-touch with care.
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#3: Simple Navigation

» Guided or constrained 3D navigation

>

Limit user’s freedom to interesting and
compelling places.

Use play/pause/stop or previous/next
buttons that can be used to navigate
between the viewpoints.

Provide a viewpoint menu.

» Allow selecting a destination in an overview

(e.g. in minimap).

Consider using animated views.
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One problem with the unconstrained movement techniques is that the user may move to unknown and unwanted locations, look at things from awkward angles, or miss seeing important locations/features. As a result, one cannot ensure that the user receives the intended message. Empowering the author to bring some structure to the interaction experience can make VEs more suitable for the new-to-3D users.


#4: Support Wayfinding

Provide maps and orientation widgets.
Include landmarks in the scene: landmarks, exactly like in the real world, support navigation.

Allow defining 3D bookmarks with locations to which users can easily teleport.

vV v v Vv

Support web browsers’ back and forward buttons (recording a history of the user’s motion).
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#5: Selection and Manipulation

» Selection of objects in 3D space

» Ray-casting - positioning a mouse cursor over a given object and clicking a mouse button.

» To show whether something is clickable, remember to change the cursor from an arrow to a pointing
hand. Draw the clickable objects in the scene with visible outlines.

» Applications that are designed to allow for interaction with many objects in one operation should
include some variant of rectangle selection and shift-clicking to support group selection.

» Manipulation of objects in 3D space

» Provide users with manipulators (gizmos).

» Provide snap-dragging support.
» Exploit knowledge about the real world (e.g., gravity) and natural behavior of objects (e.g., solidity).

Special Session on X3D and Web3D User Interfaces: Usability of 3D Web Applications
Jacek Jankowski (Intel)
2020-07-21



#6: System Control

» Most game interfaces are designed in a way in which application control interface components
are grouped in a dashboard and placed in screen space on a 2D plane called HUD (head-up
display) that is displayed side by side with a 3D scene or overlays a 3D scene.

» When designing the dashboard, make sure that:

» The controls are clear; their physical appearance should tell how they work.

» Help should be embedded throughout the interface to allow users to click on any Ul component for an
explanation.

» A good application control technique should be easy to learn for novice users and efficient to use for
experts; it has to also provide the means for the novice users to gradually learn new ways of using the
interface.

» Keyboard shortcuts should be provided to allow experienced users to bypass the dashboard.

» Lastly, if the dashboard is not needed at all times, it should be faded out.
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#7. Download and Response Time

Download time is one of the most important issues in web usability.
Use compression for faster data transmission

Use progressive content loading so that the user does not see a blank screen or a frozen scene
but sees some progress going on.

» Provide continuous feedback, e.g. in the form of an animated progress bar.

» Provide the users with previews (e.g., previously prepared renderings of the incoming content)
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Nah’s review [Nah 04] of the literature on computer response time and users’ waiting time for download of web pages, and her own assessment of web users’ tolerable waiting time shows that web users expect a response in about 2 seconds for simple information retrieval tasks. Her study also suggested that the upper bound for web users’ tolerable waiting time is 15 seconds when the system does not provide any indication or feedback concerning the download. �


#8: Usability Evaluation

» Websites should undergo evaluation before releasing them to the public. Testing should take
place periodically at different points of the design and development cycle.

» Evaluation can be done in a number of ways:

» Usability inspections - evaluating user interfaces based on stepping through common tasks that a user
would perform and evaluating the interfaces’ ability to support each step.

» Heuristic evaluation - a method in which usability experts separately evaluate a user interface design
by verifying its compliance with recognized usability principles: the heuristics.

» User testing - measuring how well test subjects perform when interacting with the user interface in
terms of efficiency, precision/recall, and subjective satisfaction.
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#9: Input and Output

» Input
» Main input devices: a mouse/keyboard and a multi-touch screen.

Emphasize the strengths (e.g., direct engagement, multitouch for a touch screen) and alleviate the
weaknesses (e.g., inaccurate pointing, obstructed view of the screen for a touch screen).

» The big advantage of these input devices is that most users are very familiar with using them and novice users
learn their usage in few minutes.

» The main disadvantage is that they are two-dimensional input devices and therefore the interaction metaphor
must build a relationship between 2D input space and 3D virtual space.

» Output

» Consider how your 3D Web application will work on different device types with different screen sizes with
different pixel densities, ranging from small phones to large TV screens, so that the application is available to
as many users as possible.

» AR/VR

» AR/VR in itself requires new ways of thinking about space, immersion, usability, and experience. +Web? ;)
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