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Abstract

There are many clickable items on computer screens. Each clickable item is a visual
representation of a command indicating its functiouality. The problem is that designers have
their own conceptual models, which means visual representations of cominands are usually
very different from one designer to another. In addition, users do not always perceive visual
cues the way that designers intended. In fact, two different users may interpret the same
visual cue in a completely opposite way. A theory of how users know where to click would
ease conununication from designers to users.

The theory of affordance, defined differently by Gibson and Norman, offers the possibil-
ity of such a theory. Gibson (1977) defined affordance as the possible actions available in
the environment to an animal. Norman (1988) defined affordance as appearance suggest-
ing possible uses of the object. While Gibson was referring to the physical environment,
Norman was referring to the mental model. Whereas Gibson's affordance is independent of
individuals, Norman’s affordance may be dependent on an individual’s experience.

Designers who are aware of Norman’s definition have applied it in their designs. However,
this does not guarantec users perceive commands even though they are visible. On the
other hand. nsers may perceive commands even though the design has not met any design
guideline. This is because users have some expectations where and how conunands should
be represented.

To resolve the gap between users and desiguers, we are looking for a theory of “clicka-
bility”, which includes but goes beyond the theory of affordance. We first observed users’
beliaviour performing specified tasks on real applications. These results were ambiguous. .
Therefore we developed sinple abstract screcns, apart from any real application. In those
abstract screens, cues are tested separately. Based on the current data, intentions and con-
text direct users’ respouses. In particular, commmand location is the most powerful factor
of all. In conclusion, there are many factors, which arc closely interrelated, involved in the

design besides affordance. The theory of “clickability” must include all of then.
g
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Chapter 1

Introduction

When the computer system was first introduced to the public, it used command line
interface, which is not easy to learn for novice users. In order to invoke conmmands, users
have to remember exact words. Hence, in the 1960s and 1970s, the graphical user interface
was developed [1, pp. 411-419]. In the late 1970s and carly 1980s, visual display units
and personal workstations were developed. At the same time, word processors were also
developed. By the mid 1980s, computing technologies included multimedia [1, pp. 837-839]
and information visualization [1, pp. 416-417]. This wave of technologies brought out the
opportunities for designing additional applications. With these applications, the computers
were available for education and training. One of the biggest challenges is to make computers
accessible and usable by others besides engineers. The study of making computers more
accessible and usable is called Human-Computer Interaction (HCI). Oue arca of such study

is to improve the screen design in a graphical user interface.

Motivation

There are many ways to invoke a command: Dby keyboard, voice, touch screen, and
mouse. Only touch screen and mouse require users to know where the conunand is located
on the screen before invoking the command, which is what we are interested in for this
thesis. This is because locations of conmiands are related to the screen design.

There are many clickable items on the screen along with many possible ways to click
on these items: single or double mouse click, and left, middle or right mouse click. To
simplify matters, we only consider a single left mouse click. A clickable item on the screen
is an enabled control (i.e. it doecs something after a single left-inouse click). Each clickable

item, which represents a connnand, has some form of visual representation to indicate its
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functionality. To users, there are two types of visual representations: well-learned and
rarely /first time visual cues. We are more interested in first use of visual cues than the well-
learned cues. We are not interested in skilled performance, the well-learned cues, because
all visual cues can be well-learned given a period of time. However, some cues are easier to

learn and some are not. Hence we would like to make the first use of visual cues easier to

learn.

" used by permission (7]

Figure 1.1: Examples of Web Sites
All screen shots were taken in March, 2003.

Figure 1.1 shows screen shots of three web sites. If I would like to go to their home
pages, where should I click? In other words, where is the go-to-home-page control located?

The first web site, Figure 1.1(a), has “Microsoft Home” at top of page. The second web
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(¢) Vancouver ‘Chinese Zion Church Homepage, current version,
used by permission [6]

Figure 1.1: Examples of Web Sites (continued)

site, Figure 1.1(b) has an image of house at bottom of the page. The third web site,
Figure 1.1(c), has no immediately visible “home” anywhere. However users can see an
underlined text “home” at the bottom of page after scrolling down the page. The location
of “home” ranges from top to the bottom on the three sites. And in the third web site, it
is not even visible without serolling down the page. Also notice that they all have different
visual appearances.. One is an image. The other two are just text, one underlined and one
not underlined. Yet they are all clickable and have the same function. Some people may
argue that some web sites’ logos are also links to their home pages. However, we like to point
out that not all users know this connection. Taking myself as an example, I did not know
the logo is a link to home page until half a year ago. Both locations and visual appearances
of this control show us that prior knowledge of what constitutes a clickable item is involved.
The knowledge of clickable items helps users to locate items on the screen. Without such
knowledge and experience, users do not always know where to click. This is especially true
for first use of any visual forms.

Why do users have problems of knowing where to click? The first reason is that objects
are designed based on conceptual models, and every designer has his or her own conceptual
models. One’s coneeptual model is usually different from others. Hence, designers may
design the same object differently implying that the visual representations of commands;
created by designers, are usually very different from one designer to another. The visual
representation of “go-to-home” in the Figure 1.1 is an example. The second reason is that
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users do not always perceive visual cues the way that designers plan. Two different users

might interpret the same visnal cue differently from the designers’ intentions. To illustrate

this difference, look at the Figure 1.2 and what do you see?

Figure 1.2: A Vase? Two Faces? [25]

Some may see a vase first, and others will see two faces first. This figure is an aspect
of human visual organization - figure-ground segregation, part of the visual ficld becomes
figure while the rest of visual field becomes ground [25]. It demonstrates that there is a
perception difference between individuals. What can we do to reduce the differences between
designers and ease connnunication from designers to users? One possible solution is to use
a visual representation which inherently indicates a control. The implication of this to use
the visual representations of screen controls that are independent of context. There is a

theory related to context independency -— the theory of affordance.

Affordance and Other Candidate Theories for Describing Clickability

There are two main definitions of the word of affordance. Gibson (1977) defined affor-
dance as possible actions available to an individual in the environment. Norman (1988)
defined affordance as visual appearance that suggests how the object should be used. In
1999, he made a clarification of affordance. He now terms the affordance he defined in 1988
is a perceived affordance [22]. While Gibson was referring to the physical environment,
Norman was referring to the mental model. One of the differences is that affordance in
Gibson’s definition exists wlhether it is perceived or not while affordance that is perceived,
in Norman’s definition, may or may not actually exist. Another difference is that Gibsow’s

affordance is independent of the individual's experience, knowledge, culture, or ability of
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[

perceiving. Norman’s affordance may be dependent on individual experience, knowledge,
and culture [18].

There are some designers who are aware of Norman’s definition of affordance and they
have applied it in their designs. However, following Nornan’s desigi guideline does not
guarantee users can perceive controls even when the coutrols are visible. On the other
hand, it is possible that users perceive the controls when the design does not follow any
design guideline. The reason is that convention is cstablished and users are familiar with
the convention. So users have some expectation where and how the controls should appear.
There is a third problem: some visual forms do not fall into the theory of affordance. Blue-
underlined text is such an example. In the physical world, a button affords push but a
blue-underlined text does not afford any action. We first learned that a bluc-underlined
text on the screen is clickable while using a web browser to enter a link. Then we recognize
any blue-underlined text as a clickable item. This is a pattern recognition, a study of how an
animal recognize objects and other animals [9]. Therefore we necd more than just affordance
to understand clickability.

To address these problems, we also look into other theories such as the traditional
approach of visual perception. These theories help us to understand human perception,
such as grouping, and how an individual perceives objects and interpret them. The details

of these theorics are described m Chapter 2.

Methods

There are two study methods: experiment vs. exploratory study. An experiment has a
set of independent variables and a set of dependent variables. The experiiment tests hypothe-
ses, the relation between independent variables and dependent variables. An exploratory
study explores rescarch questions. There are a set of possible variables. The study mea-
sures effects of these variables and re-define thiese variables. We chose the second method,
thie exploratory study, because we only have rescarch questions and possible variables, not

hypotheses and independent /dependent variables.

Organization of the Thesis

As mentioned earlier, users may interpret visual information differently than designers
and other users. This is not only because of the individual differences in thinking and
background, but also their prior experience. To reduce the gap between users and designers,

we need a uew theory for “clickability”, or one aspect of screen design affordance. This
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theory will be built on the theory of affordances and have to include other factors that are
closely related to the visual design. The first step towards this new theory is to understand
users’ experience of clickability. What users know about clickability would help us find out
what factors we should include in the theory of “clickability”.

We first present background theories in Chapter 2. This is followed by studies of nat-
uralistic tasks in Chapter 3 and studies of abstract tasks in Chapter 4. Then we conclude

this thesis by a summary and directions of future work in Chapter 5.



Chapter 2
Background Theories

Modern computer systems can support many daily activities such as writing documents,
drawing pictures, and information searching. Conmnands that support these activitics are
usually presented on the screen in some kind of visual representation. Before users can
choose commands, they have to be able to perceive their controls. However, users do not
always perceive the controls for the commands. To resolve this, we turned to cognitive
psychology for help. Cognitive psychology is the study of human information processing,
such as attention, perception, learning and memory [8]. The principles of visual perception
Lelp us to understand how humans perceive objects. Thus, it hielps us to design perceivable

controls for commands, especially for new visual forms of controls.

2.1 Visual Perception — Introduction

Our experiences arise through sensation and perception. Sensation detects the elemen-
tary properties of stimuli while perception is our ability to understand the environment.
It detects the objects, including their locations, movements and backgrounds. Visual per-
ception has been studied more than other senses such as smell and taste. This process is
rapid, automatic, and unconscious and often involves learning [5]. In other words, visual
perception is a process of transforming information from the environment, via scuse organs,
to experience of objects or events [8]. To design a good screen design, we first need to un-
derstand how visual information is processed. This is because users do not always perceive
the sereen controls for the commands.

There are three different approaches to studying visual perception: physiological, tra-

ditional, and ccological [4, p. 367]. The physiological approach is centered at the nervous
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system. It focuses on how the light goes into the eyes and transforms to the clectrical
activity through the network of nerve cells in the brain. Since the physiological approach
cannot explain clickability, we did not pay attention to it. Our attention is on traditional
and ecological approaches. Both approaches focus on the light which is reflected from the
surface and objects and perceived in the eyes [4].

The traditional approach to visual perception is also known as cue theory. It concerns
what processes operate on the retinal image to yield perceptual expericnce. Cue theory
focuses on the process of coniputation or reconstruction of information obtained from the
retinal image. This process requires knowledge of the world.  Aunother way to look at
cue theory is the combination of sensory information and cognitive processing. Sensory
information is information from the environment and cognitive processing is knowledge and
experience. Since cue theory is related to depth, a lot of work is done on depth and size
perception. More details are in Section 2.3.

Wlhile cue theory involves cognitive processing, the ecological approach to visual percep-
tion claims that all information about the object or surface is perceived directly, through the
detection of light intensity [4]. Since there is no coguitive processing involved, this approach
to perception is also known as direct perception. Direct perception theory was developed
by James J. Gibson. The theory originated in the Second World War from his work on
improving a pilot’s ability to land an aireraft [11]. Gibson’s theory was developed with
respect to the control of action. Consequently, Gibson’s focus was on perception necessary
for control of specific kinds of action. Hence this theory is functionally oriented. Here we
should point out that his approach to visual perception does not apply well to all aspects of
perception such as the distinction between “sceing” and “seeing as” [10]. On the other hand,
when Gibson developed this theory of perception, he introduced the concept of affordance
[12]. We believe that the concept of affordance is useful to computer mterface design. In
the next section, we look into the theories of affordance in more detail. Table 2.1 shows the

comparison between two approaches to visual perception.

2.2 Theories of Affordance

2.2.1 Gibson’s theory of affordances and invariants

Gibson introduced the concept of affordance to explain direct perception. He was inter-
ested more it activities of living creatures, such as flying and walking. Hence, affordance is

used to describe the relationship of an animal and its enviromment. Here are some basics
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Agreements

1. Realism: Human is in sensory contact with the world. Perception reveals the

world.

2. Mediator: Light is reflected from surfaces and objects. There are a method and

a system to perceive lights.

3. Perceptual cxperience established through learning

Disagreements

Traditional Approach

Ecological Approach

e Perceive primitive elements, such as
cdges and blobs, and reconstruct with
knowledge of the word. Photo receptors
detect the light intensity changes directly.
e Depend on internal process

e Focus on perception of recognition

e Driven by conceptual-driven and data-

e Perceive information about the objects
or surface directly. All properties of the
world are perceived by detection of light
intensity.

o No internal representations involved

e Focus on perception of action

e Driven by data-driven process

9

driven processes

Table 2.1: Comparison Between Traditional and Evological approaches [4, 8, 9]

about animals and environments defined by Gibson [12]:

An animal is an organism that perceives and behaves. However, organisms that do

not animate because they lack sense organs and muscles are treated as objects.

An enviromment is an animal’s surroundings. It is not the same as the physical world
described by physics. One difference is in the time scale. The duration of processes in
the environment is ineasured in seconds and years only while the duration of processes

in the physical world is from millionth of a second to millions of years.

An animal exists if and only if there is an environment that surrounds it. Gibson

called this the mutuality of animal and environment.

The environment is both permanent and changing. Permanence and changes are
relative to the time scale. For example, a room is relatively permanent with respect to
the floor, celling and walls. But the arrangement of the furniture in the room changes

fromn time to time.

The environment of an organisim contains level ground, shelters, water, fire, objects,

tools, other animals, and human displays.

The environment of any observer is unique and private under the assumption that no

two observers can be at same place at the same time.
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A simple definition of affordance is what possible actions in the environment are available
to an animmal. For example, a horizontal flat solid surface affords support. Objects, such
as sticks, which “have opposite surfaces separated by a distance less than the span of the
hand” are graspable [12, p. 133]. Dircct perception, as mentioned carlier, is functionally
oriented. Gibson focused on ground or air locomotion towards a perceived resource such as
food or shelter. Thus, affordance is inherently in the object. It is an environmental property
that is potentially in the interests of an organism to perceive. Moreover, it is constant. In
other words, it does not change over tine, nor when an animal moves through environment.
Note that affordances could be harmful. For example, a knife offers cutting. At same time,
a different handling of a knife could hurt others. Another important aspect of affordance is
that its existence is independent to the animal’s experience, knowledge, culture and ability
of perceiving it.

One important role of the affordances in Gibson’s theory is to provide an explanation for
the animal’s perceptual systems. Gibson claimed that all invariant information is present
in the ambient optic arrays and hence affordances are perceived directly and no coguitive
process is needed [12]. Also, invariant information is related to the control of actions. One
example is what a pilot sees when landing an airplane. As the altitude decreases, the pilot
sees progressively finer details of the runway. This change in detail is invariant. However,
the rate of increase in resolution is not constant. It increases explosively right before the
contact point and indicates when to slow down to ensure a soft landing. Even though Gibson
did not directly describe how animals acquire invariant information, it seems reasonable to
assuine it is by some combination of instinet and learning.

There are three assumptions of Gibson’s theory relevant to computer interfaces.

1. Gibson's theory focuses on activities with a low cognitive process, such as locomotion
or grasping. Even though he did mention higher-level actions such as mailing a letter,
he did not explain how invariant information indicates details of operating the postal

service.

2. The physical structure of an object, which makes physical actions possible and de-
sirable, provides the invariant information that indicates the possible actions on the
object. For example, the red glow on a stove indicate that there is an element with
high heat. Contacting high heat objects is harmful hence we avoid touching the ele-
ment, on the stove. Similarly, the combination of reflection and shading from a coffee

mug comes from its physical shape. The physical shape of the coffee mug affords
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grasping; hence the coffee mug can be picked up.

3. The physical laws are deeply interconnected and provide convergent cues to the pos-
sible action. The physical properties of the coffee mug not only deterurine the degree
of reflection from the nmg but also determine the degree of friction, which indicates

how much force to be used to grasp the mug.
o O

Noue of these assumptions holds in computer interfaces. We will elaborate on the implica-

tions of this later in this chapter.

2.2.2 Bringing Gibson’s theory into HCI

While the definition of affordance given above and its accornpanying consequences arc
known to many in the ficld of human factors, it is relatively unknown in HCI. The HCI
conmmmity was introduced to Donald Norman’s definition of affordance in his book The
Design Of Everyday Things [21]. Norman used the term affordance differently from Gibson
(Table 2.2). His focus was on some form of conceptual model intermediating perception
and action, while Gibson’s focus was on available actions in the environment. Based on this
frame of reference, Norman defined an affordance as a clue or a suggestion of how the object
should be used. Unlike Gibson’s definition that affordance is independent of individuals,
Norman’s affordance may be dependent on individuals’ experience, knowledge and culture.

Also, perceiving affordances may be influcnced by one’s prior experience.

Gibson’s Affordance
DEFINITION: Possible actions available
to an individual in the environment

Norman’s Perceived Affordance
DEFINITION: Suggestions of how the ob-
ject should be used

e Refers to the physical environment

e Refers to the conceptual modet

e The actions capabilities of the individual

e The mental and perceptual capabilities

e Independent of the individual's expe-
rience, knowledge, culture, or perception
ability

e May be dependent on the individual’s
experience, knowledge, and culture

¢ Direct perception

e Perception may be influenced by expe-
riences and knowledge

Table 2.2: Comparison of Two Affordances [13]

On the other hand, there is one similarity between the two definitions we would like
to emphasize. Objects such as doors, faucets, and light switches require little high-level
reasoning to operate. We are not suggesting that designing these objects is obvious. Norman

in his book listed examples of uusuccessful designs to demonstrate the difficulty. He also
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provided excellent guidelines to improve design. However, we would like to point out that
only the most clementary reasoning is required to operate them. Norman also provided
some examples of more complex systems in his book. These complex systems, such as
projectors and refrigerator thermostats, show that higher level reasoning does play a role in
understanding complex systems. But the examples used to explain affordances are always
simple objects.

We argue that computers are fundamentally different. fromn these simple systems. This is
because the control of computers is inherently indirect and the relationship between human
movenment and machine outcowe is mediated by conplex software. The operation of a
computer requires complex reasoning about the link between the controls and the internal
systemn state. This is not like operating an apple or a light switch. “Operating” an apple,
such as plucking or biting it, is done by directly coordinating physical movement with the
visual field. Even though light switch is also an indirect interface and there exist variations
of light switches through different cirenits, operating a light switch requires only a simple

cognitive link between the change in control and the change of ambient light.

2.2.3 The levels of computer atfordances

The indirect nature of controlling computer systems forces us to make new choices in
our definition of affordance. Recall that in Gibson’s theory, the relation between perception
and action was direct. The outcome of action was directly related to the plysical actions
performed and the visual appearance of the action. In Norman’s slightly more complex
examples; the relation between the physical appearance of the control and the physical
action required to operate it is also direct. But there is an indirect link to the controlled
itent. For example, a well-designed door handle should suggest which way the door will
open as well as how to operate it — push, pull or turn. Norman points out that different
design processes, such as labelling and convention, indicate what is indirectly controlled by
that movement [22].

However, in window-icon-menu-pointer (WIMP) interfaces, there is absolutely no inher-
ent connection between the appearance of a control, the physical operations required to
operate it, and its effect upon the systenm. This simple difference has a profound implication
for the definition of affordance. We mst now choose the level of actions at which affor-
dance is defined. The physical directness in Gibson’s definition implicitly defined the level
of analysis. An affordance is an action that can be directly applied to an object. But in the

WIMP rcalm, no action is direct.
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What is an “action” in the WIMP environment? We suggest there are three possible

definitions in the WIMP environment,, listed in increasing level of semantic content:

1. The physical level: The physical movement of the user and movement feedback. At this
level, a movement feedback such as cursor motion indicates progress of the interaction

technique.

2. The interaction technique level (IT level): The physical movement of the user and the
interaction technique feedback indicating the invocation of the conmand. The feed-
back at this level, such as a colour change on a buttoun, indicates that the interaction
techuique is complete and a command has been carried out, but not necessarily the

outcome of that command.

3. The semantic level: A change to the state of the programm’s conceptual model. This

change may or may not be indicated by feedback.

Norman in his most recent discussion of affordances has adopted the physical level [22]. This
has the merit of corresponding most closely of the three to the direct physicality of Gibson’s
enviromments. However, it makes affordances useless for screen interface design because it
ignores the possible operations of the program. The screen affords clicking at any point. As
the result, the affordance of clicking offers no guidance whatsocver to the user ou what can
be done with the progran.

McGrenere and Ho in their commentary and refinement of affordance definitions [18]
argue for the seniantic level. This has the merit of corresponding most closely to the
abstract definition of affordance, provided by Gibson. It also suggests elegant coumections
between usefulness and actual affordance, usability and perceived affordance. However,
we argue that this level is too abstract. Even though Gibson’s definition was abstract, his
focus on physical environments grounded his discussions in short, physical actions sequences.
Such actions can arguably be performed without a mediating mental representation. If we
adopt the semantic definition of affordance, we expand it to include long, abstract action
sequences such as writing a conference paper on a word processor. This kind of action is
almost certainly guided more by some sort of conceptual model of the programm than by
simple mappings of visual appearance to possible action.

The ultimate goal of Gibson’s notion of affordance was to deteruine what an organismn
had to pereeive to thrive (or at least survive) in an enviromment. He created the concept

as a foil for his notion of perceptual invariants. To be fit for an environment an organism
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should perceive the invariants that indicate affordances, basic actions it can undertake. His
theory explicitly disallowed complex reasoning about the enviromment. We argue that the
interaction technique (IT) level is the best approximation of his ideas in the environment of
screen interfaces, as well as the most useful definition for both users and desiguers of such
interfaces. To support cffective behaviour, the screen design should provide simple visual
indications of basic actions. Defining affordances at the physical level prevents this because
it ignores the visual display. Defining affordances at the semantic level prevents this because
it includes abstract actions that require complex reasoning and cannot be simiply perceived.

Norman argues for a strong distinction between affordances and perceived affordances
[22]. Affordances are actual possibilities in the environment that may or may not be per-
ceived, while perceived affordances may or may not actually exist. McGrenere and Ho
continue this distinction [18]. We agree with previous authors that affordances exist inde-
pendently of an organisn’s ability to perceive them. However, we do not agree that this
decouples affordances from perceptiblity. For the concept to be useful, affordances should
be defined at a level corresponding to simple percepts, such as Gibson’s invariants, without
appeal to complex reasoning. “Writing a technical paper” is not usefully defined as a soft-
ware affordance because it caunot be perceived from a glance at the screen. It can only be
drawn from previous experience or implied from a conceptual model of the software.

There are several advantages of defining affordances at the IT level. First, it is useful for
designers because it works at the lowest level of software design. Sccond, it keeps affordances
clearly distinct from the conceptual model, providing two distinct layers to design frowm.
Third, it is useful for users because they caun learn to recognize screen controls by learning
to recognize the visual representations of their affordances.

According to our definition, screen affordances are fundamental to clicking. We argue
that when attempting to perform an unfamiliar task, users scan the screen looking for
possible operations. Affordances indicate that a given screen region is available as a control,

and in particular that it is clickable.

2.3 Traditional Approach To Visual Perception

There are some visual fors of screen controls related to affordance directly. One exam-
ple is 2% D buttons, or protrusion. Protrusion looks like a pushable object on the screen.
Hence protrusion affords “pushing”. However, there are some visual forms that the theory

of affordance cannot explain. An example is a blue underlined word on a web site. We learn
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a blue underlined word is clickable. It does not afford clicking in the physical world. Since
the theory of affordance cannot explain this type of visual form, we need other theories to
support clickability. Oue of the theories is the traditional approach to visual perception.
As mentioned in Scction 2.1, the traditional approach to visual perception is also known
as cue theory. It focuses on the process of computation or reconstruction of information
obtained from the retinal image, which is correlated to the depth of the world. Cue theory

is related to the depth and size. There are several groups of cues:

e Physiological cues: also known as oculomotor cues. This type of cues depends on our

ability to seuse the position of our eyes and tension in our eye nmscles.

e Pictorial cues: also known as monocular cues. These are cues that can be depicted in

a still picture. They include linear perspective, overlap, size, and shading.

e Binocular cues: comparison of information between the eyes caused by the horizontal,

angular, or uncrossed/crossed disparity.

e Motiou-produced cues: depend on the movement of the observer or object in the

enviromnent.

However, these cues are not our focus. It is true that there is perceived depth on the
computer screen. We can include some depth cues; however, they have little to do with
clickability.

In the above example, a blue underlined word, is considered as a clickable item on
the screen because we learned in the past that clicking a blue underlined word or text
will generally take us to a web page. Whenever we sce a blue underlined word or text,
we consider it to be a link to a web page. Therefore it is clickable. Another example is
Figure 2.1. A on-line weatlher inforimation web site uses a Canadian map as one of navigation
methods. Each province on the map is a control, which takes users to a list of cities in that
province. Users recognize they are possible screen controls after they learn that these areas
are clickable, either from this web site or other similar web pages. In other words, what we
learned in the past regarding clickability is carrying forward to the present. This is directly
related to object and pattern recoguition.[12]

So what is object and pattern recognition? A simple mechanisim is that animals recognize
objects or other animals by their key stimmuli. A key stimulus of an object or animal is a
feature of that object or animal, which evoke a response from the animal. Bruce, Green,

and Georgeson in their book Visual Perception described a more complex mechanism — a
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Figure 2.1: Example of Pattern Recognition

thieory of object recognition [4, pp. 216-225]. In 1978, Marr and Nishihara in 1978 created
a scheme for object-centered representations, an axis-based structural description. It is
built from images and accessible through a stored catalog system for recognition. Later
in 1987, Biederman developed his theory of human object recognition based on Marr and
Nishihara’s work. His theory is dividing object into small parts and then matching parts
against geowmetric ions (“geons”). Another mechanism is template matching scheme. The
process of template matching includes rotating, scaling, and finding the major axis of the
target to match an object in the template. The template is located in long tern memory. Its
limitation is that it fails to account for individual discrimination, i.e., individuals categorize
patterns differently. The details of those mechanisms and its implications can be found in

perception literature.

2.4 Related Theories

There are other aspects of clickability that do not fit into theories of affordance and
object/pattern recognition. An example is the flashing blue button used by Mac OS to
indicate the default screen control. Another example is the layout of screen controls. Screen
controls with similar functionalities are usually near each other. Flashing blue buttons is
related to visual attention and layout is related to Gestalt principles. We look into details

of both theories below. At the end, we also take a brief review of colour and culture.

Visual Attention

In web sites; there are many flashing objects or objects that move around, which also
are clickable. Visual attention offers us some explanation of why this type of objects are

used on web sites.
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Attention is crucial for selecting visual information over space and time [14]. This is

because what we perceive is driven by what we intend to do. We select information that

is relevant to our actious from the enviromment, which presents far more information to us

than needed at any given time. We may or may not ignore other information which is also

presented to us at the same time. Take driving as an example. Driving safely depends on

the drivers’ abilities to detect and monitor stop signs, trafhic lights and other cars. It is

necessary for drivers to pay less attention to other things such as flying birds or cell phones

ringing. Therefore, a reliable and efficient attentional selection is crucial [14].

Visual attention has scveral points that may be useful to interface design:

If the distractors arc located closely to the target, then these distractors can not be
singled out. In other words, distractors cause attention split from the attention of
the target. This is important for layout of controls on the screen. A sufficient space

between commands would help users focus on the target command.

Larger differences between the target and distractors increase search efficiency. It is
easicr to identify the target when distractors look distinctly different from the tar-
get. The difference could be in colour, shape, orientation, size, and other properties.
This is useful for designing controls on the screen. The more differences between vi-
sttal representation of connnands, the easier users would be able to locate the target

conunand.

Memory also affects our attention. Memory traces of previous perceptual interactions.
Items that appear in the memory get faster attention. This suggests that familiar

design of controls is likely to draw users’ attention more quickly.
2 Yy ] Y.

There are also some other points of visual attention which help us understand users:

When our attention shifts from one location to another, our focus of attention moves
instantly without a cost for the amount of distant traveled. However, it is not clear

whether attention has impact on intermediate loci as it moves.

Attention can be splitted. Studies showed that one can track typically 4-5 objects at

same time.

In one theory, there are two types of attention: endogenous and exogenous attention.
Endogenous attention, also known as top-down or goal-driven attention, is effortful,

voluntary and clearly under the control of the individual. Exogenous attention, also
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known as bottom-up or stimulus-driven attention, draws attention automatically to a
particular location. The control systems of these two types of attention interact with
cach other. Therefore, in visual search, attention is guided by interactions between

the exogenons input and endogenous perceptual set.

e Wlen users are in a goal-driven state, other information in the environment is ignored
or inhibit. However, this does not means that those information are unseen, rather
they may be tmplicitly registered. In other words, users may remember some irrelevant
information regarding the environment even though it is not their focus at that point

of time.

Gestalt Principles

One of the questions raised during our abstract screen studies (Chapter 4) was Low
layout affects users’ responses. Existing applications and web sites today generally lave
different ways of placing screen controls. Applications have controls on top or bottom of the
screen while web sites Lhave controls on top or on the sides. Gestalt theory seems to provide
us some answers of different layouts.

Gestalt theory was founded by Max Wertheimer, Wolfgang Kohler and Kurt Koffka in
early 20th ceutury. The word gestalt originated fromn Gemany. It literally means shape
or form. In psychology, it means the whole. Gestalt psychology is a study of perception
and bchaviour fron: the standpoint of an individual’s responses to configurational wholes.
It shows the hmportance of organizations of visual perception. One important, also well-
known, finding is “the laws of grouping”, first noted by Werthemier. Werthemier (1912)
was interested in “what goes with what” in visual perception [8, p. 154]. He coustructed
visual arrays of simple geometrical elements and varied one single factor to determiue its
effects o perecived grouping. '

Here are some examples of “the laws of grouping” [24, 8]:

Therefore, it is not surprising to find examples that used these laws in interface design.

Colour and Culture

The language of colour and culture also has some influences on users’ perception. Colour
helps to separate objects from their background. It helps us to make fine discriminations
between objects. In real life, we also use colours many other ways. For example, traffic

systems worldwide use colour red as stop or hazard. Therefore, a red item on the screen
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THE LAWS ITS EXPLANATION EXAMPLE IN INTERFACE DESIGN
Proximity: items seen as a group if they  words on a menu bar

are close to cach other
Similarity: items scen as a group if they Toolbar icons

share visual characters such as
color or size, a special case is
“common fate” which refers to

motion

Closure: group elements into complete,  Overlapping windows
closed figures

Syrametry: symuletric elements seen as a  Window manipulation controls, e.g. scroll
group bar

Continuity:  group elements into continu- — a page of paragraphs
ous contours or repeating pat-
terns

may tell users to stop the action. However, colour red may have other meanings in different
context. In Chinese culture, the red also implies something good or joyful. So when we use
red colour in the design, it may indicate a warning or not, depending on how users interpret
it. In addition to individual difference, designers also bring in their culture differences.
Similar objects may have different appearances in different culture. Mail box is an exaiple.
The mail box in UK is different from the one in Taiwan (see Figure 2.2). Therefore, the
design of a maitbox control on the screen may not be the same. However, due to their

complexity, we do not consider colour and culture effects here.

[
(a) Mailbox  in (b) Mailbox in
UK Taiwan

Figure 2.2: Examples of Diffcrent Style Mailboxes

2.5 Visual Indicators — What’s on the Screen

Before defining a theory of “clickability” from the theories of affordances and visual
perception, it is necessary to understand how visual representations are used currently on

the computer screen. Therefore, the first step we took is to find out what we already have
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on the screen. There is a huge amount of the infornation that is presented to us by a

typical desktop screen. We focus on how the commands are presented to users to catch

their attention. Most of the conunands are represented by some visual vocabulary. We

collected some visnal indicators of commands from Mac OS X, Microsoft Windows, and

Unix. The criteria includes operations can be done on the screen, anything that invokes

or coutains an action and its appearance, and anything that brings out other commands.

They are:

—_

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

. click

drag

. operations: close, minimize, enlarge, open

windows

. click to pop up a window

. click to bring window to front
. text

. image

. image and text

button

scroll bar

menu bar

menu entry with icon
3D projection

» symbol

. round edges

square cdges

plain, looks like a picture

3D projection that is not clickable
enabled v.s. disabled

navigate scroll bar by dragging thumb or
clicking on the buttons or empty scroll

space

21.

22.

23.
24.

26.
27.
28.

29.

30.

31.
32.
33.

34.

5. combo boxes:

empty (in Mac OS) or full (in Microsoft
Windows) scroll region to indicate full doc-

ument in view

mouse-over gives more description in lower

text box
click some places changes menu bar

click on menu and drag continues to drop

down menu, also highlights current menu

look like a button but act
like a menu, two arrows indicate a combo

box
similar functions grouped together
gives text when cursor on image

cursor changes to indicate enable, does not
change over disabled

cursor does not change to indicate enabled
Mac OS X: window buttons look disabled
but are enabled (and light up when cursor
over)

(flashing) blue for defaults

image changes when cursor on top

@ »

in menu indicating a dialog box

click at an item on menu bar and get a drop

down sub-menu

. Microsoft Windows: underscored character

indicates command key
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36. resize region in Mac OS X does not look be active
like click-and-drag

37. radio buttons: only one of the group can  38. faded or gray indicates ”disabled”

We also grouped them by their shmilarity in functions or types. Figure 2.3 shows the
result of categorization. There are three major groups: Type of visual indicators, Fuuctions
of mouse, and Visual cues. Types of visual indicators are the basic forins which are used to
present. comnands. They include image, text, scroll bar, menu bar and buttons, as well as
their styles. Mouse has three functions: click, drag and mouse/cursor over effects. Visual
cues are anything that attempts to catch users’ attention, such as enable versus disabled
icons and symbols.

While we collected these visual indicators, we noticed that not all comnands are repre-
sented by one visual indicator. Some connmands, especially in some applications and web
sites, are indicated by mixing 2 or more visual indicators. This is because some visual indi-
cators do not express their functions well when they stand alone. One example is buttons
with immages only in Microsoft Word 2002. Users might not recall or understand the images
hence they usually have a mouse-over effect. The function of a button is displayed after the
mouse cursor positions at the button location for a few seconds. We also found that there is
1o consistency. Some commands have different visual indicators in different operating sys-
tens. For example, item numiber 21 -+ whole document has empty scroll region in Mac OS
and full scroll region in Microsoft Windows. This inconsistency also occurs within Microsoft
Windows applications -— application Notepad has empty scroll region as full docunient. Do
users understand the visual language presented to them on the screen? Is this understanding
the source of the problems which users experience? We tried to answer these questions in

the next chapter.

2.6 Summary

Our goal is to provide better design guidelines for screen comtrols. In other words,
we would like to define a theory of “clickability”, which is based on affordances and other
relevant theories. This theory of “clickability” should reduce the difference between users and
desiguers and make any new visual feature of screen controls easier to use. In this chapter,
we presented several theories that would help us to achieve this goal. These theories help

us to understand how users perceive screen controls. They are:
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Type
« N
T1-a. Image T2-a. Scroll Bar
T1-b. Text T2-b. Menubar
T1-c. Image & Text T2-¢.Buttons/Icons

—>Menu entry with icon

Style

N

S1-a. Plain (look like a picture)
51-b. Square edges
51-c. Round edges

Functions of Mouse

v

Click

"4

Cl-a. Click Yo bring window o front

C1-b. Click to pop up a windown

€l-c. Mac OS X: Click some places changes
menu bar

C1-d. Click on menu & drag continues to drop
down menu, also highlight current menu

Cl-e. Navigate scroll bar by dragging thumb
or clicking on the empty scroll region

C1-f. Click at an item on menubar and get a
drop down submeny

€1-g. Options: Open, Close, Minimize, or
enlarge windowns

Drag

D1-a. Drag to move the
windows or icong

Di-b. See C1-d

Dl-¢. See Cl-e

N

Mouse/Cursor over effects

J

M1-a, Gives text when
cursor on image

M1-b. Gives more description
inlower text box

Mi-c. Image changes when
cursor on top

Visual Cues

4

Enable v.5. Disable

J

El-a. Cursor changes indicates
enable, does not change
over disabled

El-b. Cursor daes not change
indicates enable

El-c. Faded or gray indicates
“disabled"”

El-d. Mac OS X: Window buttaons
look disabled but are enable
and light up when cursor over

El-e. Radio buttons: only one of
the graup can be active

¥i-a. b symbal

dialog bax

Symbols

¥i-b.".." indicates a

¥Y1-¢. 3D Structure
¥1-d. Some 3D projections
are nat clickeble

N

Others

Ol-a. {Flashing) blue for default
O1-b. Similar functions are
grouped together
Microsoft Windows: under-
scored character indicates
command key
full (Microsoft Windows) or
empty (Mac OS5) scroll region
indicates full document view
Ol-e. Combo boxes: laok like a
button but is o menu, twa
arrows indicate combex box
.Resize region in Mac OS does
not fook like click-and drag

Ot-c.

01-d.

Figure 2.3: Visual Indicators of Commands
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e Theory of affordances: This theory offers us the idea of creating screen controls inde-

pendent of the context.

e Traditional approach to visual perception, in particular, object and pattern recogni-

tiom: Users rcceognize screen controls from previous learning.
e Visual attention: What users perceive is driven by what users intend to do.

e Gestalt principle: Users group similar visual representations of screen controls to-

gether, Similarly, designers place similar screen controls near each other.

e Colour and culture: Users mnay perceive screen controls based on their understanding

of colour and their background.

With the understanding of these theories, we can create a better design for screen con-
trols. However, conventions have been developed over the years. It is casier to improve
the current convention than create a new design. Understanding what users learned about
clickability would help us to know which visual cues are nore effective and which are not.

Hence, we present our studies of understanding users in the next two chapters.



Chapter 3

Studies of Naturalistic Tasks

3.1 Motivation and Overview

In the last chapter, we mentioned that users may not know all the available screen
controls and may interpret screen controls differently fromi other users, which motivate
us to provide better design guidelines for screen controls. In order to achieve this goal,
we first studied the theory of affordances and other theories regarding visual perception.
These theories help us to understand the relationship between hninan behaviours and visual
perception. With the understanding of visual perception, we can create a better design
of screen representations of cominands, which improves users’ interaction with computer
systems. On the other hand, conventions of screen design have been established. Instead
of creating a new design of visual cues, it is easicr to adopt it fromn current, conveution.
Hence it is important to understand what users have learned about clickability. It helps us
to understand which visual cues are more effective and which are not.

At the end of last chapter, we listed 38 visual indicators of commmnands on the screen,
collected from various desktop/operating systems. We also grouped these indicators based
on their functionalitics and types (see Figure 2.3). We noticed that many controls on the
screen consist of two or more visual indicators. We also found some inconsistency of cue
usages between applications. So, how many visual indicators do users recognize? And
which cues are recognized? To answer these questions, we conducted a survey, in which
users were asked to recall and highlight what they remember as clickable on the screen.
The result of the survey raised another question - how and why do users know these cues
indicate the clickability? Hence, we conducted an observation study of users with computing

applications. We hoped observing on individuals” working with computer systeins would help

24
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us to understand how and why know visual cues indicate the clickability. These studics are

described 1n thig chapter.

3.2 Survey

This section gives the details of how the survey was designed and held, as well as the

[=3 g
result. Here is how this scction is organized: We first describe the design of the survey and
how the survey was held. The analyses and results are presented next, followed by sunmmary

of this study.

3.2.1 Study Design
Overall Design

As mentioned in the last section, we were interested in how many visual indicators users
recoguize, as well as which visual indicators they recoguize. Since we would like users to
recall them, there was no need for users to interact with a computer systeni. Hence we chose
to do a survey on a computer screen shot.

In Figure 2.3, we know clickability and draggability are two major functions of the mouse
poiuter/cursor. Therefore, what is clickable and what is draggable were the two parts of
the survey. We were also interested in whether users could predict what would happen after
clicking. Hence we selected three locations (see Figure 3.1(b)) on the sereen shot and ask

them to tell us what would be the results of clicks at these locations.

Stimuli

We captured two screcn shots, one from Microsoft Windows and one from Mac OS X,
and ran a pilot study. Pilot studies indicated that participants were unfamiliar with Mac
OS and so the main study used only the Windows screen shot.

Figure 3.1 shows the Microsoft Windows screen shots we used in the study. The screen
shot was the Windows desktop aud contained some openced applications. The desktop was
partially visible. Participants were able to see some itemns that were on the desktop. The
opened applications were Internet Explorer Browser, SSH Secure File Transfer Client, SSH
Secure Shell Client, and Microsoft PowerPoint. The screen shot was printed on paper. There

were three tasks:

1. Highlight anything that is clickable (Figure 3.1(a))
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2. Highlight anything that is draggable (Figure 3.1(a))
3. Describe the outcomes of clicking at three different locations (Figure 3.1(b))

Clickable, Draggable and Outcomes are used to refer these three tasks later in this chapter.
Note that the original screen shot was coloured. However, we presented to user the black

and white photocopy version as in Figure 3.1.

3.2.2 Study Task

This survey was done on paper. Each participant received three pages. Fach page
contained one task described above. A highlighter and a pen were provided during the
survey. Participants werce told to use the highlighter in the first two tasks. They also had

the option to write rather than to highlight.

3.2.3 Participants and Sample Size

There were eleven participants, six males and five fanales, seven computing /engincering
(CE) and four non-computing /engineering (Non-CE) students. Participants ranged from 19
to 29 years old. Computing science/engineering participants were older than non-computing
science/engincering participants. This is becanse 1n'aj01‘ity of them were graduate students
whereas non-computing science/engineering participants were mostly undergraduate stu-
dents. The hours spent using a computer ranged from 4.5 to 60 per week. Computing
science /engineering partieipants spent an average of 40 hiours per weck on computers while
nou-conmputing scienee/engineering participants spent an average of 9 hours on computers
each week?.

Here are participants’ experience on applications and websites:

e Desktop

Participants were all familiar with at least one version of Microsoft Windows. How-
ever, five out of eleven participants, all CE participants, knew Mac OS and three
participants, all CE participants, knew another desktop. The most well-known desk-

top, besides Microsoft Windows and Mae OS, was Linux. Other known desktops were
Unix and FreeBSD.

!The complete statistics of participants’ background can be found in Appendix F.
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(a) Screen shot of Microsoft Windows

F . < 23

(b) Sercen shot of Microsoft. Windows with 3 marked locations

Figure 3.1 Screen shot used i Survey

o .

(a) was used in the task Clickable and Draggble:
(b) was used in the task Outcome.
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e Applications

CE participants used more Microsoft applications - Word, Excel, and PowerPoint
than Non-CE participants. In fact, Non-CE participants used mostly Word only.
Among CE participants, the most frequently used application was Word, followed by

PowerPoint, then Excel.

e Web Browsers

All of them used a lot of Internet Explorer (embedded in the Windows system). The
second popular browser was Mozilla or Netscape, which were used by computing sci-

ence participants only. Only a few participants used other browsers.

o Web Sites

All participants used the Google search engine often but not necessarily other web
sites. Amazon represents shopping web sites. We chose it because it is a popular
and well known shopping web site. Yahoo maps represcents information web sites.

Participants did not. use web sites such as Amazon and Yahoo maps frequently at all.

e Hot Keys (Short-cut Keys)
CE participants knew more hot keys and used them more frequently hot keys than

Non-CE participants.

In summary, CE participants had more experience on different applications and web sites

than Non-CE participants?.

3.2.4 Schedule and Setting

. The duration of this survey was about 15 minutes. Participants were scheduled based
on their preferences. This survey was held either at the room ASB 9834 in Simon Fraser

University Burnaby Campus or at the locations of participants’ choices.

3.2.5 Analyses and Results

The results were divided into three parts, based on the tasks: Clickable, Draggable, and
Outcomes. For cach part, we first introduced the correct responses of that task, followed by

users’ respouses, then analysis and some discussion.

2The complete statistics of participants’ computer usage can be found in Appendix F.
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Task 1 — Clickable

First, we defined a clickable item on the screen as an item for which a single left-mousce
click changes the internal program state and perhaps the screen state. Therefore, the correct
response for this task is the entire screen except a small arca on the Task Bar where there
are no icons or buttons. Two participants, both CE, highilighted the entire screen. Other
participants highlighted some parts of the screen shot, such as icons and buttons. Notice
that some of the clickable items like icons appear in more than on location. However, not all
participants highlighted all of them. Here is the list of itemns in the order of most frequent

choice to the least:

Number of Responses Items on the sercen
(Maz. = 11)
11 Icons, Buttons®, Menu Bar
10 Web Text Link
3 Text Arca®
5 Title Bar of File Display, Images/Pictures in the web site
4 Title Bar of Windows®
3 Scroll Bar, Windows Task Bar®
2 Desktop Space, Tool Bars, Text in the web site”

Analysis and Discussion: Icons, buttons, menu bars and web text links are the most
popular answers. This is not a surprise since users encounter these iteins every time they
use applications or web sites. The reason that web text links only had 10 respounses instead
of 11 was due to the fact that one participant thought the active window was Microsoft
PowerPoint. All his responses were within that window frame. He believed that all the
clickable itemns were in the active window only. Text Area was the next most frequent answer
since participants use Microsoft applications and web browsers frequently. The rest of the
answers had less than 50% of responses for several reasons. First, recall that participants
did not highlight all the related items. One example of that was text arca. There were two
locations related to text arca: address box in the web browser and PowerPoint slide. Most
of participants only chose one of them, not both. This implied that there was a great chance

that participants knew what objects were clickable but fail to recognize themn. Second, some

3Including the ones in tool bars

“Located in PowerPoint slide and web browser address section

®Excluding any icons and buttons

8Scroll bar: only the space, arrows counted as buttons, Windows task bar: excluding icons and buttons

"Tool bar: right-mouse click, Text in the web site: excluding text links
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functions were not often used by participants. For example, clicking on one item of the title
bar of the file display would sort the files based on that item. This was not a frequently
used function. It was easily missed when the window was behind another window and no
file listed. Lastly, the survey was given in black and white, so some details were simoothed
out by the gray scale and photocopy machine. In sumimary, there were ouly a few itemns on
the screen that participants cousistently recoguized: icous, buttons, menu bars, web text
links, and text arcas. And the visual indicators that are associated with these items are not
many either. There were 9 out of 38 of the list in Section 2.5:

4.  click to pop up a window

5. click to bring window to front

6. text

9.  button

11.  menubar

14.  » symbol

15, round edges

16.  square edges

Task 2 — Draggable

There are 13 draggable items on the screen shot:

1. Individual Windows (by dragging title bars of the windows)
2. Borders of the Windows
3. Corners of the Windows
4. TIcons on the desktop or Windwos Task Bar
5.  Text boxes (in PowerPoint only)
6.  Tool bars
7. Seroll bar
8. Width of the title bar of file display
9.  Windows task bar
10. Separate bar between window functions and web page space in the Internet Explorer browser
11. Image/picture in the web site
12.  Text in the web site
13. Icon in the web address box
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The first 10 itewns appcear on applications or the desktop and the last 3 iteins are related

to web sites. And participants’ responses were

Number of Responses Items on the serecn
(Maz. = 11)
9 Windows®
5 Icons on the desktop or Windwos Task Bar

Text Boxes®, Tool Bars

Borders and Corners of the windows, Scroll Bar
Widths of Title bar for file display, Windows Task Bar
Text and Images/Pictures in the web site,

Icon at the web address box, Separate Bar'?

— N LS

It is interesting to note that one participant did not highlight any itemn. And like

Clickable, not all participants highlighted all related items.

Analysis and Discussion: There was only ouc item which had over 50% of respouses

Windows. Perhaps re-positioning windows is a frequently used function. There were two
possible explanations. First, recall that participants did not highlight all the related items.
One example of that was icons. There were several icons on the Windows task bar and
two on the desktop. Sowe participants highlighted the icons on the Windows task bar but
not the ones on the desktop. This implied that there was a great chance that participaits
knew what items were draggable but failed to recognize them. Second, the survey was given
in black and white, so some details were smoothed out by the gray scale and photocopy

machine. Overall, participants did not recall many items that are draggable.

Task 3 — Outcomes

In this task, we asked participants to report what would happen after clicking at ap-
pointed locations (see Figure 3.1(b)). The correct answers are:
Location 1: Go to Cauada Trust Home Page
Location 2: Nothing
Location 3: Activate PowerPoint Window

Recall that we only considered a single left-mouse click. Here are participants’ responses:

*Drag window title bar
“Only in PowerPoint

between window functions and web site space in Internet Explorer Browser
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Number of Responses

(Maz. = 11)
Location 1 3 Go to Canada Trust Home Page®

1 Go to Canada Trust Home Page, possibly

with new window
Another web page replaced current one
Option of Canada Trust pop-up
Nothing
Close other windows

Nothing
Highlight web address
Open previous addresses menu

Location 2

Activate PowerPoint Window®?

Pop-up PowerPoint Window
Open PowerPoint Window
New options of PowerPoint pop out

Location 3

o R =] = B OC s

“Correct response

*Including answers such as bringing PowerPoint Windows in focus or on top

Tle first entry of cach location is the correct answer. During the survey, sonie partici-

pauts expressed verbally that they guessed some of these answers.

Analysis and Discussion: The majority of participants understood the outcomes of the
clicking. At location 1, most participants considered it to be a link and responded that an-
other web page would appear, even though they might not know which web page. Similarly,
most participants knew nothing would happen when clicking at location 2 and knew the
PowerPoint window would be active when clicking at location 3. However, as mnentioned
carlier, some answers were guessed. Our observer noted that at least two participants said
they did know the answer but wrote down “Nothing” at location 2. We also received some
unexpected answers. For example, clicking at location 1 will “close other windows” or “New
options of PowerPoint pop out” after clicking at location 3. Now, a question was raised: how
do users know the outcomne of clicking? Not all participants who had correct or close to cor-
rect responses used these applications before. There is something about visual appearances

of these items that indicates their functions.

3.2.6 Summary

We learned several human behaviours from this survey. First, most participants woere
aware of the most frequently used items only. As a result, only a few items on the screen were

recognized by inore than half of the participants. This answered our question of how many
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visual indicators users recognize. Second, not all participants recognized all related items at
the same time. Third, users do not always know every single outcome of clicking. This also
shows that not all visual representations of screen controls gives users good indications of
what the commands are and how they work. This implies that the perceptions of designers
and users may not be the same. Is there a better visual representation of screen controls
for which users and designers would have similar perception?

However, this survey has a limitation. We only have access to what users recognized on
the screen shot. When we asked them to perform task 3, we found that participants knew
the answers even though they never used these feature. However, in this survey, we were
unable to gather information on which visual cues indicate the possible results of actions.
We could not draw any conclusion about how users know the outcomes. We believe that
some visual features of the screen controls indicate clickability and their functions. Hence,

we turned our focus to find out what visual features communicate with users effectively.

3.3 Real Application Observations

The result of our Survey, which were desceribed in the last section, showed that users did
not recognize much on the screen shot. However, we believe that there is something about
visual appearance of screen controls they recognized that indicate their functions. Hence, in
this section, we present results of our attempt to find the visual features of screen controls
which effectively conununicate to users. We studied this by observing users’ interaction with
a computer system. We first describe the design process of this study, including two pilot

studies. Then the analyses and results are presented next, followed by the summary.

3.3.1 Study Design
Overall Design

In the last study, we found that survey did not give us any inforiation regarding how
users recognize where to click and know its outcome. The survey was based on users’
previous experience. There was no information of how they knew. We could ask users how.
However, the moment users start thinking how, they might invent reasons. One possible
solution is to observe their interaction with computer system. There was not much to observe
in the Survey because there was no interaction with real computer systems. But when
users interact with the system, we can observe the positions of the mouse pointer/cursor

aind users’ gestures. The positions of the mouse pointer indirectly suggests users’ thinking
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paths. Users’ gestures show their attitudes and reactions, which also indirectly suggest their
thinking paths. Therefore, observations of users’ interactions with real applications or web
sites were our first attempt to find visual features that communicate to the users effectively.

We had two choices of observation: on an application or web browsing. Before we
designed this study, we ran one pilot study on an application and one on web browsing.

These pilot studies helped to design the final version of the study. The details are next.

Stimuli — Pilot studies

There were two pilot studies. The first pilot study was an observation of an application.
The second was on web sites. There were two participants in the first pilot study and four

participants in the second pilot study.

Application Observation: We chose Microsoft Word for two reasons. First, word pro-
cessing is one of the common uses of computer. Second, Microsoft Word is one of the
most used word processing applications. This pilot study consisted two parts: first, a brief
deinonstration of participants’ typical usage of the application and second, duplicating a one
page document as closely as possible. This document (sec Figure 3.2) contained 2 colummns
of text in landscape, two types of bullets, a table, a graph and an image. Another table!!
was also given, which was the information to create the graph.

The typical usage of Microsoft Word that participants showed the observer involved
saving files and formatting text font, size and face. It was shinple and straightforward word
processing. Since participants knew where the functions were located and performed them
without any delay, this did not give us any information of how they knew where to click.

When recreating the document, participants only used certain functions which they had
used frequently, such as the “undo” button. We also found that the science student had iore
experience using different functions in this application than the interior design student. The
science student, who studied Biochemistry, had created graphs and tables for lab reports
before and knew where to click to change text into two cohunmms and how to create the table
and the graph with given information. The science student spent some tine thinking about
which function she could use to create a graph and two colunms. This was probably due
to the fact that someone was watching and she was a bit nervous. It was interesting that
even though the interior student did not know how to create a table or graph, she found

a way to achieve the goal. Instead of looking up help on the features, she spent quite a

" This table is in Section C.1
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bit of time clicking on different functions which were displayed by default. She explored all
kinds of buttons displayed on the screen by default. In particular, she explored drawing
functions and table functions. She kept clicking on these functions to understand what they
do. Towards the end of study, she figured out how to create a very simple table. She decided
to duplicate the graph by using the drawing tools. The graph was a bar graph. So she used
rectangular drawing function to create the graph box and bars, and add the labels by using
a text box function. Even though she did not fully finish the whote docunent, she manage
to create the graph fairly close to the original. Note that both participants were unable to
finish the document within an hour.

Since participants did not finish recreating the document, we realized this document
was either too long or too complicated. On the other hand, how the interior design student,
achieved creating table and graph showed us there is a problemi. All the functions that
were displayed by default had the samne look — a small icou iinage. Since she knew some of
these display functions such as save, she recognized that they were all clickable. Howcever,
she had no clue what the functions did even though she knew what she was looking for -
icons to indicate to generate tables and graphs. It also secms like she was unaware that
explanations of buttons appear with mousc-over effect. This raised the guestion of how users
interpret these icon iniages. In other words, how labels suggest clickability by suggesting
functionality, which refers to the functional relationship discussed in Chapter 4, Study 2.
We were looking for the answer throughout the rest of our studies. In sununary, we were
unable to gather any information of how users know the images displayed as application
functions are clickable. This is because users know some functions displayed as clickable
images and treat other displayed images as unknown functions, which are also clickable.
This is hmnan nature of treating similar objects as a group (Gestalt Principles), which was

described in Chapter 2.

Web Site Observation: While we were running the pilot study on Microsoft Word, we
also ran a similar pilot study on websites as well. We asked participants to choose once or
two web sites that they visited frequently. Their choices of web sites ranged from reading
news, wallpaper download, c-inail, university student service, to search engine. Participants
then visited these web sites while we observed their behaviour.

There were four participants in this pilot study. The first participant, who had the
shortest observation time, visited only two pages of news website. She quickly scanned

the first page using the scroll bar and clicked a link on the top of page to jump to a
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page containing a list of news videos. She then selected a news video to watch. The second
participant chose the search engine. While she was doing her research on a specific topic, she
also used an on-line e-mail system to forward information to her friends and used Microsoft
Works to save some of information she found on the web sites. She clicked mostly on
“back” button to go back to the search result page. The next participant chose a wallpaper
download website. He mostly used a menn on the left of the web page to browse selections
and clicked on images to download. The last participant used a web-based e-mail service
and university student service, provided by her school. She clicked on the menu on the side
bar to access her personal student records.

Since the web sites they browsed are their frequently visited pages, participants did not
have any difficulties to browse web sites. In addition, they went directly to their targeted
links on the pages. We were unable to gather any information that would tell us how users
know what visual features of the screen controls indicate the clickability. Therefore, we
needed another method beside just observation. We chose a think-aloud protocol.

We had two of the four participants re-run this pilot study with a think-aloud proto-
col. Unfortunately, this was not very effective. One participant did not say much. The
other participant said a lot but not much related to the clickability we were looking for.
Even though think aloud is a good method for tracking users’ thinking paths, very little

information participants said was uscful to us.

Summary of Pilot Studies: The pilot studies had several limitations. First, there was
too much going on. In the application observation, there were too many actions involved. It
was hard to distinguish what cues involved in which action. Second, there were many paths
to achieve actions. Omne example was that participants could generate a graph by using
drawing functions in the application, instead of using table and graph functions. This was a
problem because it did not help us to find out which visual cues indicate clickability. Recall
that most of the screen coutrols are made of two or more visual cues. When participants
chose a familiar path to achieve actions, we can only conclude that the combinations of visual
cues indicated clickability, not the individual visual cues. Third, participants performed
famniliar actions automatiecally. For example, they clicked on “undo” or “back” button
without extra thinking or searching when they would like to go back to a previous state.
Recall that our goal was to find visual features of screen controls that indicate clickability
and their functions. The limitations made it hard to gather information that would help us

to understand which visual cues conmnunicate to users effectively. When the intended action
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agoals were Laniliar to users, they responded automatically withour any delay. We noticed
that users recognized unfamiliar sereen controls as clickable items when these nnfamiliar
sereen controls have similar appearance of the failiar sereen coutrols, We were interested
in the situation when users encounter a sereen control that was not like any screen controls
they had scen before. This would give us information of how users know where to elick.
In other words, stimuli with imnfamiliar visual representation of sereen controls or locations
might help us to gather information. In addition, we were looking for answers of how labels

sugeest clickability, by suggesting functionality.

3.3.1.3  Stimuli

We chose to use web sites. This is becanse we were unable to gather any information
of how users know where to click when the sereen controls and their locations ave familiar
to users. Users act automatically with well-known screen controls. Different visual forins of
screen controls or locations might help us to capture how users know where to click. After
years of development, applications all have similar locations and visual forins for the sereen
controls. On the other hand, web sites change constantly. Morcover, visual representations
of sereen controls in web sites are not uniformally designed. One such exannple is the function
of “go to home page”, deseribed in Chapter 1,

The task we considered was baok search. By giving participants a book deseription, we
tricd to force users to go through a scquence of links to reach the book itself. During the
search, we hoped to capture visual features of sereen controls that indicate clickability and

their functions.

r—jKS\‘DE

)

IMAGE
STYLE

(a) Side Desipn (Y Gamma Design, lnage stvle

Figure 3.3 Two Major Layouts of Bookstore Web Sites
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We collected a list of bookstore web sites and categorized them by their layouts and
graphical languages. There are two major layouts: the book categories appear cither at the
side of the page (Figure 3.3(a)) or at the top and the left of the page (Figure 3.3(b)). We
called the second a I design. Most of the web sites we found have T design but a fow have
the side layout. There are two major graphical representations of links: test style or image
style. Figure 3.4 is an example of a web site that only uses text stvle. We selected five web

sites of this style. We also selected one web site with mage style (Figure 3.3(b)).

[ N
Te XT
STYLE.

Figure 3.4: T Layout of Bookstore Web Site, Text style

For cach web site. we found a book that existed in the web site database and its de-
scription. They were all different. Tf they had been the same book, then after kuowing the
book title from the first web site, users could have nsed a search function to find the book in
other bookstores. Each hook could be found by going through book categories. Tn addition
to the book deseription, we also gave some book eategories. publishers, or anthors’ first or
last names. We asked participants to fnd the matching book title, its ISBN and the current

price. Here is one example of a book desceription we gave:
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“The women had no chance. The men were nothing but one of six teams
capable of winning. So said the critics and naysayers. But on February 21st
and 24th, 2002, the women and men of Canada's ___ teams completed an
historic double, a perfect sweep of ___ gold at Salt Lake 2002. ... For the men,
it represented the end of a fifty-year drought that went back to the ‘52
Edmonton Mercurys. For the women, the win was sweet revenge for an
unexpected loss at Nagano in 1998. For all of Canada, the wins not only
satisfied a nation infatuated with _ —it helped define and re-affirm the

country’s identity.”

Category: Sports

Author(s): First name is Andrew
Publisher: Fenn Publishing Company Ltd

Book Title:

Book ISBN:

This study consisted of six book searches on six different web sites.

We had two versions:

| Version 1

Version 2

T', text web site 1 Book 1 T, text web site 1 Book 1
T, text web site 2 Book 2 T, text web site 2 Book 2
T, text web site 3 Book 3 T, text web site 3 Book 3
T, text web site 4 Book 4 T', text web site 4 Book 4
T, text web site 5 Book 5 [, text web site 5 Book 5
Side, text web site 6 | Book 6 | I', image web site 7 | Book 7

The difference between the two versions is the sixth web site. The first five web site

had T’ design and text style on the top menu selection. The sixth web site of version 1

had different layout, the side design. The version 2 had different style of menu selection,

image style. The idea was to let users get familiar with one particular layout and graphical

language. Then we would like to see how they changed their behaviours by giving them a

different style of web site at the end. We hoped the change of behaviours would reveal users’

thoughts, from mouse movement and users’ gestures, and help us to understand users. Also

note that the books for the two final web sites were different. This was due to the fact that

we had hard time to find one book that existed in both web sites.
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3.3.2 Study Task

In this study, participants were asked to browse six different online bookstore web sites.
A list of book descriptions was given, one for each website. Participants were asked to find
the latest available version of the book title, its ISBN and current price that match the book

description.

3.3.3 Participants and Sample Size

We were more interested in non-technical users. The reason was that their understanding
of coniputer systems was likely to differ from technical users such as engineers or program-
mers. Technical users liave more experience on visual language of comuands. It would be
harder to observe how they solve the difficulties.

There were two university level students in this study, one from each gender. Neither
participants was a computing science or enginecring student. One participant is a music
student and the other studies home economics. The average time they spend on computers
was 14 hours per week. In fact, they indicated all the time they spent on computers was
web browsing. Both participants currently used Microsoft Windows before 2000 version,
Internet Explorer browser and Google scarch engine. Ouly one participants currently used
Microsoft Word, the other used it a lot before. One participants used to browse Amazon
website, the other hardly use it. Participants hardly or never used any other applications or
web sites we listed. The most frequently performed activity on the web sites was e-mailing,
at least once every day. The other activities they performed on the web sites were reading
news, articles or magazines and browsing online. These activities were either at least once
every month or every weck. Participants used web scarch engine at least once every week

and library catalog system at least once every month.
3.3.4 Schedule and Setting

The duration of this study was one hour. Participants were scheduled based on their
preferences. The study was held at the locations of participants’ choices.

3.3.5 Software and Hardware Systems

The study used participants’ personal computers. All computers had Internet connec-
tions. The opcrating systems were Microsoft Windows. All participants used Internet

Explorer to complete this study.



CHAPTER 3. STUDIES OF NATURALISTIC TASKS

42

Web Site Correct Answer Participant 1 Participant 2

1 { The Complete | Chronicles of Narnia | The Chronicles  of
Chronicles of Narnia Narnia Box set
0066238501 0064409392 0064409392

2 | Canadian Gold 2002: | Canadian Gold 2002: | Canadian Gold 2002:
Making Hockey His- | Making Hockey His- | Making Hockey His-
tory tory tory
1551682680 1551682630 1551682680

3 | Tips for Good Living | Tips for Good Living | Tips for Good Living
with Arthritis with Arthritis with Arthritis
0912423277 0912423277 0912423277

4 [ Catch Me It You Can | Catch Me If You Can | Catch Me If You Can
0767905385 0767905385 0767905385

5 Busted! Busted! The Humongous Zits
0740726757 0740726757 0740700138

6 Quest: A Guide for N/A Give up, can’t find it
Creating Your Own
Vision Quest
0345409035

6 Emma‘ ' Emma N/A
0451523067 055321019X

Table 3.1: Observation Result

NB. Incorrect selections are in italics.

3.3.6 Results and Discussion

Even though we did not specify a duration should be done, participants automatically
did their best to finish up as soon as possible. However, the answers were not all correct.
Table 3.1 shows both the correct answers and the answers fromn participants. We saw that
first. book, fifth book and one of the sixth book were not the same. The first book has many
different editions. This was the reason we asked participants to write the book ISBN. Both
participants found the correct book title but different edition. One possible reason was that
they did not check the book publication date to confirm. Another reason could be that they
simply forgot the instruction we gave -— find the latest version of the book. One participant
got the wrong book to the fifth title. This might be because the book is about “Zits” but
the actual book title did not contain “Zits”. Hence it was easy to wmiss. One participants
found the sixth book but a different edition again. The web site for this book is selling
mostly used books. So it was possible that the book we requested was sold and no longer
available. The web site has the book description for all books with that title, regardless its
version. Hence the participant picked any one that listed. The other participant had a hard
time finding the last book and finally gave up due to time for her another appointinent. We

did not pay close attention to the correctness of the prices. This is because prices change
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from time to time.

During the observation, we found that participants tended to get to the answers by search
engines. All bookstores in this study provide a search engine, which usually located at the
top of the page. In the process of finding each book, three quarter of the time participants
started with the search engine. This was unexpected. We hoped by giving users category
and book description that they would find books by certain path. And hence the observation
would provide us how uscrs find where to click. However, participants ignored the categories
and started with search by keyword or authors. In the case of first book, both participants
knew the book title from book description. Hence they chose to use search engine. However,

we were unable to gather information on how participants recognized what to click.

3.3.7 Limitations and Summary

We found that it was hard to design a task which was not too complicated and yet
complicated enough for our purpose. For example, book search was the right amount of the
complication. However, there were many different paths involved. We expected participants
to follow one specific path but they chose different paths to reach the goal. Our path was
finding books by following book categories. In this study, the path participants chose was
to use search engines instead. This also showed that every participant had different strategy
of problem solving. Participants brought their past cxperiences into problem solving. Note
that their problem solving did not include using help feature. During this experiment,
participants did have some difficulties with simple search function. However, no participants
looked to the help feature.

Another problem occurred when we designed the task. Commands come with many
different form of representations. When the users are familiar with the screen coutrols,
they act automatically to the controls and we are unable to track what cues indicate the
commands. The best situation for us to track cues is when the users are not so familiar
with the commands. However, there are too many cues involved in the applications or web
sites. Even though book search involved mostly links, links come many different forms.
Some are underlined. Sonie have different colour. And some come in graphics. All of these
contributed to the indication of cues. Different web site used different combinations of these
factors as well. Even within the web site, it is not consistent. One web site we found has
two different ways to represent the links: underlined text in the menu section and coloured
text in the page coutent. We could not coinpletely separate them to test which one is more

influence than the other. As the result, we could not find out which visuat cues indicate the
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clickability and their functions.

In this study, we had a small sample size. This was because after running two par-
ticipants, we realized that the behaviours of these two participants represent Lhow users in
general would respond to the task of search. Their responses to the instruction of book

search were using search engine first. Therefore, we did not a large pursue sample size.

3.4 Chapter Summary and Discussion

We learned several things from Survey and Real application observations. First, we
v;/ere unable to track which cues indicate the commmands, This is because participants acted
automatically to well-known screen controls. In other words, participants interact with
the applications based on their previous experience and knowledge of the applications and
websites. However, there is no direct access to their past expericnce and knowledge. Even
though questionnaires can be used, it only showed us the types of experiences participants
encountered but not how they encountered these cxperience. We were unable to learn
their experience and knowledge from the observations of their behaviours either. Second,
no matter how carefully we constructed the tasks so that participants had to perform a
certain sequence of actions, participants usually achieved the task by using other sequence
of actions. This shows us that each individual has his or her own strategy of problem solving.
Application usually provide several different ways to finish tasks. Third, cach command is
made up with two or more cues. For example, icons are basically represented by images.
Some icons have labels, some have mouse over effects to indicate the functions of icons. This
makes it hard to know which cue indicates the functionalities of screen controls. Lastly, it is
not easy to find features in the applications that were unfamiliar to users. This is because
real applications within a class today have similar layout and graphical representations in
desigu.

To iinprove the design of future studies, there are several possibilitics. One possibility
is give participants a specific instruction not to use the scarch engine. This will eliminate
the search engine path of finding books. Another possibility is to be more careful where the
books are located. For example, the books are located within the first page their category
lists and in other pages of search euginue results. The other possibility is to vary web sites or
applications one visual cue at tine. However, these possible improvements are limited by
the complexity of web sites and applications, as well as several factors we have no control

of. First, we have no control of web sites. The web sites are changing all the time. We have
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no control when the web sites we used would change their layout or design. Secoud, there
are not many online bookstore web sites. Hence, it is not casy to keep the variation of web
sites as little as possible. Third, finding a book that all web sites carries is also not easy.
Most online hookstores carry cither onc or two categorics of books or swall collections of all
categories. Lastly, what we would like to coutrol is visual cucs. However, these visual cues
are fixed in the applications or web sites. We can not control where and how many cucs
appear.

Recall that our goal was to find out which visual cues conununicate to users effectively.
We had difficulties to draw conclusions from what we learned from real applications and
web sites. Hence it led us to find a new method that would help us to find out what visual

cues indicate the clickability, which is discussed in the uext chapter.



Chapter 4

Studies Of Abstract Screens

4.1 Motivation and Overview

In the studies reported in previons chapters, we used real applications as our stimuli.
While using real applications as stimuli provided ecological validity, we had difficulty drawing
conclusions from the resulting data. There were a number of reasons. The first reason is
that real applications have strong semantic associations for users. Users interact with the
applications based on their previous experience and knowledge about the applications and
web sites. However, their previous experience and knowledge is not directly accessible to us.
In addition, it is inipossible to accurately infer the prior knowledge from their observable
behaviours. The second reason is that real applications provide several different paths to
achieve any given task. When the participants were given a task intended to force them
to use unfaniiliar features, participants completed the tasks by applying familiar features
in novel ways. The third reason is that cues of each functionality are closely inter-related
and often convergent. For example, there was no way to separate the effects of graphical
language and intention since both tended to suggest the same outcorne. The fourth reason
is that real applications are compatible overall and within a given class of applications. This
means that layouts and graphical representations in design are similar and makes it hard to
find features in the applications that users are unfamiliar with.

These limitations show the current state of software and web site design. The past
twenty years of research in human-computer interaction were a success. Software and web
site desiguers have built successful strategies for the information design of their software.
Conventions have been developed so that users may adopt new applications quicker and

easier. Ou the other hand, these limitations also show that rcal applications are not good

46
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stimult i our study. Visual cues of the screen controls and strong prior seinantic associations
of the real applications arc iuseparable. They blend so well together that their effects are
confounded. We needed stimmli withont these confounds to overcoine these limitations. We
needed stimuli with completely separable cues and the fewest possible seinantic associations.
Hencee. we develobed a set of abstract screcns,

Wher w | cteuxitthisd 0 %3 YWhire would yo ok o exit this sialg box?

s

(a) Stimulus O in Study L (b) Stimnlus 22 in Study |

Figure 4.1: Sanple Abstract Stimuli

Figure 4.1 <hows examiples of abstract sereens. These abstract screens are much simpler
than any existing real application or web site. There are several advantages from using these
abstract screens over real applications, FFirst, there are no multiple paths to reach the goal
of the action. The abstract sereen is the application itself and all the possible actions in the
application are presented in one screen. Given an intention, users have to perfornn the action
on that oue screen and the goal can only be achicved by clicking on one of the connnands.
Sceond, there is little skill transfer involved.  Here, the skill vefers to what users learned
about “clickability™. There is little skill transfer because the stimuli are not based on any
existing real applications or c-conmerce web sites, Participants cannot really nse what they
learned previously about the semantics of real applications. However, they may use what
they previously learned about screen controls. Third, it is casier to control the nnmber of
cues used in the stimuli, For cach command, we can decide how many cues to represent the
comnnand on the screen. These abstract serecns can test as fow cues as possible at one tine.
[ other words, the cues would be separated as much as possible. Tlence, we can igure out
which visual cnes conununicate to users cffectively.

However, there ave still some Hinitations. First. a subjoct’s past experience can never be
reioved even though it is not as strong as before. Whenever users encounter applications
they have never nsed before, they would use their previous expericuce to judge where and

how to perforin the actions. Therefore, we can not remove this factor but ouly reduce its
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effects. Since these abstract screens are not based on any existing real applications or e-
commerce web sites, the influence of previous knowledge and experience is reduced. Another
limitation is the cues. No matter how we design the screens, layont is one cue which can
not be separated from rest. of cues. Layout is always there whenever the application uses
graplical representations to represent the functions of the application. Another problem is
colour. Colour has different meanings for different cultures. For example, red in Chinese
culture means good but in traffic systemn means danger. In other words, using colour alone
may cause some confusion. This is the same with images. For example, the mail box icon
is familiar to people in America because it appears as a mailbox in their literature and
physical life. However, a mailbox in Italy looks like an Americaw style trash can icon [24].
Hence, soime cues, such as colour and image, need other cues to help express their function
better.

We conducted two abstract screen studics. The purpose of these studies is not only to
understand the users but also to determine which cues play inmportant roles in the perception

of clickability. To analyze the data, we used simple statistics.

4.2 Abstract Screen Study 1

In this section, we describe the design of the first abstract scrcens study, including the
study and task design, participants, and the systems used. Before going into details of the
design, here is a general description of the abstract screens: Each abstract sercen has two
parts. Tle top part contains at least one question. The question represents what goal
the participant was trying to accomplish for the given stimuli. Bottom part coutains an
application screen we created. This applcation screen contains screen controls: several
buttons, text, or images. The abstract screens were designed using as few number of cues
at one time as possible. This abstract screen study, as well as the next study, used a sct of

these abstract screen. Figures 4.1, 4.2, and 4.3 are examples of abstract screens.
4.2.1 Study Design

Overall Design

Since it was difficult to draw useful conclusions from the results of the studies described in
the last chapter, we created abstract screens to capture users’ understanding of clickability.
The main purpose of this study was to test the use of abstract screens. In this study, we

manipulated graphical language, such as colour, and location of visual cues.
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Whire nedbdy g ehick fo oxi the vox2

Figure 4.2: First Abstract Screen

Stimuli

We started with the intended action. We asked “Where would vou click to exit the dialog
box?" across all stimuli in this study because exiting a dialog box is a coumon funetion.
The next step was creating dialog hoxes. We chose only two factors, location and graphical
language. for this study. Location refers to where the sereen control is located. Graphical
language refers to the graphical representation of the control. We would like to know how
much inlfuence is by graphical language and to what extent. Henee we chose these two fiactors
is that the exiting function usually located at lower-right corner of the dialog box. We first
created a dialog box using five buttons and a word “EXTT™ (Figure 4.2). The button was
screcu-captured from an existing Windows application. Then we created a series of dialog
boxes by manipulating one or two factors. Note that graphical language ncludes iimages,
colour, aud text. We manipulated these factors by rearranging the lavout of the elewnents,
clianging or removing the word, labelling buttons, usiing a colour bhutton or different style
buttou, and adding nages. For example, we replaced the open-door iinage on the top-lefi
corner of Stinmlus #30 with an huage of “X" to create Stinmulus #31 (Figure 1.3). Note
that all text used in the stimuli are closing dialog boxes i real applications.

While creating those abstract sereens, we conducted four pre-pilot studies. For cach
pre-pilot study. cach participant was given twenty stimuli.. There were a total of ten non-
cowputing/cngineering (Nou-CE) and six compuring/engineering (CL3) parricipants in four
studics. The purpose of these pre-pilot studies was to remove some duplicate stimuli and to
test if these stimuli wonld work, Over four pre-pilot studies, we created 54 stimnli in total,
Based on the responses of four pre-pilot studices, we sclected 36 of then for a pilot study.,

There were two reasons for reducing the amonnt of stimnuli. First, the nmmber of sthmuli
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Where would vou <t 1o exit o d w3 Wherr wouldy etk ta exat this L ax?
|
(a) Stimulus 30 in Study 1 (h) Stimnlus 31 in Study 1

Figure 1.3: Sample Abstract Stimnmlbi

in the original set was too large, and we did not want to tire our participants.  Scecond,
we wanted to eliminate stimull with similar effects. If two stinwli had shimilar layouts and
similar responses pattern, we kept only one of them. We did not imake any acdditional change

to the stimuli after the pilot study, The full stimali are prescuted i Appendix D,

4.2.2 Study Task

There were 36 stinmli. We arranged the stinwmli in three different orders by shufHing
stinmli. Participants were randomly given one ordering set. This would it any stimnli
ordering effects. We asked participants to auswer questions in the stimuli as guickly as
possible. In other words, we asked themn to respond nsing their instinets. We also frold
them that there is no correet answer for these sthmnli. Participants reported their responses
verbally to the obscerver.  Note that their respouses time was not recorded, which may

measure the difficulty of stimuli,

4.2.3 Participants and Sample Size

Participants were all nniversity or college students.However., we chose students as onr
subjeets for two reasons. First, it is casy to schedule study sessions witly students, Scecond,
we would like 1o conipare subjects with similar background.  This liclps to reduce the
diference between idividual siibjects.

There wore cleven participants, six meales and five females, seven Cotnputing Science/Engincering
and four Non-Computing Science/Engineering students, Participants ranged from 19 to 29
years old. CE participants were older because they were gradnate students and Non-CE

participants were indergraduate students. The homrs of spending on computer ranged from
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4.5 to 60 hours per week. CE participants spent on average 40 hours per week on a cor
puter while Non-CE participants spent only on average 9 hours on computers per week on
a computer ',

The following is information of participants’ experience on applications and websites:
e Desktop

Participants were all familiar with at least one version of Microsoft Windows. However,
five out of cleven participants, who werc all CE participants, know Mac OS and
three participants know other desktop. All CE participants except one answered what
other desktops they know. The most frequent answer was Linux. Other desktops are
Unix aud FreeBSD. However, one participant hardly use this other desktop and two

participants did not tell us how frequently they used other desktops.

e Applications
Since Microsoft Windows is the most used operating systew, we asked how frequently
participants used Microsoft applications Word, Excel, and PowerPoint. CE par-
ticipants used these applications more than Non-CE participants. In fact, Non-CE
participants used Word ouly. Among CE participants, the most frequently used ap-

plication is Word, followed by PowerPoint, then Excel.

e Web Browsers
Since all participants are familiar with Microsoft Windows, it is not surprising to
sce all of them use Internet Explorer.The second most popular browser is Mozilla
or Netscape. However, only CE computing science participants used it. Ouly a few

participants used other type of browsers.

o Web Sites

All participants usc the Google search engine often. We chose the Amazon shopping
web sites because it is a popular and well known shoppiug web site. Yaloo maps
represents information web sites. Participants did not use web sites such as Amazon

or Yahoo maps frequently.

e Hot Keys (Short-cut Keys)

CE participants had more knowledge and used more frequently hot keys than Nou-CE

participants.

'The complete statistics of participants’ background can be found in Appendix G.1.1.
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In sununary, CE participants had more experience on different applications and web sites

than Non-CE participants®.

4.2.4 Schedule and Setting

The duration of each study was 20 — 30 minutes. Participants were scheduled based
on their preferences. The study were held either at the room ASB 9834 in Simon Fraser

University Burnaby Campus or at the locations of the participants’ choice.

4.2.5 Software and Hardware Systems

The study was done on a laptop running Microsoft Windows XP and PowerPoint 2000.

All stimuli were designed as PowerPoint presentation slides.

4.2.6 Results — Ordinal Statistics

Before going to describing our results, let us recall the goal of this study. We were
looking for a method to capture users’ understanding of clickability. In other words, how
do users know where to click? What features of visual forms of screen coutrols indicate
the clickability and screen controls’ functionalities? We also investigated for how context
influences clickability. An additional purpose of this study was to test the idea of abstract
SCrecns.

The layout of the buttons was the most important factor. We found that 60% of the
time, participauts clicked at the lower right most button, image or word. However, there
were a few exceptions. First, participants preferred a word when it looked like a possible
HTML link. Examples arc in Table 4.1(a). There are four underlined words — “Cancel”
in Stimulus #9, “Close” in Stinmlus #8, “EXIT” in Stimulus #10, and “OK” in Stimulus
#4. They all were placed at the top of the screen and had relatively higher hitting rate
than the lower right mmost location. Some labels could also override the effect of layout. In
the study, we had several words and images as possible functions to “exit” the dialog box.
Of those labels, the word “EXIT” got most of the attention from participants cven when
it was placed in the centre of the screen (See Table 4.1(b)). This is because the intention
we gave to the participants was to “exit” the dialog box. Similarly, an open-door image
got relatively higher attention. Other words like “Cancel”, “Close” and “OK”, which also

indicate the function of exiting, were not as strong influcnce as “EXIT”. Words like “Open”

2The complete statistics of participants’ computer usage can be found in Appendix G.1.1.



CHAPTER 4. STUDIES OF ABSTRACT SCREENS

Table 4.1: Hit Rate of Individual Cues in Study 1

Total number of participants = 11 = Total number of expected hits for each stimulus
% of actual hits = # of actual hits / # of expected hits

(a) Underlined Words

Stimulus | Word Location % of actual hits
S-04 OK Top Right 45%
S-08 Close Top Right 73%
S-09 Cancel | Top Left 45%
S-10 EXIT | Top Left 82%

(b) Words

Word # of stimuli which | # of ex- | Average

contains the word | pected of actual

hits hits

EXIT 6 66 56 (85%)
Opened Door Image 3 33 23 (70%)
Cancel 3 33 22 (67%)
Close 3 33 17 (52%)
OK 4 44 21 (47%)
Open 1 11 01 (18%)
Save 1 11 00 (00%)

(¢) Stimulus #30

Location Visual Cue % actual hits

Top Right (Row 1) Opened Door Image 64%

Row 2, Centre Left Red Button 00%

Row 2, Centre Right Regular Button 00%

Row 3, Centre Left Green Button 00%

Row 3, Centre Right Blue Button 09%

Buttom Centre (Row 4) | Light Blue, Larger Button 27%
(d) word - OK

" ] of actual hits ]

Stimulus | Location (#fE Non-CE Notes

S-01 Bottom Right | 4 1

S-04 Top Right 4 1 Underlined word

S-06 Bottom Left 4 1

S-17 Bottom Right [ 4 2

NB. For complete list of individual cues’ hit rate, see Table G.3
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and “Save”, which close dialog boxes in the real applications, were not considered a way to
exiting the dialog box.

There is also an exception where graphical language outweighs location.  Graplical
representation such as an image or a different styled button had more relative attention when
it was recognized as a conunand. An example is Stimulus #30 (Figure 4.3(a)). Table 4.1(c)
shows the hitting rate of all items on the Stinmlus #30. The opened-door image had a far
higher hitting rate than any button and was seven tines as high as the strongest location,
the bottom centre.

In addition to these exceptions, there was also an interesting difference between the
group of CE participants and Nou-CE participants. The word “OK” (Table 4.1(d)) secis
to appeal to Non-CE participants less than for CE participants. Non-CE participants tended

to choose a button which Las more visual attention (e.g., different colour, or style).

4.2.7 Summary

The result indicates that abstract screens can be used to understand hiow users choose
where and what to click. However, we did not investigate how context (generic vs. Web vs.
dialog) influences the interpretation of labels in this study.

There are some concerns over reliability. In this study, there were ten participants
wlio also participated in the pilot study. As an estimmate of reliability, we looked up their
previous responses. The nuinber of response changes ranges from 3 to 23 (8% to 64%).
The average number of response changes is 9.6 (27%). This gave us the conclusion that
users’ responses are changing overtimme. However, since we did not ask subjects to fill out
background questionnaires in the pilot study and it was not our intention, we were unable
to determine the canses. It would be interesting to study the causes of changing behaviours
in the future though. On the other hand, we are now aware that any conclusion we made
from the data we gathered would have some variability.

We learned that location seems to be the most powerful factor in general. Participants
generally chose the lower-right most item to perform the exit function. This is partially
attributed to the context we gave to our participants — exiting the dialog box. Nonetheless
there are some exceptions. Sometimes, factors such as image, colour, and text overcome
the power of location. In other words, how participants perceived the itcms would also
determnine their behaviour. If participants perceived a word as an active function of exit,
then they would select the word. Another question raised in this study was whether the

context matters -— how would users respond if the question changes from “exiting the dialog
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box” to “bold the selected text”?

4.3 Abstract Screen Study 2

In this section, we describe the design of the second abstract screen study, including the
study and task design, participants, and the systems used. Note that the basic structure of

stinli is the same as the first study.

4.3.1 Study Design
Overall Design

After our first abstract screen study, there were a few things that needed to be improved.
First, we needed to design our stimuli in a systematic way (details in 4.2.7). More precisely,
liow the cues would be varied fromn once stimuli to another. For cxample, only one cue
is varied and at a certain location. Also, we needed to narrow down the number of cues
involved in the design. There were too many cues in the last design. We would like to test
individual cue. Lastly, we needed a better definition of dimension or strategy.

From the last study, we knew that location is a strong cue. Location could be more
powerful than simulated affordance such as protrusion (2% D button). It is determined by
the given coutext and layout. And it is the background for all interpretations. The other
expectation is that perceived functional relationship deterinines the interpretations of labels
or perceived force. In other words, perceived force is influenced by context. Another factor
which also influences perceived force is location. We defined that strong perceived force is
resistant to location within context and weak perceived force is susceptible to location. In
sunnnary, the variables we manipulated were two visual cues (labels and protrusion) and

the action goals (intentions) with different contexts and layouts.

Stimuli

We narrowed down three different layouts of buttons: 3x3, or square, for the general
context, I (a layout conmnonly used on web sites), and J (a layout connnonly used for
Microsoft Windows dialog boxes). Buttons are 2 1/2 D and gray rectangular style. To test
simulated affordance, or protrusion, we used a 2D rounded edge rectangular style button
(see Appendix E). Labels of the buttons were “Stay”, “Bold”, “Exit”, “Next”, “Homc”,

”
bl

“Help”, “Save”, symbol “bar”, symbols “—”, “«” and “X”. These labels were sclected to
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show

their associations with intention. Possible intentions include exiting the dialog box,

going to the next step and getting help.

The stimuli were created based on six different categories:

Location in generic context
All three layouts were used in the design. Since the context is generic, we modified
the questions to reflect the context. The questions are as follows?

1. “Where would you click to go to the next step?”,

2. “Where would you click to complete the current operation?”, and

3. “Where would you click to display help?”
From the previous study, we expected participants would click at the lower-right most
button to comnplete the current operation. The purpose of the three intentions was to

check whether participants would change their responses. The purpose of this section

was to get initial responses of participants in a gencral context.

There were a total of three stimuli, one for cach layout.

Location within the context
All three layouts were used under two different contexts. One context was web site
and the other was dialog box. In the web context, we asked:

1. “Where would you ¢lick to go to the next page?”,

2. “Where would you click to go to the Home page?”, and

3. “Where would you click to display the FAQ?”
Similarly, in the dialog box context we asked:

1. “Where would you click to go to the next step?”,

2. “Where would you click to exit this dialog?”, and

3. “Where would you click to display help?”
The purpose of this section was to compare how participants shift their respouses from
general context to web or dialog context.

There were a total of six stimuli, one for cach layout and each context.
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e Labels at non-forceful locations

All layouts were used in the design. The question was “Where would you click to
complete the current operation?” Based on the observations from our previous study,
we defined any location which is not on the diagonals as non-forceful. Each label was
tested at two randomly-selected non-forceful locations in each layout. To reflect the
context of layout, some labels were not used in the design. All four symbols were used
in the design. To reflect the web context, “Next”, “Help”, and “Home” were uscd
in the T layout. “Bold”, “Stay”, “Save” and “Exit” were used in the square and J

layouts.

In this section, we would like to sce how much label influence participants’ responses.
There were cight, seven, and eight labels in square, T', and J layouts respectively.
There was a total of 46 stimuli, two locations for cach label.
e Labels against location

All layouts were used in the design. The question was “Where would you click to
complete the current operation?” Each label was tested at three forceful locations in
each layout. Again, to reflect the context of layout, some labels were not used in the
design. Al four symbols were used in the design. To reflect the web context, “Next”,
“Help”, and “Home” were used in I' layout. “Bold”, “Stay”, “Save”, and “Exit” were

used in square and J layouts.

Again, we would like to sce how much label influences participants’ responses. There
were eight, seven, and cight labels in square, ', and J layouts respectively. The total

number of stimuli was 69, three locations for each label.

e Labels within functional relationship

We ouly used 2x2 square layout in this group. Labels were “Bold”, “Italic”, “Stay”,
and some nou-exiting words. The first stimulus contained “Stay” and nonsense words.
The next two stimuli contained “Bold”, “Italic”, and nousense words. These three
stimuli would show us whether the behaviour of participants would change based on
the words they understand. The last three stimuli were based ou the previous two
stinli, and we added a context. The question was still “Where would you click- to

complete the current operation?”

In this section, we would like to know whether known and non-exiting words played a

role in the responses. There were a total of six stimuli.
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e Graphical language (protrusion) against location

All layouts were used in the design. Again, the question was “Where would you click
to complete the current operation?” All buttons were 2D except one was 2% D. All

forceful locations were used in the design.

The purposc of this section was to test how protrusion affected participants’ responses.

There were 25 locations from all layouts. Hence, the total was 25 stimuli.

Note that we did not design labels on all possible locations. Because we already had 155
stimuli in total. Stimuli were organized into five sections (in the order of presentation to

participants):
1. Loeation in generic context (3 stimuli)
2. Location against labels or protrusion (140 stimuli)
3. Location in web context (3 stimuli)
4. Labels within functional relationship (6 stimuli)

Location in dialog box context (3 stimuli)

[y

The second section had too many stimuli so we reduced to 40 stimuli first. We asked two
participants to go through the whole study as a pilot. Based on these two set of responses, we
re-selected 45 stimuli in the second section for the second abstract study. For 3x3 layout,
there were five stiinuli of labels at non-forceful locations and four stimuli of protrusions.
For I' and J layouts, cach contained 15 stimuli of forceful locations and three stimuli of

protrusions. The full stimuli are presented in Appendix E.

4.3.2 Study Task

There were 70 stimuli in five sections, including the instruction pages. All participants
were given stimuli in the same order. Unlike the last study, we did not control for possible
ordering effects because there are many different orders of stinli: the order of sections, the
order of stinmli within each section, or both. Note that the stimuli in the second section
were randomized order. Participants were informed that there are three layouts but not
their relations to the contexts. We asked participants to answer questions in the stimuli as
quickly as possible. In other words, they were asked to respond with their instincts. They

were also told that there is no correct answer in those stimuli. Partieipants reported their
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responses verbally to the observer. Note that in sections 1, 3, and 5 which had three given

intentions, participants were asked to respond to all questions.

4.3.3 Participants and Sample Size

Participants were all university or college students, either in Computing Science/Engincering
(CE) or Non-Computing Science/Engineering (Non-CE). We chose students as our subjects
for two reasons. First, it is easy to schedule study sessions with students. Second, we would
like to compare subjects with similar background. This helps to reduce the differences
between individual subjects.

There were twenty two participants, ten males and twelve femnales, eleven from each
group. Participants ranged from 18 to 30 years old. The hours of spending on computer
ranged from 5 to 144 per week. CE participants spent ou average 38 hours per week on
computers while Non-CE participants spent on average 32 hours on computers cach week 3.
One Non-CE participant spent an average of 144 hours per week on the conputer. Without
this person, the group average was 20.5 hours per week.

Here is a summary of their experience on applications and websites.

e Desktop

Participants were all familiar with at least one version of Microsoft Windows. However,
3 out of 22 participants used Mac OS and 6 participants used other desktops. All CE
participants except one listed the other desktops they know. The most frequent answer
is Linux. Other desktops are Unix and DOS. However, three participants rarely used
other desktops they kuew and two participants did not tell us how frequently they

uscd other desktops.

e Applications

We asked how frequently participants used Microsoft applications -—— Word, Excel, and
PowerPoint. CE participants used these applications more than Non-CE participants.

The most frequently used application is Word, followed by Fxcel and PowerPoiut.

e Web Browsers
Since all participants were familiar with Microsoft Windows, it was not surprising to

sce all of them except one use Internet Explorer.The second most popular browser was

3The complete statistics of participants’ background can be found in Appendix G.2.1.
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Mozilla or Netscape in both groups. Ounly three CE participants used other browsers

but one rarely uses it.

e Web Sites

The majority of participants used the Google search engine often. We chose the
Amazon shopping web site because it is a popular and well known shopping web site.
Yahoo niaps represents information web sites. The majority of participants did not

use these two web sites frequently.

e Hot Keys (Short-cut Keys)
CE participants knew and used hot keys more frequently than Non-CE participants.
In summary, CE participants had more experience on different applications and web sites

than Non-CE participaits?.

4.3.4 Schedule and Setting

The duration of this study was 20 - 30 minutes. Participants were scheduled based on
their preferences. The study was held either at room ASB 9834 in Simon Fraser University

Burnaby Campus or at locations of the participants’ choice.

4.3.5 Software and Hardware Systems

The study was done on a laptop running Microsoft Windows XP and PowerPoint 2000.

All stimuli were designed as PowerPoint presentation slides.

4.3.6 Results

Since we found abstract screens offers a possibility to help us capture users’ understand-

ing of clickability, our focus was on finding answers raised from the carlier studies:
e What features of visual forms indicate clickability?
e Does context (generic vs. Web vs. dialog) affect users’ responses?
e How do variations in layout affect users’ responses?

e Does functional relationship influence the interpretation of labels?

*The complete statistics of participants’ computer usage can be found in Appendix G.2.1.
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Recall that we had three different layouts in the Study 2: 3x3, T', and J layout. We
defined global position numbers for all buttons in all three layouts. Figure 4.4 shows the
global position numbers for each layout. Each layout is represented as a 5x5 grid. If the
number in the grid is black, it represents a button in that layout, otherwise it is gray. For
cxample, in the 3x3 layout, the buttons are numbered as 1, 3, 5, 11, 13, 15, 21, 23, and 25.
Similarly, 1 — 4, 6, 11, 16, and 25, are button numbers in the I' layout, and 5, 10, 15, 20,

and 22 — 25 are button numbers in the J layout. All position numbers in the data analyses

refer to this global position nummber set.

Position for 3x3 Layout

Figure 4.4: Global Position Number For Each Layout In Study 2

Position for T Layout

1 ! 3 4 5 1 2
6 7 # 10 6
11 12 13 14 15 11 iz
e 7 18 g 16 1
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Position for ] Layout
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& & ] 10
i1 12 13 1 15
14 i 1o | 20
22 23 | 24| 25

Also recall that we had five sections m this study:
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1. Location in generic context (3 stimuli)

2. Location against labels or protrusion (45 stimuli)
3. Location in web context (3 stiwmli)

4. Labels within functional relationship (6 stimwuli)
5. Location in dialog box context (3 stimnuli)

There were tliree questions given in sections 1, 3 and 5. For the first scction, the context

was generic and the questions were:
1. Where would you click to go to the next step?
2. Where would you click to complete the current operation?
3. Where would you click to display help?
For the third section, the context was the World Wide Web and the questions were:
1. Where would you click to go to the next page?
2. Where would you click to go to the Home page?
3. Where would you click to display the FAQ?
For the fifth section, the context was a dialog box and the questions were:
1. Where would you click to go to the next step?
2. Where would you click to cxit this dialog?
3. Where would you click to display help?
We did not analyze the data for section 4 because we considered this section unsuccessful

(see Section 4.3.7). Hence, we only analyzed scctions 1, 2, 3, and b.

Ordinal Statistics

We first discuss the effect of context. For each context, cach layout and each question,
the total responses of each position was calculated and then graphed as bubbles on a 5x5
grid. For comparison purposes, we combined the three layouts which had the sae context

aund questiou, producing 9 graphs showed in Figure 4.5.
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We first look at the intention of going to next step or page (Figure 4.5(a)). The most
frequently seleeted position is 25 (available in 3x3 and J layouts), and then 4 (ouly available
in T'). This showed us that participants expected the command’s location at the lower-right
of the application or web site. The next most expected choice would be at the top-riglt.

The second intention is most expected completing the current operations (Figure 4.5(b)).
Participants had to interpret this request in terms of whatever the current operation might
be. The responses were more diverse, but most of the responses were located at the bottow
row in generic and dialog context and the top row for web context. The observer of this
study asked some participants what operation they had in mind. Some were thinking “OK”
button, some were “X” at the top-right corner of the application windows, and some said
next step.

The third intention is finding where to get help (Figure 4.5(c¢)). Higher hit numbers
were located at position 4 or 5. Recall that position 4 in T layout is the right most button.
The top-right corner was the most popular respouse from the participants. Oune exception
is the uniform responses on the right side of the J layout in web context. It secmed that
participants were uncertain where this function would be located in this layout for this con-
text. Perliaps lielp is not a frequently used function. On the other hand, most participants
believed that it should occur somewhere at the right most side of the screen.

Comparing across the rows of Figures 4.5(a) - 4.5(¢), we sec that context does have
an effect on users’ responses. The results of generic context were similar to the dialog
context. Most responses were located at the bottom row, but when the context was web,
most responses located at the top row. The generic context was given before the web or
dialog context. This also suggests that participants might have responded to the unfamiliar
layout (3x3 layout) based on their experience of applications, not web sites.

The location with the highest nummber of hits is at location 25 with 16 hits, which is
about 72% of the total 22 participants (J layout of web context in Figure 4.5(a)). In fact,
there were only 15 out of 27 conditions which had one location with at least 50% hit. Here
the condition refers to the context, layout and intention. From Figure 4.5(a), we sce that
most button positions had a few responses. Somnce participants randomly selected a button
when they could not recall where these functions were located.

Also note that 15 respouses, from six participants, had two or three functions placed at
the same location. There were five locations where had two or three functions placed: 5, 25
in 3x3 layout, 4, 21 in T layout, and 1, 25 in J layout. Eight responses were from generic

context, three from web context, and four from dialog context. One participant responded
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this way in all contexts and layouts. Since we did not have post-questionnaire, it was hard to

interpret these behaviours. However, we may say that these locations were more favorable.

Ordinal Statistics — Label

Section 2 of this study tested how labels and protrusion affected participants’ responses.
Each of the 45 stimuli contained a single label or protruding button along with a set of
plain buttons. This section used question #2 in the generic coutext - “Where would you
click to complete the current operation?”. If the labels or protrusion had strong influence
on participants’ responses, then we should receive higher responses at locations where the
labels or protrusion were presented. If there was no hnpact, the respouses should be similar
to question #2 in the generic context. Figure 4.6 shows the results for label versus location®.
The strength of locations is the nwmber of hits on that location ou question #2 in generic
coutext. The strengths in Figure 4.6 are arranged frow left to right, weakest to strongest.
The strength of the label in a layout is based on the total number of hits on that label
within the layout. Labels are arranged from to top to bottom, weakest to strongest. The
area of the circles indicates the nmuber of hits for the label at that location (i.c. larger
circles indicate larger number of Lits).

From Figure 4.6, protrusion in general was more powerful than any labels, especially
when it was located on the diagonals — positions 1, 13 and 25 — and positions 5 and
21. The label “=™ in T and J layouts was also more powerful than all the words. In the
3x3 layout, the protrusion at position 25, the second strongest location, was three times
stronger than label “X” and label “Exit” at position 23, the strongest location of all nine
locations. This may be because we computed strength of location using a different set of
intentions than for the strengths of the features. Recall in Study 1 that the most likely
location participants would choose was the lower-right most itew, or position 25. With two
other intentions presented at same time, participants could alter their ideal selections of
completing the current operation to other locations.

Notice that each nuber of participants who sclected “X” at each of the three different
positions in the I' layout were close (Figure 4.6(b)). These three locations were at the
coruers of the layout. On the other hand, participants preferred “X” at the bottown-right
most location in the J layout. We could not compare label “X” in the 3x3 layout with other

layouts, because, we tested only one non-forceful location in 3x3 layout and three forceful

PFor the label or protrusion and its number of hits in global positions, see Figure G.1.
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_locations in other layouts.

In Figure 4.6(b), the “—” label received more respouses from participants at the top-
right most location, whicli was a weaker position. The “Next” label had a similar effect.
“Bold”, “Stay”, “Help”, and “Home” did not. affect the responses of the participants. This
implies that these labels were strongly negative to the intention of “completing the current
operation”.

An interesting fact is that the highest individual hitting score in Figure 4.6 was 15 out, of
22 (68%), but the higlest total hitting rate for individual labels in cach layout was 48% (sce
Table 4.2). In other words, no more than 50% of participants would be swayed by the label
or protrusion. Also, the power of most labels or protrusion was still influenced by location.
One example is “Exit” in the J layout (Figure 4.6(c¢)). Position 22 was the weakest location
among the three locations where “Exit” presented, and it received the lowest hitting rate of
the three. Position 25, however, was the strongest location and received the highest hitting

rate of the three.

Layout | Label # of stimuli | # of expected | Total number | % of
responses of responses hits
3x3 Protrusion 4 88 42 48%
r — 3 66 26 39%
J Protrusion 3 66 31 47%

Table 4.2: Highest % of Hits in Each Layout, Study 2

For complete label count, see Table G.6.

Table 4.3 gives us another way to look at the data. The hit rate was collected based on
positions. Hence, there were a total of 25 entries — 9, 8 and 8 locations for the 3x3, T", and
J layouts respectively. About a quarter of the time, participauts selected a position where
there was no label or protrusion presented at that position. 15 out 25 entries had a higher
number of actual hits than the expected nmuber (Table 4.3(a)). In fact, 9 entries had no
label or protrusion presented in any stinmlus and yet received at most 37 hits for individual
stimulus (Table 4.3(b)). In total (sec Table 4.3(h)), there were 251 out of 990 hits, about
25% (quarter of the time). In fact, during the study, we noticed that many participants
made a different sclection when there was a label or protrusion presented at their usual
choices. This suggests that labels and protrusion did not have very strong influence.

Table 4.3(¢) shows the positions with the highest hit rate for each layout. Note that
a location strength in a layout is the munber of hits on that location in that layout. And

the rank of a location strength (last colummn of Table 4.3(c¢)) is how strong that location
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Table 4.3: Hit Rate in Study 2
Our expectation: If a label or protrusion is a strong visual cue, then participants would
select that label or protrusion at any location.
Total number of participants = 22 = Total number of expected hits for each stimulus
A: Total number of expected hits for each position(= 22 x C)
B: Total number of (actual) hits for each position
Total hits = Sum of A for all positions = Sum of B for all position
C: Number of labels/protrusion at the position (= Number of stimuli containing labels/protrusion)
D: label/protrusion presented
% of actual hits = Total number of actual hits / Total number of expected hits
% of hits = Total number of hits / Total number of actual hits
E: Number of hits WITHOUT D / Number of hits WITH D

(a) Avs. B

Layout | Total mimber | Number of posi- [ Number of posi- | Number of positions
of Pasitions tions where A > B | tions where A< B | WITHOUT any D

3x3 9 4 5 2
T 8 3 5 4
J 8 3 5 3
[ Total ] 25 | 10 | 15 9

(b) Positions Without D

Layout | Number of | Lowest Ac- | Highest Ac- | Total Hits
positions tual Hits tual Hits
3%3 2 1 (1%) 37 (19%) | 38 (19%)
T 4 25 (6%) 31 (08%) | 114 (29%)
J 3 22 (6%) 54 (14%) 99 (25%)
[ Total ] 9 [ 48 (5%) | 122 (12%) [ 251 (25%) |

(c) Highest Number of Hits in Each Layout

Layout | Position | C A B % of actual hits | Rank of Strength
on Stirilus

3x3 25 1 22| 77 350% 2
r 4 5| 110 | 124 113% 4
J 25 6 | 132 | 165 126% 1
[ Total T 54 [ 12 ] 264 [ 346 | 131% [ N/A ]
(d) Total Hits
Layout | Total Hits | Total hits WITH D | Total hits WITHOUT D Highest E
3x3 1938 053 (29%) 140 (71%) 4 (Position 25)
r 306 091 (23%) 305 (77%) 3 (Position 04)
J 396 106 (27%) 290 (73%) 4 (Position 25)
[ Total | 990 ] 255 (26%) | 735 (74%) [ N/A ]

NB. For complete list of individual cues’ hit rate, see Table G.7

69
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is within that layout. In the Table 4.3(c¢), the highest number of actual hits in 3x3 and J
layouts occurred on some of the strongest positions. However, the highest nunber of actual
hits in T layout (position 4) was a weaker location. The strongest location for T' layout
(position 21) had the second highest number of hit. Position 4 was located at the right side
of the layout and position 21 was located at the left side of the layout. This showed that
participants might prefer right than left.

Also, the ratios of individuals without label/protrusion hits over individual with la-
bel/protrusion hits were varied (Table 4.3(d)). Some ratio were as high as four to one.
This showed not only how much influence labels and protrusion presented but also the most

preferred positions, munber 25 and 4.

4.3.7 Limitation and Summary
Limitations

Some problemns occurred during the study. The first was the ambiguity of the question
we asked — “Where would you click to complete the current operation?” Partieipants
had to make their own assumiptions of what “coupleting the current operation” meant.
The obscrver asked a few participants what their assumptions were. Some participants
considered completing the current operation as terminating the current program that was
running, some considered as going to the next step, and some treated as asking where the
“OK” button was located. Hence in any future study, the question has to be less ambiguous.

The second problem was in the functional relationship scetion. We presented a line
of text next to all the labelled buttons. One word in the text was highlighted. However,
this context was not obvious to most participants. Omne possible reason may have been
the text itself. The line rcad “Hello, dear participant”. To most of the participants, this
might be just a grecting rather than thext to be edited. Another reason was that the text
was surrounded by a box. Some users thought it was something clickable. To correct this
probleni, one possible solution is to give longer text and remove the box.

The third problem was in the labelled buttons section. Due to the large amount of
possible stimmli, we had to cut some stimuli out. Therefore, we only tested non-foreeful
locations in the square layout and forceful locations in both T' and J layouts. However, the
munber of stimuli tested in each layout was uneven. We only had five stimuli in non-forceful
locations while 15 stimuli in the other two layouts. It was interesting that some of non-

forceful locations turn out to be powerful cues in the sections of testing location in layout
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and context. As a result, we were unable to fully compare the data within each layout.

Another problemn was the choices of labels. We used the symbols “—” and “X” in all
layouts, the words “Stay”, “Bold”, “Exit” in square and J layouts, and the words “Help”,
“Next”, “Home” in I’ layout. The words “Help”, ‘Next”, and “Home” do not correspond to
the words “Stay”, “Bold”, and “Exit”. Also, the words “Stay” and “Bold” have the same
degree of effects within the context and intention which was unexpected.

Oue minor problem was that we had about 45 stimuli in the second section. It scained
too long, and participants got a little impatient and felt dread toward the end of this section.

Another minor problem is that we compared between differeut types of visual cues. In
this study, we used to compare protrusion and labels, which may not be the best choices.
Labels put meanings into buttous whercas protrusion is a property of buttons. Hence,
protrusion may be better compared with other visual cues, such as coloured of buttons,

which are also properties of buttons.

Summary
Recall there were several questions we tried to answer:
e What features of visual forms indicate clickability?
e Does context affect users’ responses?
e How do variations in layout affect users’ responses?
e Do functional relationships influenee the interpretation of labels?

In general, protrusion seems to work better than labels. Labels which related to the
intentions were also powerful. However, less than 50% of participants chose the label or
protrusion. An interesting fact to remember is that some participants actually avoid labels
or protrusions. Location is still a powerful factor which is we expected. We also concluded
that context did affects users’ responses. Participants’ reponses changed from the bottomn
to the top of the screen when the context changed from generic or dialog context to web
context. Layout had little effect on users’ responses. We did not sce dramatic differences
between layouts. Lastly, we previously explained our failure of testing functional relationship
and how to iimprove that in future studies.

There are two things that need to be taken into account in future studies. First, we gave
participants three basic layouts with three generic intentions at the beginning of this study.

This helped us understand how participants behave without any other factors. However,
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this section might have some impact on the next section location against labels and
protrusions. Participants might have responded with the two other intentions in mind even
though we specified only one intention for this sectiow.

Second, Scction 2 was too long. Participants got hupatient at the end. We need a

sinaller and more systematic combination of stimuli to present to the users.

4.4 Chapter Summary

In this chapter, we examined the possibility of using abstract screen to capture users’
understanding of clickability. The result shows that abstract screen has potential in under-
standing users’ notion of clickability.

First, recall that we tried to answer the following questions:

e What features of visual forms indicate clickability?

e Does context affect users’ responses?

e How do variations in layout affect users’ responses?

e Do fimctional relationships influence the interpretation of labels?
Here are our findings:

e Location is a very strong cue, sometimes even wore powerful than any simulated

affordance, such as protrusion.

e Protrusion is powerful when located at the lower or right side of the stimuli. It is more

powerful than labels.
e Labels might overpower locations when they are related to the uers’ intentions.
e Intentions and context direct users’ responses.
e Layout has little effect on uscrs’ responses.
e There arc always several rules applied on each stimuli.

e Uscrs do change over tine.
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In these studies, we failed to test functional relationships which we plan to test in future
studies. There arc some improvements for the design. First, oue section in second study
had 45 stimuli. It was too long for participants. One possible improvement is using fewer
stimuli or divide the stimuli into smaller sections. Second, we did not test the exact same
locations on all labels and protrusion. Hence we were unable to compare locations across
all layouts. In future studics, we have to be more carcful selecting stimuli from a large set
of stimuli. Third, we did not have the 5x5 grid while designing stimmuli. Hence the global
positions of each layout did not necessarily represent the actual position on the screen. We
will keep a global pattern in mind when designing future studies. Lastly, the intention in the
first study, “exit the dialog box”, had a very strong influence to the participants responses.
In contrast, the intention in the second study, “complete the current operation”, turned out
to be too ambiguous. In future studies, we would like intentions have some effects but not
as in the first study and yet not ambiguous to participants.

In summary, abstract screens do give us an opportunity to understand how users’ know
where to click. We have confidence in establishing our goal of understanding users’ percep-

tion of clickability with improveiments to our abstract screen studies.
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Conclusion

Our goal is to improve the screcn design so that users have less difficulty determining
where to click. We studied the theory of affordance. It offers us the idea of creating screen
controls independent, of the context. In order to apply affordance to the screen design, we
need a theory of affordance for “clickability”. This theory not ouly includes the theory of
affordance, but also takes any factors which are closely related to the design into account.
Hence, we also studied theories related to visual perceptions.

Over the years, couvention of computer screen design have been established. Instead of
creating a new design of visual cues for screen design, it is casier to adapt it fromn current
convention. Some visual cucs in current design may be more effective than others. Hence
it 1s important to know users’ understanding of clickability. We first held a survey and an
observational study. However, we were unable to draw any detailed conclusions from these
studies. We thought we could gather information about users’ understanding of clickability
by obscrving them interact with computer systems. However, it was ditheult to know by
observation which visual cues indicate clickability. This is because it is hard to separate the
effects of visual cues due to the fact that some clickable items are made of more than oue
visual cues. Also, there are usually many different paths, sequences of actions, to perform
the same task. And we had a difhcult time to coutrolling the path that users followed.
Since users respoud to the familiar screen controls quickly, the observational study did not
offers any information of how they know where to click. Furtheriore, it was hard to find
any screen controls which were unfamiliar to users. We needed better stimuli to study
affordances of clickability. Hence we developed simple abstract screens.

Usiug simple abstract screens avoided the problein of multiple paths. We can control the

number of cues involved in the studies and test individual cues with as little inter-relation

74



CHAPTER 5. CONCLUSION 75

as possible. Hence we held two studies using abstract stimuli. There were several key
findings about perception of clickability. First, location is a very powerful cue, especially
at the lower right corner of the abstract screen. Sometimes it is more powerful than any
shimulated affordance, such as protrusion or labels. Second, protrusion is more powerful
when it is located at the lower or right side of the layout. It is also more powerful than
any label. Third, labels overpower locations when they are closcly related to the intention.
However, labels have little effect on users’ responses when they are not directly related to
the intention. Lastly, users’ responses are directed by the intentions and contexts. Usors
have learned where the different types of screen coutrols are located on the sereen and how
they appear on the screen. For example, all windows have a close command on the top right
corner of windows. It is in the form of a button with label “X”. Hence, users have some
expectations of where and how screen controls should appear, based on given intentions and
contexts.

Our studies show that both Gibson’s and Norman’s theories of affordance arc important.
Gibson’s theory offers us the idea of creating screen controls independent of the context.
Screen controls like 2% D buttons, which have properties that look like perform physically,
are independent of the context. Norman’s theory points out the importance of perceived
affordance. It is important whether users are able to perceive them as controls of the
conmands. For example, buttons with “Stay” are generally not perceived as controls of
“cxiting dialog box”. Therefore, both theories of affordance are important to design screen
affordance.

It is too early for us to provide any design guidelines. However, based on current results,

here are a foew suggestions:

48

e Place functions related to “cxit a dialog box” or “complete the current operation” at

lower right. corner.
e Use protrusion (23 D) to draw attention to the most important coumnands
e For best cffect, labels must match the exact language in which users describe their
intention.
Future Directions

For future studics, here arc some improvements to the current design of abstract stimuli

and studies:
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e Be careful with the intention. In the first abstract study, we asked participants to
“exit the dialog box”, and our question strongly influenced to the users’ responses. In
the sccond abstract study, the question “complete the current operation” was too am-
bigous. In all future studies, the intention should have some imfluence to participants’

responses but not as stroug in the first study and yet not ambiguous to then.

e Watch out for order effects. Recall that we had five sections in the second abstract
study. The first section had three intentions. It might have influenced on how users
interpreted the second section, which only had oue intention. Users might have re-
sponded with the two other intentions in nind. We would like to avoid this in the

future.

e Better study design. In the second section of the second abstract study, we had five
stizmli to test unforceful locations in 3x3 layout and 15 stimuli to test forceful locations
in cach I and J layout. As a result, tested locations were not in all three layouts and

we were unable to analyze the data across different layouts.

e Clhoose the right amount of stimuli. We had 45 stimuli in one scction of the second
abstract study. This section was too long and users got impatient at the end. We

should either break them into smaller sections or test fewer stimuli at one time.

e Re-design the functional relationship test. We did not successfully test functional
relationship in the second abstract study. We had ouly one line of text, partially
highlighted. Users miglht not have perceived this way. One possible iinprovement is

to create a docuinent setting - more text on the screen, and few highlighted words.

e Vary layouts based on an overall pattern. We did unot have the overall pattern (the
5x5 grid) when we designed the stimuli. Hence the global positions did not correspond
very well to the actual positions on the screen. We will have a global pattern when

we design new abstract screens in the future.

e Compare labels in different languages. In our design, labels only occured at one
location. It would be interesting to see users’ responses to all labelled buttons in an

unfamiliar /imade-up language.

In addition, we would like to use the Rasch model to analyze our data. Rasch model

coustructs an interval scale for the data, which not ouly shows the ranking of items, as
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but also the relative differences between items. It allows us to use more tightly controlled
statistics.

Also, in future studics, we may ask users where a particular button is located to test how
imtention affects layouts. Currently, participants’ responses are recorded by hand. A Java
program might also be developed to record participants’ responses and their respounses time.
We 1nay also use this program to trace the cursor movement. Also, we divided participants
into two groups: computing scientists /engineers and non-comnputing scientists /cngineers.
Another possible group division for future studies would be right-handed vs. left-handed
users. Lastly, we so far only have university/college students as our subjects. We would like

to include other ages, professional or new computer users in the future.
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Research Ethics Approvals

SIMON FRASER UNIVERSITY
OFFICE OF RESEARCH ETHICS BURNABY, BRITISH COLUMBIA
CANADA VSA 156
Telephane 604-291-3447
FAX: 604-268-6785
May 28, 2003
Graduate Student

School of Computing Scierce
Simon Fraser University

Dear Ms, Lee:

Re: Capturing users’ perception of clickability
The above-titled ethics application has been granted approval by the
Simon Fraser Research Ethics Board, at its meeting on May 26, 2003 in

accordance with Policy R 20.01, “Ethics Review of Research Involving
Human Subjects™.

Sincerely,

Dr. Hal Weinberg, Director
Office of Research Ethics
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Materials For All Studies

Consent

User Interface Assessment
Informed Consent Form

You are invited to participate in a research study that will compare the effectiveness und ease of
learning of new computer interfaces. 1 am a research assistant in the Simon Fraser School of
Computing Science.

Your identity will not be recurded in this study. All the data will be filed under a numeric code.
There will be no way of identifying you from the dat. Note that this data may be made publicly
available on the World Wide Web for other researchers to perform further analyses. However,
these researchers will have no way of knowing that it is your data.

Your participation is entirely voluntary and your decision whether or not to panicipate will
involve no penalty or loss of benefits 10 which you are otherwise entitled. If you are an SFU
student, no course grade will be affected by your participation. If you decide to participale, you
are free to discontinue participation at any ime without any penalty.

It you have any questions about the research at any tme, please call me, Christina Lee,
604.291,3610 or my advizor, Professor Arthur Kirkpatrick, 604.291.4190. TIf you have any
complaints ubout this experiment, you may contact cither of us or the Director of the School of
Computing Science, Simon Fraser University. If you have any questions about your rights as a
participant in a research project, please contact the Usiversity Research Ethics Review
Commitree, /o Office of the View President, Research, Simon Fraser University, Bumaby, BC,
V5A 1S6.

You will be offered a copy of this form to keep for your records.

You may obtain a copy of the research results by comacting me or Professor Kirkpatrick afier
March, 2003.

Your signature below indicates that you have read and that you understand the information
provided above, that you willingly agree to participate, that you may withdraw your consent at
any time and discontipne participation at any time without penalty or loss of benefits to which
you are otherwise eatitled, that you will receive a copy of this form, and that you are not waiving
any legal claims, rights or remedies.

Signature Date

Name (please print)
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Background Questionnaire

Code: #
BACKGROUND QUESTIONNAIRE

We'd like to know a Hittle bit about you. This form only refers to you by a code number, ot your name. No one
will be abie 1o connect these answers 10 you.

Gender: female __  male

Kirst 1

Departmenr (f student o taculry):
About bow many hour s a week do you use a computer? hours & week

Expericnce
How much have you used the English-lunguage versions of the following programs and Web sites:

. Used ita fot, ~ Currently uee < Currently use
Have used it a but not itevery week it every day
Never titile currently

Microsoft Word

Microsoft Exccl

Microsofi PowerPoint
Windows XF (released in
2002)

Windows 2000 (releesed in
2000)

Other versions uf Windows

(ME, 98.95,NT, 3.1)
MacOS X (released ju 2001)

MacOS 9 or eardier (refeased
before 2001)
Other deskiop:

Internet Cxplorer
Netscape or Mozilla

Other Web browser

Amazon ch_siw_
Y ahoo maps web sile

Google Web sitc

How regalarly do you use “hot keys” (Alt- or Control-keys)?

Please pick the closest answer:

Tnever use them

Tknow from one ta three and use them occasionally

T know from one ta three and use them most times | use the compurer

1know quite a few and use them all the time
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Material For Real Application

Observation

C.1 Additional Table in Pilot study

This is the table that generate the graph in the pilot study of duplicating one page

document:

[ Brand [ Lowest price | Highest price |

Acer 1440 2899
Compaq 2249 3795
IBM 1299 5795
Sony 1699 4999
Toshiba 1695 5310

C.2 Instructions

Here are the instructions we gave to participants in real application observation, de-

scribed in Chapter 3. There were two different versions:
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Version 1

D:\MSc workiwebsite-taeksitask-GiL1-6.doc

Websites Task (G1L1- G)

Instruction:

In this study, you are asked to browse six different online
bookstore websites. For each website, a book description is given.
Using the description, please do your best to find the book title with
the latest available version, its ISBN and current price. The
descriptions in quotes are extracted from the corresponding websites.

Note that some of the websites also sells other products besides
books. In this case, please go to their books section before you start
the required task.

If you any questions regarding this procedure, please ask the
observer prior to this task. You may start anytime when you are
ready.

82



APPENDIX C. MATERIAL FOR REAL APPLICATION OBSERVATION

D:\MSc¢ workiwebsite-tasks\task-GlL1-G,doc

1. www.bn.com

This books is a special edition of the classic children’s series by Lewis to
celebrate the 50th anniversary. “Featuring the original illustrations, newly
painted in full color by award-winning illustrator Baynes, this incredible
volume is a must-have for anyone who wanlts to step into the unforgettable
world of Narnia time and time again.”

This book is “compelling for younger readers, and those who come to Narnia
as older ‘participants’ may find themselves analyzing the Christian allegory
that Lewis infused throughout the texts. However, in light of concerns about
gender or ethnic representations, some readers may have concerns about the
stereotypical manner in which a number of characters are constructed.”

Book Title:

Book 1SBN:

Current Price:

2. www.chapters.indigo.ca

“The women had no chance. The men were nothing but one of six teams
capable of winning. So said the critics and naysayers. But on February 21st
and 24th, 2002, the women and men of Canada’s __ teams completed an
historic double, a perfect sweep of ___ gold at Salt Lake 2002. ... For the men,
it represented the end of a fifty-year drought that went back to the ‘52
Edmonton Mercurys. For the women, the win was sweet revenge for an
unexpected loss at Nagano in 1998. For all of Canada, the wins not only
satisfied a nation infatuated with ___—it helped define and re-affirm the
country’s identity.”

Category: Sports
Author(s): First name is Andrew
Publisher: Fenn Publishing Company Ltd

Book Title:

Book 1SBN:

[
'
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D:\MSc work\website-tasks\task-GiL1-G.doc

3.

Current Price:

www.pagelbook.com

“For the more than 40 million Americans living with arthritis, daily activities
can be a challenge. The Arthritis Foundation's newest book, “book title”, offers
handy tips for doing laundry, gardening, working at a computer and more.
Written in a concise tip format, the book gives hints on handling pain, fatigue,
stress and dieting.”

Category: General Health
Publisher: Longstreet Press, Inc.

Book Title:

Book ISBN:

Current Price:

4. www.powells.com

5.

This is a true crime story of the main author Abagnale’s life. He “was one of
the most daring con men, forgers, imposters, and escape artists in history.”
Abagnale is a high school drop out and did all kinds of criminal work before
he was twenty-one. “ Known by the police of twenty-six foteign countries
and all fifty states as * The Skywayman,” Abagnale lived a sumptuous life on
the Jam — until the law caught up with him.”

Book Title: _

Book ISBN:

Current Price:

www.walmart.com

“Mention the comic strip Zits to teenagers or their parents and they'll eagerly
launch into a long list of their favorite stories and strips that made it to the
refrigerator door, making Zits the most effective form of communication
between parents and their teens since the Post-it note. ...
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D:\MSc workiwebsite-tasks\taesk-GlL1-G.doc

This latest collection ... marks the eighth collection of the strip, which now
appears in more than 1,000 newspapers worldwide.”

Category: Home & Garden > Pets & Hobbies » Humor > Cartoons & Comics
Author(s): Last names are Scott & Borgman

Book Title:

Book ISBN:

Current Price:

6. www.alibris.com

“’Book title Woodhouse, handsome, clever, and rich, with a comfortable home
and happy disposition seemed to unite some of the best blessings of existence;
and had lived nearly twenty-one years in the world with very little to distress
or vex her’, and so begins author comic masterpiece book title.”

“... book title Wodehouse is a privileged and attractive young woman who,
although she displays characteristics of snobbery and self-delusion, manages
to outweigh these not all-together likable attributes with compassion and
intelligence. Book title fancies herself a superb judge of human character and
becomes entrenched in the amorous affairs of her friends. In doing so, she
remains oblivious to her own romantic possibilities, and the resulting comical
misunderstandings are highly entertaining.”

Category: Fiction & Literature > Literary Criticisms > English
Author(s): First name is Jane

Book Title:

Book ISBN:

Current Price:

THE END.

Thank you for your participation!!
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Version 2

D:\M3c workiwebsite-tasks\task-Gill-T.doc

Websites Task (G1L1- L)

Instruction:

In this study, you are asked to browse six different online
bookstore websites. For each website, a book description is given.
Using the description, please do your best to find the book title with
the latest available version, its ISBN and current price. The
descriptions in quotes are extracted from the corresponding websites.

Note that some of the websites also sells other products besides
books. In this case, please go to their books section before you start
the required task.

If you any questions regarding this procedure, please ask the
observer prior to this task. You may start anytime when you are
ready.
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D:\MSc work'\website-tasks\task-GlL1-L.doc

1. www.bn.com

This books is a special edition of the classic children’s series by Lewis to
celebrate the 50th anniversary. “Featuring the original illustrations, newly
painted in full color by award-winning illustrator Baynes, this incredible
volume is a must-have for anyone who wants to step into the unforgettable
world of Narnia time and time again.”

This book is “compelling for younger readers, and those who come to Narnia
as older “participants’ may find themselves analyzing the Christian allegory
that Lewis infused throughout the texts. However, in light of concerns about
gender or ethnic representations, some readers may have concerns about the
stereotypical manner in which a number of characters are constructed.”

Book Title:

Book ISBN:

Current Price:

2. www.chaplters.indigo.ca

“The women had no chance. The men were nothing but one of six teams
capable of winning. So said the critics and naysayers. But on February 21st
and 24th, 2002, the women and men of Canada’s __ teams completed an
historic double, a perfect sweep of ___ gold at Salt Lake 2002. ... For the men,
it represented the end of a fifty-year drought that went back to the ‘52
Edmonton Mercurys. For the women, the win was sweet revenge for an
unexpected loss at Nagano in 1998. For all of Canada, the wins not only
satisfied a nation infatuated with ___—it helped define and re-affirm the
country’s identity.”

Category: Sports
Author(s): First name is Andrew
Publisher: Fenn Publishing Company Ltd

Book Title:

Book ISBN:
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D:\MSc work\website-tasks\task-GiL1l-L.doc

Current Price:

3. www.pagelbook.com

"For the more than 40 million Americans living with arthritis, daily activities
can be a challenge. The Arthritis Foundation's newest book, “book title”, offers
handy tips for doing laundry, gardening, working at a computer and more.
Written in a concise tip format, the book gives hints on handling pain, fatigue,
stress and dieting.”

Category: General Health
Publisher: Longstreet Press, Inc.

Book Title:

Book ISBN:

Current Price:

4. www.powells.com

This is a true crime story of the main author Abagnale’s life. He “was one of
the most daring con men, forgers, imposters, and escape artists in history.”
Abagnale is a high school drop out and did all kinds of criminal work before
he was twenty-one. ” Known by the police of twenty-six foreign countries
and all fifty states as " The Skywayman,” Abagnale lived a sumptuous life on
the lam — until the law caught up with him.”

Book Title:

Book ISBN:

Current Price:

5. www.walmart.com

“Mention the comic strip Zits to teenagers or their parents and they'll eagerly
launch into a long list of their favorite stories and strips that made it to the
refrigerator door, making Zits the most effective form of communication
between parents and their teens since the Post-it note. ...
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D:\MSc workiwebsite-tasks\task-GlL1-L.doc

This latest collection ... marks the eighth collection of the strip, which now
appears in more than 1,000 newspapers worldwide.”

Category: Home & Garden > Pets & Hobbies » Humor » Cartoons & Comics
Author(s): Last names are Scott & Borgman

Book Title:

Book 1SBN:

Current Price:

6. www.1000sofdiscountbooks.com

“Denise Linn draws on her Native American roots, as well as the teachings of
other cultures, to create an eclectic but carefully crafted spiritual program for
anyone wishing to venture on their own retreat. After helping you choase the
Quest that is right for you - from a group Quest in the wilderness to a day of
silence at home, from a personal Guided Quest to a solitary Garden Quest -
this practical, engaging book will show you how to discover your life's
purpose, find mystery and wonder at the core of your life, release limiting
beliefs about yourself, call for a vision, harness the power of the Sacred Circle,
confront and free yourself from fears, experience your connection to nature,
heal emotional wounds, and develop peace of mind.”

Category: Religion/Spirituality
Author(s): First name is Denise

Book Title:

Book ISBN:

Current Price:

THE END.

Thank you for your participation!!
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C.3 Post-Questionnaire

Code #
PoST QUESTIONNAIRE

We'd like to know a little about your web usage. This form only refers to you by a code number, not your
name. No one will be able to connect these answers to you.

About how many hours a week do you browse websites? hours a week

Types of work you do when browsing websites:
(rank all that is applied, starting with the most frequent use as 1)

E-mail
Banking
Chat
Read
News
___ Articles/Magazines
___ Financial figures — stocks, mutual fund etc
Fun stuff — comics, cartoons etc
__ Others:
On-line games
Browsing online store and/or shopping
Others :

Do you use web search engine? Yes No

If the answer is yes, how often?
A. Atleast opce everyday
B. Atleast once every week
C. Atleast once every month
D. Once every 2or more monthes

‘Which browser(s) you use most?

Do you use library catalog system? Yes No

If the answer is yes, how often?
A. Atleast once everyday
B. At least once every week
C. At least once every month
D. Once every 2or more monthes



Appendix D

Abstract Screen Stimuli, Study 1

This appendix contains all abstract screens used in fivst abstract study which is deseribed
in Chapter 4.

There are total of 36 stimuli in first abstract study. Iu the study, stimuali were given
in different order across participants to reduce possible ordering effects. Here stinuli are

orgauized by their sthuilarity,

Wherz would you click to exit this dialeg box? Yihzre viould you click to exit this dialog bax?

ok Clomar

Stimmlus 01 Stimulus (02
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Whera would vou chck ta axit this dialoa bex? Where would you click to exit this aialag box?
L
el SR

Stinmlus 03 Stimmlus 04

Wherz would you click to exit this dialeg box? Where would you click to exit this dialeg box?
BT
i
O

Stinmlus 05 Stitulus 06
Where would you click fo exit this dialog box? Where would you 2lick 1o exit th: ' pex?
Che
|
T :
— )

Stimulus 07 Stihmulus 0%
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Where would you click to exit this dialog box? Where would you click to exit this dialog box?
Abcace tibaly 41, [ ’
Stimulus 09 Stimulus 10
Where would you click o exit this dialog box? Where would you click to exit this dialog box?
BRI L -

Stimulus 12

Where would you click to exit this dialog box? Where would you click ta &xit this didog bex?

prey- g i3 Abgywastedy nt "

Stimulus 13 Stimulus 14
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Where would you click to exit this dialeg box?

Algarice Rinds 51

Stimulus 15

Where would you click to exit this dialog box?

Astiact Doty 41 :

Stimulus 17

Where would you click to exit this dialag box?

AbNCH Bty AT

Stimulus 19

Where would you click fo exit this dialeg box?

Alriaer Siwly 41

Stimulus 16

Where would you click to exif this dialog box?

Abrair el

Stimulus 18

Where would you click to exit this box?

Stimulus 20
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Where would you click to exit this dialog box? Where would you click to exit this dialog box?
1
AbgriiceRyindy 1 -}
Stimulus 21 Stimulus 22
Whepe would you elick to exit thig dialog box? Where would you click to exit this dialog box?
B ]
A Sty 1 H -.;m;oku 7 -
Stimulus 23 Stimulus 24
Where would you click to exit this dialog box? Where would you click te exit this dialog box?
Absmact Soad AT ko] S

Stimulus 25 Stimulus 26
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Aot s ¥ - Ayt Boady 41
Stimulus 27 Stimulus 28
Where would you click Yo exit this dialog box? Where would you click to exit this dialeg box?
-
Attt Bty $) = bracr Seudyehs
Stimulus 29 Stimulus 30

Where would you click o exit this dialog box?

e Stad k)

Stimulus 31 Stimulus 32
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Where would you click to exit thig diaog box?

Abstiench Sendy L

Stimulus 33

Stimulus 35 Stimulus 36
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Abstract Screen Stimuli, Study 2

This appendix contains all abstract sercens nsed in sccond abstract study which is de-
scribed in Chaprer 4.

There are total of 70 stinmli in second abstract study. Note that stimuli were given in
the same order across participants.

Sec, 1 - 3 shdes

Gl Whe id you click to ga to the next step?
Q2: Whe= " 3uld you click o cc iplete the current operation?
Q3. W1 o would youclick 1o

, 3y help?

-

Sthnulus 01 Stinlus 02
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QI ¥Where would vou click 1o go to the noxt step?
Q2w “yauchek 1o zoe ' rte the current operation?
Q3: Whr-e would you click to dwpl ¢ help?

Stimnlus 03

STOP!
i B B
Stimulus 05
Where would \ 10 complete the current operation?

Stinmlus 07

., STUDY 2 09

Q" Whers would you click to go 10 the next step™
Q2Z: Where would you click 1o ¢ mplete the current operation?
Q3: Where wauld youclick toc  y helg?

Stimulus 04

Sec. 2 - 45 slides

Stimulus 06

Where would you click to complzte the current operation”®

Stimudus 08
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¥/here would you click to complete the current aperation? Whre wodld you click to complete the current opzration?

e

Stinnulus 09 Stimulus 10

Where would vou cl:ck ta complete the current operation® Where would you click to complete the current operation®

SN

" Mot

Stimulus L1 Sthnnlus 12

¥/here would vou click ta complets the current operaton? Whore would you chick to complite the current aperatan?

Sthumlus 13 Stimulus 11
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Vhere would you click 1o complete the current operation?

Stimulus 1D

Where would vou click to complefe the cirrent ogeration?

dav

Stitnulus 17

V/here would vou click 1o complete the current operetion®

Stimmnlus 19

STUDY 2 L0l

Whers would you chich ta complete the current operation?

Stitnulus L6

Where would you click to complete the current operation®

Stinmlus I8

Where sould you click to complete the current operation”

Stimulus 20
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V/here would you click ta complete the current operation?

Stimmulus 21
Wheen would vou click to camplete the current operotion?

Hun -

Stimnlus 23

Where would you click to camplete the current op —- uni-

Sthnulus 25

Where would you chick to complete the current operation?

Sthnulus 22

Where would you click to compicte the current operation”

Stimulus 24

W o would you click To complete the curreat operation?

Stimmnlus 26
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V/here would you chick to complete the current operation?

Stiunulus 27

Where would vou click to complete the current operation?

Sthmulus 29

V/here would vou click t6 complets the current opergtion?

I wne

Stimulus 31

ABSTRACT SCREEN STIMULI, STUDY 2 103

dyouclckta e the cuereat operation?

Stinulus 28

Where would you click 1o complete the current aperation?

W w

Stinndus 30

y welick te te the currint operation?

Stimulus 32
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V/heve would you click 1o complite the current operation”

__Hhn

Stimulus 33

Where would you click ta complete the current operation?

[IOFPRTR

Stimulus 35

V/heee would you chek 1o complets the current operation?

Stimulus 37

Where would yau chick to camplete the current oparatian?

=

Stimmlus 34

Where would you click ta complete the current operation?

v

Stimulus 36

Whure - " youclick ta ¢ ete the currenat operation?

—> ;

Stimulus 38
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haee would you click ta complete the current operstion?

Stitmlus 39

Where would veu ¢lick ta complete the current operation®

Stinnfus 41

Where would you click to complete the currear opere hon?

Stimmnlus 43

sweald youchck e | et the current operation?

><

R

Stimulus 40

Where would you click to complete the current operation?

R} . P

Stimulius 42
Where wouls you click to zomplets the curcunt operation”

Stimmulus 44
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V/here would you click to complete the current operction? Whazre would you clich to camplete the current operation?
—
Stimulus 45 Stinmulus 46
Where would vou click ta complete the cureent eperatian? Where would you click to complete the current operation?
- ,
N et B
Stinundus 47 Stimulus 48
Vihere would yeu click to complete the curreat operction? Whare wculd youclick te .. ede the corrent operation?

>

Stimulus 49 Sthnnlus H0
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Yhere would you click ta complete the cuerent operction?

Stimmulus 51

Sec. 3 - 3 shdes

Meotrnct o b

Stimmulus 53

Q1 Wheee would vou click ta go to the next page?
2: Wh uld you click to go 13 the Home page?
Q3

: Where wauld you click to display the FAQY

]

Sthnlus 55

ABSTRACT SCRE

STIMULL STUDY 2

STOP!

Stimulus H2

Q1 Whera would you chick to go to the next nrs 2
Q2: Wherw would you click togo 1o 1h Hom i je?
Q3 Where wauld vou click to dir

yth FAQY

TRRINEIVRS

Stimnulus H4

QU Where would you click to ga to the next peaz?
Q2: #here would you click to go 1o the Home page?
Q3 Where would yauclick to ¢ || the FAQ”

Stimmnlus H6
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STCPI

Stimulus 57

Vihere would vou click ta complete the current aperation?

A w

Stimulus 59

Where would vouchch 1. .. the current operation?
1o
Avh 2

Stinlus 61

Scc 4 - 6 shides

Stimmnlus 58

Whers weuld you click to cempletc the current operation?

S ¥

Stimulus 60

_ twould you click to complete the curvent operation?

Imr parhicipant

' R T lic

Stimulns 62
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‘ould you click 1o complete the current of

/n s weuld you ehick * "t cuerent operaton?
Hello, ANTRINTSENIENIIE Avh fh
I " )
» ] I :
Av h

Hello, YSRTSISISIRTISTY]

Stinmlus 63 Stinulus 64

STOP! Szc 6 -3 shdes
Stinilus 65 Stimulus 66
Ql: Where wouldye _. __ togo to the . 1step? GlW w dyouclick toga to the naxt step?
Q2: Wh™ “ould vou click to 2xit thi &= -° Q2: Where « wld youclick to exit thiz dialeg”
Q3. Wh_ . weuld you chek to display | Q3. Wk oy achiek re lp?

Stimmulus 67 Stimulus 68
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Ql: Wher would you chick 1a g0 to the s
Q2: Whe » ould you elick to ext this dv
Q3 W e ould youclick to display he 12>

Sthmulus 69

x1st -7

The cnd of study,

THANK YOUI

“

Stinuulus 70



Appendix F

Additional Information Of Survey

This appendix contains information of the survey that is not described in Chapter 3.

F.1 Participants’ Background
Here are the statstics of participants in the Survey:

(d) Others
(a) Gender

Female 5 Overall
Male 6 Age | Hours/week on Computer
[ Total [ 11 ] Max 29 60
Min 19 4.5
(b) Group Average | 25.364 29.136
CE 7
Non-CE 4 Group: CE
[ Total [ 11] Age | Hours/week on Computer
Max 29 60
(¢) First Language Min R ]
English 1 Average | 27.286 40.429
Others 10
Group: Non-CE
Age | Hours/week on Computer
Table F.1: Statistics of Max 24 20
Participants in Survey Min 19 4.5
Average 22 9.375

This following table is the tally of participauts’ responses on tlicir computer application

usage.
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. Group: CE Group: Non-CE
# of responses - S
01 ]2]3][4|Notes 01 ]2]3]4|Notes
Windows XI 114 9 ,
Windows 2000 3 4 9 9
Other versions of ‘
Windows 116 4
Mac OS 9 or lower 611 4
Other desktop 919l119 Linux, Solaris 4
MS Word 116 11112
MS Excel 3 4 3 1
MS PowerPoint 215 4
Internet Explorer 7 4
Netscape/Mozilla 314 4
Safari, Opera,
Other Browsers 114 9 Konqueror 311
Anmazon 5 311
Yahoo maps 3199 4
Google 7 4
Hot Keys L] [ [a]s L1 faf [
Scale for all Scale for Hot key
No Respouse - 0-  No Respouse
‘ Never or Hardly use it - 1- Never use
Table F.2: C()'ll}pllt(%l Used it a lot before - 2-  Know 1-3, use them occasionally
Usage of Participants Currently nse it - 3-  Know 1-3, use them most time

in Survey -4- Know 4+, use them all the time



Appendix G

Additional Information Of
Abstract Studies

G.1 Abstract Screen Study 1

In this section, we provide original data of participants’ background and complete statis-
tics tables and graphs.
G.1.1 Participants’ Background

Here are the statstics of participants in the abstract stimuli task 1:
This following table is the tally of participants’ responses on their computer application

usage.
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(a) Gender (d) Others

i}:f:le Z Overall
[Total (11| Age | Hours/week on C()Illl)lltt?l‘
Max 29 60
(b) Group Min 19 4.5
CE = Average | 25.364 29.136
Non-CE 4
[Total [11] Group: CE
Age | Hours/week on Computer
(¢) First Language Max 29 60
English 1 Min 25 8
Others 10 Average | 27.2806 40.429
Group: Non-CE
Table C.1:  Statistics o A;;: Hours/week on C()lllpllt;(l)‘
of  Participants  in Min 19 is
Study 1 Average 22 9.375

G.1.2 Ordinal Data

There is only one table for abstract study 1, Table G.3. It contains hitting rate of all
visual c¢ues. The table is organized by the cues: words, different shaped buttons, colour

buttons, and images.
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# of responses Group: CE Group: Non-CE
0 1|2]3][4)]Notes 01 ]2]3]4)]Notes
Windows XP 114 9
Windows 2000 314 9
Other versions of
Windows 116 1
Mac OS X 6 1 4
Mac OS 9 or lower 1 4
Other desktop 9 1192 Linux, Solaris 4
MS Word 116 11102
MS Excel 3|4 311
MS PowerPoint 9| 5 4
Internet Explorer 7 4
Netscape /Mozilla 3|4 4
Safari, Opera,
Other Browscrs 1] 4 9 Kouqueror 31
Amazon 5 311
Yahoo maps 3 9 1
Google 7 4
[ Hot Keys [o[ [ [2]s L[ Jsaf [ ]

Table G.2: Computer

Usage of Participants

in Study 1

Scale for all

No Response

Never or Hardly use it
Used it a lot before
Currently use it

_0-
_1-
_9.
_3-
_4-

Scale tor Hot key
No Response
Never use

115

Know 1-3, use them occasionally

Know 1-3, use them most time
Know 4+, use them all the time
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G.2 Abstract Screen Study 2

In this section, we provide original data of participants’ background and complete statis-
) I g

tics tables.

G.2.1 Participants’ Background

Here are the statstics of participants in the abstract stinwli study 2:

(a) Gender (d) Others
Female | 12
Male 10 Overall
Age | Hours/week on Computer
(b) Group llz/idx fg 14‘5
in 5
CE 11 — —
Non-CE 111 Average | 23.333 34.636
Group: CE
(c) First Language Agg Hours/week on Computer
English 5 M:dx 28 72
Chinese | 10 Min 1§ 20
Others | 7 Average 23 37.545
Group: Nou-CE
Age | Hours/week on Computer
. Max 30 144
Table G.4: BStatistics Min 19 5
of Participants  in Average 537 31797
Study 2

This following table is the tally of participants’ responses on their computer application

usage.
G.2.2 Ordinal Data
There are several graphs and tables for abstract study 2:
e Figure G.1 shows where the label or protrusion occured and its number of hits.
e Table G.6 shows the total number of hits for each label or protrusion in each layout.

e Tabel G.7 shows the total number of hits at cach position.
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! ) Group: CE Group: Non-CE
# of responses ‘
112 3|4 | Notes 0 119 3 | 4 | Notes
Windows XP 7 1 3 4 1 6
Windows 2000 ol9l 7 5 6
Other versions of
Windows 1 6 4 4 3 4
Mac OS 9 or lower 813 11
Unix, Linux,
Other desktop 511 4 Dos 1 9 1 Unix
MS Word 1110 219
MS Excel 3| 4 611 4
MS PowerPoint 4| 3 6 5
Internet Explorer 11 1 10
Netscape/Mozilla 114l 6 513 3
Opera, Kon-
Other browsers 9 9 queror 11
Amazon 9 11
Yahoo maps 8|1 5111 5
Google 1110 4 7
[ Hot Keys L[ [a]s]7] L [2fa] s]s]

Table G.5: Cowmputer
Usage of Participants
m Study 2

Scale for all
No Response

Never or Hardly use it

Used it a lot before
Currently use it

- 0-
S1-
9.
_3-
_4-

Scale for Hot key

No Response

Never use

Know 1-3, use them occasionally
Know 1-3, use them most time
Know 4+, use them all the time
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Number of it For Each Fabe Num JHis For Faclvbels
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Figure G.1: Orvdinal Label Data in Grid, Study 2
NB. Area of cirele = Number of hits

[\



APPENDIX G. ADDITIONAL INFORMATION OF ABSTRACT STUDIES

3x3 Layout
Stimuli | Local Global Label # of re- | Sum of responses | % of
number | position | position SpoNses for the label hits
S27 4 11 bold 0 0 0.00%
S17 2 3 stay 1 1 4.55%
S42 2 3 — 5 5 22.73%
536 6 15 exit H 5 22.73%
S24 6 15 X 5 5 22.73%
S10 1 1 9
S13 3 5 9
S29 5 13 9
548 9 25 Prtrsn 15 42 47.73%
I' Layout
Stimuli | Local Global Label # of re- | Sum of responses | % of
number | position | position SPONSeS for the label hits
S18 4 4 1
S26 1 1 0
S08 8 21 Help 0 1 1.52%
533 4 4 2
§23 1 1 0
S31 3 21 Home 1 3 4.55%
S50 4 4 9
S11 1 1 5
528 8 21 Next, 6 20 30.30%
S40 4 4 7
S44 1 1 6
S14 3 21 X 7 20 30.30%
516 6 11 5
S20 1 1 4
S21 3 21 Prtrsn 12 21 31.82%
S38 4 4 12
546 1 1 5
534 8 21 - 9 26 39.39%
J Layout
Stimuli | Local Global Label # of re- | Sum of responses | % of
number | position | position sponses for the label hits
547 5 22 0
545 1 5 2
S39 8 25 Bold 5 7 10.61%
S12 H 22 2
525 1 5 2
S43 8 25 Stay 1 8 12.12%
S49 5 22 3
S32 1 5 5
S37 8 25 X 10 18 27.27%
S15 5 22 4
S41 1 5 7
535 3 25 Exit 9 20 30.30%
S09 5 22 3
561 1 5 7
S30 8 25 — 12 22 33.33%
507 3 15 9
S19 G 23 7
S22 3 25 Prtrsn 15 31 46.97%

Table G.6: Individual Label Count of Study 2
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Total

T' Layout

Total

J Layout

Total
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# of participants 22 NB. % of hits = # of hits / # of total hits
=
% E 5 w | o g g o S ’8 =] °
4.2 =1 g g g = Es_ g2« =
£|€%3 S| s £ _=E§ Z2>E§ 2
Slez 3Tl es sE2t ¢ §22% ¢ N
g|°E S| = 2% = B A SE= B A C-Res
SlsE | w&| %z # of hits | % of hits | # of hits | % of hits # | rank
1 1 22 12 9 4.55% 3 1.52% 0 1
3 2 44 6 6 3.03% 0 0.00% 0 1
5 1 22 20 9 4.55% 17 3.59% 1 2
11 1 22 0 0 0.00% 0 0.00% 0 1
13 1 22 28 9 4.55% 19 9.60% 5 3
15 2 44 11 10 5.05% 1 0.51% 0 1
21 0 0 1 0 0.00% 1 0.51% 1 2
23 0 0 37 0 0.00% 37 18.69% 10 4
25 1 22 77 15 7.58% 62 31.31% 5 3
198 198 58 29.29% 140 70.71%
Lo | kal . £y o E3 c
S|_Z |3 | =2 SE2E 8 3£2%% %
€153 A £E=® &R £E= 55 e
Sl |3 & | % 2 [ # of hits | 9% of hits | # of hits | % of hits # | rank
1 6] 132 37 20 5.05% 17 4.29% 3 4
2 0 0 25 0 0.00% 25 6.31% 0 1
3 0 0 28 0 0.00% 28 7.07% 4 5
4 5 110 124 31 7.83% 93 23.48% 2 3
6 0 0 30 0 0.00% 30 7.58% 1 2
11 1 22 18 5 1.26% 13 3.28% 0 1
16 0 0] 31 D 0.00% 31 7383% | 3 B!
21 6 132 103 35 3.84% 63 17.17% 9 6
396 396 91 22.98% 305 77.02%
[=]
ARG £ _SEE 2E=EE @ o
=l R - 288 SE28¢ 2%
g ‘Vé S E 22 ® aA L3 ® 3 A -ge;
= | =" a | ¥ I | # of hits | % of hits | # of hits | % of hits # | rank
5 5 110 62 23 5.81% 39 9.85% 3 3
10 0 0 23 0 0.00% 23 5.81% 0 1
15 1 22 16 9 2.27% 7 1.77% 0 1
20 0 0 22 0 0.00% 22 5.56% 3 3
22 3 110 18 12 3.03% 6 1.52% 2 2
23 1 22 36 7 1.77% 29 7.32% 2 2
24 0 4] 54 0 0.00% 54 13.64% 6 4
25 6 132 165 5 13.89% 110 27.78% 6 4
396 [ 396 106 26.77% 290 73.23%
Table G.7: Hit Rate of Individual Position in Study 2
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