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Abstract

The advent of multiple computing platforms, ranging from small smart watches to large
wall displays, poses the problem of adapting their graphical user interfaces to multiple
screen resolutions. Instead of developing separate versions for each platform, responsive
user interfaces promote the idea of developing a single graphical user interface that
accommodates the variations induced by the numerous screen resolutions. While this
principle applies to the entire interface, it does not scale down easily to graphical menus,
such as menu bars, pull-down menus, and sub-menus.

To identify potential solutions, we conduct a Systematic Literature Review (SLR)
summarizing the characteristics and findings of N=407 scientific references on graphical
menus. We highlight the descriptive, comparative, and generative virtues of our examination
to provide practitioners with an effective method to (i) understand how graphical menus
position in the literature; (ii) compare their studies from different authors; and (iii) identify
opportunities for new development. We make our large corpus of papers accessible online
as a Zotero collection. Based on this review, we develop two original graphical menus
intended to adapt themselves to the various screen resolutions of multiple platforms: a
fractal menu exploiting the scale invariance of fractal geometry and a bilinear menu based
on geometric deformation. For both menus, the motivations are justified, the design, the
implementation, and the evaluation are performed. Finally, a conjoint analysis examines
the end users’ preference of forty graphical adaptive menus, separately over time.
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Chapter 1

Introduction

This chapter first discusses the context of the problem: the multiplication of computing
platforms with varying screen resolutions which raises the need of multi-platform Graphical
Adaptive Menus. It then defines the mission statement of this master thesis along with its
working hypotheses. It finally provides an overview of the thesis structure.

1.1 Context of the Problem
In today’s world, where many computing platforms exist with varying screen resolutions
from 85 inch smart TVs to 1.60 inches smart watches, the need for custom GUI relevant for
these varying platforms arises. In fact, menus are they most used items of GUI and with
devices nowadays providing more and more functions, and most at times same functions
are available on different platforms with varying screen resolution making menu design
more complex especially for platforms with small resolution (e.g., smart glasses, smart
watches etc.). The complexities introduce by these menu designs usually makes the user
experience less efficient especially in small resolution screens e.g., reaching a particular
menu item may sometimes need several navigation steps as smaller resolution usually
reduces menu items displayed and increases menu depth. To reduce these complexity and
maintain an efficient user experience, the need for multi-platform graphical adaptive and
responsive user interface arises. Given these new limitations, it is vital to design menus
that accommodates various screen resolutions and orientations at the same time, which is
challenging. Such new menu design should take into account the depth of the menu (how
many levels) and the breadth (how many items per level). These designs should equally
implement mechanisms to optimize menu items viewing and selection.

As of today, many menu designs have being proposed (e.g fish-eye menu [70], circle
menu [115] etc.) to address some of these limitation but most don’t address the varying
resolution of the GUI. Hence these designs aren’t always adequate for all devices.

4



1.2 Mission Statement

1.2.1 Thesis Statement
The central objective of the thesis is to investigate original adaptive menu designs that
accommodates platform variations, namely a fractal menu and bilinear menu .

The fractal menu investigates a new design based on fractal geometry to address the
depth of the menu and its breath. The bilinear menu, investigates new techniques for
efficiently viewing menu items. The two designs will enable the users to navigate the menu
space more efficiently by providing better screen space utilization and viewing experience.

Practically, the fractal menu designs will investigate new menu shapes and layout
(arrangement, view items, view depth) so as to accommodate platform variations. Once this
shape and layout have being addressed by the fractal design, bilinear menus investigates
how to better visualize menus items mainly through distortion but without affecting the
menu layout and shape. Both techniques investigated in this thesis, one the fractal for
new multi-platform menu design and the bilinear design for optimizing item visualisation
and selection, we believe will provide practitioners with more information on designing
innovative adaptive multi-platform menus.

1.2.2 Working Hypotheses and Research Method
Multi-platform graphical adaptive menus are necessary for a uniform and efficient multi-
platform user experience. Our research methodology consists in a systematic literature
review to motivate our thesis statement. Once the SLR have being done, we proceed to the
design and implementation of the our innovative adaptative menu interaction techniques
namely fractal and bilinear. Finally, we do an analysis of end users’ preference of forty
graphical adaptive menus.

1.3 Outline of the thesis
This thesis is structured as follows: Chapter 1 is an introduction to our thesis, we present
the context of the problem and mission statement. Chapter 2 presents a systematic
literature review we did to motivate the creation of the two innovative menu selection
technique. Chapter 3 and 4 respectively presents fractal menu and bilinear menu which are
innovative menu design and interaction techniques. Chapter 5 presents a conjoint analysis
of existing graphical adaptive menus. In chapter 6 , we discuss limitation of our thesis,
further studies and improvements which can be considered and we present a conclusion
statement on the study.
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Chapter 2

A Systematic Literature Review of
Graphical Menus

In chapter 1, we introduced the context of the problem and mission statement. In this
chapter, we describe the systematic literature review we did to assess existing menu
interaction technique and motivate the creation of the two new menu interaction technique
named Fractal and Bilinear which we propose in chapter 3 and 4 respectively. In this
chapter, section 1 motivates the need of a SLR. In section 2, we describe the research
method we used to conduct the SLR and lastly, section 3 and 4 respectively presents
quantitative and qualitative results of our SLR and their analysis and lastly in section 5
we present a conclusion on the various virtues.

2.1 Introduction and Motivations
The goal of the SLR on menus both adaptive1 and non-adaptive are threefold:

• Descriptive: Every menu will be described in the same way, with the same classifica-
tion criteria which we will present later.

• Comparative: Two or more menus can be compared to each other based on the same
classification.

• Generative: Generate new types of menus that do not exist yet, in our case, fractal
menu and bilinear menu .

2.2 Research Method
To conduct our SLR, we used the four phase flow procedure as inspired by Liberati et
al. [306] and used in [499]. The four phases are Identification, Screening, Eligibility and
Inclusion. The following figure resumes our method using a PRISMA2 diagram:

1 Here, we make reference to those menus whose adaptation is controlled by the system.
2 Prefered Reporting Items for Systematic reviews and Meta-Analyses.
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Figure 2.1: The four-phase flow diagram of our SLR process.

Phase 1: Identification

To obtain the papers relevant to our study, we queried 4 digital libraries (ACM Digital
Library3, IEEE Xplore4, Elsevier ScienceDirect5, SpringerLink6) and 2 multi-publisher
sources (DBLP CompleteSearch7, GoogleScholar8) using the following syntactical query:

SQ = (Menu) AND (technique OR system OR widget OR structure OR breadth OR
depth OR item OR interaction)

To ensure consistency of the results, all the libraries were queried and results/references
downloaded the same day. Once, the references obtained, we downloaded the related PDF
files over several subsequent days, firstly to avoid excessive request that might block our
access to the libraries and secondly because for most of the queried libraries, we needed
to be on our institution’s network to have an authorized and free access. We used the
following rules as proposed in [1] when querying the libraries and downloading the results:

• The "advanced search" rule : We made sure to run the queries on each library/multi-
publisher sources with the advanced features activated and when possible, sorted
the results in order of relevance.

• The "minimum number of references" rule : If a query returned less than 400
references, they were all retained.

3 https://dl.acm.org/ queried in Full Text
4 https://ieeexplore.ieee.org/Xplore/home.jsp
5 https://www.elsevier.com/solutions/sciencedirect
6 https://link.springer.com/
7 https://dblp.org/
8 https://scholar.google.fr/
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• The "maximum number of references" rule : If a query returned more than 400
references, just the first 400 were retained. We made a quick analyses of the rest
just to make sure we didn’t ignore a relevant reference.

Figure 2.2: SLR Identification Phase Summary.

Our queries identified a total of 2208 references from the six sources. More precisely, 400
references each for ACM FT, IEEE, Springer Link, Science Direct, Google Scholar and 208
references for DBLP. We further excluded duplicates references ( DBLP CompleteSearch
= 21, GoogleScholar = 28 and SpringerLink = 64). Giving a total of 113 references
excluded on this basis. We therefore ended with a total 2208 - 113 = 2095 references
whose corresponding papers we downloaded.

Phase 2: Screening

We evaluated each of the 2095 papers for relevance with respect to our research scope
by checking it against inclusion and exclusion criteria related to both form and content
as proposed in Vanderdonckt et al. [488]. Our evaluation technique included reading the
paper’s abstract and if necessary the paper as a whole to have more information before
accepting or rejecting it with respect to a given criteria. We define below the various
criteria used during this phase:

A. Criteria related to Form

1. Inclusion criteria : Are included all references written in English that un-
derwent a competitive peer-review process and where the full text is available.
This subsumes all short and full research papers published in peer-reviewed
journals, conferences, symposia or workshops.

2. Exclusion criteria : Are excluded all references that did not result from a
competitive peer review process or are applied contributions. This subsumes
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such as books, Ph.D. theses, master theses, patent descriptions, standards, style
guides, book or thesis summaries and reviews, technical reports, white papers,
invited talks, demonstration papers, doctoral consortium papers, tutorial pa-
pers, poster publications, editorials, prefaces, articles or columns in magazines,
newsletters, encyclopedia entries, blog posts, or social network entries. Ref-
erences where the full text was not published or accessible, such as abstracts,
extended abstracts, and presentations (e.g., slideshows) were also excluded. For
instance, a reference which was considered relevant after examining its abstract
could be unfortunately withdrawn if the full paper requires a paying access.

B. Criteria related to contents

1. Inclusion criteria: Are included all references complying with at least one of
the following three conditions.
a. The abstract or the full text explicitly introduces a new menu interaction

technique taken as a whole.
b. The abstract or the full text discusses any menu interaction technique

emphasizing at least one discriminating feature either as input or as output
or both. A feature is referred to as discriminating when it is the subject
of a study that proves some originality and impact with respect to other
techniques. Menu features are classified into three mutually exclusive levels:
• Generic features: are independent of both the menu interaction tech-

nique and any context of use. Such features include as device, comput-
ing platform, input/output interaction modality, amount of modalities,
pressure. For instance, pressure is considered as generic because it
could be studied for any widget (not just menu) in any context of use
(not just menu selection).
• Specific features: are dependent of the menu interaction technique, but

independent of any context of use. Such features include breadth, depth,
activation area, item rendering, geometric shape, item ordering (e.g.,
by frequency, by importance, by critically, by consensus, optimized
according to a certain criteria), menu selection performance. For
instance, the item ordering is considered as specific because this property
affects the overall quality of the menu and cannot be found in other
widgets.
• Contextual features: are dependent of the menu interaction technique

as applied in a particular context of use. Such features include: domain
of human activity, user profile, environment, location, and task. In
principle, any contextual parameter may be considered. For instance,
a menu could be aimed at elderly people taking pills at home.

c. The abstract or the full text explicitly uses terminology for studying a set
of menu interaction techniques. This subsumes for instance references that
are themselves addressing the research questions of this SLR, such as survey
papers, design space papers, comparison papers. As a sanity check, each
such reference will be recursively examined to check whether references
satisfying conditions (1a) and/or (1b) are considered. The condition (1c)
ensures not excluding technical, mostly implementation-oriented references
performed within a particular context of use, but nevertheless addressing
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some discriminating menu feature. Additionally, the following mandatory
conditions need to be fulfilled.
• It can be deduced from the abstract or the full text that the menu
interaction technique is explicitly researched within the context of
Human-Computer Interaction (HCI) in general, and within the context
of menu interaction techniques in particular. It tackles one or several
research topics directly relevant for the constitution of menus as the
main topic.

2. Exclusion criteria: Are excluded all references that fulfills any of the following
conditions
a. Research questions dependent conditions: the reference explicitly mentions

a menu interaction technique, but
• Ri1: it is aimed at studying features not belonging to the three afore-
mentioned categories, e.g., psychological, environmental factors that
may influence menu design.
• Ri2: it quotes a menu interaction technique without studying it, e.g.

as a reference.
• Ri3: it presents opposite contents, e.g., ”contrarily to pie menus, rotary
widgets are...”

b. Research questions independent conditions: the reference does not explicitly
mention any menu interaction technique or any discriminating feature, such
as in the following cases:
• Unrelated keywords (UKW): the query keywords are actually included
in the reference, but in an order or in a position that makes them
unrelated, without any connection. For instance, ”menu”, ”interaction”,
and ”technique” could be present in a reference but far away from each
other so that there is no more any semantic relationship between them.
• Homonymy of keywords (HOM): the query keywords are actually in-

cluded in the reference, in a right order or position, but with a different
meaning. For instance, any reference that is performed outside the
scope of HCI and/or SE is excluded, such as menu interaction in the
context of restaurants is considered out of scope.
• Homography of keywords (HOG): the query keywords are actually
included in the reference, but are written, spelled, or formatted dif-
ferently than for the intended meaning. For instance, ”the MENU
project in chemistry has an interaction with...”, ”the menuet technique
is more complicated than...”, ”the M.E.N.U. organization has a strong
technique for interaction with other companies”.
• Antinomy of keywords (ANT): the query keywords are actually included
in the reference, but convey an opposite message than the intended
meaning. For instance, ”anti-menu patterns offer an interaction that...”.

The pie chart below summarizes the percentages of papers excluded per library after
this phase for the 2095 paper considered. At the end of the screening phase, a total of
1618 papers were excluded with respect to the above mentioned criterion.
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Figure 2.3: SLR Screening Phase Exclusion.

Leaving us with 2095 - 1618 = 477 papers.

Figure 2.4: SLR Screening Phase Summary.
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Phase 3: Eligibility

We further excluded:

• Those papers that matched our research topic but did not report its results.

• Duplicates papers that appeared in the another queried library. At the end of the
identification phase, we had removed duplicates within the same library. Here, we
removed eligible papers from a given library if they were already added in another
using as reference the inclusion date.

Using these rules, we further excluded: 71 papers leaving 477 - 71 = 406 papers.

Figure 2.5: SLR Eligibility Phase Summary.

Phase 4: Inclusion

In this phase, we did a quantitative and qualitative study on the selected papers using
several tools. In the next sections, we present the results of these studies and discussion
on some of the graphics generated from the tools used.
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2.3 Quantitative analysis
For the quantitative analysis, We employed a series of tools to create a collection of papers
and generate summary statistics. Namely, we used :

• Zotero9, which is a bibliography management software which we used to create a
collection of the papers.

• Zotero Connecter, for automatically saving items to Zotero via a single click.

• Zotfile10, a Zotero plugin to manage references: automatically rename, move, and
attach PDFs (or other files) to Zotero items ...

• PaperMachines 11, to generate various graphics from our included papers some of
which we will discuss in the qualitative analysis sub section.

Most of the quantitative analysis was summarize at the end of each phase. By the end
of phase 4, our zotero collection had the following composition:

Figure 2.6: SLR Inclusion Phase Summary.

Table 2.1 summarizes the references count obtained by the queried libraries and
multi-publisher sources.

9 https://www.zotero.org/groups/2317119/menu_review/library
10 http://zotfile.com/
11 http://papermachines.org/
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Source Query Rules Duplicates Excluded Included References

1. ACM Digital Library 575,142 400 0 221 179 [178, 176, 53, 233, 173, 221, 407, 55, 118, 252, 172, 330, 218, 434, 401, 520, 219, 198, 49, 444, 46, 298, 236, 254]
[370, 202, 44, 84, 312, 530, 510, 519, 91, 305, 342, 117, 50, 101, 310, 377, 265, 26, 122, 485, 461, 443, 48, 403]
[43, 283, 391, 354, 492, 410, 120, 398, 255, 270, 61, 276, 381, 429, 37, 258, 92, 13, 308, 100, 335, 469, 357, 438]

[352, 442, 140, 282, 493, 119, 284, 447, 114, 458, 359, 104, 121, 80, 241, 250, 279, 399, 28, 318, 531, 128, 286, 483]
[472, 72, 71, 291, 99, 534, 19, 15, 52, 277, 336, 59, 209, 206, 180, 253, 124, 197, 30, 139, 129, 215, 416, 371]

[392, 477, 115, 69, 538, 333, 523, 299, 257, 430, 376, 45, 347, 404, 453, 337, 155, 432, 226, 423, 177, 467, 171, 20]
[192, 108, 285, 303, 468, 526, 18, 154, 532, 334, 211, 189, 527, 199, 300, 194, 225, 16, 521, 481, 428, 288, 208, 533]

[484, 148, 85, 174, 502, 517, 465, 524, 93, 95, 94]

2. IEEExplore 1,505 400 0 325 75 [375, 238, 280, 60, 515, 66, 127, 264, 339, 193, 319, 528, 162, 512, 436, 75, 420, 460, 498, 348, 123, 457, 361, 179]
[390, 332, 231, 422, 409, 262, 190, 412, 311, 408, 522, 397, 147, 21, 363, 278, 384, 86, 353, 159, 421, 459, 143, 230]
[82, 110, 242, 22, 383, 466, 529, 413, 151, 274, 435, 132, 188, 130, 440, 275, 537, 259, 81, 411, 244, 191, 145, 96]

[297, 507, 240]

3. Elsevier ScienceDirect 55,862 400 0 352 48 [345, 107, 324, 212, 449, 372, 246, 135, 213, 535, 464, 441, 482, 70, 152, 364, 54, 340, 47, 446, 385, 272, 328, 163]
[379, 380, 269, 514, 338, 415, 386, 133, 229, 29, 349, 356, 355, 393, 503, 38, 98, 39, 141, 228, 14, 418, 516, 295]

4. SpringerLink 106,708 400 64 298 38 [501, 65, 220, 315, 223, 320, 51, 6, 109, 146, 243, 360, 260, 518, 144, 474, 475, 150, 232, 64, 203, 131, 271, 341]
[40, 137, 158, 462, 142, 5, 247, 525, 3, 2, 486, 4, 248, 495]

5. DBLP CompleteSearch 208 208 21 163 24 [362, 394, 317, 301, 378, 36, 374, 322, 113, 68, 292, 227, 126, 196, 57, 358, 452, 58, 367, 207, 125, 287, 309, 261]

6. GoogleScholar >1,000,000 400 28 330 42 [456, 268, 513, 455, 536, 245, 34, 168, 448, 389, 478, 479, 216, 222, 439, 433, 136, 463, 293, 217, 369, 500, 25, 344]
[506, 237, 350, 302, 325, 116, 187, 160, 450, 181, 480, 373, 74, 62, 454, 351, 473, 256]

Total >1,739,217 2,308 113 1,689 406 406

Table 2.1: References obtained from the queried libraries
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2.4 Qualitative analysis
In this section, we report and discuss some significant observations made on some of
the material resulting from the aforementioned process. The graphics were generated
using paper-machines as mentioned above. All the generated graphics including those not
analyzed here can be found in the appendix under Paper machines generated graphics.

2.4.1 Word Clouds
To evaluate the important terms in the corpus, we generated two global word clouds
namely: a Simple Term Frequency based word cloud (Fig 2.7) and a term frequency-inverse
document frequency based word cloud (Fig 2.8). From these clouds, we concluded the
following:

menus

u
ser

users

item
s

selectio
nin
teractio

n

tim
e

item sy
stem

d
esig

n

participants

interface task

number

in
fo

rm
atio

n

p
erfo

rm
an

ce

acm interfaces

targ
et

resu
lts

study

tech
n
iq

u
es

sy
stem

s

screen

fig
u
re

hand

visual

in
p

u
t

ex
p

erim
en

t

technique

based

tasks

m
o
b
ile

co
n

tro
l data

display

p
ro

ceed
ing

s

devices

level

h
u

m
a
n

order

a
p

p
licatio

n

d
ev

ice

m
o
d
el

work

co
m

p
u

ter

set
size

n
av

ig
atio

n

m
eth

o
d

gesture

search

structure

virtual

gestures

m
ark

in
g

subjects
select

conference

error

factors

fo
u

n
d

condition

selected

m
o

u
se

research
object

sh
o

w
n

widgets

to
u

ch command

approach

larg
e

effect

a
p
p

lic
atio

n
s

p
o
sitio

n

ty
p

e
feedback

sp
a
ce

sm
a
ll

hierarchical

m
a
in

average

list

times

u
sab

ility

objects

co
m

p
u

tin
g

analysism
ak

e

presented

erro
rs

p
o

in
tin

g

b
u

tto
n

mode

w
id

g
et

ev
alu

atio
n

accuracy

group
stu

d
ies faster

made

w
eb

fig

similar

area

test

so
ftw

are

significant

linear

depth

case

shows

table

cursor

provide

performed

adaptive

p
ap

er

selections

d
isp

lay
ed

text

p
h
o
n
e

lay
o
u
t

function

expertrate

commands

conditions

pie

p
o

in
t

required

levels

problem
pro

p
o

se
d

methods

functions

focus

chi

sin
g
le

sh
o
w

e
d

context

ty
p
e
s

trials

cu
rre

n
t

interactive

graphical

simple

hierarchy

Word Cloud: MenuReview-27March2020 zotero://papermachines/wordcloud_large/C8

1 of 1 28-03-20 09:20

Figure 2.7: Global Word Cloud (based on simple term frequency).

1. Besides discipline-related common terms found in these clouds (e.g object, function,
method, application etc.), the cloud suggests the following terms "menu(s), user(s),
interaction, selection, performance". The appearances of the keywords "selection"
and "performance" in this most important terms cloud makes us believe that selec-
tion and performance are very important aspect. The term "selection", we believe
makes reference in general to item selection and particularly efficient item selection
techniques. The term "performance" we believe makes reference to the efficiency of
the item selection technique i.e., how easily and efficiently a user can get to a desired
item.

2. Subsequently, we equally identified terms such as "accuracy, selections, interactive,
phone, frequency, time, usability, navigation" which we can group under the "usability"
aspect of a developed menu. Menu should be developed such that they are easy to
use regardless of the platform. These ease of use should consider aspects such as
the accuracy of the selection, the selection times of desired menu item, frequency of
selection to make more frequently accessed items more easily reachable.
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3. We equally identified a less important term "gesture", which lets us believe visual
menus are more frequently addressed that gesture menus.

4. We equally see the keyword "hand", in the large word cloud making us believe menu
selection by hand is the most used form of interaction with menu. With the advent
of mobile phones and smart devices which mostly have touch screens, this seems to
be normal that this form of menu interaction is the most used.

5. We equally identify terms related to ways of interacting with these menus such as
"hand, cognitive, touch, finger".
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Figure 2.8: Large Word Cloud (based on Term Frequency-Inverse Document Frequency).

2.5 Conclusion on the Three Virtues
In this section, discuss preferences on adaptive menus as inspired by Jean et al. [496],
graphical user interface of interactive applications are subject to three forms of adaptation
namely: user-control adaptation where the user controls the menu adaptation, system-
control adaptation where the adaptation is controlled by the system as the name implies and
user-system controlled adaptation where both the user and system collaboratively manage
the adaptability. Adaptability usually aims at improving three usual virtues namely :
effectiveness [505], efficiency [184] and subjective satisfaction [165] [406]. As discussed in
[496], adaptability has its advantages and shortcoming. A user-control adaptability gives
the user full control and its appreciated for its flexibility but has the short comings of
being time.

From our SLR, apart from Bailly et al. [53], there is no SLR for GUI menus today. In
addition, this paper is a survey, not a SLR, and only targets graphical menus while we
have been dealing with all forms of menus, including vocal, auditory, and multi-modal
menus. However, the two menus that we are inventing are completely original and visual.
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Therefore, following our SLR, we can draw the following conclusions on the three
virtues:

A. Descriptive : There is a need to classify all menus with respect to variables like depth,
breadth, structure, selection method, etc. Only a few of them are really adaptive to
the platform. Most of them are just fixed and constant.

B. Comparative : The most frequent aspects addressed are often selection time, dwell
time, and other human factors, but not much adaptive menus aspects are addressed.

C. Generative : We will create two new innovative adaptive menu selection technique:
a fractal menus that proposed a multi-platform menu design and a bilinear menu
that proposes new menu visualisation technique.
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Chapter 3

Development of a Fractal Menu

Based on the SLR conducted in Chapter 2 , this chapter develops a first original multi-
platform graphical adaptive menu, i.e., the fractal menu, based on fractal geometry. The
chapter is structured as follows: the background and the motivations for introducing
this menu are first discussed. Then, we provide a definition of the menu and explain
its design options which guided the implementation. Finally, an individual evaluation
highlights benefits and shortcomings in a local conclusion. Chapter 4 introduces a second
multi-platform graphical adaptive menu, i.e., the bilinear menu. In chapter 5 , we present
a conjoint analysis of graphical adaptive menus.

3.1 Background and Motivations for a Fractal Menu
From our SLR, we noticed not much papers except for Bailly et al. [53] address the large
variety of menus that exist and how to characterize menu design space to facilitate menu
creation. Most of the papers that mentioned menu designs instead proposed or investigated
menu designs that aimed at optimizing the menu’s usability by optimizing its effectiveness
and efficiency. A menu’s usability is usually optimized via three usual aspects [491]
as mentioned in chapter 2 namely : effectiveness [505], efficiency [184] and subjective
satisfaction [165, 406]. To optimize the menu’s effectiveness, some design propose new
ways to layout menu items. To optimize the menu’s efficiency, most design try to optimize
the reach time1 for item selection. The reach time for a menu item is composed of two
main components :

• The visual search time : The time needed to locate the item of interest among
the set of a menu item [402]. This time reduces once the user becomes familiar with
the menu structure.

• The movement time : The time needed to move the cursor (or finger) to the
item of interest located by the visual search [402]. This time is a factor of the menu
structure. Smaller menus turn to have smaller movement times.

Fitts’ law2 is generally used to calculate the reach time for menu items.

Lets consider some of these designs : for example expandable menus, where the list
of options is exposed when a menu handler is clicked [402]. We consider in particular
1 Or selection time correspond to the time needed to identify a item on the menu and select it.
2 Fitts’ law states "The time to acquire a target is a function of the distance to and size of the target."

19



drop-down menus [502], pie menus [358], marking menus [178, 176] where the pattern
used to arrange menu items aims at optimizing the reach time. Pie menus and marking
menus have proven to be measurably faster and more accurate in mouse and pen-based
interfaces [274] . Pie or radial menus also have their limits [285]. In their study "Why
it’s Quick to be Square" Alstrom et al. [20], propose a new design for menus called square
menus to minimize the selection time for experts3. In Racula et al. [402] we equally see
that the average time to an item inside a rectangular menu is smaller than if the items
were placed in a long pull down menu. Most websites use rectangular menu to optimise
selection time by reducing movement time. If we want to archive a constant time from the
handler to the items, then pie menu are the best option but due to their lack of familiarity
the movement time is lost as the visual search time increases [402].

Figure 3.1: A hierarchical Square Menu by Alstromet al. [20]

Figure 3.2: Rectangular Menu [402]
3 People already familiar with the menu structure.
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Most of these designs as we noticed don’t take into account the variation induced by
the varying screen resolution of the devices. Hence, some designs maybe adapted for some
screen resolutions but not for others. For example, a pull-down menu can be adequate
for a TV, desktop and laptop but not for a smart glass and watch especially when the
menu items are many. The pie or radial menus may also have their limitation as the take
up more screen space on display device due to their expansion over two dimension this
may not be ideal for smaller resolution. Moreover, pie menus with more than eight choices
don’t scale well [73].

The need to design a multi-platform graphical adaptive menu and interaction technique
that accommodates the variations induced by these varying screen resolutions therefore
arises. The varying resolution and limited interaction options of some devices also af-
fects the menu’s usability. A user turns to adaptability only if the win exceeds the cost.
Therefore, the new menu designs and interaction technique should not only accommodate
varying screen resolution but should also implement mechanisms to optimize the menu’s
usability mainly: its efficiency and effectiveness.

In this thesis, we propose a new menu design and interaction technique based on fractals
geometry which we called fractal menus. Our fractal menus will provide a menu design that
can adapts to varying screen resolutions and will equally implement mechanism to optimize
the menu’s effectiveness and efficiency. In this thesis, we concentrate on implementing
a menu layout and selection technique. Optimizing the menus selection time is out of
the scope of the thesis. Nonetheless, we implement our fractal menu such that these se-
lection times can be optimize using some options that affect our fractal menus configuration.

Practically, for the fractal menu to adapt to varying resolutions, it should have the
capability of displaying variable amount of items in a variable structure such that the
layout and shape could be adapted. Hence, the fractal menu design we propose should
solve the constraints induced by varying resolution while implementing mechanisms to
optimize the menu’s usability.
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3.2 Definition and fractal theory
To better understand fractal menu design, it is necessary to discuss fractal theory and
how this concept can be use to design multi-platform innovative adaptative menus. This
section is structured as follows: we begin by defining what fractals are and how they are
created, then we look at some notation and representation that have be created to ease
fractal creation. In the next section, we discuss our implementation, its limitations and
possible improvements.

3.2.1 What are Fractals?
As said in Saupe et al. [427], "there is a strong connection between chaos and fractal
geometry, namely, as one follows the evolution of the states of a chaotic nonlinear system,
it typically leaves a trace in its embedding space which has a very complex geometric
structure: this trace is a fractal".

A fractal is a complex pattern that is self-similar across different scales. Fractals self
similarity property means they show the same details at different scales. This self-similarity
can be exact or statistical [427]. An example of an exact self-similar fractal is the snowflake
curve devised by Helge von Koch in 1904, whose creation we will describe in a subsequent
section. Fractals are not only created mathematically but also exist in nature.

Figure 3.3: Fern plant Figure 3.4: Elm trees
Photos courtesy of Jonathan Wolfe https://fractalfoundation.org/

Figure 3.5: Human Lungs1 Figure 3.6: Human retina2

1 Photo courtesy Ewald Weibel http://fractalfoundation.org/OFC/OFC-1-2.html#
2 Photo courtesy of Paul van der Meer http://fractalfoundation.org/OFC/OFC-1-3.html
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3.2.2 Mathematical fractals
Mathematical fractals4 refers to a subset of Euclidean space for which the fractal dimen-
sions5 strictly exceeds the topological dimension6. Let’s illustrate this by using the famous
snowflake curve devised by Helge Von Koch7. Let E be an Euclidian space: Let’s choose a
finite line segment which can be compared to a compact interval of the real axis X.

1. Iteration 0: We draw a straight line from the origin to the extremity of the chosen
segment say [0,1]

0 1

y

x

2. Iteration 1: On the central third of the interval, we will draw an equilateral triangle
of dimension and length equal to one third of the initial interval, pointing upwards:

A B

C

D E

Figure 3.7: Iteration 1 of a Von Koch curve

3. Iteration 2: The same procedure is applied to the new segments thus determined,
namely AB, BC, CD, DE

Figure 3.8: Iteration 2 of a Von Koch curve
4 Also called geometric fractals.
5 Also called Hausdorff dimension is a measure of roughness and/or chaos. E.g for a single point it is 1,

for a square it is 2 and for a cube 3 [8].
6 Also called the Lebesgue covering dimension is one of several different ways of defining the dimension of
the space in a topologically invariant way [11].

7 Helge Von Koch was a Swedish mathematician who gave his name to the famous fractal known as the
Koch snowflake, one of the earliest fractal curves to be described.
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4. If we apply the rules described above to the segments of iteration 2, we obtain the
following curve for iteration 3 and applying the same rule to iteration 3 gives the
curve below for iteration 4 :

Figure 3.9: Iteration 3 of a Von Koch curve

Figure 3.10: Iteration 4 of a Von Koch curve

3.2.3 Fractal properties
In this section, we look at some fractal properties that characterizes fractal shapes. In
his paper "How Long Is the Coast of Britain? Statistical Self-Similarity and Fractional
Dimension"[326], Mandelbrot8 defines some properties that characterize fractals. We are
going to define some of these properties and also consider additional properties that define
fractals.

Self-similarity

One of the main properties of fractals is self-similarity. This means that each portion of
the fractal can be considered a reduce-scale image of the whole fractal [326]. This property
equally applies to a Mandelbrot set9. To appreciate fractal self-similarity, fractals have to
be re-scaled using an anisotropic affine transformation10.

Figure 3.11: Mandelbrot Set 11

8 Benoit Mandelbrot was a Polish-born, French and American mathematician who studied fractal geometry
9 Named Mandelbrot set by Adrien Douady as tribute to Benoit Mandelbrot, represents a set of complex
number c for which the function fc(z) = z2 + c does not diverge when iterated from z = 0. It is
connected to a Julia set and related Julia set produce similarly complex fractal shapes [9].

10 In Euclidean geometry, an affine transformation, or an affinity, is a geometric transformation that
preserves lines and parallelism.
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Fractal dimension

1. Fractal dimension: Fractals are generally characterize by a fractal dimension
which is a ratio providing a statistical index of complexity comparing how detail in
a fractal pattern changes with the scale at which it is measured [10]. In other words,
it defines how complex a self-similar object is.

2. Fractal set: According to Mandelbrot is considered a fractal set, every set of E
that satisfies the relation D > DT i.e its fractal dimension is strictly greater than its
topological dimension.

Mathematically a fractal dimension is defined as: [235]:

Fractal dimension = log(Number of self similar pieces)
log(magnification factor)

For example, the Von Koch Curve we saw above will have a fractal dimension of
log(4)
log(3) = 1.26. The number of self similar pieces it obtain at the generator level by counting
the pieces at iteration 1 (we know that the number of line segments in the Koch curve is 4).
The magnification factor as each section of the generator is 1/3 of the unit length [175].

A B

C

D E

Figure 3.12: Iteration 1 of a Von Koch curve (Generator)

We can therefore conclude that, a fractal object’s complexity is directly proportional
to the fractal object’s dimension. A fractal dimension is always between 1 and 2. For
example, The Cantor Square Fractal has a fractal dimension of 1.26 and the Sierpinski
Carpet Fractal has a fractal dimension of 1.89.

Figure 3.13: Cantor Square Fractal4 Figure 3.14: Sierpinski Carpet5

4 Source : https://www.robertdickau.com/cantordust.png
5 Source : https://en.wikipedia.org/wiki/Sierpinski_carpet
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3.2.4 Fractal creation
Several techniques have being devised over the years to facilitate fractal generation. We
will describe their generation using three techniques: Repeated removal technique, Iterated
Function System and L-System (Lindenmayer).

Repeated Removal Technique (RRT)

The technique consists in the repeated removal of one or more parts of the initial shape.
This approach is very common to the rep-tile12 notion in tessellation geometry. Let’s
describe this technique via the generation of the Sierpinski Triangle [175]:

1. Iteration 0: We start with a single black filled triangle.

2. Iteration 1: Remove the middle triangle. This results in 3 black triangles surrounding
a central white triangle.

3. Iteration 2: We do the same process on the 3 remaining black triangles.

4. Iteration 3: Remove the middle triangle. Resulting in 9 smaller black triangles.

5. Iteration 4: We continue the process on the smaller black triangles resulting in 27
smaller black triangles.

6. By the firth iteration, we obtain 81 tiny black triangles. Each iteration triples the
triangles and the number of triangles can be expressed as 3n where n is the iteration
number. Geometric fractals don’t need to end we can go on with the iterations.

Figure 3.15: Sierpinski Triangle Evolution [175]

The RRT can be extended to other shapes. For example, using a square as initial
shape and cutting its recursively into 9 congruent sub-squares in 3-by-3 grid results in the
famous Sierpinski Carpet by the firth iteration. Another famous fractal form called the
Menger Sponge is indeed a cubic square Sierpinski Carpet.

Figure 3.16: Sierpinski Square Evolution6

12 Rep-tile references a shape that can be divided into smaller copies of itself.
6 Source : https://en.wikipedia.org/wiki/Sierpinski_carpet
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Iterated Function System (IFS)

Another way of generating geometric fractals is using a repeated substitution technique
called Iterated Function System(IFS). It composes of a union of several copies of itself,
each copy being transformed by a function. The Sierpinski triangle, we described above can
also be created using the IFS technique. An IFS is a finite set of contraction mappings13.
Formally, an IFS is defined as follows:

Let T1, T2, ..., Tn(n ≥ 2) be a finite collection of contraction mappings defined on a
complete metric space (X, d). Suppose that α1, α2, ..., αn be their respective contraction
factors. Then the system (X;Ti : i = 1, 2, ..., n) is called a IFS with contraction factor
α = max(α1, α2, ..., αn) [323].

More practically, a fractal can be generated from an IFS by applying its set of functions
to an initial image (a set of points in 2d space) recursively. We begin the process with a
generator image at iteration 0. For subsequent iterations, we replace each segment of the
image by the generator and rotating when necessary so it fits. For example, the following
Dragon curve generated via an IFS.

Figure 3.17: IFS Generation Of Dragon Curve

Lindemayer notation (L-System)

The Lindemayer notation was developed by a Hungarian botanist Aristid Lindenmayer in
1968 at the University of Utrecht. This grammar base system was destined to model and
stimulate plant growth patterns. The aim was to use this approach to provide a formal
description of the development of simple multi cellular organisms while illustrating the
neighborhood relationships between plant cells. The system was later extended to describe
higher plants and complex branching structures [12].

1. Composition
An L-system is defined formally by a quadruplet (V, ω, P, C)[316, 12] where:

• V is an alphabet14, used to define the valid list of symbols that can be handled.
• ω is an axiom, a non-empty word of the alphabet (ω ⊂ V +). The axiom

describes the initial state of the system (i.e at iteration 0) For example:
“F”, “FX”, “F — F — F”

13 Functions that map a set of points closer to one another.
14 An arbitrary set of symbols.
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• P is a set of production rules, each mapping a symbol to a word: P ⊂ V x
V ∗. That is, a rule is a transform that takes a symbol as parameter. The rule
are applied successively to each symbol of the axiom over and over at each
iteration. Symbols not present in P are assumed to be mapped to themselves.
For example consider the rule “A → AB”: whenever an “A” symbol is found in
the current state, it is replaced with “AB.”
• C represents constants. These are symbols that cannot be replaced. They
are usually the following: {!, [, ], +, —} and are generally used for graph-
ical instructions. We will see more details on this when we see the turtle
interpretation

2. Example
As example, let’s consider an L-System with the following composition:

• Alphabet: A, B, C
• Axiom: AC
• Rules:

(A → AB),
(B → AC),
(C → AA )

• Constants: none

The system starts with “AC” which is the axiom (iteration 0) and has three production
rules, one for A, one for B and one for C. Let’s now analyse the first four iterations:

• Iteration 0 : AC
• Iteration 1 : AB AA
• Iteration 2 : AB AC AB AB
• Iteration 3 : AB AC AB AA AB AC AB AC
• Iteration 4 : AB AC AB AA AB AC AB AB AB AC AB AA AB AC AB AA

The recursive nature of the L-system rules leads to self-similarity and thereby
fractal-like forms.

3. The Turtle Interpretation
Recursive L-systems, like the one described above, often produce intricately complex
patterns that are self-similar across multiple scales. The strings generated by L-
systems are lists of symbols and to produce a visible L-system, we use a representation
based on the Turtle Interpretation.
Imagine a turtle in a Cartesian plan to which you could issue a set of commands:
move forward, turn left, turn right, draw a line, etc.. We generally associate
a set of symbol to these commands. The following dictionary is commonly used in
Turtle representation for L-Systems [12, 470]:
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• F : Move forward (draw a line forward along the turtle’s heading).
• G : Move forward (without drawing a line).
• + : Turn left (of a certain angle α).
• − : Turn right (of a certain angle α).
• & : Pitch down (by an angle α).
• :̂ Pitch up (by an angle α).
• < : Roll left (by an angle α).
• > : Roll right (by an angle α).
• | : Turn around (by 180◦).
• [ : Push current state onto a push down stack.
• ] : Pop current state from the stack and make it current state.

4. Example using turtle interpretation
Consider the string

• F — F — F — F
• with a turning angle of 90◦

• starting facing north

This will result in the following in turtle interpretation

Figure 3.18: Turtle Interpretation for example15(string F — F — F — F with 90◦ TA)

14 The following tool can be use to emulate https://demo.hurna.io/#path=fractal/d0l_system
15 Source: https://medium.com/analytics-vidhya/generating-fractals-using-lindenmayer-systems-6214dddbe223
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Using the turtle interpretation, we can now adapt the composition of our L-system
to include instructions necessary for drawing a visual interpretation. As example,
consider the following L-system composition we will use to produce the "Koch
Triangle" seen previously:

• Alphabet: F
• Axiom: F
• Rules:

F → F+F — F+F
• Constants: none
• Turning angle: 60◦

Let us interpret this using the turtle interpretation we have just described.

• Iteration 0: Is the axiom ‘F’: Which means Draw forward
• Iteration 1: We transform ‘F’ using the production rule F→ F+F – F+F which

is interpreted as follows:
“F”: Draw forward
“+”: Turn left by 60◦

“F”: Draw forward
“–“: Turn right by 120◦ (x2)
“F”: Draw forward
“+”: Turn left by 60◦

“F”: Draw forward
• Iteration 2: We apply the production rule on each segment, the same motif is

repeated at smaller scale.
• We obtain similar curves as those above. Below is the ’Von Koch Curve’ fractal

at depth 4, but we could continue indefinitely to refine the fractal.

Figure 3.19: ’Von Koch Curve’ fractal at depth 4

Different types of L-Systems exist we used the simplest form. For more information
on the other types see [12].
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3.3 Implementation of a Fractal Menu

3.3.1 Introduction and design choices
In this section, we motivate the design choice considered for our fractal menus and we
explain its implementation in details. We developed a fractal menu that creates an adapt-
able menu by altering its layout and size. As mentioned in the introduction of this chapter,
this design will surely affect the resulting menu’s usability but we don’t go into details on
that since evaluating the resulting usability of this menu is out of scope of this thesis. But
we implement mechanism that should optimize its usability.

We define a fractal menu as a responsive adaptative multi-platform context menu that
can adapt to varying screen resolutions and where selection depends on the user’s preference
and usage. In this thesis, we proposed two designs of fractal menus namely a rectangle
and hexagonal fractal menus. Our fractal menu will be designed to be context-sensitive,
and adaptative by updating the menu to reflect the user’s preference and usage. Hence,
the menu will be user adaptable so as to increase its effectiveness, efficiency and subjective
satisfaction.

The fractal menus are designed such that they have a low fractal dimension so as
reduce the menus complexity. For example, iteration 1 of our rectangular fractal has the
following turtle interpretation:

A. Rectangular Fractal Menus : Using the turtle interpretation :

• Alphabet : FG
• Axiom : GGGG-GGGG-GGGG-GGGF
• Rules : F = G++GG+GG+GG+G+GG+G+G+GG
• Constants : none
• Turning angle : 90◦

• Starting angle : 90◦

Figure 3.20: Fractal Shape Considered For Our Rectangular Iteration 1

This gives it a fractal dimension close to 1. For subsequent iterations, each small
rectangle will be replaced by a reduced version of the global shape.
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Programming environment

For the implementation of the two fractal menus, we chose as programming language Java.
Our choice of Java as implementation language was motivated by the following reasons:

• The large online support ecosystem.

• Its multi-platform support nature.

• Our already existing familiarity with the language.

Program structure

They class diagrams for our implementation can be found in appendix B.1. Before creating
our rectangular fractal, we first designed a parser class. The aim of the parser class is to
parse a menu structure given in an XML format into an object that will be interpreted by
the fractal generator we will create. Our parser distinguishes two types of menu items
namely: final and non final menu items representing respectively a final menu item and
sub menu item. To create our fractal menu, we used recursion and the IFS technique.
Hence being able to distinguish between final and non final menu items helps us create an
exit conditions for the recursion.

XML

Menu
Structure

XML Parser
MenuItem

Object

MenuItem

Fractal
Generator

Hexagonal
Fractal Menu

Square
Fractal Menu

Menu1

subMenu3

subMenu4

subMenu1

subMenu2

subMenu

Item

subMenu

subMenusubMenu

Item

subMenu

Item3

Item

Item1

subMenu

item1 submenu

submenu item1

submenu item1

item1 submenuitem1 submenu

submenu

item1 submenu

Menu1

subMenu1 subMenu2

subMenu3 subMenu4

OPTIONS PANEL

OPTIONS PANEL

Figure 3.21: Fractal Menu Generator Summary Steps.

We created a MenuItem Object to be returned by our parser and whose structure is
given by the class diagram below. Non Final MenuItem (sub menu) contain a list of final
and/or non final MenuItem. This list is empty for final menu items. All MenuItem have a
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parent MenuItem. This will help us navigate between screens. The home page’s parent
will be itself. The other attributes are self-explanatory. Our rectangular and hexagonal
fractal menu generator will be programmed to generate the menu using this object.

Figure 3.22: Class diagram of a MenuItem

Our parser class can be described using the following pseudo code:

Algorithm 1 : Menu Structure Parser
Result: Parse menu structure into MenuItem Object
MenuItem items = new MenuItem();
foreach menuItem in List do

int id = generateId();
Color color = generateColor();
MenuItem mI = new MenuItem(id, color, menuItem.title, ...);
Add created MenuItem to corresponding parent in items;

end
return items
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Simplified Pseudo-Code of our Fractal Generator

Below we describe a simplified pseudo-code of our fractal generator.

Algorithm 2 : Generate Window with a Configuration panel and Fractal panel
Class FractalGenerator

FractalGenerator():
setFrameSettings();
setFrameDimension();
size←− initSize();
loadConfiguration(); . Load menuStruct, menuType, depth, breath, dimension, etc.
MenuItem menuItem = parseMenuStructure();
if menuType == Rectangular then

mainMenu = MenuS(menuItem, size); . MenuS is the rectangular fractal generator.
options = MenuO(); . MenuO is the configuration panel generator.
frame.add(options);
frame.add(mainMenu);

else
mainMenu = MenuH(menuItem, size); . MenuH is the hexagonal fractal generator.
options = MenuO(); . MenuO is the configuration panel generator.
options.deactivate() . Deactivate options not implemented in MenuH.
frame.add(options);
frame.add(mainMenu);

end
frame.display();

Function update():
saveConfiguration();
execute(mainMenu.getMenuItem());

End Function

Function execute(menuItem): . update display with new panel of menuItem.
loadConfiguration();
mainMenu = GeneratePanel(menuItem);
updateFrame();

End Function
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3.3.2 Rectangular Fractal V1
As described in the introduction, we first create a first fractal menu called rectangular
fractal. To maintain its fractal dimension low (reduce the menu’s complexity), we limit
the number of items per menu as well as its view depth. In this initial version, items are
limited to 4 items per view screen. According to Millers assertion [343], seven items plus
or - two was the optimum number of items an average person can process. Even though
this limit has being contested, it is still widely used in the design of human computer
interfaces [73]. In a later version, we increase this limit to a max of 6 which we believe is
an adequate value for our menu to adhere to Millers assertion. The generator is initialized
by the Fractal generator using the MenuItem from the parser and a size value based on
the screen’s resolution. The following simplified pseudo code describes its generation:

Algorithm 3 : Generate a Rectangular Fractal Panel
Class MenuS

MenuS(mi, s): . mi = MenuItem from parser, s = size based on resolution.
panelColor ←− mi.getColor();
panelText←− mi.getText();
setPanelDimension(s);
nextSize←− s/2;
if mi.isFinal() == false then

for MenuItem m in mi.getMenuItems() do
addSubPanel(MenuS(m,nextSize));

end
else

addSubPanel(MenuS(m,nextSize));
end
assembleSubPanels();
setColorAndBorderLayout();
addListeners();

Figure 3.23: Rectangular Fractal Menu V1
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Item selection

We use mouse event mainly : left-mouse click (to zoom into the clicked menu item i.e.
display its children) and right-mouse click (to zoom out of the clicked item i.e. display
its parent menu.). On a click event, we get the MenuItem of the clicked item, if its a right
mouse click and we get its parent MenuItem if its a left mouse click. The MenuItem is
loaded for display via our FractalGenerator. Depending on the device, other item selection
techniques could be considered and implemented e.g. touch selection, eye selection etc.

Algorithm 4 : MenuItemPanel listener
Function listener(event):

MenuItem chosen←− event.getSource().getMenuItem();
MenuItem parent←− chosen.getParent();
if event.isLeftMouseButton then

FractalGenerator.execute(chosen);
else

FractalGenerator.execute(parent);
End Function

Figure 3.24: Rectangular Fractal Menu V1 : Item Selection

Figure 3.25: Rectangular Fractal Menu V1 : Item Selection Steps
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Deeper items or sub-menus can be accessed by sequentially selecting the sub-menus
leading to them (as illustrated in 3.3.2). Menus or sub-menus with more than 4
items will have three of the items shown and the rest will be on a subsequent screen
accessible via the fourth menu item bloc. To access a given item say AVS in Belgium
Channels, we can proceed by sequentially choosing the parent sub-menus items leading to
it.

Figure 3.26: Rectangular Fractal Menu V1 : Selection and large submenu 1
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3.3.3 Rectangular Fractal V2
For version 2 of our rectangular fractal, we did several optimizations namely: we
reorganized the display order of menu items for better viewing experience, we increased
the max items per menu to six as a good compromise so as to adhere to Millers assertion
[343], we optimized item selection, we added an options field which could be used by the
user to tweak some properties of the fractal menu. We equally added a debug console to
display which item is selected. It’s class diagram is given in appendix B. The rectangular
fractal panel generator described in v1 was modified accordingly to incorporate these
optimizations. Each of these optimisations are described in details in the following points:
1. Reorganized the display order of menu items

We reorganized the display order of menu items to optimize the view space and for
better viewing experience.

Figure 3.27: Rectangular Fractal Menu V2

2. Increased Items per view screen
We increased the items per menu from 4 to 6, as such menu with more than 6 items
will have 5 shown and the rest accessible via the sixth menu item bloc and so on.

Figure 3.28: Rectangular Fractal Menu V2 : Increased Item Per Menu

As described in v1, deeper items can be access by sequentially selecting the sub-menu
leading to them. Increasing the maximum items per menu increases the selection
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steps for deeper items (which increases the selection time). In point 3., we present
an optimized item selection technique we implemented to reduce these selection steps
thereby reducing the selection time it induced. Taking back our example with Belgium
Channels, to access say AB4, we can proceed sequentially as follows:

Figure 3.29: Rectangular Fractal Menu V2 : Sequential Item Selection - Example 1

For a second example, say we wish to open ClubRTL, sequentially we proceed as follows:
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Figure 3.30: Rectangular Fractal Menu V2 : Sequential Item Selection - Example 2

As explained in V1, the menu shouldn’t have too many items per view screen especially
in devices with smaller resolutions. With smaller resolution screens, too much items
per view screen may render the menu unusable. Also, menus with too much items may
not adhere to Miller’s assertion [343]. We present in point 4., an option we included in
V2 to allow the user to tweak the maximum number of items per view screen.

3. Optimized Item Selection
In V2 of our rectangular fractal, deeper menu items in the viewed screen can be directly
selected or zoomed in without necessarily selecting their parent component sequentially
as we saw in V1 and point 2. For example, if we wish to select Gmail, we can proceed
in two ways : one way is sequentially which results in more steps and hence increases
selection time or we can directly click on Gmail. Deeper items whether sub-menus
or final items in the view screen can be selected and zoomed in without necessarily
sequentially selecting sub-menus leading to it. Taking back our example:

To select Gmail, sequentially we will proceed as follows:
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Figure 3.31: Rectangular Fractal Menu V2 : Sequential Item Selection - Example 3

Using the optimized item selection, we will proceed as follows:

Figure 3.32: Rectangular Fractal Menu V2 : Optimized Item Selection - Example

From the above example, we see that the optimize selection reduces the selection steps
and therefore the selection time needed to select a given menu item. Deeper menus
items may not be very readable for small resolution. We discuss in the next point, an
option we implemented so the user can limit the viewed depth.
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4. View Depth
Via the added options panel, the user can alter the view depth. By default, this view
depth is set to 3. From our experimentation, a view depth of 3 is a good compromise.
The user can alter the view depth to a minimum of 1 and a maximum 6. Depending
on the device’s resolution, some view depth may be unpractical as items at those level
wouldn’t be very visible/readable. E.g for a little 7 inch screen, items a depth greater
than 3 are not very visible and their parent component will have to be zoomed in for
them to be visible and selectable. Another point to note is that, reducing the view
depth renders unselectable items that were at a visible view depth and could have
being selected directly as described in 3. Hence with a reduced view depth, their parent
component will have to be selected first for them to be visible and selectable. Reducing
the view depth therefore induces addition selection steps which increases the selection
time. This option once applied doesn’t require rebuilding the whole menu, the user
sees the effect directly at the view level he is.

Figure 3.33: Rectangular Fractal Menu : Depth 3

Figure 3.34: Rectangular Fractal Menu : Depth 1
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Figure 3.35: Rectangular Fractal Menu : Depth 2

Figure 3.36: Rectangular Fractal Menu Depth 1 : Selection

View Breath (Items per view screen)
This option lets the user define the maximum number of menu items per view screen.
Altering the breadth also increases the depth as items removed from the view screen
due to this limitation will have to be kept in a child sub-menus of the viewed screen.
The following screen shot illustrates the result of using this option: Such as option can
be ideal in small resolutions situation where we have many menu items to display but
limited screen space. Once this option is applied, the whole menu is rebuilt to suit the
setting. For example, choosing 3 items max per menu with a view depth of 2 produces
the following fractal menu. Say, we wish to select Moneygram, we proceed as follows
using the optimized menu selection.
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Figure 3.37: Rectangular Fractal Menu V2 : View Breath Modification - Example

Using the previous settings of 6 items per view with a view depth of 2 would have
required a single step.

Figure 3.38: Rectangular Fractal Menu V2 : Breath 6 selection example

As, we can see increasing the breath (number of items per menu) increases the selection
steps which increasing the selection time. Hence, if reducing the breath is necessary,
it will induce an increase in selection time. As said previously, we propose others
techniques of reducing these selection steps in further studies.

5. The offset
Simply serves to move the title of menu items by a given number of spaces.

6. The Menu Hierarchy
For loading other menu structures.
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3.3.4 Rectangular Fractal V3
In V3 of the rectangular fractal, we added to the options panel, a configuration for the
right click. In V2 of the rectangular fractal, the right click behavior was to load the parent
menu of the viewed menu item. We notice that this was not very practical especially when
using the optimized selection. We therefore added an option that lets the user tweak the
behavior to either return to the parent menu of the viewed item or return to the previously
viewed item.

Figure 3.39: Illustration of right click configuration : Parent Menu Mode

Figure 3.40: Illustration of right click configuration : Previous Menu Mode
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3.3.5 Hexagonal Fractal
We developed a second fractal design which we called hexagonal fractal. It’s class diagram
is described in appendix B.1. In the Hexagonal fractal’s implementation, sub-menus are
limited to 3 items, and a maximum view depth of 2. The breath and offset were not
implemented for the hexagonal fractal and as a result these options can’t be modified from
the options panel.

Figure 3.41: Rectangular Fractal Menu V1

Properties

A. Item Selection : Our fractal menu design implements the sequential and optimized
item selection developed for the rectangular fractal. As with rectangular fractal,
right click and left click event are use to respectively zoom into a selected item and
out of the selected item. As illustration, say we wish to chose Word.

Figure 3.42: Hexagonal Fractal Menu : Item Selection - Example
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B. Depth Modification : For the hexagonal fractal, to maintain its simplicity, the
user can chose between a minimum depth of 1 and maximum depth of 2.
As explained in rectangular fractals, reducing the view depth increases the selection
steps and therefore time for items that could have being selected from the view
screen using the optimized selection. As example, say we wish to choose Yahoo.

Figure 3.43: Hexagonal Fractal Menu : Item Selection - Example 2

C. For the hexagonal menu, the breath (items per menu) and offset were not imple-
mented.
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3.3.6 Characteristics of fractal menus developed
In this section, we review the different characteristics of the fractal menus developed.

A. Visual Variables
The first point we look at is its design space by enumerating visual variables16 our
menu has to effectively and efficiently convey a change.

Figure 3.44: The Design Space for Graphical Adaptive Menus. [491]

• Spatial stability : Position and orientation of menu items are variable depending
on their view depth.
• Physical stability : Our fractal menu achieves partial physical stability shape

are preserved after configurations changes are applied but the size adapted to
the view depth.
• Temporal stability : Preserves its position over time while being adapted.
• Format stability : Our fractal menu achieves format stability for each view

depth.

B. The frequency of adaptation
In their study on exploring the design space for adaptive GUI, Gajos et al. [184]
found that the frequency of adaptation of a menu appears to have a large impact on
the weights people assign to the benefits of adaptability. In fact, the study found that
a slow space adaptation resulted in strongly positive results. As a good compromise,
our fractal menu applies the chosen options and adapts the menu once the user clicks
on apply. The settings are equally saved for the next session.

C. The selection time (little experiment)
In 3.4, we present a little experiment we did on the rectangular fractal to evaluate
the selection times for a list of menu items. The experiment aims at giving us an
idea of selection times in a rectangular fractal menu.

16 Based on Bertin’s semiology.
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3.4 Small experiment to evaluate selection times in
the rectangular fractal menu

3.4.1 Introduction
We experimented the selection time for our rectangular fractal for different settings of
depth and breadth. For our fractal menu, we believe the fractal design will be easier to
get familiar with thereby further reducing the search time. We considered two profile for
the experiment, our selves already familiar with the menu structure and friends who were
unfamiliar with the structure. For each experiment, we repeated the procedure 2 to 3
times for the users unfamiliar with the menu so as to see how the selection times evolved
as they got familiar with the menu.

As already mentioned, optimizing the selection time is out of the scope of this thesis.
The experiment aims at giving us an idea of selection times for such a menu. A more
elaborated and complete experimentation on usability and the selection times of the fractal
menu compared to others menu should be the subject of a further study on fractal menus.
Nevertheless, We propose in the conclusion different techniques we believe will further
optimize these selection times for fractal menus.

For this little experiment, we use the java.time API. The timer is started when the
main handler to reach the menu item is clicked and stop once the item its click.

We had three participants for our experiments. Before the experiment, we gave them a
general explanation on the fractal menus and how its functions. We then asked them to
select a given number of menu items. They selection times for these items we recorded
and logged to a file. We repeated the process 2 to 3 times for each configuration still using
the same items.

3.4.2 Experiment 1 : Using depth 3 and max 6 items per menu
For this experiment, we set the view depth to 3 and the maximum items per menu to 6.
As, a reminder this configuration produces the following fractal:

Figure 3.45: Rectangular Fractal : Depth 3 With Max 6 Items Per Menu
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The following results were obtained for this experiment using a view depth of 3 and a
maximum of 6 items:

Figure 3.46: Experiment 1 : Selection times for expert users

Figure 3.47: Experiment 1 : Average Selection times for unfamiliar users for three repetition
of the experiment

As, we can see from the selection times: for the expert users it is relatively low as we
are already familiar with the menu structure and know were each item is found. Selection
times for user unfamiliar with the menu structure is higher but reduces as he/she gets
familiar with the menu. The selection time for some items are smaller as the users easily
identify those items i.e they are familiar with them e.g., "Belfius" while unfamiliar items
like "AB1" and also deeper in the menu’s hierarchy was more difficult to locate for the
users.
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3.4.3 Experiment 2 : Using depth 1 and max 6 items per menu
For this experiment, we set the view depth to 1 and the maximum items per menu to 6.
As, a reminder this configuration produces the following fractal:

Figure 3.48: Rectangular Fractal Menu : View depth 1 and max 6 items per menus
The following results were obtained for this experiment using a view depth of 1 and a

maximum of 6 items:

Figure 3.49: Experiment 2 : Selection times for expert user

Figure 3.50: Experiment 2 : Average Selection times for unfamiliar users for two repetition
of the experiment
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From the result, we notice an increase in the selection times for most of the items. This
is because, reducing the view depth removes from the viewed screen deeper items than
could have being directly selected using the optimized item selection technique described
previously. The selection times of items here increases because, their parent component
will have to be zoomed in (clicked) in order for them to be visible and clickable.

3.4.4 Experiment 3 : Using Depth 3 and Max 3 Items per menu
For this experiment, we set the view depth to 3 and the maximum items per menu to 3.
As, a reminder this configuration produces the following fractal:

Figure 3.51: Rectangular Fractal : Depth 3 With Max 3 Items Per Menu

The following results were obtained for this experiment using a view depth 3 and max
3 items per menu:

Figure 3.52: Rectangular Fractal selection times for unfamiliar user.

The increase in selection time here is explained due to the fact that reducing the max
number of items per view screen puts additional items in a deeper view screen which
increases their selection time.
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3.4.5 Experiment 4 : Using Depth 1 and Max 3 Items per menu
For this experiment, we set the view depth to 1 and the maximum items per menu to 3.
As, a reminder this configuration produces the following fractal:

Figure 3.53: Rectangular Fractal : Depth 1 With Max 3 Items Per Menu

The following results were obtained for this experiment using a view depth 1 and max
3 items per menu:

Figure 3.54: Rectangular Fractal selection times for unfamiliar user

Once more here, the reduced view depth and items per menu increases the selection
times. These times are ameliorated as the user gets familiar with the menu.
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3.5 Conclusion on the Fractal Menu
This is section, we developed two fractal menus namely a rectangular and hexagonal fractal.
The developed fractal menus have the following benefits :

A. Varying resolution: Our fractal menus are designed to be suitable for varying
screen resolution. Via the different options of depth and breath they can be configured
to be suitable for a given screen size. For bigger screens, the view depth can be
increased such than deeper items can be directly selected through the optimized
item selection. For smaller screens, the view depth can be decreased and items per
menu reduced to make the menu more usable on these screens.

B. Some optimizations: Our fractal’s menu is design to do a little optimization of the
selection time for menu item through their low fractal dimension which makes the
menu less complex and menu item easier to identifier and also due to the configurable
layout options such as increasing the items per view and increasing the view depth
to directly access deeper items.

Our fractal menus still have some aspects which can be ameliorated or implemented :
A. We can further optimize the selection time for items in the menu by implementing

some prediction strategies. For example, most frequently used items that are deeper
in the menu can be brought some levels closer to further reduce their selection time
especially in smaller screen constraints.

B. Some other interesting fractal shapes can be considered which may present betters
properties in terms of space management and item selection.

C. Testing our menu on varying screen sizes and evaluating their resulting usability
would very important to better evaluate and fix possible short comings of the
implemented fractal menus.

D. Increasing the max items per menu or reducing it below 4 items per menu in our
fractal menus results in resizing the icons to create space for additional view items.
This results in all icons in all the view screen our of fractal menu having the same
size whether the viewed screen has less icons or not. An amelioration will be to resize
the icons per view such that, views will less icons than the max items per menu can
have their icons size a little bigger. A better space optimization techniques should
therefore be implemented such that space is optimize on a per view basis. We could
also implement auto-configurations based on the resolution.

Figure 3.55: Rectangular Fractal : View Breath Modification Optimization Suggestion
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Chapter 4

Development of a Bilinear Menu

Based on the SLR conducted in Chapter 2 , this chapter develops a second original multi-
platform graphical adaptive menu, i.e., the bilinear menu, based on geometric deformation.
The background and the motivations for introducing this menu are first discussed. Then,
we provide our definition of this menu and explain its design options which guide the
implementation. Finally, an individual evaluation highlights benefits and shortcomings in
a local conclusion. In the next chapter we will conduct a conjoint analysis of graphical
adaptive menus.

4.1 Definition
We define the bilinear menu as a menu that uses distortion techniques to alter some aspect
of the menu in order to provide a better view and access to a desired menu item.

4.2 Historical Background
The first attempts of using distortion in menu viewing and exploration was by Spence and
Apperley’s Bifocal Display [32] and Furnas’ Generalized Fisheye Views [182]. Researchers
and menu designers developed new algorithmic solutions of distortion techniques based on
these origins, some of well-known examples are: Sarkar and Brown’s Graphical Fisheyes
[426] and [425], which expand upon Furnas’ approach creating spatial reorganizations of
visual representations; Hyperbolic Display [289], which uses mathematical function to
create detail-in-context presentations; Perspective Wall [321], and Document Lens [414],
which uses 3D perspective projection to create detail-in-context presentations; and Elastic
Presentation [112], which also uses 3D projection.
High-precision magnification lenses also has been investigated in [33] and [405] but it is
independent of the background and it does not take into account what type of contents it
should emphasize with a very generic behavior and the zoomed area will take most of the
screen space. To combine the ability to enhance the desired area without losing the data
that are outside the focusing area due to the lack of screen space, the fisheye has been
developed to achieves that. One of the most recent Fisheye Menus designs [70], applies
a traditional fisheye graphical visualization techniques to linear menus, that provides an
efficient mechanism to select items from long menus. In this design all of the elements are
always displayed in a single window that is completely visible but it is known to present
some limitations mainly:-
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The deformation is only vertical and unidimensional. The fisheye deformation is concave
and continuous zones before and after the currently being displayed item are decreasing
equally, therefore preventing from having different deformations above the menu item
and below the menu item. The deformation is applied on textual menu items only by
increasing/decreasing the size font depending on where the cursor is. Finally it cannot
handle menu items with icons, shortcuts, or gestures since the fisheye deformation is only
applicable to the textual items. Several researchers have investigated methods to eliminate
these limitations but most solutions proposed trad-offs in their design to solve one or more
limitations, therefore the need has been raised to design an innovated menu that address
all these limitations in one single design.

4.3 Motivations for a Bilinear Menu
From our SLR we realised that menu designers are focusing on solving problems related
to three factors:

A. Human Factor : This factor involves erroneous selections due to the size of the
selecting area being small, or because of difficulties moving the cursor in sharp corners
[477] which leads to sub-menus appearing and disappearing. Another human factor
is the age [398] which can lead to seeing difficulties and unpleasing user experience
by spending too much time in visual search through the menu items.

B. Device’s Design Factor : This factor involves the platform, screen size, the input
method, and the number of the device functionalities, all of this may lead to rich
interface and long menu lists. Some researchers tried to overcome some of these
challenges like :

• Icon-Scenario Based Animated Menus [276] to overcome the limitation of screen
size in some small devices. This method provides a preview for an icon that
took most of the screen size yet the visibility enhanced for one icon by taking
most of the screen size for the preview and not leaving any space left for more
icons.
• Another solutions focused on the ability of the menus to becomes adaptive to

the user usage like Bubbling Menus [477]. This menu eliminate the possibility
of selecting an item from a drop-down menu by mistake and highlights the most
used items thereby reducing the visual search time for the desired item. But
again there are some limitation in the design : the number of items in single
drop-down menu remains limited and for deep hierarchical menu list the user
will have to move between several sub-menus to reach the desired item.

C. Shape and Layout Factor : This factor is related to the menu shape and layout
overview. Researchers and designers tried to manipulate the shape of the menus and
layouts to enhanced the menu usability on the expense of the classical look of the
menus. That’s was a disadvantage for the new users since they need some time to
practice and understand the new layouts of the menu. We designed our menu to
maintain the classical shape and layout, therefore we use visualization techniques
only.
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4.4 Bilinear Menus’s Requirements
The idea of bilinear menus is to enable the user to interactively change the perspective on
the data [471] very much in the sense of what Bertin [77] said:

‘A graphic is not “drawn” once and for all; it is “constructed” and reconstructed un-
til it reveals all the relationships constituted by the interplay of the data. The best graphic
operations are those carried out by the decision-maker himself.’

Jacques Bertin, was the first to develop the concept of visual variables in his book,
"Semiologie Graphique," [249]. Bertin identified seven main categories of visual variables:
position, size, shape, value, color, orientation, and texture, these seven Bertin’s origi-
nal variables illustrated in 4.1 have been modified and expanded in number by various
cartographers and authors.

Figure 4.1: Visual Variables

Position

The position of map elements is important in cartography. Absolute location on a map
cannot be altered, but the position of labels and information can affect the viewer’s
perception of a map.

Size

The size of a label or symbol is how much space it occupies on a map. Size differences are
relatively easy to recognize, making it a useful variable. The size of symbols can convey
information, such as a quantitative amount of something, or can be used to attract a
viewer’s attention i.e., raising it in the Visual hierarchy. Because geographical features
have an actual size on the earth, this cannot always be controlled, and sometimes works
against the wishes of a cartographer. For example, it can be difficult to make a world map
in which Russia does not stand out.
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Shape

A shape is a simple design that is used to symbolize an attribute on a map. They reference
a location with a certain attribute. Different shapes generally correspond with different
attributes. For example if a map of a city has a red cross on it then, most people will
assume that there is some sort of medical services provided at that location. Another
example would be a star on the map that denotes that a particular location is of some
importance to the reader. Some shapes are simple in nature and thus are more abstract,
while other shapes are more pictorial and are easy for the reader to comprehend what is
trying to be conveyed. Shapes come in many different varieties and should be used in
simple symbology as not to confuse the viewer. Generally, shapes are also easily recognized
in contrast with one another. Some aspects of shape are inherent to the phenomenon
being portrayed and may not be easily manipulable, especially in line and region symbols,
such as the shape of a road or a country. In line and region symbols, shape can also play
a role as part of a pattern, such as a region filled with tree icons.

Color

Color is the visual perceptual property corresponding in humans to the categories called
red, green, blue, and others. Humans generally perceive three aspects of color: hue (the
commonly-named colors of the rainbow), saturation (the intensity or brightness of a color),
and value (the lightness or darkness of a color). Choropleth maps often use color value to
differentiate between characteristics that are being mapped.

Value

As an aspect of color, value refers to how light or dark an object appears on a map. Value
effectively conveys a feeling of "more" and "less," an ordinal measure; this makes it a very
useful form of symbology in thematic maps, especially choropleth maps. Value contributes
strongly to Visual hierarchy; elements that contrast most with the value of the background
tend to stand out most (e.g., black on a white sheet of paper, white on a black computer
screen).

Orientation

Orientation refers to the direction labels and symbols are facing on a map. Although it is
not used as often as many of the other visual variables, it can be useful for communicating
information about the real-world orientation of features. Common examples include wind
direction and the direction in which a spring flows.

Texture

Texture refers to the aggregate pattern made up of many individual symbols. For example,
a dense network of lines representing streets could collectively convey the concept urban
area. An evenly spaced lattice of green dots could mean orchard, while a random distribu-
tion of the same green dots could mean forest.

Hence to preserve the variables in a typical standard menu we made design choices
to implement the bilinear menu using viewing techniques that are subject to a bilinear
transform of the zone containing the menu item. Which it is basically a dynamic process
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for distorting one region depending on the position of the cursor. When the cursor is over
a pull-down menu, the region surrounding the menu item is subject to maximal distortion
(based on a degree of interest), but the surrounding regions are also subject to different
distortions so as to preserve continuity of viewing between the distorted zone (the menu
item) and the rest of the interface (the surrounding zones).

4.5 Inspiration From Photography
The definition of the bilinear menu explain the use of the distortion and viewing techniques
to provide a better view and there is no better domain to take an inspirations from than
photography. In photography radial distortions are very common because every lens is
suffering from distortion (both cheap and high-end lenses). This is due to the physics
of light no lens can give a perfect photo that is distortion free. Some photographers use
distortion as a way to produce certain photos with natural effect like the fisheye lenses
that can produce a barrel distortion for example see figure 4.2.

Figure 4.2: Photo taken by a fisheye lens.7

Note that this type of distortion is considered an optical distortion since a special
type of lens is needed to produce it. We also have not optical radial distortion obtained
by using normal lens with some photographic positioning techniques to produce it, an
example for this type is the prospective distortion as illustrated in figure 4.3.

From the figure we noticed that the left part of the car looks disproportionately bigger.
The left light seems twice as big than the one on the right, although they are the same
size. The car is occupying the majority of the frame and everything in the background
looks relatively small.

Photographers can also produce random distortions effects by harnessing the environ-
ments to his advantage an example of random non-uniform radial distortion is shown in
figure 4.4.
7 Photo by Anuj Gogari https://loadedlandscapes.com/reviews-best-fisheye-lenses-canon/
8 Photo courtesy of Nasim Mansurov from https://photographylife.com/what-is-distortion
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Figure 4.3: Perspective Distortion photo 8

Figure 4.4: Wine glasses create Radial non-uniform distortion of their background.9

We will discuss these distortions techniques in details and implement it to create our
innovative menu.

4.5.1 Distortion Techniques
In this section we will be discussing the radial distortion techniques used in our bilinear
menu and the implementation of DOI (degree of interest) function in these techniques.

4.5.2 Radial Distortion Techniques
Distortion can be irregular or follow many patterns, the most commonly encountered
distortions are radially symmetric, arising from the symmetry of a photographic lens.
9 Photo courtesy of Atoma https://en.wikipedia.org/wiki/Distortion_(optics)#/media/File:

Uniformity.jpg
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Hence this is an optical distortion which it is a result of the optical design of lenses.
These radial distortions can usually be classified as Barrel Distortion or pincushion
distortion or mustache distortion as illustrated in figure 4.5, There is a visual similarity
between barrel and mustache distortion thus, it is hard to distinguish the difference between
these two distortions types unless the distortion degree was sever, hence we chose to focus
on the barrel distortion since it is easier to implement and provide better visual. The
pincushion distortion does not serve our desired requirements since its tend to make the
targeted menu item looks smaller and farther in fact it is the opposite of barrel distortion
see figure 4.5.

Figure 4.5: Illustration of radial distortion models

4.5.3 Barrel Distortion
In barrel distortion, image magnification decreases with distance from the optical axis.
The apparent effect is that of an image which has been mapped around a sphere (or barrel).
Fisheye lenses for example utilize this type of distortion as a way to map an infinitely
wide object plane into a finite image area. Barrel distortion appears in the middle of the
lens and is worst at the wide-angle end of the lens, an example is shown in figure 4.6 of a
photo taken by a camera using fisheye lens to produce barrel distortion effect.

Figure 4.6: Barrel distortion photo taken by a fisheye lens for Lena10

As illustrated, we notice that the center of the image is distorted in a degree (depends
on the type of lens that has been used) resulting in a relatively zoomed/enhanced image
compared to the original one.
10 Photo taken from www.the-pro-photographer.com/how-to-find-the-perfect-portrait-lens-to-avoid-distortion
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Barrel Distortion Formula

Inspired by [205] we can have a barrel distortion in computer vision by applying this
formula :-

ru = rd(1 +DOI ∗ r2
d)

as ru is calculated as : ru =
√
x2

u + y2
u

where ru and rd are the distance from the centre of distortion in the undistorted
and distorted images respectively as shown in Figure 4.7 and DOI is the distortion
parameter, which it is our degree of interest.

DOI of Barrel Distortion

The degree of interest (DOI) must be in range of 4/27 to 3. Where 3 will gives a sever
distortion results and anything below 4/27 will give a pincushion distortion which is not
desirable in our case as we already explained.

Figure 4.7: Illustration of barrel distortion parameter, (a) the original data,(b) the distorted
data

4.5.4 Perspective Distortion
Perspective distortion is another type of distortion that is often seen in images as illustrated
in figure 4.8. Unlike optical distortions, it has nothing to do with lens optics and thus, it
is not optical. When projecting three dimensional space into a two dimensional image, if
the subject is too close to the camera, it can appear relatively large or distorted when
compared to the objects in the background.
This is a very normal occurrence and something you can easily see with your own eyes. If
were sitting in front of a laptop and you look at your hand, then bring your hand very
close to your eyes, it will appear large relatively to the laptop in the background (and the
farther your hand is from your laptop, the smaller the laptop will appear relative to your
hand). The same effect happens when photographing any subject. For example see figure
4.3.
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Figure 4.8: Illustration of Perspective distortion model

Perspective Distortion Formula

Inspired by [27] we can have perspective distortion by using Homography Transform by
applying this formula :-


x′

y′

w

 =


h11 h12 h13

h21 h22 h23

h31 h32 h33

 =


x

y

1

 −→

x′

y′

w

 =


1 0 0
0 1 0
h31 h32 1

 =


x

y

1


We need to change the image coordinates from two dimensions to three dimensions by

adding w where w = 1 and h31, h32, h33 is equal to 0, 0, 1 respectively.
If we changed h31 value the image will have a perspective on the y axis and if we change
the value of h32 the image will have a perspective on the x axis, note that if we put these
parameters equal to zero the resulted image will be distortion free.
After converting to the homogeneous form we proceed by applying these formulas:

x′ = h11x+ h12y + h13

y′ = h21x+ h22y + h23

w′ = h31x+ h32y + h33

finally we convert our new coordinates to be two dimensional again and calculate the new
values:

x′′ = x′

w
= h11x+ h12y + h13

h31x+ h32y + h33

y′′ = y′

w
= h21x+ h22y + h23

h31x+ h32y + h33

where x” and y” is our new perspective x,y-coordinates.

DOI of The Perspective Distortion

The DOI here is the scaling factor of our distortion. We can control it by changing h31 or
h32 which can take a positive or negative value depending on the desired direction of the
distortion. The values of these parameters should be between -0.0099 and 0.0099.
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4.6 Implementation of a Bilinear Menu
In this section we are going to describes the area of interest (AOI) then we describe the
methods and the techniques that has been used to implement the bilinear menu.

4.6.1 Area of Interest
The area of interest abbreviated as (AOI) is the most important part of our bilinear menu
implementation. We are going to describe it in details to provide a good overview.

Definition

The AOI is a lightweight tool acting like an Interactive Lenses for Visualization [471] to
solve a localized visualization problem by temporarily altering a selected part of the visual
representation of the data.

Interactive Lenses for Visualization

As Tominski described in [471], lens techniques are lightweight on-demand tools, illustrated
in figure 4.9, a lens is a parameterizable selection according to which a base visualization
is altered. Typically, a lens is added to a visualization interactively to solve a specific
localized problem. A key characteristic is that the lens effect (i.e.,. the modification of
the visualization) is transient, that is, the visualization returns to its original state once
the lens is dismissed.

Figure 4.9: Schematic depiction of an interactive lens 11

In order to actually implement such an approximation we decided to choose a rectangular
shape lens to define our (AOI) since most of the shapes in the user interfaces and menus
are rectangular, to achieves that we need to define the height (h) and width (w) of our
rectangle as our lens bounds, these parameters can be changed according to the user
customization. With our rectangular parameters defined, we can now raster1 all the data
within the rectangle and then process it with our algorithm.

As illustrated in figure 4.10 the green dots are the area of interest coordinates and the
red dot is our target point (i.e., pixel we want to process). In computer visions when we
want to enlarge or do any kind of transformation for an image that required scaling we
11 Figure taken from[471]
1 Raster graphics, also called bitmap graphics, a type of digital image that uses tiny rectangular pixels,

or picture elements, arranged in a grid formation to represent an image.
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Figure 4.10: illustration of area of interest

have to perform an interpolation to achieve that.

In more details our AOI is a 3x3 rectangular grid on the target plane, the central cell of
the grid is a scaled-up image of a rectangle on the source plane which is the focus area, the
ratio of this scaling is the DOI. All 8 other areas are distorted with a bilinear interpolation
so that the four outer sides of the 3x3 grid are not distorted, and the neighboring cells are
seamlessly aligned. The positions of the grid and the focus area depend on which type of
distortion is used.

4.6.2 Interpolation
In this section, we will define interpolation, interpolation forms and how we used it to
make our bilinear menu.

4.6.3 Definition
In the mathematical field of numerical analysis, interpolation is a type of estimation, a
method of constructing new data points within the range of a discrete set of known data
points [445].

In engineering and science, one often has a number of data points, obtained by sampling
or experimentation, which represent the values of a function for a limited number of values
of the independent variable. It is often required to interpolate(i.e., estimate the value of
that function for an intermediate value of the independent variable), hence it is used in
computer vision for the computation of pixel color values between the pixels that already
exist.
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4.6.4 Image Interpolation Methods
There are three methods of interpolation :- the nearest neighbour method [214], Bilinear In-
terpolation Method [204] and bicubic method [186]. The neighbour method is the simplest
one to implement but the result images where with obvious pixelation-edges that break
up curves into steps or jagged edges see 4.11(b), on the other hand the bilinear method
is delivers more visually satisfying results comparing to the nearest neighbour method
see 4.11(c). The bilinear interpolation reduces pixelation by filtering the surrounding
pixels and smooth out the jagged edges giving the image a smoother look. The bilinear
method is based on the color values from only the four surrounding pixels. These pixels
are sampled to provide the color value for the new pixel added during interpolation. The
contrast between the jagged edges produced by the nearest neighbor method is reduced
because of averaging neighboring values together [214].
The bicubic method 4.11(d) takes a step further in interpolation by taking the sixteen
pixels around each individual pixel and analysing these pixels to use it for interpolation.
We found that bicubic is resources consuming due to a larger calculations so we chose the
bilinear method as our interpolation method since it delivers an acceptable image result
and a relatively smoother performance.

Figure 4.11: (a) original image of lena, (b) nearest neighbour method, (c) bilinear method,
(d) bicubic method

4.6.5 Bilinear Interpolation Method
In mathematics, bilinear interpolation is an extension of linear interpolation for interpolat-
ing functions of two variables (e.g., x and y) on a rectilinear 2D grid. Bilinear interpolation
is performed using linear interpolation first in one direction, and then again in the other
direction. Although each step is linear in the sampled values and in the position, the
interpolation as a whole is not linear but rather quadratic in the sample location. Bilinear
interpolation is one of the basic re-sampling techniques in computer vision and image
processing, where it is also called bilinear filtering or bilinear texture mapping.
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Bilinear Interpolation Algorithm

To illustrate the bilinear interpolation algorithm, suppose that we want to find the value
of the unknown function f(Q) at the point (x, y).
It is assumed that we know the value of f(Q) at the four points Q11 = (x1, y1), Q12 =
(x1, y2), Q21 = (x2, y1), and Q22 = (x2, y2), you can consult figure 4.10 and imagine
these green dots are our f(Q) points.

We used another formula for the bilinear interpolation (longer version), you can find it
in the appendix C but you can have the same result by using this alternative formula.
The solution to the interpolation problem is :

f(x, y) ≈ b11f(Q11) + b12(Q12) + b21f(Q21) + b22f(Q22)

where the coefficients are found by solving :

The implementation of the formula delivered a slow performance due to the high
number of calculations, since for each pixel of the target image, we calculate the x,y
coordinates of the intended pixel on the original image, but these can be floats, they
represent a point somewhere between 2x2 neighboring pixels. The trick that made it
work much faster is that we do rounding conversion to integers then we do the bilinear
interpolation.

4.6.6 System Design and Life Cycle
When the bilinear menu generator get executed, the first thing will do is read the data
underling the mouse pointer within the area of interest and put it in a buffer continuously.
These buffered data taken from the area of interest which subjected to the predefined
parameters by the user. The system monitor will observe the mouse pointer, it will create
a new empty buffer and trigger the data interpolation if the pointer where pointing at a
menu item. Then the interpolated data will be sent to the distortion function to generate
the desired effect corresponded to the predefined DOI.
All these processed data will be held in the second buffer then will be sent to the draw
function to draw it in the new window, in another case if the mouse pointer is pointing to
anything but a menu it will draw the same image in the new window without interpolation
and distortion.
The reason for creating new window is for preserving the data of the original pixel from
being modified, a system flow diagram is illustrated in figure 4.12.
The system monitor not only manages the triggering of the interpolation and distortion
but also it is handling the mouse movements in the new window to mimic the original
mouse in the original window perfectly.
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Figure 4.12: System diagram

4.7 Bilinear Menu’s design option
In this section, we describe the distortion effects and techniques that has been implemented
in the bilinear menu and the design.

4.7.1 Introduction
Bilinear menu consists of two types of effects that has been derived from the barrel and
perspective distortions effects.

4.7.2 The First Technique
The first technique is a combination of Barrel Distortion technique and a Perspective
Distortion technique see figure 4.13. The highlighted area with blue dots is the area where
the two distortions are combined and it is our area of focus that contains the targeted
item or items.
The first technique is illustrated in figure 4.14. As illustrated in the figure the image got
distorted and the targeted menu item CNN in our case now looks closer and bigger and
the next item got distorted relatively too. When the mouse pointer leaves the menu and
hovers over anything else, the menu is restored to it’s original appearance as shown in (a).

4.7.3 The Second Technique
The second technique combines two Perspective Distortion, one starting from the top and
another from the bottom of the frame. Both meeting in the center which will be our area
of focus, at that point (the center). Before the two perspective distortion meet each other
they both halt and preview a normal view like a normal zoomed image.

The size of the meeting area is variable according to the users desires so he can choose
the number of items that can be enhanced every time he moves the mouse pointer on the
menu.

68



Figure 4.13: Illustration for the usage of barrel and perspective distortions

Figure 4.14: Bilinear Menu First Technique in Action

The degree of the perspective distortion will be modified according to our DOI, the
meeting points of the two perspectives will focus on the targeted item or items to enhance
the visibility within the menus and facilitate the item selection. See figure 4.15, note that
the blue dots in the figure represent the meeting area.

For better visualization of the second technique see figure 4.16 the bilinear menu in
action.

As illustrated in the figure the image got distorted and the targeted menu item CNN
in our case now looks closer and bigger.
Note that, if you compare the result with first technique you will not notice a big difference
at glance but if you look closer you will notice that the menu title remains the same when
compared with the original menu and that is not the case in the first technique. Another
difference is that the bottom part got distorted equally as the upper part of the image
and that’s also not the same as the first technique. Finally as the first technique, if the
mouse pointer leave the menu and hover over anything else the menu will be restored to
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Figure 4.15: Illustration of The Double Perspective Distortion Model

Figure 4.16: Bilinear Menu First Technique in Action

its original view as shown in (a).

4.7.4 Algorithm of Bilinear Menu
The algorithm of the bilinear menu generator is quite complex since it uses two buffers,
two screens, and does many mathematical calculations, we tried our best to represent it in
a way to have a general overview for the program by describing the main functions.
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Algorithm 5 Bilinear Menu
Result: Distort The Image
initialization;
target color (〈x,y〉) = source color (position on source plane(〈x,y〉))
position on source plane (〈x,y〉) =
if left side < x < the zoomed left and top side < y < zoomed top then

bilinear(〈x,y〉), x goes left side to zoomed left, y goes top side to zoomed top, corners are
〈left side,top side〉,〈zoomed left,top side〉,〈left side,zoomed top〉,〈original left,original
top〉;

end
if zoomed left < x < zoomed right and top side < y < zoomed top then

bilinear(〈x,y〉, x goes left side to zoomed left, y goes top side to zoomed top, corners are
〈zoomed left, top side〉,〈zoomed right, top side〉, 〈original left, original top〉 〈original
right, original top〉)

end
if top right then

bilinear(〈x,y〉, ... if center left then
bilinear(〈x,y〉, ...

end
if center center then

bilinear(〈x,y〉, ...
end
if center right then

bilinear(〈x,y〉, ...
end
if bottom left then

bilinear(〈x,y〉, ...
end
if bottom center then

bilinear(〈x,y〉, ...
end
if bottom right then

bilinear(〈x,y〉, ...
end

else
〈x,y〉

end
source color(〈x,y〉) =
if both x and y are round numbers then

screen color(〈x,y〉)
else

bilinear(〈x,y〉, x goes bxc to dxe, y goes byc to dye, corners are
screen color(〈bxc , dye〉), screen color(〈dxe), dye〉), screen color(〈bxc , dye〉)
, screen color(〈dxe , dye〉))end
bilinear(〈x,y〉, x goes x0 to x1, y goes y0 to y1, corners are v00, v10, v01, v11) =
(v11*(x-x0)*(y-y0) + v01*(x1-x)*(y-y0) + v10*(x-x0)*(y1-y) + v00*(y-y0)*(y-y1)) /
(x1-x0)*(y1-y0)
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4.8 Bilinear Menu Development
In this section we illustrate the development of the bilinear menu version by version.

4.8.1 Introduction
The first attempt to implement the bilinear menu were with HTML, JavaScript and JQuery
since it was used intensively with menu designs, but we found out that its not possible
in the time we wrote this thesis to manipulate menu items inside canvas. There are few
hacks and workarounds but were unpractical and will not gives the desired results. Then
we switched to java since it is a mature language with flexibility, we developed it using
eclipse IDE tool.

4.8.2 BilinearMenu v1.0
In the first version we implemented The First Technique only, with changeable parameters
such as height and width of area of interest and DOI for the barrel distortion. The
performance was fast since the image interpolation is simple due to the use of the nearest
neighbour interpolation method but generate poor quality images with obvious pixelation-
edges.
The implementation was simple, the mouse pointer hover over any thing and the image
will get distorted see figure 4.17 and 4.18.

Figure 4.17: The Original Image Figure 4.18: The Distorted Image

The three changeable parameters in the bottom of figure 4.18 can be controlled by the
user to change the distortion level and the size of the area of interest.

4.8.3 BilinearMenu v2.0
The second version was aiming to improve the first version by adding a demo menu
within the program so the demonstration become easier and improve the image quality
by implementing the Bilinear Interpolation Method instead of the nearest neighbour
interpolation method. The images becomes much more enhanced and smooth but the
overall performance degraded significantly due to the large number of continues calculations
caused by the bilinear method.
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Figure 4.19: The Original Image Figure 4.20: The Distorted Image

The figure 4.19 show the demo window before getting distorted in figure 4.20.

4.8.4 BilinearMenu v3.0
The third version was targeting the performance. We successfully enhanced the performance
of the program to become much more responsive, by rounding the variables to integers
instead of floats numbers. This made the calculations relatively faster.
We made some improvements in the source code like fixing some bugs related to the area
of interest.
We added a new important feature that made the program detect what is under the mouse
pointer. One way to activate the distortion is by clicking on the menu, the reason for that
to make the distortion works only when it is needed see figure 4.21 and 4.22.

Figure 4.21: (a) The Menu Before
Clicking.

Figure 4.22: (b) The Menu Dis-
torted After Clicking.

Another way to trigger the distortion effect is when the mouse pointer is hovering
above a menu items otherwise the distortion will deactivate when the mouse leaves the
menu list area and it will show a normal view without any enhancement or effects see
figures 4.23, 4.24, 4.25 and 4.26.
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Figure 4.23: (a) The Mouse
Pointer Outside The Menu Area.

Figure 4.24: (b) The Mouse
Pointer Pointing on a Menu Item.

Figure 4.25: (a) The Mouse
Pointer Outside The Menu Area.

Figure 4.26: (b) The Mouse
Pointer Pointing on a Menu Item.

4.8.5 BilinearMenu v4.0
In the fourth version we added the second technique to the program, with the ability to
choose one of the two distortions techniques from the panel, we did some modifications
to the variables of the second distortion we replaced the height and width of AOI with
"number of items", which it is can be changed between 1 to 4 see figures 4.28, 4.30 and
4.31 for illustration the item selection.
In this figure 4.28 we chose to enhance one item each time, hence the menu item CNN is
enhanced and focused in the middle, the next menu item Africa24 got enhanced relatively
compared to the other items, note that only the next item is enhanced not the item before
CNN which it is BBC, the reason for this is that since the user already pass it then he will
be interested more likely in the next item more than the ones he already saw or ignore.

The second technique is relatively faster and more responsive than the first one due to
less calculations, and we made some optimizations helped in that matter, the height of
the AOI in the second distortion become constant and its relevant to the number of items
that has been selected. The width of AOI is the width of the menu.
The AOI is aligned to the actually open menu and the mouse cursor, the horizontal center
of AOI is the horizontal center of the menu, the vertical center of AOI is the mouse cursor’s
Y position, the left and right edge of the 3x3 grid is the left and right side of the source
plane, the size of the central cell is the size of AOI multiplied by the DOI, the center point
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of the central cell is the same as the center point of the AOI, the top and bottom edge of
the 3x3 grid is the top and bottom of the menu.
We also made some changes to the first distortion we replaced the height with "number
of items" since it will provide easier handling for the panel and for the resulted distorted
images.

Figure 4.27: (a) The Original
Menu

Figure 4.28: (b) The Menu Dis-
torted

Figure 4.29: (a) The Original
Menu

Figure 4.30: (b) The Mouse
Pointer Pointing on a Menu Item.

Figure 4.31: (a) The Original
Menu

Figure 4.32: (b) The Mouse
Pointer Pointing on a Menu Item.

75



Figure 4.33: (a) The Original
Menu

Figure 4.34: (b) The Mouse
Pointer Pointing on a Menu Item.

4.9 Conclusion on The Bilinear Menu
The bilinear menu lays the foundation for a great origin for a lot of possible enhancements
for menu visuals and menu selection. It is designed to be cross platform and with possibility
to be experimented on wearable devices like smart glasses since these kind of devices
come with small screen size and low processing powers due to the small design of such
devices, our latest version of the bilinear menu require less calculations and that will lead
to less resources consuming. The design is very easy to use no need for practicing and
demonstration to the new users.

The two developed distortion techniques delivers a great way to visualize the menu
and facilitate the menu selection with selectable options, comparing it to earlier menu
types our results showing a better looking that enhance and shorting the visual search
time and easier selection from other menus see figure 4.35.

Figure 4.35: Comparison With Another Type of Menus

There is a very interesting design currently under development zoomablebook which
provides a zoomable text book that can contain a big amount of data in one page and the
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user can zoom to the desired section. The more the user zooms the more data he sees.
Its similar to google maps overviews, but with the advantage of having text, photos and
videos.

We found that the closest related work to our menu is by (Agarwal, B and Stuerzlinger,
Wolfgang) [17], in his work he present WidgetLens, a novel adaptive widget magnification
system, which improves access to and interaction with graphical user interfaces, see 4.36
for illustrations the widgetlens.

Figure 4.36: Illustrations The Widgetlens1 12

As illustrated the widget lens is acting like a zooming lens enhancing some parts of
the selected data, the widget worked well by enhancing the desired text but the rest of
the text got covered. By looking at the figure you can noticed that the enhanced part
consumes more screen space to the expense of the rest of the text. Finally, there is no
connection between the enhanced text and the original one which is not the case with our
bilinear menu see figure 4.35. You can noticed that in the two techniques we enhanced the
selected menu items without losing the space of the screen and not at the expense of other
menu items.
Another Illustrations of the widget lens in figure 4.37.

Again the word "Documents" is enhanced but its covering another menu items, which it is
not the case in the bilinear menu.

But our implementation is far from being perfect and suffers from some issues:

When the bilinear menu generator is launched, its splits the screen in two, one for
the original image and the second one is for the distorted image. The reason for this
is because we wanted to prevent the data from the original screen get bloated by the
distorted data, that’s will lead to unwanted distortion. But by doing some tests we suc-
cessfully fixed it on the OS side. We tested our implementation on Linux since its a more
12 Figure taken from [17]
13 Figure from [17]
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Figure 4.37: Illustrations The Widget lens 13

controllable OS and we managed to fix the two screen issue. We also tested our implemen-
tation on some windows versions we found that it is not possible to control the screens in
some versions like windows 10 but on the other hand we successfully did it on windows vista.

In general the bilinear menu delivers an original menu that is easy to use and with
enhanced interface that has enhancement opportunities for future work.
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Chapter 5

A Conjoint Analysis of Graphical
Adaptive Menus

The fractal menu developed in Chapter 3 and the bilinear menu developed in Chapter 4
were new innovative menu interaction techniques we implemented. In this chapter, we
conduct a conjoint analysis of existing graphical adaptive menus and in a local conclusion,
we compare the results with ours implemented menus.

5.1 Introduction to the Conjoint Analysis
As pointed out in the Systematic Literature Review in Chapter 2, there are many graphical
menus in general. This set is so large that it is almost impossible to compare them all on
the same basis. An ideal comparison between these menus would consist on implementing
them in a consistent framework and ask a large amount of participants to use all of them
through extensive experiments determining the best selection time, the best error rate,
etc. Since this ideal comparison is an utopia, we chose to conduct a conjoint analysis for
determining the visual preference of graphical adaptive menus only by participants.

The conjoint analysis [200] is a survey-based statistical technique for determining
how participants would value different attributes (e.g., a feature, a function, a behavior)
of different stimuli to identify the best ones. For instance, a conjoint analysis could be
conducted to ask participants which advertisement they prefer from a visual point of view.
This technique is largely used in marketing, sociology, etc.

In order to conduct a conjoint analysis of existing graphical adaptive menus, we will
rely on AB4Web [497], an online software that performs a particular form of conjoint
analysis where participants’ responses to questions are used in order to compute preference
measures. Each participant is presented with a series of paired tests (i.e., with two options,
left and right), and selects which one is the most preferred. When there is no preference,
a draw is applicable. Each time a participant clicks on a variant or on the “It’s a draw”
push button, AB4Web records these selections and computes two measures:

A. The Number of Presentations (NumPresentations) represents the total
amount of times that a particular menu is included in a complete testing and,
thus, presented to participants. If a particular menu is randomly selected 10 times
in 15 paired tests, then NumPresentations is simply 10.

B. The Preference Percentage (PreferencePercentage) represents the ratio
between the number of times that a particular menu was preferred by participants
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during a complete testing and . In the previous example, if a particular menu was
preferred by participants for 10 times over other menus in 15 paired tests, then
PreferencePercentage is 10/15 = 66.6%. Inversely, the dislike percentage is
(15− 10)/15 = 33.3%.

5.2 A Review of Existing Graphical Adaptive Menus
Graphical Adaptive Menus (GAMs) are those graphical menus that exhibit some adaptive
behavior with respect to the context of use (user, device, environment). As for any
adaptivity, there are some potential benefits such as an increased performance [201], but
also disadvantages such as a varying menu [294]. For example, the selection time could
be reduced in a hierarchical menu [387] or on a small screen [295]. Spatial instability is
provoked when the initial menu is dynamically changed [184], thus potentially confusing
the end user. Various graphical adaptive menus exist that partially satisfy this property.
This section reviews work related to GAMs in chronological order [490]. Fig. 5.1 presents
an overview of most of the menus discussed in this section.

Static menus are considered as the initial non-adaptive versions of the graphical
menus, as we can find them in classical interactive applications. The menu is static in that
all items are determined at design-time and physically implemented in the user interface

Probability-based menus [451] sort menu items in decreasing order of their proba-
bility of selection: the more likely a menu item is to be selected, the higher it appears in
the list of items. The probability can be computed in various ways, including by machine
learning techniques based on frequency, recency, etc. [195].

Frequency-based menus [346] sort menu items in decreasing order of their selection
frequency, depending on the end user’s actions. There are several manifestations of the
frequency depending how it can be computed at run-time. For example, theK-Menu [299]
enables the end user to select a menu item by typing its keyword in a search field: the
system then presents to the user the most frequent menu items based on this keyword.
The G-Menu [495] does the same job by gesture instead of by typing: the end user
draws the first letters of any menu item on the screen surface (e.g.,, of a smartphone or
a tablet, anywhere on screen) and the system responds by presenting the most frequent
items corresponding. The T-Menu does the same job by touching and the GK-Menu
performs item selection both by keyboard and gesture [495].

Split menus [432] combine a prediction window (an area with a small list of items,
typically 2-3) and a static menu. Menu items are initially presented by probability or
frequency, or any combination of them. Any menu item appears in either the static part
or in the predicted window, which may confuse users who constantly oscillate between
the two areas to find their item. The split menu was implemented for three conditions
[165]: static (top four items remain static), adaptable (top four items can be moved up
and down by end users), and adaptive (top four items are predicted according to user’s
recently and frequently used items). Static menus were found more efficient than both
adaptable and adaptive menus, but adaptable menus were favored in terms of satisfaction.

Split menus with replication [184] address the problem of split menus: the predic-
tion window remains as stated before but the second part remains unaltered, thus enabling
end users to always refer to the static menu as they know it. This part never changes.
When this second part contains an important amount of items, it could become reduced
and scrollable either via a scroll bar (split menu with scroll bar) or with an arrow bar
(split menu with arrow bar) [69].
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Smart menus [251] initially display the most commonly selected items and all the
available items by clicking on the arrow at the bottom of the smart menu to expand it.
Smart menus track how often an end user invokes each item, in order to predict frequently
used and recently used menu items. Smart menus provide beginners with a starting guided
path toward learning a new user interface.

Gapped menus [169] restore the spatial stability to smart menus. Gapped menus
present the static menu with only predicted items, leaving a blank space as a gap for
unpredicted items. Clicking on the arrow at the bottom of the gapped menu displays the
entire static menu.

Bolding menus [387] present menus with frequent items in bold font. Since there
is only one level of bolding, a menu item is either presented in bold if frequent or not if
infrequent. There is no middle.

Highlighting menus [387] highlight frequent menu items. For example, Gajos et al.
[184] highlight predicted items by colouring their background in pink, whic is called a
pinked menu. A study analyzed the effect of menu size on user satisfaction of five menus
with different highlighting [23]:

• An adaptable menu where participants could move up and down predicted items;

• An adaptive double split menu divided into a section applying a frequency-based
scheme, a section apply a recently-used scheme, and the unpredicted items;

• An adaptive/adaptable bolding menu where participants could move predicted items
up and down after 50 selections;

• An adaptive/adaptable minimized menu, which is a smart menu divided into a
section by frequency, a section by recency, and the rest of items to be displayed on
demand with a moving facility; and a mixed-initiative menu [234], which is a bolding
menu letting the participant to choose between frequency and recency. Indeed, te
most frequent items are not necessarily the most recent, and vice versa.

In small menus, the minimized condition was the most preferred menus, followed by
the adaptable, and bolding menus. The adaptive split and mixed-initiative menus were
the least preferred menus. In large menus, the mixed-initiative was the most preferred,
followed by the minimized menu; the adaptable menu was the least preferred followed by
the adaptive split menu.

Square Menus [20] re-layout menu items into squares to enlarge their selection area
for better performance. They propose the Search, Decision, and Pointing (SDP) model
to improve the pointing performance, especially for experts. It is a promising solution
compared to traditional linear menus and to pie menus.

Morphing menus [129] change the font size of each menu item depending on its
prediction: the more important the menu item is, the larger its font size becomes. While
morphing menus preserve the ordering of items, they facilitate selecting accurately-predicted
items, but complexify selecting items with low or inaccurate prediction. Like for square
menus, it is expected that the item selection is made faster when the activation area is
enlarged. The enlarged activation area and zero delays improve item selection by up to
29% in comparison to traditional methods. However, cascading menus are not an easy
way to deal with hierarchies on tiny screens, they need motor abilities.
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Figure 5.1: Repertoire of menus investigated.
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Adaptive Activation-Area Menus (AAMUs) [465] are a form of adaptive morphing
menus where the activation area for predicted items is dynamically resized for menu
navigation. AAMUs, whether they are used in isolation or combined with Force-field
menus [20], outperformed the static menu.

Bubbling menus [476] are pull-down menus where frequently used items are selected
by directly jumping to them one by one. The bubble cursor dynamically changes its
size as the cursor moves and selects the target within the closest distance. Directional
mouse-gesture techniques accelerate reaching predicted items.

Fish-eye menus [69] display menu items with a font size that increases or decreases
depending on the distance with respect to cursor position: the closer the item is from the
cursor, the larger its font size becomes. Similarly to AAMUs [465] and Bubbling menus
[476], they are able to increase the activation area of any item.

Hyperbolic menus [290] exploit a Focus+Context technique for displaying large
hierarchies of menus and sub-menus. It displays several hierarchy levels at once according
to a hyperbolic tree which minimizes screen usage. When a particular node of the
hyperbolic menu is activated, the items of its sub-menu are expanded and arranged in
a hyperbolic way. Selecting any item in this sub-menu collapses the former node and
expands a new one, and so forth.

Temporal menus [295] display menu items in two stages: at opening, only predicted
items, and after a delay of 170 ms, non-predicted items appear. This menu maintains
spatial stability, thus helping the end user to maintain a mental model of the menu.

Ephemeral menus [168] is an adaptive temporal menu where the gradual onset was
used in order to display non-predicted items. At opening the menu, user finds predicted
items and after a delay of 500ms remaining items appear gradually. Lee and Yoon [295]
examined a dynamic menu, where important items appear immediately when a menu is
opened (abrupt onset) and those outside of the subset appear after a delay.

In-Context Disappearing (ICD) [?] have another display scheme: at opening the
static menu, the end user finds a superposition of the full list of items with the prediction
window. This window contains 2-3 items, like in the split menu, and disappears gradually.
The presentation of predicted items in the prediction window remains homogeneous, thus
preserving spatial stability.

Out-of-Context Disappearing (OCD) approach is the inverse [?]: at opening, the
prediction window is immediately displayed with the predicted items, like in a split menu;
after 500 msec [168], the complete menu is gradually displayed from the back, thus replacing
the prediction window.

Evanescent menus [?] are GAMs where the prediction window is superimposed to
the static menu and then progressively made transparent to reveal the entire menu.

Step-by-Step Menus [88] display at each level of the hierarchy the prediction window
and offers to select the menu item leading to the next level of the target path that is the
most likely to be selected.

Shortcut Menus [?] display the target item in a prediction window at the root level
of the hierarchy. A comparison between two GAMs, i.e., shortcut menus [?] vs. step-
by-step menus [88], shows that the hierarchical navigation in smartphones is improved:
step-by-step menus preserve the consistency with the static menu through level-by-level
navigation to reach the predicted item. Shortcut menus directly moves the end user to
the predicted item in its very right location, thus reducing if not eliminating the effort for
navigating in the menu hierarchy.
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Figure 5.2: Repertoire of menus: other menus.

Polymodal Menus [91] are graphical adaptive menus in which any menu item can be
selected graphically (by pointing), vocally (by voice recognition), tactilely (by touching),
gesturally (by issuing a gesture representing the menu), or any combination of them.
Predicted menus are rendered by graphical or vocal prediction window.

Cloud Menus [489, 490] are an adaptive split menu where the predicted items are
arranged in a word cloud with a location consistent with their corresponding position in
the static menu and a font size depending on their prediction level. Cloud menus reduce
item selection time and error rate when prediction is correct without penalizing it when
prediction is incorrect, compared to two baselines: a non-adaptive static menu and an
adaptive linear menu.

Dual-motion Menus [89] are adaptive split menus that constantly and dynamically
performs adaptivity by promoting the most predicted item and demoting the least predicted
item either in the menu itself or in a separated prediction window, depending on the
need for spatial stability. A promoted item which is no longer subject to any selection
progressively becomes demoted and vice versa, therefore inducing a dual motion of items.
Promotion and demotion are therefore the underlying mechanisms.

Flower menus [52] extend marking menus with opportunity to draw straight lines
or curved ones into the eight cardinal directions of a compass, which can optionally be
terminated by bended, cusped, and pig-tail endings.

Wavelet Menus [177] promote with a circular and linear layout, while Leaf Menus
[419] are optimized for item accessibility.

Bouquet Menus [105] consist of a marking menu offering flicks and marks from an
origin towards the directions of the eights octants of a cube, thus generalizing the Flower
Menu [52] into three dimensions.

Stacked half-pie menus [226] display menu items as circles in half pie on a tabletop
surface. This interaction technique tends to make this design unlimited in terms of menu
depth and breadth while still maintaining the initial form of the menu. This menu is
limited for small screen devices like smartphones where there is not enough space on the

84



screen. In addition, the navigation in the pie menu may be a constraint for novice users.
PocketMenu [395] exploited the idea of changing the modality for menu selection:

menu items are laid out along the border of the touch smartphone within the hand comfort
zone, tactile features guide the hierarchical navigation, a vibro-tactile feedback with speech
allows identifying the items non-visually. This interaction technique is particularly useful
for end users with visual disabilities.

We now review GAMs according to their Bertin’s visual variable [490].

5.2.1 Position-Changing Menus
GAMs where the position of predicted items changes depending on their prediction are
the primary form of adaptivity namely in probability-based menus [451], frequency-based
menus [346], split menus with replication [184] or without [432] as their most representative
examples. These menus are criticized for endangering their spatial stability, which may
confuse end users with perpetually changing positions, thus preventing them from building
a permanent mental model based on their layout. Split menus with replication partially
escape from this drawback: the end user may first check whether the desired item belongs
to the prediction window and, if not, browse the normal menu. The static part is position-
invariant whereas the prediction window is not. Other suggested forms of position-changing
menus are (Fig. 5.3a): the pushpin menu (a split menu where predicted items can
become permanently placed by locking them with a pushpin) and the time-based menu
(a multi-split menu where predicted items are sorted in chronological time). This induces
a new category of split menus where different portions could contain different split areas
according to different prediction scheme: single split, double split (as in Fig. 5.1), or
multi-split menu. Later in this exploration, other families of variable-changing menu will
inevitably affect the position and thus the spatial stability: menus with layout and/or
a selection area modified by the prediction. Adaptive activation-area menus [465] are
representative as they change the selection area depending on the prediction of each item.
Similarly, morphing menus [129] or square menus [20], enlarge this zone by resizing it as a
rectangle or a square.

5.2.2 Orientation-Changing Menus
Any technique changing the orientation of predicted items falls in this category. A typical
example concerns hyperbolic menus [290], which are not a graphical adaptive menu per se.
But the visualization technique can expand sub-trees unveiling predicted items and collapse
sub-trees containing unpredicted items. Since items are distributed along a hyperbola,
their orientation changes as the tree is expanded or collapsed. This visual variable has
never been subject to any investigation as far as we know, although it has some potential
to be further examined. For instance, label orientation, i.e., horizontal, vertical, angular,
could be considered for emphasizing a predicted item, especially in cloud menus [489].
When a localized menu is adapted according to the end user’s culture and language,
items can be flipped automatically [267] between a Left-to-Right (LTR) format as used
in Western cultures and a Right-To-Left (RTL) format as used in Arabian languages, or
from Top-To-Bottom (TTB) to Bottom-To-Top (BTT), thus giving rise to a flippable
menu. Similarly to twisting icons [396], twisting menus briefly change the orientation
of predicted items by twisting them with respect to the horizontal, while in rotating
menus, predicted items are subject to a 360◦ rotation. The speed and the frequency to
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Figure 5.3: Menus classified by visual variable: position-changing (a) or orientation-
changing (b).
be used for these animations are yet to be determined, although we know that the speed
should last more or less 500 msec and the frequency should not repeat the same animation
too many times in order not to induce any boredom.

5.2.3 Size-Changing Menus
Four types of actions can modify the menu size: modifying the selection area (such as in
morphing menus [129]), adding another menu part (such as in split menus with replication
[184], adding another user interface element for shortcutting the menu hierarchy (such as
in shortcut menus [?], and translating/localizing their labels (e.g., translating an English
item produces a longer item in French and even longer in German). Size can be further
decomposed into four sub-variables depending on how many dimensions are considered:
line (for a one-dimensional change), surface (for a two-dimensional change), multi-surface
(for a 2D1/2 change when a surface is projected onto another one), and volume (for a
three-dimensional change). The pulsing menu (Fig. 5.4a), inspired by the pulsing icons
[396], pulse forward predicted items, thus changing their size until they return to their
initial state. Pulsing is perceived less intrusively than strong animations found in a rotating
menu.
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Figure 5.4: Menus by visual variable: size-changing (a) and shape-changing (b).

5.2.4 Shape-Changing Menus
While the rectangle remains the predominant shape for menus, other shapes have been
considered, but not necessarily for adaptivity. For instance, square menus [20] delineate
a rectangular area for each menu item appearing in a squared menu to improve item
selection. Radial menus [313] present menu items according to a (semi-)circular layout,
showing that for different breadths and depths, they can be superior to their equivalent
cascading menu counterpart. What has not been investigated so far for adaptive menu are
shape-changing menus: depending on the amount of predicted items and the prediction
scheme, the menu could gracefully evolve from one shape to another that is more suitable
for displaying the items as they are: circle, oval, square, rectangle, pentagon, hexagon,
heptagon, octagon, parallelogram, trapezium, etc. Some of these shapes have been
particularly exploited for gesture-based menus. Shape-changing menus should be possible
to highlight predicted items when hovering for instance: the shape of the menu bar would
change from a square to a somewhat rounded shape or other shape when you hover over
them, thus revealing items only on demand. The menu shape is also affected when the
prediction window is moved onto a separate area, which makes it more distinguishable
by end users [508], as in split menus with replication [184]. This prediction area is itself
subject to shape-changing: line (e.g., for expressing the frequency of a menu item in
frequency-by-line menus), histogram, square, rectangle, circle as in cloud menus. Fig. 5.4b
suggests three shapes to convey the likelihood of predicted items: a bar superimposed
to the item in the prediction-by-bar menu, a bar juxtaposed to the item with a scale
such as a histogram in the prediction-by-scale menu, or a rating scale in the rating
menu. The last two menus considerably increase the menu width.

5.2.5 Value-Changing Menus
Any user interface highlighting technique can be applied to predicted items in value-
changing menus: bold, italics, underscores, boxes, capitalization, single or double quotation
marks, alternate fonts, emphasis techniques in computer text, or any combination of the
preceding. Color is considered in the next family. Highlighting menus [31] highlight
predicted items by contrast, which is viable since up to three levels of contrast are
usually distinguishable by end users. Bolding menus [31] apply a bold font to predicted
items. These two menus were introduced for a comparison with split menus, adaptable
menus, and traditional menus on a desktop [165]. This study showed that the adaptable
menu outperformed the other menus in terms of overall performance and subjective
satisfaction. The split menu was estimated sub-optimal, especially when the predicted
frequency changed. The bolding menu was not significantly better than when working
with variations in the traditional menus, but was preferred by end users since less sensitive

87



MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

Glowing menu

Blurring menu

ItemA

Transparency menu

MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

Underlying menu

MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

Font‐changing
menu

MenuItem1
MenuItem2
MenuItem3 
MenuItem4
MenuItem5
MenuItem6 
MenuItem7

ItemA

Boxing menu

MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

Italicizing menu

MenuItem1
MenuItem2
MenuItem3
MenuItem4
MenuItem5
MenuItem6
MenuItem7

ItemA

Greyscaling menu

Blinking menu Rainbow menu

ItemA

MenuItem1
MenuItem2
MenuItem3 
MenuItem4

MenuItem5
MenuItem6 
MenuItem7

ItemA

MenuItem1
MenuItem2
MenuItem3 
MenuItem4

MenuItem5
MenuItem6 
MenuItem7

ItemA

MenuItem1
MenuItem2

MenuItem4

MenuItem5

MenuItem7

MenuItem3 

MenuItem6 

ItemA

MenuItem1
MenuItem2
MenuItem3 
MenuItem4

MenuItem5
MenuItem6 
MenuItem7

ItemA

MenuItem1
MenuItem2
MenuItem3 
MenuItem4

MenuItem5
MenuItem6 
MenuItem7

ItemA

MenuItem1
MenuItem2

MenuItem4

MenuItem5

MenuItem7

MenuItem3 

MenuItem6 
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Figure 5.6: Menus by visual variable: color-changing (a) and texture-changing (b).

to the variations of prediction that its counterparts. Fig. 5.5 suggests several forms of
value-chaining menus: the greyscaling menu where items are greyscaled depending on
their prediction (the more greyscaled, the less predicted), the italicizing menu where
predicted items are formatted in italics, the underlying menu where labels of predicted
items are underlined, the boxing menu where predicted items are surrounded by a
visual frame, or the font-changing menu, where a different font is used for representing
predicted items as opposed to unpredicted ones. This technique heavily depends on the
font legibility (e.g., sans-serif fonts are more legible on screen than serif fonts) and their
recognizability (some popular fonts can be recognized but not all). Many other visual
effects could be envisioned but their effectiveness and efficiency is not demonstrated yet:
unpredicted items could be subject to a transparency stencil in a transparency menu,
blurred in a blurring menu, subject to blinking with a small rate in a blinking menu,
animated with a rainbow in a rainbow menu, or glowing to make them more salient in a
glowing menu as in Phosphor Widgets [63].

5.2.6 Color-Changing Menus
Color-changing menus [396] were proposed in order to reduce visual search time: frequently
used items are highlighted by changing their background or foreground (font) color or
both. The study compared color menus to fish-eye menus [69]: on smartphones, color
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menus require a lot of concentration from the user, especially when predicted item is
located at the bottom of the screen. The user must scroll the window to see the item. For
instance, a prediction-by-color menu (Fig. 5.6a) would display all items with a color
code associated to the prediction level, while in a prediction-by-rainbow menu, menu
items would be sorted and displayed according to a rainbow color scheme. We suggest
that a heatmap menu color its items in a heatmap depending on their frequency of use.
Contrarily to split menus where frequent menu items are first presented or to morphing
menus where frequent items are enlarged, heatmap menus do not change their layout. The
perception of the heat map may induce some usability problems, since rainbow scales are
not always correctly interpreted. Heatmap menus could be presented in two ways: the
heatmap shows all dots generated by interaction on a menu item (e.g., a mouse click, a
finger touch, an eye saccade captured by an eye tracker), or on the entire item region by
aggregating the dots and attribute them to the menu item that actually generated them..
Since visual variables are independent of each other, more than one variable could be used
to reinforce the adaptivity when critical. For instance, a prediction-by-color menu sorts
items in decreasing order of prediction rendered on a rainbow scale: both position and
color are altered. A fish-eye colored menu plays mainly with size (since the size of
items depends on the cursor position), but also with position because the change of size
implies a change of absolute position, but not a change in the item ordering.

5.2.7 Texture-Changing Menus
A textured menu results from applying any change of the texture of predicted and/or
unpredicted items without changing the rest of its format. Patina [331] dynamically creates
a heatmap depicting how frequently a user interface element, such as a menu item or an
icon, is used. The Patina is overlaid to the initial user interface, for instance a toolbar,
an icon palette. This inspires a patined menu, where menu items are overlaid with a
transparency texture depicting their usage: the more predicted, the more visible. Instead
of progressively hiding unpredicted items, which may prevent end users from appropriately
locating them, we can also introduce a weared menu, which change their texture based
on their usage frequency and recency.

5.2.8 Motion-Changing Menus
Although the time dimension expresses a fourth sub-variable of position (i.e., add t after
x, y, and z), time is typically involved in the motion variable, especially in information
visualization. Motion could be even further decomposed into sub-variables, such as:
direction, speed, frequency, rhythm, flicker, trails, and style. Transposing temporal menu
to smartphone is not obvious because all items cannot be displayed on a single screen.
Any predicted item located on the subsequent screens requires a cognitive effort to explore
the whole set of items. All menu types relying on animation of predicted items fall in this
category: ephemeral menus, In-Context Disappearing menus, Out-of-Context Disappearing
menus, Evanescent menus.
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5.2.9 Fractal menus
A fractal menu is a responsive adaptative multi-platform context menu where items are
organized to increase its effectiveness and efficiency and where selection depends on the
user’s preference and usage.

Figure 5.7: Rectangular and Hexagonal Fractal Menus

Fractal menus implement optimized selection techniques to directly select deeper items,
configurations to modify the menu’s view depth or breath(items) per view screen.

Figure 5.8: Rectangular Fractal Menu Depth Modification

Figure 5.9: Rectangular Fractal Menu Breath Modification
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5.2.10 Bilinear menus
Representing enlarged and enhanced view for the item or items on which the mouse is
pointing. The menu stays original but the rendering is changed. The menu is restored
to its original view if the mouse pointer leaves the activation area. The techniques uses
configurable values the user can change to suit his needs like the dimensions of the
activation area or the number of items enhanced per render.

Figure 5.10: Bilinear menus

5.3 A Preliminary Conjoint Analysis
To get a first idea of how end users appreciate GAMs, a conjoint analysis is conducted
to determine their preference. Preference is often compared to performance [365]: end
users sometimes prefer user interfaces that are not necessarily performant and they also
become efficient with user interfaces they are not satisfied with. In the previous section,
49 GAMs were identified. Unlike other research experiments, we did not choose to present
one menu at a time and asking each participant to evaluate it separately: such a repetitive
task would lead to participant’s fatigue. Instead, we chose to conduct a conjoint analysis
with several advantages: participants do not need to remember the assessment given to
previous menus; this avoids inconsistent and conflicting results; the assessment is simplified
by avoiding each participant to evaluate different measures for each menu; instead of
evaluating qualitative measures on a Likert scale and/or quantitative measures for one
menu at a time, the participants are presented with a pair of two GAMs to be compared.

5.3.1 Method
Apparatus

We used AB4Web [490] where two GAMs were randomly selected in a pair from the pool
of 49 menus and presented individually to the user so as to select by clicking on the most
preferred one from a visual viewpoint. For every positive selection, one point is given to
the global score of the menu. If the participant is undecided, there is the possibility to click
on the “It is a draw” push button, no point is assigned and two new menus are further
presented. Since the pool comprises 49 graphical adaptive menus, a complete comparison
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would generate 492 = 2, 401 menu pairs to be compared per participant, which is of course
prohibitive. Therefore, for each participant, the system randomly generates 50 menu pairs.
In order to prevent responses biases, the menus are also displayed in a random order and
each menu pair is verified as being unique per participant to avoid any duplicate.

Stimuli

For each of the 49 graphical adaptive menus in the pool, a high resolution GIF image
was created depicting the menu’s behavior based on Figs. 5.1, 5.2, 5.3, and 5.6. For
each menu involving some visual effect such as an animation, an animated GIF file was
produced respecting the guidelines issued, such as 170 msec for the temporal menu [295],
500 msec for the ephemeral menu [168]. For new menus, similar timing was chosen and
the animation was repeated in a loop.

Procedure

The conjoint analysis requested each respondent to compare 50 randomly generated pairs
of menus and select the most preferred. No time constraint was imposed to participants.
Each experiment takes approximately ten minutes.

Participants

Participants were recruited from a mailing list maintained at Université catholique de
Louvain. No compensation was offered to volunteers. The experiment took place remotely
via the AB4Web system with the fifty menu pairs. Before starting the experiment, the
participants were asked to provide some personal information for statistics such as year
of birth, gender. Eighty-seven participants conducted the experiment from nine different
countries speaking different languages (e.g., English, French, German, Dutch, Spanish,
Portuguese, Romanian, Arabian). 166 persons participated to this conjoint analysis. Thus,
the amount of data generated by this experiment is 166 participants × 50 menu pairs =
8,300 samples.

5.3.2 Results and Discussion
Table 5.1, continued in Table 5.2, reproduces the two measures for all 49 GAMs sorted
in decreasing order of their preference percentage. Fig. 5.11 graphically depicts the
distribution of these GAMS in decreasing order of their preference percentage with the
number of presentations in parentheses. From these tables and graphic, we make the
following observations:

• The greyscaling menu is the winner of the conjoint analysis with a maximal preference
percentage of 77%, which means that this menu was preferred by participants in 77%
of cases when compared to all other 48 menus in the pool. This menu was very much
appreciated because the way it highlights predicted items is the simplest one and the
most stable: greying unpredicted items and keeping predicted items in normal font.

• The rotating menu is the looser of the conjoint analysis with a minimal percentage
of 9%, which means that this menus was disliked by participants in almost 91% of
the cases compared to all other 48 menus in the pool. This menu was very much
depreciated because it highlights items in the most “violent” way, i.e., by rotating
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Ranking GAM NumPresent. PreferencePer.
1 Greyscaling menu 190 77%
2 Transparency menu 242 72%
3 Highlighting menu 215 70%
4 Rating menu 228 68%
5 Underlying menu 218 64%
6 Pushpin menu 208 63%
7 Fish-eye menu 203 59%
8 Boxing menu 193 59%
9 Bolding menu 186 55%

10 Split menu with replication 211 55%
11 Morphing menu 221 53%
12 Prediction-by-bar menu 214 50%
13 Smart menu 219 49%
14 Patined menu 199 49%
15 Frequency-based menu 190 49%
16 Probability-based menu 213 48%
17 Prediction-by-line menu 199 48%
18 Font-changing menu 213 47%
19 Blurring menu 212 46%
20 Split menu with scroll bar 198 42%
21 Split menu without replication 192 42%
22 Glowing menu 223 42%
23 Bubbling menu 208 41%
24 Pulsing menu 207 40%
25 Prediction-by-scale menu 178 39%
26 Fish-eye colored menu 220 39%
27 Blinking menu 215 39%
28 Ephemeral menu 195 38%
29 Time-based menu 204 38%
30 Cloud menu 206 37%
31 Step-by-step menu 207 35%
32 Rainbow menu 228 35%
33 Split menu with arrow bar 217 33%
34 Twisting menu 192 32%
35 In-context disappearing menu 234 32%
36 Temporal menu 228 32%
37 Square menu 202 31%
38 Italicizing menu 223 30%
39 Out-context disappearing menu 205 29%
40 Tree menu 220 27%

Table 5.1: Results of the conjoint analysis: menus in decreasing order of their preference
percentage (1/2).

93



predicted items, thus making them them difficult to read and too much salient with
respect to others.

• Since GAMs were randomly selected in each pair, they were not presented in an
equal way over the whole experiment. Indeed, the number of presentations is
varying (M=208.2, Md=208, SD=14.10), although AB4Web attempts to balance
the distribution while guaranteeing that any participant is presented with a pair of
GAMs only once (no repetition).

• Only twelve GAMs were preferred by participants with a percentage above or equal
to 50%, which represents a fourth (12

49=24.49%) of the entire pool. This suggests
that most other GAMs are not preferred for at least one reason. Fig. 5.11 really
conveys the point where the dislike percentage exceeds the preference percentage, at
the level of “‘Prediction-by-bar menu” (#12). The preference percentage is generally
low (M=41.57%, Md=39%, SD=14.82%) and rapidly decreases after this threshold.

• If we admit a threshold of 30% instead of 50%, then 39 GAMs belong to this
confidence interval, finishing with the “Italicizing menu” (#39). This represents
roughly 80% of the GAM pool.

• The six most preferred graphical adaptive menus all preserve spatial stability, being
both position-invariant and orientation-invariant. The fish-eye menu (#7) is the
first one appearing in the list with position variance. If we exclude this fish-eye
menu,then we can go until the split with replication menu (#10), which somewhat
preserves the same stability. Many other menus with spatial stability are also in the
top list. This indicates a strong preference for spatial stability.

• These fourteen first menus mostly play with value-changing capabilities. Out of
these fourteen menus, the rating menu (#4) and the pushpin menu (#6) are the only
two instances introducing a shape-changing (with the rating bar and the pushpin,
respectively) while the fish-eye (#7) and the morphing menu (#11) are the only
one with size-changing after them. This reveals a preference for menus which also
preserve physical stability, with shape and size after.

• Surprisingly, the patined menu (#14) is the first occurrence of a texture-changing
menu, long before any other of the same category (e.g., the weared menu appears at
the #38 place).

• In the category of motion-changing menus, the smart menu (#13) is well placed
contrarily to previously expressed criticism [251]. But this menu is mostly a two-state
menu and is the first one below the 50% barrier with a preference of 49%. Among
all genuine motion-changing menus, the ephemeral menu is the great winner (#28),
followed by the cloud menu (#30). Other members of this category come long after:
ICD (#35), temporal menus (#36), OCD (#39), and evanescent menus (#44) and
with low preference percentages. ICD seems to be preferred over its inverse technique,
i.e., OCD, because the motion produces an appearance in the already existing menu,
which is more appreciated than making the predicted items standing out first, and
then making the context appearing.

• Color-changing menus are not appreciated at all, not because participants do not
like or perceive colours, but because they cannot attach any interpretation. The
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Ranking GAM NumPresent. PreferencePer.
41 Heatmap menu 190 27%
42 Polymodal menu 181 27%
43 Weared menu 226 26%
44 Evanescent menu 201 26%
45 Prediction-by-color menu 212 25%
46 Prediction-by-rainbow menu 199 23%
47 Hyperbolic menu 218 22%
48 Flower menu 191 18%
49 Rotating menu 199 9%

Table 5.2: Results of the conjoint analysis: menus in decreasing order of their preference
percentage (2/2).

first instance is the prediction-by-line menu (#17), probably because the color is
supplemented by the bar length indicating the prediction. In other menus, the color
coding scheme is not favored not because people cannot differentiate colors (studies
show that the human being is capable of distinguishing up to 9 colors without any
trouble), but because they cannot easily associate the color to a value, even in the
prediction-by-rainbow menu (#46) or in the heatmap menu (#41). These color
coding schemes seem to be more appropriate for visualization (e.g., to show how
frequent items are globally) than for selecting items.

• After the split menu with replication (#10), the cloud menu (#30) is the first GAM
instance with a separate prediction window, as opposed to a close one, as in split
with replication (#10), which is related to the observation that people prefer a
prediction close to their focus of interest [508].

• Menus with unusual shapes are ranked low, such as the square menu (#37), the tree
menu (#44), the hyperbolic menu (#47), adn the flower menu (#48). This suggests
that shape-changing menus as a first attempt to convey adaptivity is not very much
appreciated at least visually. In the experiment, participants only saw the behavior
of the menu, but did not navigate through them, thus limiting their perception of
potential advantages, such as easy browsing on a small screen.
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Chapter 6

Final Conclusion

In this thesis, we did a SLR in Chapter 2 to assess existing adaptive menus selection
techniques and motivate the creation of our two innovative menu selection techniques.
In chapter 3, we presented a first multi-platform innovative menu selection technique we
created which we called fractal menus, we motivated its design, described its implemented
and evaluated some of its characteristics. In a local conclusion, we described its advantages,
limitation and possible improvements. In chapter 4, we presented a second innovative
menu selection technique we created with its design motivated, its implementation and
evaluation described. In chapter 5, we presented a conjoint analysis of existing graphical
adaptive menus and the results of an online study that was performed.

6.1 Benefits and Shortcomings
In this section, we recall the different benefits and shortcoming of our SLR, the innovative
menu selection techniques we created and conjoint analysis we performed for this thesis.

SLR

The systematic literature review 2 helped us gather information on existing menu interac-
tion techniques and what is being investigated or ameliorated and helped us motivate the
creation of our innovative menu selection techniques.

Its main shortcomings was that, we did not perform a full classification of the collected
papers. But all the material has being collected and is available in our online collection
for such a classification which can be the basis for a further work.

Fractal Menu

The Fractal menu design we implemented proposed a new multi-platform menu interaction
technique adaptable for varying screen resolution and which is user adaptable. Its design
not only facilitates its deployment on varying resolution but its effectiveness and efficiency
can equally be optimize through configurable aspects such as the menu’s breath and depth.

For its shortcomings, we did not conduct a usability study with an experiment con-
trolling various independent variables like shape, layout, depth, breath for varying screen
resolution and platforms. We did not develop other fractal shapes that could have being
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interesting for fractal menus. We did not perform a complete efficiency experiment of the
fractal menus to evaluate selection times and compare it to those of others menus.

Bilinear Menus

For the bilinear menus, the main advantages the bilinear menu propose was a new menu
viewing technique that is adaptable for varying screen resolutions and which can be tweaked
to suit the users likes and needs. The bilinear menu enhance the visibility of the menu
contents and narrow the possibility for clicking on undesired item by mistake.

For its shortcomings :

• We did not conduct any usability study with an experiment controlling various
independent variables like shape, layout.

• The bilinear menu have the screen splitting issue which its not controllable on all
operation systems.

• The image quality is not superb because we favored performance over quality.

Conjoint Analysis

Our conjoint analysis helped us evaluate users preference with respect to various adaptative
menu designs. One if its limitation is that, due to time constraint we did not include our
two developed menus in the study.

6.2 Future work
For the SLR, a full classification of our collection should be done. For our fractal and
bilinear menus, a usability study should be done to evaluate the menus effectiveness
and efficiency on varying screen resolutions and plate-forms. They study should equally
compare their effectiveness and efficiency to those of other menus forms to highlight their
advantages and disadvantages. For the menus efficiency evaluation, the study should lay
emphasis on evaluation item selection times especially for the fractal menus and these
times should be compared with those of other menus.

For the fractal menu in particular, additional techniques should be implemented to
ameliorate the selection times of item : e.g., rearranging the menu items in terms of their
frequency of use as is the case in frequency base menus. This rearrangement should be
such than most frequently used items shouldn’t be deeper in the menu structure. Also,
additional fractal menus forms should be implemented and evaluated.

For the bilinear menu a new distortions techniques could be implement relatively
easily since the interpolation methods have already being implemented. Improving the
performance and the rendering of the results can also be the basis for a future work.

Another conjoint analysis including our developed method should be performed.
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6.3 Conclusion
The fractal and bilinear menus developed in this thesis are original multi-platform innova-
tive menu interaction techniques. The menu handling for both differs, with the fractal
menu delivering a new layout of menu items to favour varying screen resolution and
proposes new interaction technique for selection items and the biliner menu delivering new
viewing techniques for the menu without changing the original menu layout but only the
rendering is changed. Both techniques gives a great foundation for future improvements
and further developments.

The source code for both implementations is available on the following GitHub reposi-
tory : https://github.com/gillesngongang/thesis-UCL.
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Appendix B

Fractal Menu appendix

B.1 Fractal Menu Class Diagrams

Figure B.1: Rectangular Fractal Menu Class Diagram
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Figure B.2: Hexagonal Fractal Menu Class Diagram
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Figure B.3: Global Class Diagram Fractal Menu
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Appendix C

Bilinear Menu appendix

C.1 Appendix: Bilinear interpolation algorithm for
Chapter 4

Figure C.1: Bilinear interpolation algorithm for Chapter 4
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