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Intelligent User Interface (IUI) is an emerging interdisciplinary research area that focuses on improving the usability of existing user interfaces. Adaptive menus are
the part of the IUI that is trying to improve existing menus’ usability by reducing the selection time. This paper surveys the most relevant studies that are carried out in
this field. First, it introduces an Adaptive User Interface (AUI) and adaptive menus then describe various adaptation styles and adaptation policies that are being used in
adaptive menus along with their benefits and drawbacks. It then lists the applications of adaptive systems and how they can be used, as well as the limitations and future

direction of the work.

Introduction

The software industry has experienced rapid growth over
the last decade, with the number and quality of web applications
and mobile applications increasing daily. Online users are at the
heart of many software-based businesses, and User Experience
(UX) plays a critical role in their success. The User Interface
(UI) of such products should be simple to use for all types of
users but their increasing complexity makes them difficult to
use. The UI is designed with the persona of average users in
mind, making it difficult for users who are just starting to use
those products. To meet the needs of each user, UI should be
tailored to the individual, which is possible with the Adaptive
User Interface (AUI). Adaptive User Interface (AUI) is the part
of Intelligent User Interface (IUI), which is the combination
of many fields i.e. Artificial Intelligence (AI), Software
Engineering, Human-Computer Interaction (HCI) and other
areas like psychology and sociology [1]. The purpose of AUI is
to improve the usability of a given product. AUI interfaces with
the ability to adapt to users, platforms, and environments [2].

UI should be equitable to all users, and AUI helps to solve that
problem. The idea of AUI is that the user interface should be
adaptive over time based on the user’s usage patterns which
helps to improve the usability for that given user.

Menus and navigation are one of the most used UI elements
in web and mobile applications. Large software and websites
have complex hierarchical menu systems with large menu
items, making navigation through the system harder. To solve
this problem, researchers are focusing on adaptive menus and
adaptable menus [3]. Adaptable menus are adapted by the users
themselves based on their preferences whereas adaptive menus
are controlled by the system. Adaptive menus assist users by
reducing cognitive load by discovering the usage pattern. This
paper’s objective is to assess existing adaptive menu trends,
analyze their usability and offer insight into potential areas for
future research.

This paper is organized as follows. Section 2 and Section
3 describe AUI and Adaptive Menus. Section 4 lists the
applications of adaptive systems or adaptive menus. Section
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5 describes some of the challenges of adaptive menus along
with the future directions. Finally, the conclusion is outlined
in Section 6.

Adaptive user interface

Adaptive user interfaces are software artifacts that aid users
in completing a task. A user interface is designed using a user
preference model to improve usability by reducing navigation
overhead [4]. An alternative to adaptive UI is adaptable UL
Adaptable Ul is customized by users based on their preferences,
whereas adaptive UI is managed by the system. Adaptive UI
seems preferable to every type of user as systems automatically
adapt to users’ needs.

AUI is adaptable according to the context of use i.e. the user,
the platform and the environment [5]. The first context of use
is the user i.e. the interface should be adaptive according to the
user’s usage pattern; the second context of use is the platform or
device, which means the interface should be adaptive according
to the type of device or screen they are using. Technology like
responsive design is already used in the industry to adjust
interfaces according to the screen size. The third context of
use is the environment which means that interface should
be adaptive according to the use case. The definition of these
use contexts helps to know what things should be adaptive
and what shouldn’t be. With this information, we would be
able to know which component should be made adaptive and
what type of system should be placed to evaluate different use
contexts and make an adaptation.

Researchers have also introduced various frameworks
for developing adaptive systems. Framework for Adaptive
Multimodal Environment (FAME) provides guidelines for
adaptive multimodal systems during analysis and development
[6]. The authors have introduced a behavior matrix that helps to
set the rule for adaptation. FAME is based on various adaptation
models like the user model, platform model, environment
model and interaction model. Another framework uses the
multimodal idea of FAME and integrates it with already existing
UI design approaches to create more clear guidelines for the
design and development of adaptive systems [5]. Adaptive UI
is the software artifact that assists users in accomplishing
some tasks. AUI is created based on a user preference model to
improve usability by reducing the navigation overhead.

Adaptive menus

Menus are one of the most commonly used UI interaction
elements. Modern software has more complex menus with
larger menu items. As the number of menu items rises, so
does the importance of menu design (7]. There has been a lot
of research done to make the menus easier to use. Adaptive
Menus are one method for improving usability by reducing
the menu selection time. Menu items should be arranged so
that it takes less time to find them visually to speed up menu
searches [8]. Adaptive menus can be decomposed into two
major components i.e. adaptive style and adaptation policy.
Adaptation style defines how the adaptive menu items should
be presented and adaptation policy defines which menu items

should be displayed. These two components define how well an
adaptive menu performs (Figure 1).

Adaptation style

Adaptation style defines how the menu items in the
adaptive menu should be displayed. Bouzit, et al. [9], discussed
various ways to present adaptive menus. The authors also
investigate Bertin’s visual variables, from which various forms
of adaptation have been derived, such as spatial adaptation,
in which the position of the adapted item is changed and
graphical adaptation, in which graphical attributes such as
color, background and so on are changed [10]. The temporal
form of the adapted item is changed, as is the time variable for
predicted menu items and non-predicted menu items. These
various forms aid in reducing visual search time for predicted
menu items.

Spatial form implementation can be found in the split
adaptive menu. The split adaptive menu consists of a static menu
area and an adaptive area, with the adaptive area containing the
predicted items and the static area containing the default static
menu [3]. A split adaptive menu appears to be one of the better
options for adaptive menu design for web applications because
it does not change the navigation area but rather displays the
predicted items in different areas of the webpage. Even if the
item prediction is incorrect, users can continue to use the
static item as usual. The disadvantage of split adaptive means
is that they cannot be used on small screen sizes. The working
space on a mobile screen is limited, so there is no room for an
adaptive component. Cloud Menus are one of the solutions for
small screens [11]. In this adaptive menu, the adaptive area is
hidden and can be called or displayed by the use of a button in
case of need. In cloud menus, the predicted item is displayed
as a cloud word where a word with a higher prediction score
will be in the center with a bigger font whereas an item with a
low prediction will be in the periphery with a small font size.
Findings show that when prediction accuracy was high cloud
menu performed better whereas, when the prediction was low
cloud menu seems to perform worse and there was more error
while selecting the periphery items. Although cloud menus
seem to be better for smaller devices, the findings of this study
show that the presentation of predicted items needs to improve
in order to reduce the selection error as well as improve the
performance of the menu when the prediction is low.

Similarly, graphical form adaptation can be found in the
form of highlighting [12], bolding [13], coloring or underlying
[14], changing the font size [15]. Various studies have been
conducted to predict the performance of various menu designs.
According to Vanderdonckt, et al. [16], users prefer menus that

Adaptation >
Static Style Adaptive
Menus
Menus
. score
User’s Data ———» Adaptation
Rule
Figure 1: Framework for Adaptive Menus [18].
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maintain spatial stability, colour-changing menus and menus
with unusual shapes are unpopular with users.

Ephemeral Adaptation adopts a temporal form to reduce
visual search time. The user interface employs gradual onset
where predicted items are displayed first, and the remaining
menu items gradually fade in with a delay of 250 ms and 500
ms [17]. Proposed adapted menus were compared with adaptive
highlighting and the result shows ephemeral adaptive menu
was faster when the prediction was high, whereas when the
prediction was low static menus were faster. But when 24
participants were asked about their preference of menu, 12
preferred highlightings, 8 ephemeral adaptive menus and 4
static menus. Results show that even though the ephemeral
adaptive menu was faster, participants still seemed to prefer
adaptive highlighting.

Adaptation policy

Adaptation policy defines which menu items should be
displayed. Menu items can be displayed based on various factors
such as item click frequency, recency, page visit duration, etc.
Adaptation policy can also be said to be a prediction algorithm.
This prediction algorithm helps to determine the usefulness of
each menu item for a given user.

Self-Adapting Menus (SAM) is a JavaScript modular
framework for adaptive web menus, where authors have
explored various adaptation policies and adaptation styles [18].
This framework helps to determine the relative importance of
a menu item or group of menu items based on factors like page
visits duration, page visit frequency, page visit recency, etc., and
predicted items are presented through highlighting, reordering,
and folding. Even though this framework explores various
adaptation policies and adaptation styles there is no answer
on which combination will provide the best performance. SAM
also explores the adaptation policy like serial position curve and
access rank as more complex algorithms. The serial position
curve states that the observation that information delivered at
the start (Primacy) and finish (Recency) of a learning session
tends to be kept better than information delivered at any other
time [19]. Access rank is the combination of the Markov chain
rule and the combined recency and frequency algorithm [20].
Chujkova, et al. [21] also presented an adaptation algorithm
for a hierarchical menu that met the needs of an individual
user by adding links to frequently used menu items at higher
hierarchy levels of its navigation structure. The results show
that the proposed method reduces the time it takes to activate
menu items.

In this paper, we have explored various adaptation policies
and adaptation styles; still, there is no definitive answer
as to which combination of adaptive style and adaptation
policy works best for the adaptive menu to provide the best
performance in terms of selection time.

Applications

An adaptive menu attempts to solve the problem of a static
menu. As static menus are designed based on average users,
they cannot be the best option for all users. Similarly, the
adaptive menu also makes complex navigation easy to use.

Personalized menu: Users have a variety of rituals,
preferences, and working styles. A customized mode of
navigating can be offered through an adaptive menu that
considers these variables. The user’s behavior patterns are
known to the adaptive menus, which use this information to
make it easier to use the system.

Information overload: Some complex applications and
websites might have a large number of menu items or
information. By removing irrelevant information from the
interface, adaptive menus can minimize the information
overload inherent in locating useful menu items.

Simplify the navigation: It may be difficult to use a new
menu system for the first time without any assistance as
the user attempts to learn and comprehend how to use the
application. Adaptive menus may recognize and offer the next
set of actions to finish a job in applications like AutoCAD,
Photoshop, etc.

Challenges and future directions

Adaptive Menus hold considerable promise for improving
menu usability, but it also impedes numerous well-known
usability concepts. Some of the issues raised by Hook K. [22]
are lack of control (Users may not have any influence over the
adaptive process), unpredictability and lack of transparency
(users are uncertain what to expect), and privacy (users’
interaction data are stored to create user model). Users
frequently ask systems why they acted in a certain way, and
some types of decision-making are challenging to explain to
users. Adaptive menus also violate the principle of consistency
because menu items are frequently reordered or changed
based on various adaptation policies, reducing Ul learnability.
Jameson [4] also raised the issue of unobtrusiveness, the
necessity to make adaptive interfaces less apparent and
annoying by diverting users’ attention from the main activity.
Researchers have also criticized rule-based adaptation policy
as being unpredictable and unreliable and suggesting the
machine learning approach is the way forward [23,24].

Todi, et al. [23] suggested that estimation of utility
(usefulness of an adaptation to the user) is important to
develop robust adaptive menus. Authors have also suggested
that adaptive systems can provide greater benefits by planning
sequences of changes before actually making them, which
will reduce the unnecessary frequent changes of menu items.
The planning phase of the adaptive system can be done using
machine learning. Their future research can be conducted
to answer the questions such as 1) Which combination of
adaptation style and adaptation policy works best? 2) How to
improve the prediction accuracy of predicted menu items? 3)
Which adaptive menus are better for a given context of use
(e-commerce site, news portal, etc.)?

Conclusion

This paper is a review of adaptive menus. Adaptive menus
are the type of IUI that tries to improve the selection of static
menus by making changes based on the user’s preference.
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From the literature, it is clear that researchers are working on
various ways to present and predict the menu items in adaptive
menus. Research on adaptive menus is moving forward, but
their impact in the real world is still small or nonexistent.
Therefore, future research should be focused on developing
adaptive menus that can impact the real world by improving
usability through reducing selection time.
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