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Introduction

The use of software applications has grown signifi cantly in 
recent years, with an increasing number and variety of web 
and mobile applications available. A key factor in the success of 
these digital businesses is the User Experience (UX) and the User 
Interface (UI) design is central to this. However, the increasing 
complexity of UI can make it diffi cult for users, particularly 
those who are new to using the product. To address this issue 
and meet the needs of individual users, Adaptive User Interfaces 
(AUIs) have been developed. Adaptive User Interface (AUI) is 
a subset of Intelligent User Interfaces (IUIs), which combine 
elements of Artifi cial Intelligence (AI), software engineering, 
Human-Computer Interaction (HCI), and other disciplines. 
The goal of AUIs is to improve the usability of a product by 
adapting to the user, the platform, and the environment [1,2]. 
This includes adapting to the user’s usage patterns, the type 
of device or screen size, and the specifi c use case. Responsive 
design is one technology that is already being used to make UI 
more adaptable to different screen sizes.

Menus are a common UI element in web and mobile 
applications, and researchers have focused on both adaptive 
and adaptable menus to improve navigation and reduce 
selection time [3]. Adaptive menus are managed by the system 
and adapt to the user’s usage patterns, while adaptable menus 
are customized by the user based on their preferences. As a 
self-customization menu seems only suitable for technically 
profi cient users, adaptive menus are the way forward. The 
effectiveness of adaptive menus is determined by two main 
factors: the adaptation style, which specifi es how the adaptive 
menu items should be displayed, and the adaptation policy, 
which specifi es which menu items should be displayed. While 
there has been a signifi cant amount of research on adaptation 
styles, there has been relatively little research on adaptation 
policies [4].

This research aims to identify users’ preferred adaptation 
policy and examine how it may vary based on the context 
of use. There is a limited understanding of how different 
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adaptation policies impact personalization and usability in 
adaptive menus. It is not clear which policy is most effective 
in meeting user needs. The motivation behind this study is to 
investigate the potential of adaptive menus to improve the user 
experience, increase user satisfaction and engagement with 
the menu system, and allow users to more quickly and easily 
fi nd the options they are looking for more. The research will be 
conducted by conducting user studies and providing insights 
and recommendations.

In upcoming sections, this paper presents a literature 
review on adaptive menus and their styles and policies, 
methodology, results of a study on user preferences, discussion 
of implications and contribution to the fi eld, and summary of 
key fi ndings and potential future work.

 Literature review

Web menus and navigation play a crucial role in user 
experience (UX) design in web development. They provide a 
structured way for users to access and navigate the content 
and features of a website and serve important functions 
such as helping users orient themselves and understand the 
website’s structure, enabling clear navigation, and reducing 
cognitive load [5,6]. Navigation history, which refers to the 
record of pages or content a user has visited on a website, also 
serves important functions such as allowing users to retrace 
their steps and resume tasks. To improve usability and user 
experience, web menus can be made more usable by providing 
personalized adaptive menus [7].

Menus are a common UI element in software and as the 
number of menu items increases, the importance of menu 
design also increases [8]. Gathering specifi c requirements 
of each user can be time-consuming, so UI designers often 
gather requirements from a small group of featured users 
[9]. Adaptive menus change and adapt to the needs of users 
to make it easier for them to complete tasks. Studies have 
shown that adaptive user interfaces (AUIs) can be effective in 
different contexts, with screen space and adaptation techniques 
affecting accuracy [10,11]. Research has also found that the 
frequency of adaptation greatly affects the relative importance 
that users place on the costs and benefi ts of adaptation [12]. 
There has been much research on improving the usability of 
menus, including the use of adaptive menus to reduce menu 
selection time [13]. Adaptive menus can be decomposed into 
two components: the adaptive style and the adaptation policy. 
These two components determine the performance of an 
adaptive menu Figure 1.

 Adaptive menus adjust the display of menu items based on 
the user’s history and predicted preferences to reduce visual 

search time. Different forms of adaptation styles include 
spatial, graphical, and temporal forms. Spatial adaptation 
involves changing the position of the adapted item, graphical 
adaptation involves changing the visual attributes of the item 
such as color or font size, and temporal adaptation involves 
changing the time at which items are displayed. Sears and 
Shneiderman introduced the concept of “split menus” which 
divide frequently selected items from less frequently used 
items to improve performance [8]. However, this design may 
not be suitable for small screens, cloud menus may be a better 
option [14]. Graphical adaptation can also be used in the form 
of highlighting, bolding, coloring, underlining, or changing 
the font size [15-17]. Users tend to prefer menus that maintain 
spatial stability and dislike menus with unusual shapes or 
color-changing elements [18]. While ephemeral adaptation, 
which employs a temporal form, was found to be faster when 
prediction accuracy was high, users tend to prefer other forms 
of adaptation [19].

Adaptation policies, which determine which menu items 
should be displayed, can be based on factors such as item click 
frequency, recency, and page visit duration [20]. These policies, 
also known as prediction algorithms, help determine the 
usefulness of each menu item for a given user. Self-Adapting 
Menus (SAM) is a framework that allows for the exploration of 
various adaptation policies and styles in adaptive web menus 
[20]. However, there is currently no consensus on which 
combination of policies and styles is the most effective. This 
research aims to investigate users’ preferences for different 
adaptation policies and how these preferences may vary based 
on the context of use.

 Methodology (Figure 2)

Figure 1: Framework for Adaptive Menus [20].

Figure 2: Various stages of study.

 Development of prototype

In this study, fi ve prototypes were developed to investigate 
user preferences for adaptive menu policies. Four adaptive menu 
prototypes were developed with different policies including 
recency-based, frequency-based, recency-frequency-based, 
and serial position curves. A traditional menu served as a control 
condition with no adaptation policy applied. These prototypes 
were used as data collection apparatus. The recency-based 
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prototype prioritizes recently clicked items, the frequency-
based prototype prioritizes the most frequently clicked items, 
the recency-frequency-based prototype considers both recency 
and frequency, and the serial position curve prototype considers 
recency, frequency, and the order in which items were clicked. 
The design of these prototypes followed best practices for 
menu design such as maintaining spatial stability and avoiding 
unusual designs [18]. The prototypes were developed using 
JavaScript and DOM manipulation and user data was stored 
locally. The adaptive menu prototypes calculated scores for 
each menu item based on the different policies and rearranged 
the menu items accordingly.

• Recency-based: In the recency-based prototype, the 
menu item that is being clicked recently at fi rst (left-
most part of adaptive menu section).

• Frequency-based: In the frequency-based prototype, 
the menu items that have been clicked most have the 
highest score, and menu items with the three highest 
scores are displayed in the adaptive menu section.

• Recency-frequency-based: In this prototype, the overall 
score of each menu item is infl uenced by click recency, 
if the menu item has been clicked recently then its 
frequency score is increased by 50%.

Score = Frequency * Recency (Where recency = 1.5)

• Serial Position Curve (SPC): In this prototype, the overall 
score of the menu item is infl uenced by both primary 
and recency. If the menu item is either clicked at the 
start of the session or recently the overall frequency 
score gets increased.

Score = Frequency * Recency * Primacy (Where recency = 1.3, 
primacy = 1.2)

The coded names for each adaptive menu are as follows:

Menu 1: Recency-based menu

Menu 2: Frequency-based menu

Menu 3: Recency-frequency-based menu

Menu 4: Serial Position Curve (SPC) menu

Data  collection

The usability study was conducted with 18 participants to 
gather data on user preferences and behaviors in personalized 
menus. The age of participants was between 18 and 30, and 
most of them were students studying computer engineering or 
computer science at Kathmandu University. The participants 
had medium to a high level of tech profi ciency, and frequently 
visited websites such as nagarik.com, ekantipur.com, daraz.com.
np, and merojob.com. The study was conducted to understand 
the preferences and behaviors of users in personalized menus 
and identify potential issues or improvements that could be 
made to the prototypes. The usability testing was conducted 
in the Digital Learning Research Lab at Kathmandu University, 

moderated by the researcher, and using the think-aloud 
method to gather feedback and observations in real-time 
[21]. Participants were asked to complete a comparison task 
using the adaptive menu prototypes, which provided a more 
in-depth understanding of user preferences and behaviors 
in adaptive menus. Following the usability testing, a semi-
structured follow-up interview was conducted to derive more 
detailed insights and feedback from the participants.

To understand users’ preferences for adaptive menu 
adaptation policies in different contexts of use, a questionnaire 
was developed based on the fi ndings of a usability study and 
research questions. The data was collected using an online 
Google Form and mostly consisted of students from computer-
related fi elds at Kathmandu University. A total of 86 responses 
were collected. Participants were provided with information 
on the adaptive menu and a link to a recency-frequency-
based prototype to provide context and familiarity with the 
personalized menu concept. The questionnaire consisted of 13 
questions, 12 of which were close-ended, covering background 
and demographics, preferences for adaptive menus versus 
traditional menus, and preferences based on the context of 
use. A pilot test was conducted with 3 users to test the clarity 
of the questions and improve language. The sample size of 86 
participants was deemed suffi cient for the qualitative research, 
aiming to identify adaptation policy preferences based on the 
context of use.

Data  analysis

In this study, the analytic strategy is to compare and 
analyze data from the usability study and questionnaire. 
The collected data is organized into different themes using 
thematic analysis, a method of qualitative data analysis that 
involves recognizing, categorizing, and analyzing recurring 
themes in data to determine their underlying meaning and 
signifi cance [22]. This allows for the identifi cation of patterns 
and relationships in data, as well as trends and variations that 
can help in answering research questions. The data from the 
user interviews were coded according to themes and categories 
and analyzed to identify patterns and trends. The themes 
used in this study are various adaptation policy names used in 
different prototypes, such as recency-based, frequency-based, 
recency-frequency-based, serial position curve, and context 
of use. The coding process assists in tagging only relevant 
responses to the research questions.

Resu lts

This study targeted computer science students at 
Kathmandu University and received responses from a total of 
86 participants. When asked about the types of websites they 
regularly use (excluding social media), a signifi cant portion of 
respondents reported using e-commerce sites like Daraz and 
Hamrobazzar (32.2%), news portals like Ekantipur and Nagarik 
(31%) and educational websites like Coursera and W3School 
(24.1%), as shown in Figure 3. In terms of frequency of use, 
19.5% of participants reported using these websites more than 
three times per day, 35.6% used them one to two times per day, 
and 36.8% used them one to three times per week (Figure 4). 
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This data suggests that a majority of users (55%) access these 
types of websites at least once per day. Overall, the results of 
this study provide insight into the common types of websites 
accessed by participants, as well as the frequency with which 
they use these websites.

During the survey, participants were asked about their 
perceptions of the ease of use of the websites they regularly 
visit. The majority of participants (55%) were neutral in their 
responses, while 31% indicated that they were satisfi ed with 
the menu options provided by these websites. Only 14% of 
participants were unsatisfi ed with the menu options (Figure 5). 
However, when asked about their preference for personalized 
menu options, a strong majority of participants (83%) 
indicated that they would prefer to have personalized options. 
Of these, 42.5% were strongly in favor of personalization, 13% 
were neutral and 4% were against it (Figure 6).

In terms of personalization, during the usability study, 
participants preferred the adaptive menus over the static menu 
because the adaptive menus provided a sense of personalization. 
Participants valued the ability of the adaptive menus to tailor 
their options based on the user’s specifi c needs or preferences.

“I preferred any of the adaptive menus over the static menu 
because they provided some kind of personalization.” (Orginal quote 
in Nepali)

On the other hand, participants suggested that adaptive 
menus can be less useful if the options they display are not 
relevant or helpful to the user. In these situations, participants 
felt that a static menu might be a better choice, as it would not 
add unnecessary complexity to the user experience. Instead, 
the static menu would simply provide a set of fi xed options for 
the user to choose from.

“If the displayed options in the adaptive menu are not useful, it 
just adds complexity, In such case traditional menu would be ideal” 
(Orginal quote in Nepali)

Adap tation policy preference

The purpose of this research was to understand users’ 
preferences for adaptation policies in adaptive menus. To 
determine these preferences, user feedback was collected 
from interviews, as well as a usability study was conducted 
in which participants were asked to rank different adaptive 
menu prototypes based on their level of preference. The results 
of this study, including the average ranks of each menu and 
the number of participants who ranked each menu as their 
top preference, are presented in Table 1. In addition to these 
rankings, this section also includes feedback and comments on 
the adaptive menus provided by participants during interviews.

Recency-based menu: The recency-Based menu was 
preferred by participants due to the recent relevant menu 
options that were displayed. Participants in their interviews 
and feedback cited this preference. For example, participants 
stated: 

“This menu feels more personalized to my needs because it 
showed options that I had just clicked on.” (Orginal quote in Nepali)

“I liked menu1 because it showed options that I had recently used, 
which made it easier for me to fi nd what I was looking for.” (Orginal 
quote in Nepali)

On the other hand, some participants found the changes in 
the recency-based menu to be too frequent, which reduced its 
appeal. One participant said:

“The changes in Menu 1 were too frequent for me, I prefer any 
other menu because the changes were more stable.” (Orginal quote 
in Nepali)

Overall, the Recency-Based menu was ranked fi rst by 2 
participants with a top rank percentile of 11.11%, third by 3 
participants, and fourth by 13 participants. The average rank of 
the recency-based menu was 3.5 making it the least preferred 
menu among participants.

Figure 3: Types of websites participants use (excluding social media).

Figure 4: Frequency of website uses.

Figure 5: Users’ rating of the websites based on ease of use.

Figure 6: Users’ view towards menu personalization.
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Frequency-based menu: The frequency-based menu was 
preferred by some participants due to the less frequent 
changes to menu options. However, other participants found 
the frequency-Based menu to be too static and not responsive 
enough to their usage patterns.

“I preferred this menu because it felt more personalized, even 
though the changes were less frequent than in the previous menu 
(recency-based menu).” (Orginal quote in Nepali)

“I prefer the previous menu (recency-based) because the changes 
in this one are too infrequent for my liking. I like menus that adapt 
more frequently to my clicks.” (Orginal quote in Nepali)

The frequency-Based menu was ranked fi rst by none of the 
participants, ranked second by 1 participant, and third by 12 
participants. The majority of participants ranked it third. The 
average rank of the frequency-Based menu was 3.22, which 
was slightly higher than the average rank of the recency-Based 
menu.

Recency-frequency-based menu: The recency-frequency-
based menu was highly preferred by participants due to its 
stability and relevant menu options displayed by it. Participants 
found this menu to have more stability when compared to 
recency-based and to be more responsive as compared to the 
frequency-based menu. According to user feedback, the RF 
menu provided a good balance between personalization and 
stability.

“This menu is my favorite because it provides a good balance 
between personalization and stability.” (Orginal quote in Nepali)

“I preferred this menu because the options were more relevant to 
my recent browsing history, but the changes were not too frequent.” 
(Orginal quote in Nepali)

Many participants cited this menu as their favorite, with 12 
participants ranking it fi rst and 5 ranked it second. The average 
rank of this menu was 1.56, making it the most preferred menu 
among participants, with an exclusively top-ranked percentile 
of 44.44.

Serial Position Curve (SPC) menu: The SPC-based menu 
was preferred by many participants due to its personalized 
and relevant options. Some participants found it diffi cult to 
distinguish between the recency-frequency-based menu and 
the SPC menu, but overall both were well-received. 22.22% of 
participants could not choose one over the other.

“I couldn’t tell much diff erence between this and previous 
(recency-frequency-based) menu, but I preferred both of them over 
the other options.” (Orginal quote in Nepali)

“This menu was one of my favorites because the options felt 
more personalized, but I couldn’t say for sure if it was any better than 
Menu 3.” (Orginal quote in Nepali)

Whereas other participants could tell the difference based 
on the personalized menu option it provided as compared to 
the recency-frequency-based menu. The SPC menu was ranked 
fi rst by 8 participants, with 4 of those ranking it as their top 
choice exclusively. It was also ranked second by 10 participants. 
The SPC menu was the second most preferred menu among 
participants, with an average rank of 1.72.

Adap tation policy preference based on context of use

This research also examined users’ preferences for the 
adaptive menu in different contexts of use. A questionnaire 
was administered to participants asking whether they thought 
the personalization provided by the menu would be helpful for 
various types of websites. Participants could select multiple 
websites where they felt the feature would be useful. The results 
showed that 91% of users thought the adaptive menu would be 
helpful for e-commerce websites, 78% preferred it for news 
portals, 57% for educational websites, 47% for services/job 
portals, and the lowest percentage (19%) preferred it for social 
media. These results are shown in Figure 7.

Another survey was conducted to determine which factors 
users consider most useful for personalized menus in different 
contexts of use. The results of this survey showed that for 
news portals (such as ekantipur, nagarik, and BBC), 59% of 
participants preferred menus based on frequency (i.e., the most 
frequently clicked or viewed categories), 29% preferred menus 
based on recency (i.e., recently clicked or viewed categories), 
and 13% preferred menus based on primacy (i.e., categories 
clicked at the start of a session) (Figure 8a).

For service or job portals (such as merojob, sriyog, and 
upwork), 52% preferred menus based on frequency, 35% 
preferred menus based on recency, and 13% preferred menus 
based on primacy (Figure 8b).

For e-commerce websites (such as amazon, daraz, and 
hamrobazzar), 61% preferred menus based on recency, 25% 
preferred menus based on frequency, and 14% preferred menus 
based on primacy (Figure 8c).

For educational websites (such as Coursera and W3School), 
44% preferred menus based on frequency, 33% preferred 

Table 1: Rank table for different adaptive menus based on users' preferences.

Menus Average Rank Top rank count Top rank Percentile

Recency-based 3.5 2 11.1%

Frequency-based 3.22 0 0

Recency-frequency-based 1.56 12 (8) 66.67% (44.44%)

SPC-based 1.72 8 (4) 44.44% (22.22%)

Figure 7: Percentage of participants who prefer adaptive menus for different types 
of websites.
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menus based on primacy, and 23% preferred menus based on 
recency (Figure 8d).

Finally, for social media websites (such as Facebook and 
Instagram), 66% preferred menus based on recency, 25% 
preferred menus based on frequency, and 9% preferred menus 
based on primacy (Figure 8e). Overall, these results suggest 
that users have different preferences for personalized menus 
depending on the type of website they are using.

Disc ussions

The fi rst aim of this study was to understand users’ 
preferences for adaptation policies in adaptive menus. The 
results of the usability study and online survey indicated that 
the recency-frequency-based menu was the most preferred 
adaptation menu, followed by the Serial Position Curve (SPC)-
based menu. The recency-based and frequency-based menus 
were ranked lower in terms of preference. Several factors may 
have contributed to the high ranking of the recency-frequency-
based menu. One possible reason is that this menu combines 
the benefi ts of both recency and frequency, providing users 
with a mix of both recently used and frequently used options. 
This may have made the menu more useful and relevant 
to users, as it was able to better tailor the options to their 
specifi c needs and preferences. Additionally, the SPC-based 
menu may have been more effective at helping users navigate 
and explore new content. Users reported that recency-based 
and frequency-based menus were less effective at providing 
relevant and useful options over time.

The second aim of this study was to investigate how 
user preferences for adaptive menu adaptation policies may 
vary based on the context of use. The results of this study 
suggest that user preferences for adaptation policies may vary 
depending on the type of website and the user’s familiarity 
with the website. Based on results, A recency-frequency-based 
menu with a low infl uence of recency is recommended for news 
portals and job portals, a recency-based or recency-frequency-
based menu with higher recency infl uence for e-commerce and 
social media websites, and an SPC-based menu for educational 
websites. These results provide insight into the factors that 
infl uence user preferences for adaptive menus and offer 
guidelines for designing adaptive menus that are effective and 
user-friendly.

Conc lusion and future works

In conclusion, this study has shown that user preferences 
for different adaptation policies in adaptive menus can vary 
based on the context of use. The recency-frequency-based and 
SPC-based menus were found to be the most preferred among 
participants. However, it is important to note that the context 
of use plays a crucial role in determining user preferences and 
these preferences should be taken into account when designing 
adaptive menus. This study has limitations such as limited 
user demographics, single-point measurement, and limited 
context of use. Future research can expand the sample size, 
test different adaptation policies in different contexts, evaluate 
the long-term impact of adaptive menus, and develop new 
adaptation policies for better meeting user needs.
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