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Abstract: The article is oriented towards studying technical sustainability of
UX/UI design, exploring the approaches to website creation: responsive,
adaptive and mobile-first design. Measurements were made for the
performance of the different web page elements that make up a web page,
testing the various methods for creating an element, as well as structuring the
web page as a whole. Experimental measurements were made for responsive
and adaptive designs and for 3 types of mobile devices: smartphone, tablet and
laptop. Based on the analysis of the collected measurement results, conclusions
are drawn and specific recommendations are given for optimization in creating
effective web page designs for different design approaches.
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1. INTRODUCTION

As in many other fields, in software development, sustainability is becoming an
increasingly important goal, guided by the 17 Sustainable Development Goals of the
United Nations [1]. Models such as the Green software development model, which
affects how software can be developed in a sustainable and environmentally friendly
way [2].

Leading companies in the software industry in recent years have been trying to
popularize this model. Companies like Google and Microsoft recognize that this industry
plays a significant role in energy and resource consumption and are trying to incorporate
this model into their business strategies, focusing on energy efficiency and sustainability
[3].

The main goal of this development model is to minimize the negative impact on the
environment, while creating effective, aesthetically pleasing and long-lasting solutions.
Basic principles in development include [4]: energy efficiency and use of renewable
sources; selection of environmentally friendly materials, including recycled and
biodegradable; design for durability and minimization of waste; and social responsibility
and improving the quality of life.

One of the most important aspects of sustainability is energy efficiency, not only
because of reducing consumption, but also because the efficiency in energy management
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will also enhance the security of the power system [5]. Many authors [6] define software
efficiency as an important non-functional characteristic that determines the quality of
software.

Although sustainability has different aspects (with the basic pillars being
environmental, social and economic), in this article we will focus on technical
sustainability, achieved by reducing energy consumption. The main objective of the
work is to investigate the energy efficiency of creating web user experience/user
interface (UX/UI). The study aims to analyse the loading speeds of different web
elements (as faster loading results in less energy consumption), implemented in different
ways, by conducting multiple measurements. The measurements are done in simplified
versions of websites designed through adaptive and responsive approaches.

In Section 2 of the article, an overview of research on achieving sustainability in
UX/UI design is made. Section 3 provides an overview of the widespread approaches of
designing UX/UI. Section 4 shows the methodology of the study and the results of the
experiments on the energy efficiency of the different elements in UX/UI design. The
loading speed of different implementations of web elements is measured for 3 types of
screens (laptop, tablet and smartphone). In Section 5, the results obtained are discussed,
as well as specific recommendations for optimization and creation of effective web
designs are made. The paper ends with a conclusion.

2. SUSTAINABLE UX/UI - STATE OF THE ART

Creating sustainable websites with minimal negative consequences and maximizing
positive contributions to the global world is a priority of sustainable web design. Efforts
to achieve sustainability are put not only into the software product itself, but also into
the processes of planning, coding, hosting, and maintaining the website [7].

Without a doubt, one of the important stages in the development of sustainable
software is that its UI/UX design has a minimal effect on the environment, which can be
implemented in two directions. Sustainable UX/UI design on the one hand aims at
optimizing code, reducing unnecessary functionalities and using energy-efficient
servers, and on the other hand, it focuses on creating digital products that are inclusive,
efficient and responsible for the environment and society. Authors of [4] present the
specifics of sustainable design such as: humanity-oriented design (satisfying consumer
needs for better well-being and satisfaction); resource efficiency (minimizing energy and
computing costs); durability (designing digital products with a long life); ethical data
practices (ensuring transparency, protection of personal information and security for
users); social justice (ensuring access to digital technologies for all, incl. vulnerable
groups); environmental responsibility (reducing the carbon footprint through
environmental technologies and optimized energy consumption); and economic viability
(balancing financial goals with sustainable practices).

When developing a sustainable UX/UI design, the type of application (web or
native) and the device on which it will be used should be considered. Considering that
according to [8], there are over 7.2 billion smartphones in the world in 2025, the mobile
user is becoming a key factor in UX/UI design. The study of various sources outlines the
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following main factors and principles for sustainable mobile UX/UI design in the
direction of technical sustainability, which is the goal of this study.

Energy-efficient interfaces. Different approaches and techniques can be used to
create an energy-efficient user interface (UI). For example, [9] found that scrolling using
the so-called. Screen buttons, replacing long lists of data with tabs, or input caching can
increase battery lifetime by up to 20%. Another study [10] found that the development
of multiplatform mobile applications and the use of Hybrid UIComponents (native Ul
components and wrap a WebView inside, for displaying the content) can also improve
energy efficiency. In this case, the Dialog and Sheet components have the potential to
reduce consumption by an average of 38% and 54%, respectively.

Minimalistic interfaces. Minimalism is a strategy that aims to remove redundant
elements from the UI by making the most essential elements easily accessible to the user.
According to [11], minimalist design principles are particularly impactful for mobile app
design, the most successful of which attempts to minimize the amount of user input
required to provide users with the information they are looking for. The key features of
minimalist design according to [12] are: design is focused on the primary content; using
flat design elements; avoids unnecessary graphic elements; and uses substantial amount
of negative space. To achieve a minimalist UL, it is also necessary to prioritize the
functions of the Ul and the content that users need for flowless user-system
communication, which will increase user happiness [13].

Faster loading times. Faster loading times are very important for applications’ CO2
Emissions Reduction and they result from using fewer images, scripts, and animations,
which is advantageous for both users and the environment [14]. Tools like Google
PageSpeed Insight are used to assess the loading speed of a website, provide a score, and
offer recommendations for speeding up the site without negatively impacting the user
experience [15].

Sustainable typography. Typography is often defined as design to facilitate
reading and comprehension and is an essential part of visual design [16]. [17] identifies
good practices that include: using built-in system fonts instead of external fonts; using
the WOFF2 format for external fonts; and SVG icons over icon fonts, to reduce server
requests and improve loading times.

Sustainable colour palettes. The relationship between fastness and colours has
been well researched, as different colours have different power consumption, especially
on OLED screens [19]. A study by [20] shows that the most energy-efficient colour is
black, followed by red, green, blue and white, which consumes the most energy.

Reducing and optimizing images. Using unnecessary or particularly large images
can be not very effective in terms of the weight of a web page Page Weight. [15]
discusses the importance of size, format, quality, colour, contrast, and motion, which are
all important considerations for optimizing files and vectors for energy efficiency.
Research by [21] shows that the WebP and HEIF formats have good compression
efficiency, especially at the low bit rates, to make the download of images from the web
as quick as possible.

Design approach. By providing access to websites from different devices:
desktops, tablets, smartphones or laptops, the need to create dedicated mobile
applications or dedicated apps is avoided, which can reduce the use of resources and
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reduce the impact on the environment. [22]. Sustainable design often uses techniques
such as responsive design to optimize resource efficiency across different devices and
screen sizes [23]. This ensures consistent performance while reducing unnecessary
resource usage. On the other hand, adaptive design can also improve sustainability,
especially for large web applications, since only the appropriate UI design and resources
will be loaded on the respective device.

3. UI/UX DESIGN APPROACHES

Adaptive design uses predefined different designs for different resolutions,
allowing for better performance as only the necessary resources for the respective device
are loaded. This provides a personalized user experience for different screens and leads
to better optimization. The disadvantages include higher complexity in maintenance, as
it works with multiple versions of the design, more development work, and limited
flexibility on new, non-standard resolutions [25].

Responsive design provides flexibility, with the site automatically adapting to
different screen sizes using CSS media queries. This makes maintenance easier, reduces
development costs, and improves SEO, since, for example, Google prefers mobile-
optimized sites [24]. In addition, the user experience is better as the site looks good on
all devices. However, responsive design can slow downloading time because all
resources are loaded regardless of the device. It is also more difficult to optimize the
design for specific screens, and development requires more testing at different
breakpoints [25]. There are two approaches to develop a responsive design: starting with
the largest (computer) screens first, then gradually reducing the layout for smaller
screens and the reverse approach (mobile-first) — from the smallest screens progressively
enhancing to the larger ones.

Mobile-first design focuses on mobile first, which ensures better performance,
better SEO, and optimized content for mobile users. This approach reduces unnecessary
elements and makes the website faster. However, it can make it difficult to adapt to
complex desktop designs, requires more attention from designers and developers, and
can limit the possibilities for larger screens in the early stages of development.

4. STUDY OF THE SUSTAINABILITY OF WEBSITE’S ELEMENTS
4.1. Methodology of the study

The empirical study aims to analyse the loading speeds of web elements,
implemented in different ways, by conducting multiple measurements. Simplified
versions of websites have been created through adaptive and responsive designs in which
measurements are made — each web element with particular realization is experimented
in each design for each screen size.

The tests are done independently by 2 people on 2 different computer configurations
(OS: Windows 10 and 11, CPU: AMD Ryzen 7 on both; 8 GB and 16 GB of RAM, and
ISP internet speed ~ 60 Mbps and 250 Mbps) with different test websites that contain at
the time of the experiment the item being tested. One website is used for the actual test
experiment and the other for a control experiment. To ensure the reliability of the
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results, the tests are carried out under the same conditions. Each of the two experiments
executes a test session at approximately the same time of day (in a short time interval)
and in the same working environment. Each test session includes 10 separate
measurements, and the obtained values are summarized and presented with their
arithmetic mean. The same test session for an item is run as a control on the other
computer, with the other website.

The same measurements are done for all different realizations of one web element
(e.g. text with serif font and text with sans-serif font). Based on arithmetic means for
different realizations of one web element can be concluded, which is the best way (the
fastest in loading) for implementation of the element and this conclusion is done
separately for both experiments. If the conclusions obtained are the same in the test and
control experiments, then the results are considered significant, otherwise the
experiments are repeated, and an in-depth analysis of the experimental conditions is
made. Several of the experiments were repeated in full, because after analysing the test
and control experiments, it was found that during the conduct of the experiments there
was a significant deviation in the conditions (mostly the network speed) for conducting.
The numerical data obtained from both experiments (test and control) are not compared,
because they depend on the Internet speeds, the configuration of both computers and the
content of the websites. If there are single measured values that have a large deviation,
they are removed before the value of the arithmetic mean is calculated. For outlier
removal, the IQR method is used.

Various speed monitoring and analysis tools have been used in the experiments:
Google PageSpeed Insights, GTmetrix, WebPageTest, Google DevTools, and Brave
DevTools. By selecting and using Google DevTools and Brave DevTools, objectivity
and accuracy of measurements are ensured, even at the level of a web element.

The measurements were made for a smartphone with a viewport of 430 x 932 px, a
tablet — a size of 768 x 1024 px and a desktop/laptop — a size of 1024 % 1366 px. These
parameters are chosen to cover the most common screen resolutions and provide a
reliable comparison between them.

4.2. Experimental results

The results from measurements are shown in Table 1. In the first column are
presented measured web elements with their different realization. Second and third
columns show results for one web element used respectively in responsive and adaptive
design, as results illustrate measurements for three different devices: smartphone, tablet
and laptop.

Responsive design

Text. It has been experimented with serif and sans-serif fonts, with minimal
differences (see Table 1.), but sans-serif fonts have a slight advantage. Serif loads fastest
on a smartphone (1 ms), slower on a laptop (2 ms) and slowest on tablets (3 ms). Sans-
serif fonts load fastest on a laptop (1 ms), and on smartphones and tablets they load in 2
ms. The loading speeds of fonts of small and large sizes, as well as in bold and italic
styles, were measured, and the results show that there is no difference in loading speeds.

Navigation bar (menu). The built-in horizontal menu loads fastest on tablets (20
ms) and slightly slower on smartphones and laptops (22 ms). The floating horizontal
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menu has the fastest loading on tablets (22 ms), while on a smartphone (23 ms) and
laptop (26 ms), loading is slower. The vertical menu loads fastest on a smartphone (28
ms), and on tablets (29 ms) and laptop (31 ms) the speed is slower.

Button. The standard button and link as a button load quickly and equally on
smartphone and laptop devices, but are slightly delayed on tablets. The shadow button
loads quickly on laptops but slower on tablets due to graphics processing. The
transparent button is fastest on a laptop (2 ms) and tablet (3 ms), but it charges more
slowly on a smartphone — 17 ms.

Image. Different image formats were studied — APNG, GIF, ICO, JPEG, PNG,
SVG, BMP, HEIC, TIFF and WebP. When using <img> all formats load the fastest on
a smartphone. When using <picture> all formats except APNG and HEIC load the fastest
on a smartphone (9 — 22 ms) and slightly slower on a tablet and laptop (11 — 36 ms).

Embedded image. For embedded images implemented by the tags <object>,
<embed>, <iframe> and <figure>, the results show: <object> loads images fastest on a
smartphone (3 ms), while on tablets (4 ms) and laptop (6 ms) the speed is slower. When
<embed> loads, it is fastest on tablets (3 ms), but slower on a smartphone (7 ms) and
laptop (9 ms). The tag <iframe> loads faster on a smartphone (5 ms), and on tablets and
laptops (7 ms) the speed is slower. <figure> Tablets have the fastest loading (4 ms),
while smartphones (6 ms) and laptops (7 ms) are slower.

Built-in webpage. With <object> tag, the website loads fastest on a smartphone (14
ms), but slower on tablets (16 ms) and laptop (22 ms). With <embed> tag, the website
loads fastest on a laptop (12 ms), but slower on tablets (13 ms) and smartphone (16 ms).
The speed of <iframe> tag is the same for all devices (16 ms).

Table 1. Results of measuring the effectiveness of individual elements in responsive and
adaptive design (in ms)

Element/ Responsive Design Adaptive Design
Approach  |\Smartphone| Tablet Laptop |Smartphone| Tablet Laptop
serif 1 3 2 1 3 2
Text |sans-
serif 2 2 1 2 2 1
inline
(Navi- |horiz. 22 20 22 41 46 22
gation [float
Bar  |horiz. 23 22 26 37 42 40
vertical 28 29 31 30 32 36
standard 5 11 5 3 3 3
link 3 12 3 5
Button |shadow 11 22 6 4 4 4
transpa-
rent 17 3 2 3 3 10
img |picture| img | picture | img | picture | img |picture|img [picture|img |picture
Image |APNG | 13 10 | 21 10 |21 8 25 17 |26 17 |32] 19
GIF 13 10 | 21 12 |21 13 [24] 14 [25] 10 |25 16
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[CO 13 10 21 13 21 13 25 9 18 12 |26 10
IPEG 13 10 22 13 21 13 17 13 20 12 17 11
PNG 13 10 | 22 12 [13] 13 [25] 17 [31] 17 [31| 17
SVG 9 9 22 11 14 11 36 24 (391 21 371 22
(WEBP | 16 9 20 12 18 12 25 12 |23 12 |23 15
object 3 4 6 3
[Built-injfembed 7 3 9 3 13
image [iframe 5 7 7 17 14
figure 6 4 7 3 4 13
Built-infobject 14 16 22 7 5 14
web  Jlembed 16 13 12 3 3 5
site Jiframe 16 16 16 4 4
Element positioning
Flexbox 64 85 73 20 29 21
none 58 41 34 14 9 32
left 46 41 52 25 20 20
Float |right 47 45 38 26 20 26
initial 49 49 47
inherit 33 52 42 19 23 26
static 48 45 40 24 45 40
~ [relative 54 43 42 45 44 54
oS fixed 70 78 73 49 44 51
absolute 59 57 56 29 29 37
sticky 51 51 51 31 30 35
Layout
CSS Float 57 66 60 93 102 94
CSS Grid 53 55 53 89 102 97
CSS Flexbox 62 60 58 106 71 23
CSS Framework 20 24 21 106 73 109

Positioning of elements. The different ways of positioning the elements in a web
page with their different values are explored: Flexbox, Float and Position. Float with
inherit (for smartphone) and none (for laptop) provides the lowest loading times and is
suitable for lightweight Uls. Position with static and sticky values balances good
performance and control.

Page layout. Table 1. presents the measurements made in different ways of
arranging the page layout: CSS Float, CSS Grid, CSS Flexbox and CSS Frameworks
(such as Bootstrap), where it is visible that CSS Framework gives the best results.

Web page. When measuring the loading speed of the entire web page, the tablet
version is the slowest (825 ms), indicating that it contains the most resources. The laptop
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version is the most optimized (793 ms) and the mobile version is balanced (794 ms).
This indicates that the page is most optimized for a laptop, while the tablet version has
more load. Also, the loading speeds of text in different colors have been measured.

Adaptive design

Text. Serif fonts load the fastest on a smartphone (1 ms) and the slowest on tablets
(3 ms) as shown in Table 1. Sans-serif fonts load fastest on a laptop (1 ms), while
smartphones and tablets have similar speeds (2 ms). Features such as size and style show
no differences.

Menu. The built-in horizontal menu loads the slowest on tablets (46 ms) and fastest
on laptops (22 ms). The floating horizontal menu is the slowest on a tablet (42 ms) and
the fastest on a smartphone (37 ms). The vertical menu shows better performance on
smartphones (30 ms) and tablets (32 ms), while on a laptop it charges a little slower (36
ms).

Button. The standard button and shadow button load faster on all devices, with
loading speeds almost the same and optimized. The standard button charges equally fast
on all devices (3 ms). Link as a button is the slowest on a laptop (7 ms), but the fastest
on a tablet (4 ms). The shadow button charges evenly (4 ms) on all devices. The
transparent button charges significantly slower on a laptop (10 ms) compared to a
smartphone and tablets (3 ms).

Image. Different image formats were examined. When using <img> ICO loads
fastest on tablets (18 ms), HEIC is the fastest format on all devices: smartphone (14 ms),
tablet (18 ms) and laptop (15 ms), and SVG images load significantly slower on all
devices.<picture> GIF loads fastest on a tablet (10 ms), and ICO and HEIC load fastest
on a smartphone (9 ms) and laptop (10 ms), both photo formats have the same speed on
these devices.

Embedded image. The <object> tag loads images faster on tablet and laptop (3 ms),
<embed> loads the slowest on tablets (13 ms), while on smartphone and laptop it is
relatively fast (3 ms), <iframe> is the slowest method for embedding images on a
smartphone (17 ms) and tablets (14 ms), and <figure> is faster for a smartphone.

Built-in webpage. The loading speed of a built-in webpage is measured using
different tags: <object> is the slowest on a laptop (14 ms) compared to a smartphone (7
ms) and a tablet (5 ms), and <embed> <iframe> they have minimal differences in speed.

Positioning of the elements. Different ways of positioning the elements (Flexbox,
Float and Position) are measured. For a smartphone, the fastest option is float:none with
a speed of 14 ms. For a tablet, float:none is also rendered the fastest at a speed of 9 ms.
For a laptop, float:left works fastest at a speed of 20 ms.

Page layout. For a smartphone, arranging elements in a web page through CSS Grid
Layout (89 ms) is the fastest, making it preferred for mobile Uls. For tablets, the fastest
is CSS Flexbox Layout (71 ms), which shows that the network structure works
efficiently on medium screens. For desktops, CSS Flexbox Layout (23 ms) is again the
fastest.

Web page. When measuring the loading speed of the entire web page, the laptop
version is the slowest (1193 ms), indicating that it contains the most resources. The tablet
version is the most optimized (1021 ms) and the mobile version is balanced (1070 ms).
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This indicates that the page is most optimized for tablets, while the laptop version has
more load. Also, the loading speeds of text in different colors have been measured.

5. DESIGN RECOMMENDATIONS AND DISCUSSION

Based on the analysis of the tests performed, the following conclusions and specific
recommendations for optimization can be made when creating effective web designs.

For responsive design, sans-serif fonts are faster to load, making them ideal for
smartphones where speed and efficiency are critical. Using a built-in horizontal menu,
which loads the fastest, is an excellent choice for mobile devices. It allows users to easily
navigate through the site without burdening the site with unnecessary loading time.
Standard buttons and links such as buttons are the best choice for smartphones and
laptops, as they load quickly and provide clear and intuitive actions for users.
Transparent buttons, although they may look stylish, load slowly on smartphones, which
can lead to waiting and a negative user experience. Using optimized image formats such
as WebP and SVG provides the fastest loading times and a better user experience.
Avoiding heavy images with large sizes and formats that slow downloading can improve
speed and reduce wait times, which is critical for mobile users. For smartphones and
laptops, it is recommended to use embedded images through <object> a tag, as they
provide the fastest loading times. This allows mobile users to have fast-loading pages
without having to wait for the images to fully load. Using an <embed> tag on websites
is a good solution when looking for a balance between loading speed and user-
friendliness. It doesn't require additional scrolling or <iframe> loading containers,
resulting in a smoother interaction with mobile devices. For an optimal smartphone user
experience, simpler and less burdensome color schemes, such as black and blue, should
be used, which will ensure fast loading times and minimize visual strain for the user if
used excessively. For a faster and more efficient responsive design, it is advisable to use
Float and Position methods for positioning the elements. When building responsive web
pages, the best choice is to use a CSS Framework like Bootstrap, which offers fast
loading times and adaptability to different devices. While Flexbox and Grid are both
powerful stacking tools, they can require more resources, which can degrade the user
experience, especially on slower drives or in unstable network conditions. For better
performance in a responsive design, it is advisable to optimize the tablet version by
reducing heavy resources and eliminating unnecessary elements from the laptop version.
The use of adaptive images (via srcset and WebP), lazy loading of invisible content, and
the removal of unnecessary animations and scripts contribute to faster loading times and
a better user experience.

In adaptive design, it is recommended to use sans-serif fonts, as they provide the
best performance on most devices, as well as local font loading, instead of using external
resources (Google Fonts), for faster initial loading times. A good approach is also to
minimize the number of different fonts and styles to achieve better speed. The vertical
menu is the better option for achieving optimal speed for smartphones and tablets, and
the built-in horizontal menu — for laptops. It is recommended to use standard buttons on
all devices for faster loading and avoid transparent buttons as they slow downloading,
especially on a laptop. The use of complex CSS effects (box-shadow, opacity, and filter)
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to improve speed should be reduced. It is better to use WebP or HEIC formats instead of
PNG/JPEG for better compression and fast loading, SVG optimization through tools
such as SVGO to reduce file size, as well as lazy-loading images that are not visible at
initial loading. It is recommended to use it <object> for embedding images on tablets
and laptops and to avoid <iframe>it, especially on a smartphone, and can also be used
<embed> <figure> for a smartphone. It is appropriate to use it <embed> to embed a
website on a smartphone and tablets for better performance, but for a laptop it is better
to avoid it <object>as it is slower, but it can be replaced by <iframe>, which shows the
fastest speed in testing. For smartphones and laptops, measurements show (although a
significant number of colours have not been examined) that it is good to use pure blue
text colour, for tablets — black text color is the best choice. Using float:none provides the
highest performance on a mobile device and tablet, and float:left on a laptop. On the
other hand, positioning with position:relative and position:fixed are relatively slow,
especially on laptop devices. CSS Flexbox Layout is optimal for larger screens, while
Grid is better for a smartphone as it handles dynamic space allocation well. It is
recommended to optimize the laptop version by reducing the use of heavy effects and
built-in resources, using lazy-loading content that is not visible on first loading, and
reducing unnecessary JavaScript effects and animations.

Finally, when designing a website, you should first consider the intended users, as
well as analyse market trends, budget, and future business development. If the majority
of users use desktops, responsive design is the better choice, but if the main traffic comes
from mobile devices, the responsive design has to be done through mobile-first
approach. And the adaptive design is suitable for specific cases with fixed resolutions
and for widely used sites by different groups of users who use different devices.

6. CONCLUSION

Sustainability is now becoming a critical factor for high efficiency in software
development. At the global level, there is an energy shortage and prices are rising. In
this regard, energy-efficient applications are a must, especially for mobile devices. Test
websites were made using the methods of adaptive, responsive and mobile first design
and experiments were conducted on the effectiveness of using different UI elements,
measuring the load times for each method. The conclusions drawn after the many
experiments are summarized and some general recommendations for the design of
sustainable Uls are defined.
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