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Tjaša Heričko, Špela Čučko, Boštjan Šumak, Saša Brdnik
Faculty of Electrical Engineering and Computer Science, University of Maribor

Koroška cesta 46, 2000 Maribor, Slovenia
{tjasa.hericko, spela.cucko, bostjan.sumak, sasa.brdnik}@um.si

Abstract. On modern websites, images, on average,
account for about half of the website size. Hence,
they are very performance-consuming if not well
optimized, increasing page transfer size and page
load time. However, existing studies have revealed
that image optimization is lacking on most websites.
A performance-based measurement study of vari-
ous automatic image optimization approaches for
WordPress-powered websites is conducted in this
paper. The results indicate that while approaches offer
varying support for image optimization aspects, all
reduce total page size notably and improve overall
performance, further motivating the urgent need to
employ image optimization on real websites.
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1 Introduction
Over the years, software practice and research have
come to an agreement: Web users are immensely sensi-
tive to website performance (Google Developers, 2020;
Shivakumar, 2020). A study by Hoßfeld et al. (2018)
reports that user rating declines increasingly if a web-
site takes more than 3 seconds to load because the users
lose interest or even get frustrated if the site loads too
slowly. Besides, performance is not important merely
from the point of view of the end-user. It is crucial
for the overall website success; how the users perceive
websites also consequently influences site traffic, user
churn, and online revenue (Google Developers, 2020;
Shivakumar, 2020; Szalek and Borzemski, 2019). Re-
search from Google (2018) shows that visitor bounce
rates can increase by 32% as page load time goes from
1 second to 3 seconds and a load time of 5 seconds in-
creases visitor bouncing by 90%. In addition, web per-
formance also impacts search engine rankings as faster
sites rank higher (Shivakumar, 2020).

The importance of performance optimization is even
more relevant with the proliferation of multimedia con-
tent on the web and the growing trend of using content
management systems (CMSs) to manage this content.
Based on the page size data of websites powered by

the most popular CMS – WordPress – provided by the
HTTP Archive (2021), images represent around 49%
of the site’s total size for desktop sites. Thus, Google
(2018) suggests that simple image and text compres-
sion alone can save more than 250 KB for 25% of web-
sites, while 10% of sites could save more than 1 MB. It
is widely accepted that image optimization can impact
the performance aspects of a website positively. Tools
like Lighthouse, an open-source tool for performing
audits to improve the quality of sites (Google Develop-
ers, 2021a), offer actionable advice to address various
aspects of image optimization such as image size, level
of compression, format, and dimensions. These opti-
mization practices can help reduce the negative impact
of images on performance. Optimizations can be done
through various tools and techniques in both a manual
and automatic manner. As the former is often repeti-
tive, time-consuming and error-prone, the latter is pre-
ferred, as it does not rely on continual human interfer-
ence. However, despite recommendations, studies re-
port that image optimization is often not utilized to the
fullest (HTTP Archive, 2021; Mendoza et al., 2015).

This work aims to provide a better understanding of
WordPress-based sites and automatic approaches that
can be utilized to address common image optimization
issues, with an emphasis on the impact image optimiza-
tion has on web performance. Our research objective is
to compare automated image optimization approaches
for the WordPress platform, their characteristics, and
their impact on web performance. To achieve this ob-
jective, we analyzed several automated approaches to
image optimization and performed a Lighthouse-based
performance measurement study on an example of real
websites. Our findings highlight the importance of ade-
quate image optimization, and serve as a motivation to
employ automated image optimization on WordPress
sites to improve web performance.

2 WordPress
WordPress is a prevalent platform for building and
managing websites; It is estimated that over 41% of all
sites across the web are WordPress-based (W3Techs,
2021). From a simple blogging platform, presented
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in 2003 to provide a straightforward personal publish-
ing system, WordPress has evolved into a flexible and
powerful platform intended to ease website develop-
ment, web content publishing and management, while
remaining simple, user-friendly, and accessible for ev-
eryone. Although predominantly considered for simple
sites, e.g., blogs, forums, corporate sites, it is nowadays
also used as a web application building platform for
domain-specific applications, including online shops,
web corpora, and complex portals.

The success and widespread use of WordPress is re-
flected by the constant growing usage trend in the last
decade, depicted in Figure 1. At the time of writing
this paper, WordPress powers 41% of the web, a four-
month growth of 2.5% from 39.5% in January 2021, a
4.1% growth from 35.4% in January 2020, and a 3.3%
rise from the year before (W3Techs, 2021). In Decem-
ber 2020, the count of WordPress-powered websites
even surpassed the number of websites built without
the use of CMSs. Among all CMSs, WordPress has a
64.5% market share, followed by Shopify and Joomla,
each with a market share of less than 4% (W3Techs,
2021); Thus, WordPress is undoubtedly considered
as the most used CMS. The plugin-based architecture
allows the core functionalities to be extended easily
based on the needs. As of May 2021, there have been
over 58,438 plugins available in the official WordPress
plugin directory to choose from, varying from image
galleries, forms, e-commerce to security and image op-
timization plugins (WordPress, 2021a). In comparison,
Shopify offers 6,500 apps (Shopify, 2021), and Joomla
offers around 6,000 extensions (Joomla, 2021).

Figure 1: The usage statistics of CMSs through the
years; only CMSs with more than 1.5% usage in

January 2021 are included (W3Techs, 2021).

3 Related work

3.1 Web image optimization
Mendoza et al. (2015) performed an in-depth analy-
sis of 100,000 popular sites, aiming to identify sources
of wasted bandwidth. The study shows that, on aver-
age, a minimum of 23% of the website’s total size is

unnecessary, and could effectively be reduced through
optimization. The study also reveals that image size
reduction through image format conversion and image
compression alone (demonstrated using the OptiPNG
tool), can reduce desktop website size by an average
of 15.1%. The study focuses solely on data transfer
size savings, while our study addresses both data and
load time opportunities. Additionally, the study in-
cludes only one optimization tool, supporting manual
optimization with limited features. In contrast, we re-
view several automated optimization approaches with a
broader range of features to assess image optimization.

Leventic et al. (2016) proposed an automatic JPEG
image compression system for web applications, which
compresses each image iteratively and determines the
highest compression while retaining the perceptual
quality of the original image. While our study also
focuses on automatic approaches, it differs from this
study by utilizing a more comprehensive range of im-
age formats and image optimization aspects consid-
ered, concentrating on WordPress-powered websites.

Mjelde and Opdahl (2017) reviewed, evaluated and
compared available page load time reduction tech-
niques for device-agnostic websites, with particular at-
tention focused on frontend image optimization tech-
niques for adapting images to context, including the
following: Picturefill, Adaptive Images, the Clown-
Car Techniques, HTML 5.1 pictures, and lazy loading.
Similar to our study, researchers evaluated automatic
image optimization techniques with performance mea-
surements; Though, the study focuses mainly only on
techniques for providing responsive images.

Hu et al. (2017) presented an analysis of the PNG,
JPEG, and WebP image compression algorithms. The
results show that WebP format was superior to PNG
format in both compression ratio and time consumption
of lossless image compression, while the compression
ratio and image quality of WebP format outperformed
the JPEG format in lossy compression at the cost of
long encoding time. The study solely discusses com-
pression algorithms, while we address the overall pro-
cess of web image optimization.

Pushkar et al. (2020) proposed a website loading
speed optimization method with a weighted list of the
main criteria for optimizing speed, including criteria
related to images. The method was demonstrated on a
prototype Joomla-based website, which addressed the
formed criteria. For the implementation of efficient im-
age compression, several services and programs were
considered and evaluated preliminarily, including Cae-
sium, RIOT, TinyPNG, Optimizilla, and FileOptimizer,
from which the last one was found to be the most ef-
ficient, and was therefore used in the process of op-
timizing the prototype website. With the use of the
program, the size of image files has been reduced by
58.55% without significant loss of image quality. Over-
all, the authors estimate that the site loading speed im-
proved by 48%. Similar to our study, this study fo-
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cuses on optimization for CMSs. However, it utilizes
external image optimization services and programs and
does not make use of the plugin-oriented architecture
that could provide automatic optimization. Addition-
ally, the study did not only address image optimization,
but overall optimization, thus, not providing compre-
hensive findings regarding web image optimization.

Several previous studies have addressed image opti-
mization for the web. Our study differs from the ex-
isting literature in several ways: (i) It focuses on the
WordPress platform, which has not been studied be-
fore from the perspective of image optimization despite
its growing popularity, (ii) It includes automated image
optimization approaches that can easily be employed
on real sites, (iii) It evaluates several approaches sup-
porting various aspects of image optimization for the
web, and (iv) It focuses on the impact of image op-
timization on web performance, by measuring perfor-
mance in terms of load time and transfer size.

3.2 WordPress Issues

While extensive research has been conducted in recent
years on the WordPress platform due to its widespread
use, studies focus largely on assessing the security of
WordPress and its plugin-based architecture. Koskinen
et al. (2012) analyzed 322 randomly selected Word-
Press plugins to find out how vulnerable the plugins
are to well-known security exploits. Mesa et al. (2018)
provided an exploratory study to characterize the main
types of vulnerabilities caused by plugins, the sever-
ity of these vulnerabilities, and the complexity of the
changes needed to mitigate vulnerabilities. Cernica et
al. (2019) emphasized the destructive potential of se-
curity vulnerabilities of backup plugins. Research by
Ruohonen (2019) and Cigoj, Stepancic, et al. (2020)
analyzed known exploitable vulnerabilities of websites
powered by WordPress, concluding that well-known
security risks have transformed from the core Word-
Press to plugins, and that plugins represent the major
contributions to the insecurity of these websites. Cigoj
and Blazic (2019) and Asaduzzaman et al. (2020) pro-
posed tools aiding security specialists with vulnerabil-
ity detection and assessment of web applications devel-
oped with CMSs, including WordPress.

The plugin-based nature of WordPress was re-
searched by Hills (2016) and Rodas-Silva et al. (2019).
The former focused on the tedious task of navigating
the plugin-oriented development environment by pro-
viding support for developers with finding correct ex-
tension points to use, with examples presented in ex-
isting plugins, while the latter focused on supporting
developers with the difficult task of selecting appropri-
ate plugins to implement features in a specific context
among a wide variety of options to choose from, by
proposing a component-based recommender system.

Our study adds to the existing WordPress-related re-
search by providing a contribution for easier navigation

of its modular plugin-based architecture with regard to
web image optimization and website performance.

4 Experiment

4.1 Experimental design
The experiment conducted to address the research ob-
jective consists of (i) Dataset preparation (websites),
(ii) Data collection, and (iii) Data analysis. The key
steps are illustrated in Figure 2.

In the first step, a WordPress instance was installed
locally using WordPress 5.7.2, PHP 7.3.5, nginx, and
MySQL 8.0.16. To provide representative WordPress-
powered websites in the experimental process, the
Starter Templates plugin1 with website templates was
installed and used to import complete website demos.
The BBQ Restaurant (site A), Construction (site B),
and Hotel and BnB (site C) website templates were se-
lected for the experiment, built with the default Guten-
berg editor on the Astra theme. Next, each selected
website was modified to change existing images with
unoptimized – in total, 19 images were added to site A,
16 images to site B, and 23 images to site C, in PNG
and JPEG formats, ranging in file size from 948 KB
to 3.9 MB. The prepared website served as a baseline.
Lastly, multiple instances of the site were created, each
configured and optimized with one of the approaches
described in the next section.

In the second step, the performance of created web-
sites was measured using Google Lighthouse 7.3.0, a
tool used widely by software engineers and practition-
ers for assessing performance and improving the qual-
ity of web pages (Chan-Jong-Chu et al., 2020; Gambhir
and Raj, 2018; Google Developers, 2021a; Johnston et
al., 2019; Nurshuhada et al., 2019; Rahman and Wittie,
2019; Riet et al., 2020). We decided to use Lighthouse
because (i) It is open-source, (ii) It is maintained ac-
tively and used widely, (iii) It can employ automated
audits run via shell scripts, (iv) It can be utilized in a lo-
cal environment while emulating a desktop device, and
(v) It captures an overall Performance Score through
aggregating performance metrics, as well as several
other performance-related data. Due to its extensible
nature, we integrated Lighthouse into our data collec-
tion pipeline, built with Python 3.7, Node 14.16.1, and
pandas 1.2.4. In the study, we used sites hosted locally
on a MacBook Pro 15 (16 GB RAM, 2.6 GHz 6-Core
Intel Core i7), running the Lighthouse audits using the
Chrome Headless mode. To provide a representative
environment for audits, we used the Lighthouse feature
to simulate real conditions by emulating the hardware
and the user agent appropriate for the desktop device
and throttling the network speed. Websites were em-
ulated on a device with macOS 10.14.6, in a Chrome
window size of 1350x940 px, and simulating a broad-
band network connection. For each site, Lighthouse

1https://wordpress.org/plugins/astra-sites/
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Figure 2: Steps in the experiment process.

performance audits were run five times to mitigate the
variability in measures. The median values of perfor-
mance metrics were used to calculate the overall Per-
formance Score and in exploratory analysis. Similar to
previous works (Mendoza et al., 2015), data collection
was performed only on the landing page of each site.

Finally, exploratory analysis with descriptive statis-
tics was conducted with Python 3.7. The plots were
created using Matplotlib 3.2.2. The IBM SPSS soft-
ware 27 was used for the inferential statistic. With
the Kruskal-Wallis (KW) non-parametric test, we com-
pared the data groups separately for each of the three
sites, where each site was optimized with six ap-
proaches. Results were adjusted with Bonferroni cor-
rection for multiple tests before analysis. Spearman’s
rho analysis was performed to determine whether there
is a correlation between the Performance Score, user
rating, and the number of active installations.

4.2 Image optimization approaches
Six image optimization approaches were selected and
used in the experiment. Among them, five are the
most popular free image optimization plugins from the
WordPress plugin directory (note that some popular
plugins were not included, due to services not opti-
mizing images on a local WordPress instance and too
restrictive free version limitations). One remaining ap-
proach is the default WordPress core image optimiza-
tion. Approaches are described briefly below and com-
pared in Table 1 based on the number of active installa-
tions on real sites, average user rating with values from
1 to 5 stars, the file size of the source code, and support
of image optimization-related features. Note that free
versions of the plugins were used in the experiment.

Smush is the most popular and highest-rated plugin
for image optimization. It has several features, includ-
ing lossless compression, lazy loading, metadata re-

moval, and image resizing, all with either individual or
bulk optimization using Smush’s servers. Conversion
to WebP format, compression of full-size images (the
free version of the plugin only compresses image sizes
generated by WordPress), and lossy compressions are
restricted to the premium version (WordPress, 2021f).

EWWW Image Optimizer offers optimization of all
existing images and automatic compression, resizing,
and metadata removal from newly uploaded ones. It
offers support for JPEG, PNG, and GIF formats. Ad-
ditionally, the plugin supports lazy loading and conver-
sion to the WebP format (WordPress, 2021c).

Compress JPEG & PNG images offers automatic
compression and resizing of newly uploaded images,
individual or bulk optimization of existing images in
the media library, with control over optimized image
sizes. Images are uploaded to the TinyJPG or TinyPNG
service, where they are compressed with lossy com-
pression. The plugin has some support for the preser-
vation and removal of metadata (WordPress, 2021b).

reSmush.it is based on reSmush.it API, providing
optimization for JPEG, PNG, and GIF files. It includes
automatic, manual and bulk optimization options with
image quality factor control. Furthermore, the plugin
provides EXIF data removal (WordPress, 2021e).

Optimus offers automatic optimization during up-
load and bulk optimization of images uploaded to the
media library. Optimization of JPEG and PNG images
is conducted in the background by the Optimus server.
The plugin’s premium version bundles more features,
such as conversion to WebP format and deleting un-
necessary image metadata (WordPress, 2021d).

WordPress core provides built-in support for some
aspects of image optimization. As of WordPress 4.5,
the platform lossy compresses JPEG images automati-
cally (image sizes generated by WordPress only) using
a quality level of 82% (WordPress, 2016). The com-
pression factor can be customized, however, only pro-
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Table 1: Comparison of image optimization approaches (data gathered on 11th May 2021).

Smush EWWW
Image
Optimizer

Compress
JPEG&PNG
images

reSmush.it Optimus WordPress
core

Version 3.8.4 6.1.4 3.2.1 0.4.1 1.6.0 N/A
Active installations 1.000,000+ 800,000+ 200,000+ 200,000+ 60,000+ N/A
Average user rating 4.8 4.7 4.4 4.3 4.2 N/A
File size 5.67 MB 17.1 MB 1.11 MB 276 KB 77.8 KB N/A
Support for image formats JPEG, PNG,

GIF
JPEG, PNG,
GIF

JPEG, PNG JPEG, PNG,
GIF

JPEG, PNG JPEG, PNG

Compression lossless
(JPEG,
PNG, GIF),
lossy (pro)

lossless
(JPEG,
PNG, GIF)

lossy
(JPEG,
PNG)

lossless
(JPEG,
GIF), lossy
(PNG)

lossy
(JPEG),
lossless
(PNG)

lossy
(JPEG)

Control over compression
level

x x (Xpro) x X x X(only in
code)

Control over image sizes
optimized

X x X x x x

Image resizing X X X x x X
WebP conversion x (Xpro) X x x x (Xpro) x
Lazy loading X X x x x X
Metadata removal X X X X X x
Optimization on upload X X X X X X
Individual optimization X X X X x x
Bulk optimization X X X X X x

grammatically using a filter hook. As of WordPress
5.3, large images exceeding 2560 px in height or width
are scaled-down (WordPress, 2019). Default lazy load-
ing of images using the native HTML loading attribute
was introduced in WordPress 5.5 (WordPress, 2020).

4.3 Web performance metrics

The performance of websites used in the experiment
was evaluated from two perspectives: Load time and
transfer size.

Load time represents the speed at which the end-user
browser loads a site. We used the Performance Score,
defined by Lighthouse (Google Developers, 2021b),
which presents an overall user-perceived performance
estimation of a website. It is a weighted average of
scores of six performance metrics, each capturing some
aspect of website load speed. These metrics are:

• First Contentful Paint (FCP): Time until the first con-
tent element is rendered on the page.

• Speed Index (SI): Time required for the content to be
displayed visibly on the page.

• Largest Contentful Paint (LCP): Time until the
largest content element is rendered on the page.

• Time to Interactive (TTI): Time until the page is fully
responsive to interaction.

• Total Blocking Time (TBT): Time during which the
page is blocked from responding to user input.

• Cumulative Layout Shift (CLS): The number of un-
expected page content changes after being rendered.

Page transfer size represents the data transferred to

the browser as the page loads. We used the transfer size
of all resources and the transfer size of image resources
reported by Lighthouse (Google Developers, 2021b).

5 Results and discussion
The Performance Scores of the three websites opti-
mized with different optimization approaches are pre-
sented in Figure 3. The comparison between optimized
and unoptimized sites revealed that the Score has im-
proved in 90.5% of observed cases; in 9.5% of cases,
it remained the same. These results suggest that in
the majority of cases, the end-users would perceive
that the optimized sites load faster than the sites not
optimized. However, further analysis revealed that,
for different sites, different approaches are more suit-
able. For sites A and B, Optimus was the least effi-
cient, as it is the only approach that did not improve
the Score, due mostly to inadequate support for de-
ferring offscreen images and image resizing of large
images. For site A, WordPress core provided a slight
performance improvement of 4.5%. The rest of the ap-
proaches improved the performance of site A greatly.
Among them, Compress JPEG & PNG images with
20.4% improvement achieved the best results. On av-
erage, the Score of site A was improved by 12.5%. Ap-
proaches reSmush.it and Compress JPEG & PNG im-
ages achieved the best results for site B, improving the
Score by 7.5% and 8.6%. On average, the Score of
site B was improved by 3%. For site C, all approaches
achieved notably better results, with the Score improv-
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Figure 3: Performance Scores.

ing, on average, by 20.3%.
The KW test was performed to study the Perfor-

mance Score further. The hypothesis "Distribution
of the Score is the same across all categories of ap-
proaches" was rejected for all three sites. There was
a statistically significant difference in results for opti-
mized websites compared to unoptimized sites noticed
in all pages. For site A (χ2(6)=33.701, p=0.000) a
significant difference, with a mean Score of 92, 92,
and 94.2, was noted for Smush, EWWW Image Opti-
mizer, and Compress JPEG & PNG images, respec-
tively. In the case of site B (χ2(6)=21.105, p=0.000),
a significant difference compared to the unoptimized
site was noted for reSmush.it with a mean Score of
97, and Compress JPEG & PNG images with a mean
Score of 97.8. The same goes for site C (χ2(6)=21.105,
p=0.000), where a statistically significant difference
was noted for reSmush.it, Compress JPEG & PNG im-
ages, and WordPress core, with mean values of 99,
99.2 and 99.6, respectively. We notice that optimiza-
tion with Compress JPEG & PNG images improved
the Score significantly for all three sites.

Next, we observed the level of correlation between
the ratings (M=4.5, SD=0.23) and the Score (M=0.94,
SD=0.06). Spearman’s rho analysis revealed that there
was no correlation (p=0.589) between them. Despite
the lack of correlation between the performance and
ratings, there was evidence supporting that highly pop-
ular plugins, which, through our analysis and compari-
son have been found to support more image optimiza-
tion aspects than plugins with less active uses, were
also rated highly, indicating that users are satisfied with
offered features. We observed a strong correlation
(p=0.000) between the user rating (M=4.5, SD=0.23)
and the number of active installations (M=452,000,
SD=387,873.32).

The sizes of image resources transferred over the
network for the three websites optimized with different
optimization approaches are presented in Figure 4. The
results show that approaches helped reduce the image
size and, consequently, total page size, reducing image
weight, on average, by 41.9%, 53.8%, and 62,9%, on
sites A, B, and C, respectively. Especially, approaches

Figure 4: Image transfer size.

providing lazy loading with efficient image compres-
sion, i.e., Smush and EWWW Image Optimizer, reduced
the most of the image transfer size on initial load.

By observing solely the file size of plugins, we see
the size varies noticeably; with a file size of 77.8 KB,
Optimus is the smallest observed plugin, while EWWW
Image Optimizer with 17.1 MB is the largest. To
study this further, we analyzed how adding plugins to a
site without employing optimization impacted perfor-
mance. Observing the differences between total trans-
fer size and image transfer size provides the size of
other assets. This gives an insight into how many addi-
tional assets are transferred on page load, some due to
the site design and some due to the optimization plug-
ins themselves. The results show that Smush increased
the transfer size of total page resources by 8.4 KB and
EWWW Image Optimizer by 12.3 KB.

The performance results from load time and transfer
size revealed that the performance improved if any au-
tomated image optimization approach was employed.
These results tie in well with previous studies, fur-
ther motivating the need to employ image optimiza-
tion on real sites. However, findings suggest that as the
approaches provide varying support for different op-
timization aspects, the choice of the optimization ap-
proach should depend largely on the characteristics of
the site and media content (e.g., image formats, image
dimensions, the number of images). For example, for
simple sites containing a small number of images, or
relatively small images in terms of size, like our proto-
type site A, optimization with WordPress core is suffi-
cient, especially with the support of the evidence that
plugin-based approaches often add additional weight
to the site, whereas all image optimization features of
WordPress Core are built-in in the WordPress environ-
ment by default. Thus, plugin-based approaches should
be considered instead for image-heavy sites.

6 Conclusion

Images commonly contribute more to total site size
than HTML, stylesheets, fonts, script, and other re-
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sources combined. Images not well optimized are of-
ten the source of unnecessary bytes transmitted over
the network to display a site in the user’s browser, con-
sequently increasing page size and page loading, af-
fecting web performance negatively. Reducing load
times and improving performance is particularly cru-
cial nowadays, as it influences user satisfaction, site us-
ability, bounce rate, and even the position of the site in
search results. Image optimization should be employed
to overcome this issues. A measurment-driven study
was conducted to provide an insight into the automatic
optimization of images in the WordPress environment.
We set up three WordPress-powered sites containing
common image-related issues that exist on the web,
e.g., images containing metadata information, images
not compressed well or not compressed at all, images
not in the most efficient format, images not sized ad-
equately, offscreen images not deferred. To address
these issues, the sites were optimized with selected
approaches for automatic optimization of images, and
web performance was measured using Lighthouse by
observing the chosen metrics. The results indicate that
usage of image optimization can have great benefits.
While approaches differ in support of image optimiza-
tion aspects (e.g., image compression, resizing, format
conversion, lazy loading, metadata removal), all have
the potential to improve overall performance.

7 Threats to validity
The study is limited to the analysis of websites built
with WordPress. Therefore, the results cannot be
generalized fully to other CMS-based websites (e.g.,
Shopify, Joomla, Drupal) or websites without CMS.
However, with WordPress powering more than 41% of
the web, we believe it is a relevant ecosystem to re-
search. In addition, some services that the evaluated
optimization approaches are based on, i.e., reSmush.it,
TinyJPG, and TinyPNG, provide its algorithms for sev-
eral other CMSs and sites without CMS. Thus, we ar-
gue that these optimization approaches may perform in
a similar way as reported in this study, although addi-
tional research is required for a broader generalization.
The experiment was performed on instances of three
websites, which we believe are representative examples
of real sites. To minimize the project-specific impact
on performance measurements, the example websites
consisted of the commonly used Astra theme with the
minimum amount of plugins necessary. The scope of
the included automatic approaches is limited solely to
free approaches. For the performance measures, only
one tool was used; however, we believe in having gath-
ered representative results based on previous studies
using Lighthouse and extensive use in software prac-
tice. In addition, it is open-source, thus facilitating the
replicability of the study. To minimize the influence
of external factors in performance measurements, e.g.,
internet speed, server response times, browser exten-

sions, the experiment was performed by running web-
sites in a local environment using the Chrome Headless
mode. All measurements were conducted on a single
computer with the same system configuration across
measurements, ensuring the results can be compared
under the same conditions. Through the experiment,
we minimized the background processes to reduce in-
terference with the measures. To minimize variabil-
ity in measures, each measurement was recorded five
times, and the median values were used for further
analysis, as suggested by Google Developers (2019).
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