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ABSTRACT

The increasing complexity of web pages has brought a number
of solutions to offer simpler or lighter versions of these pages.
The qualitative evaluation of the new versions is commonly
carried out relying on user studies. In addition to the associated time and financial cost, running user studies became
extremely challenging during the pandemic of COVID-19.
Moreover, comparing the results of different user studies is
difficult due to the participating users’ subjectiveness. In this
paper, we propose PQual, a tool that enables the automation of
the qualitative evaluation of web pages using computer vision.
In comparison to humans, PQual can effectively evaluate all
the functionality of a web page, whereas the users might skip
many of the functional elements during the evaluation.
Author Keywords

Qualitative Evaluation, Web Pages, Similarity Score
CCS Concepts

•Human-centered computing → User studies;
INTRODUCTION

The complexity of modern web pages has substantially grown
in the past decade, leading to larger pages that are computationally intensive for mobile devices. The increasing trend
in accessing these pages via handheld mobile devices [5] has
recently brought novel solutions to tackle the complexity of
web pages [14], including developer tools [12], in-browser
tools [10, 16, 17, 13], platform-based solutions [1, 2], and new
browsers [3, 6]. Google has also attempted to offer lighter
versions of web pages through the Accelerated Mobile Pages
(AMP) [11] approach. While AMP aims to redefine how
pages should be written, JSCleaner [8] aims to rapidly create
lighter versions of existing pages for an improved browsing
experience.

brought alternative evaluation approaches in human-computer
interaction, especially when researchers are unable to directly
interact with the users. These alternatives can be considered
not only due to the pandemic situation, but also for reasons
correlated with other constraints such as travel, finance, or
health. In addition to the alternatives to lab-based user studies
discussed in [15], we propose to utilize computer vision in
situations where the technology can replace the human role
in qualitative assessment. This also brings additional benefits
to researchers in comparing their results with other solutions
using a unified tool without relying on user studies that might
be prone to subjectivity.
In this work, we present PQual; an evaluation tool that computes the similarity score of a web page offered by a web
complexity solution in comparison to the corresponding original page. To evaluate the potential loss of functionality during
the generation of the page to be offered, the similarity score
considers not only the static structural view of the page but
also the functionality of the different page elements. The loss
in the functionality of a page element might be either complete
(when the element is completely missing) or partial (when the
element is no longer interactive). To the best of our knowledge,
this might be the first attempt to assess the quality of the web
pages offered by different solutions without conducting a user
study.

To evaluate the quality of the pages generated by these solutions, user studies are usually conducted. However, the
shutdown that resulted from the COVID-19 pandemic has
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Figure 1. Extracted components marked on a web page

THE TOOL

PQual considers two input web pages in the similarity assessment. The first represents the original page, and the second
represents the lighter counterpart page that is generated by
a web complexity solution. We refer to the first page as the

Identifying and Recording Actionable Tags

PQual starts by identifying and recording the HTML tags in
both pages (the original and the new) that cause structural page
changes when the user interacts with them. We refer to these
tags as actionable tags. Two main types of user interactivity
events are considered in identifying these tags: hover and
click. To identify these tags, the structural similarity of a
page screenshot captured before the occurrence of a tag event
is compared to the screenshot captured after the occurrence
of the event, where less than 99.5% similarity identifies the
tag to be actionable. For a given page, we refer to the set
of actionable tags’ screenshots as page snapshots. Figure 1
shows a sample snapshot of a hover event over a div tag with
class = "menu-item-container". The snapshots of both the
original page and the new page are stored to create a baseline
for computing the similarity score. Instead of considering all
HTML tags, the identification of actionable tags has reduced
the overall complexity of the computation by an average of
62.8%.
Extracting Components from the Snapshots

PQual extracts the basic components from the snapshots of
both the original and the new page to generate two sets of
components, one set for each page. Components are extracted
by removing the background pixels and finding the interconnectedness between the dilated foreground pixel. An example
of the extracted components can be seen in Figure 1 where
each red rectangle represents an individual component. This
process is essential due to two reasons: First, a simple pixel-bypixel snapshot comparison would not give an accurate score
due to the dynamic nature of HTML. For example, if an element (such as an ad) is missing in the new page, the HTML
would shift the relative position of all subsequent elements in
the page. Second, the background pixels of web pages generally cover large areas, which (if included in the comparison)
would result in a false higher score.
Matching Components and Computing the Score

This step aims at matching the components extracted from
the original page snapshots to the components extracted from
the new page snapshots, which is performed using Image
Integrals [9] search algorithm. PQual gives a score of 1 for
components with exact matches, while it looks for partial
matches using OpenCV’s structural similarity score (which
outputs a value between 0 and 1) for each component with no
exact match. The match with the highest score is considered
for a given component with no exact match. When all the
components are matched, a weighted average is computed
using the area of the components (since it is more probable
for larger components to have more content). This process is

repeated for all the snapshots to compute a final page similarity
score by averaging all of the snapshots’ scores.
EVALUATION

We selected 100 popular web pages with their counterpart
versions simplified using [8] and used PQual to compute the
similarity score of the simplified versions in comparison to the
original web pages. We make the set of paired pages available
online for user evaluation. Twenty-two users were recruited
from an international university campus by posting online ads
on their popular social media groups. They were informed to
spend a maximum of 30 minutes to evaluate a set of paired
pages that were shown side-by-side. An institutional review
board (IRB) approval was given to conduct the user study.
The users were asked to evaluate the similarity between each
pair of pages that were displayed within the time limit, by
answering the following questions:
• Rate the look similarity and styling on a scale from 0 to 10.
• Rate the content similarity on a scale from 0 to 10.
• Mention all types of missing contents that apply: (text,
images, advertisements, video, layout/beautifiers, others).
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Original and to the second as the New page. PQual performs
three main steps to output a similarity score for a qualitative assessment of the new page in comparison to the original, which
are: identifying actionable tags, extracting components from
these tags, and matching the extracted components. PQual is
implemented using Selenium driver [4] to perform actions on
HTML tags of a web page, and OpenCV [7] to check if the
performed actions have caused visual changes on that page.
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Figure 2. The similarity score CDF of PQual in comparison to the similarity score CDF of the user study

Figure 2 shows the page similarity cumulative distribution
function (CDF) between the simplified and the original pages
for both the user study and PQual. Results show that for
almost 90% of the pages, the simplified pages achieve a similarity score above 90% compared to their originals. This is
true for both PQual and the user study. Results also show
that PQual computes a comparable similarity score to the
user study scores, with minor differences. It can be seen that
PQual is less forgiving than the users, evident by the smooth
and gradual increase of the scores between 90% and 100%.
In contrast, the user study results show a sudden and sharp
increase in the score within the same segment. This can be
explained by the fact that real users tend to overlook minute
differences between pages, and that they are more forgiving
in their assessment when major elements in the two pages are
matching.
CONCLUSION

PQual offers a unified approach for qualitative evaluation of
web pages, and can inspire alternative evaluation approaches
in human-computer interaction.
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