Guideline-Based Evaluation of Web Readability

Abstract

Previous studies have explored the comparison of machine
evaluation and manual evaluation methods in web page eval-
uation, in order to understand the readability and accessi-
bility evaluation protocols and systems in the future. The
experimental results show that the proposed models have
their own advantages and disadvantages in different situa-
tions. However, due to the differences in size and interface
design between mobile display and laptop display, the ex-
perimental results can not guarantee the same conclusion
on mobile display. So I want to study the difference between
reading the same page on a mobile device and reading the
same page on a web page. I use semi-structured interview and
questionnaire survey methods to obtain data, and modeling,
and get the results similar to the network experiment. But
because web page reading on mobile phone is more complex
than that on Web page, it needs more human experts. These
results lay a foundation for the design evaluation methods
of mobile phones in the future.
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1 Introduction

This article explored the use of readability guidelines in man-
ual and automatic webpage evaluation, to derive the insights
for future readability and accessibility evaluation protocols
and systems. The study collected and compared three pieces
of data for a set of webpages: the ground truth readability
scores, manual evaluation with readability guidelines, and
automatic evaluation on guideline-related metrics.

In this paper, the linear mixed model is used as the main
tool to input automatic variables into a series of linear mixed
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models, and the relationship between automatic evaluation
and readability variables is discussed.

The traditional manual evaluation method based on guide
has some problems, for example, some lengthy and simple
checklists greatly increase the unnecessary manual work.
The analysis shows that the use of automatic evaluation can
greatly alleviate these problems without reducing the evalua-
tion effect. However, completely using automatic evaluation
instead of manual evaluation will greatly increase the error
probability in some cases. We believe that the future web
page evaluation will be based on the combination of manual
evaluation and automatic evaluation.

This paper studies 39 web page readability criteria and their
application in automatic evaluation. Automatic assessment
seems to help address several problematic aspects of the
web page, including low-level visual aspects where manual
assessment often leads to disagreements. However, experts
still need to manually apply guidelines that cannot be used
successfully by automatic assessment, such as content-based
understanding and interpretation.

Due to the differences in size and UI design between mobile
displays and laptop displays, people may read the same page
differently on mobile devices and computers. In order to un-
derstand the differences between mobile reading and online
reading, this study conducted a semi-structured interview
and questionnaire survey among different ages and special
groups.

This article contributes to a new study of the difference be-
tween people reading the same page and a web page on a
mobile device. In this paper, semi-structured interview and
questionnaire survey methods are used to obtain data and
model. The experimental results are consistent with the ex-
perimental results of web page. When evaluating web pages
according to specific standards, the performance of the algo-
rithm on human pages is better than that of human experts,
especially those related to the low-level functions of the
readability and text format. However, multiple standards still
need human judgment and understanding and interpretation
of network content; The difference is that mobile reading is
faced with more complex and changeable situations, and the
manual intervention will become more frequent and neces-
sary. These results are helpful to classify the guidelines and
lay the foundation for future design evaluation methods.


https://doi.org/10.1145/1122445.1122456
https://doi.org/10.1145/1122445.1122456
https://doi.org/10.1145/1122445.1122456

Woodstock 18, June 03-05, 2018, Woodstock, NY

2 pre-study

Due to the differences in size and interface design between
mobile phone monitor and laptop monitor, people may read
the same page differently on mobile phone and computer. In
order to further understand the differences between mobile
reading and online reading, we conducted a questionnaire
survey on different user groups. Because our goal is to find
out whether the results of mobile reading are similar to those
of online reading, we hope to obtain some user data through
questionnaire survey.

We still use some simple and practical indicators to help us
understand how users read mobile phone pages, such as the
fixation time and fixation times of text and non text obtained
by manual timing and counting. Based on this index, we
need to collect and compare three parts of data on a group
of mobile phone pages: the actual reading situation, manual
evaluation with readability guide, and guidance of automatic
evaluation related indicators. We can collect multiple reports
in a short period of time, view and analyze the report con-
tent, and get the difference between mobile reading and web
reading.

We can use the reports we get to analyze how people read
the same webpage on different devices. The results may be
similar, which means that the impact of different devices on
people’s reading is negligible. If the results are very different,
it means that different devices still have a great influence
on people’s reading. Does this influence come from the dif-
ference in UI design? Or the difference in page size? Or
a difference in interaction design? Further investigation is
needed.

At the same time, since web users cover both people with
dyslexia and ordinary users, we should include both groups
for survey users. When designing questions, we should put
the dyslexia in the first place. At the same time, the re-
sults should be counted separately and given With different
weightings, the previous survey shows that about 0.07 of
users have dyslexia (note 22 above). In addition, readability
is of greater significance to this type of user itself. After the
results of the two groups are separately counted, it is pro-
posed to The ratio of 8:2 is used as a reference for the final
item. At the same time, the two groups should be considered
separately for issues that have huge differences.

2.1 Ergonomics

In order to better allow users to use the web, we must first
have sufficient knowledge of the users themselves. Only by
roughly dividing the user’s reading ability and having a gen-
eral understanding of the user’s reading habits can it be
better for users to read web pages. Therefore, ergonomic
introduc- tion is essential. This is a subject that includes
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knowledge of anatomy, physiology, and psychology, and
studies the in- teraction between humans and machines to
make people work most efficiently. It has been defined as an
independent subject for more than 40 years.

And its development lies in the military use of weapons
of war during World War II. Today, in order to apply the
results of ergonomics to mobile phone manufacturing. At
the same time, combined with ordinary people’s reading on
the web, the basic factors we consider in- clude: page layout,
reading fonts, and the difficulty of words; in view of the
recent popularity of converting text to speech, noise should
also be considered.

2.2 Cognitive psychology

Cognitive psychology mainly studies people’s psychologi-
cal activities by studying the logic of the process of input
and output judgment. Its core is to study how people un-
derstand things, including attention, perception, memory
and thinking. Human perception is not only about seeing,
listening, smelling and mocking, but also being accepted
by human body and brain through image, sound, smell and
other stimuli, and compared with memory. In the research of
web usability, it is not limited to the cognitive model of visual
image. It is very beneficial for some dyslexics to broaden the
way of cognitive formation by stimulating factors such as
sound and smell.

2.3 Research significance

Data shows that among the six billion people in the world
today, at least 4.1 billion people are using mobile phones.
It can be said that mobile phones, as the most commonly
used devices, have become the most important tool for work
and entertainment. When the diverse applications of mo-
bile phones cover people’s lives and work, they themselves
transform from a single communication device to a mobile
processing terminal with diversified functions. In the pro-
cess of this transformation, human-computer interaction has
a very important position. Strengthening the convenience
of mobile reading and expanding the potential mobile read-
ing crowd is undoubtedly a direction of the development
of human-computer interaction in the future, which will
eventually promote designers to meet the needs of more
users.

3 Related Work

In the article Evaluating the Usability of Homestay Websites
in Malaysia Using Automated Tools, the author evaluated
the usability of Malaysia homestay websites by using various
automated tools, such as web analyzers (from website opti-
mization) and Dead Link Checker tools. The author found
some usability issues, such as (i) page size, (ii) broken links



Guideline-Based Evaluation of Web Readability

and (iii) download speed. But the author did not interview
real users. It would be better if the author could understand
their perception and experience of website interaction.

For people with aphasia, written medical resources must be
cognitively accessible, accurate and easy to understand. In
the article Evaluation of the readability, validity, and user-
friendliness of written web-based patient education materials
for aphasia, the author objectively evaluates the accessibil-
ity of current written education materials for patients with
aphasia and checks the readability of the obtained materials.
The relationship between effectiveness and user-friendliness.
For each webpage, use the following readability formula to
evaluate readability: Flesch-Kincaid ease of reading, Flesch-
Kincaid grade (F-K), Gobbledygook’s simple metric, and FOR-
CAST. In addition, the following measures were used to eval-
uate the effectiveness and user-friendliness of each web page:
site, publisher, audience, timeliness (SPAT) and material suit-
ability assessment (SAM). The author concludes that there is
a significant difference between the readability, validity and
user-friendliness of written information and the expected
and current levels. But the author only considered the com-
puter webpage reading, not the mobile phone reading, and
this is the direction we want to study.

In the article Comp4Text Checker: An Automatic and Vi-
sual Evaluation Tool to Check the Readability of Spanish
Web Pages, the author introduces the Comp4Text online
readability evaluation tool. The tool can calculate the read-
ability level of web pages based on classic language metrics
(from sentence to sentence) and detect unusual words and
abbreviations. In addition, it provides suggestions for solving
readability issues and displays everything in a very intuitive
way. With this tool, web designers and writers can improve
their websites and make them easier for everyone to read
and understand. However, this Comp4Text online readability
evaluation tool is too mechanized, it can only be used for
some ordinary pages, and cannot detect some special pages.
Because the subjective opinions of humans have not been
considered, this evaluation tool is not very capable of dealing
with complex pages.

4 Approach

Since we need to judge whether there will be similar con-
clusions between mobile-based reading and computer-based
reading, we did a control experiment in this experiment. The
control group is based on the reading on the computer side,
and the experimental group is based on the reading on the
mobile phone.

The study collected and compared three pieces of data for a
set of webpages: the ground truth readability scores, man-
ual evaluation with readability guidelines, and automatic
evaluation on guideline-related metrics.
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4.1 Stimuli

We sampled 10 pages from news, entertainment and educa-
tion websites. There is an article on health, research, new
technology or education on the sample webpage-these topics
are considered to be enough to attract children and adults to
stay focused throughout the experiment and read through
the text without skipping. We also ensured that these pages
can be browsed on computers and mobile phones. Because
we set up a control experiment, we need pages that can be
browsed at the same time. For the mobile page, we have se-
lected mobile phones of the same brand and model to ensure
that the screen size and display method are consistent. For
the web page, we also selected computers of the same brand
and model to ensure that the screen size and display method
are consistent.

The following two pictures are for the same page, the display
difference between mobile browsing and computer browsing.
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Figure 1. Pages browsed on the mobile phone
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Figure 2. Pages browsed on the computer

4.2 Readability Guidelines

We used a readability guide from a recent study that was
collected with design and dyslexia experts to eliminate am-
biguity, classify and review them [2]. Of the 47 guidelines
listed that apply to individual pages, we have omitted ten
guidelines, which seem to be violated by only a few pages.
We also divided the two guides into four parts because they
consist of two parts, so there are 39 guides in total.
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Table 1. Readability puidelines tested in the stady.

ID  Guideline Text

Gl Use lefi-fustified text with the right edge being ragged non-fustified

G2 Useanoffwhite color for your background, like light gray or tan; use dark gray for text instead of pure black.

G3 Useaplain, evenly spaced sans senif font such as Arial and Comie Sans.

G4 Avold using italies in the main body of the text

G5 Use bolding to highlight in order to emphasize keywords and concepts.

G6  Avold underlining large blocks of text as it makes reading harder.

GT Use fone sizes larger than 12pt.

G8  Avoid capital letters, apart from the beginning of sentences, abbreviations and where it is grammatically correct

GO Ifappropriate, use bullets or numbers rather than continuous prose.

G0 Use short, simple sentences in a direct style

GI1 Use active rather than passive voiee.

G12 Avold complex language and jargon

G13 Consider using short paragraphs

G4 Embed in Webpage texts the hyperlinks to the pages with the text-related concepts.

G15 Avoid images that are busy’, cluttered, and include too much extra detail

Gl6 Avoid placing images aboie text or text around images.

G17  Place the main point at the very top of page.

GI8  Place important content in a single main colurn and avoid two-dimensional layouts.

G19  Ensure navigation menus use a text size that allows for comfortable reading.

G0 Avold starting a new sentence af the end of a line.

G2 Keep the between-line spacing of 1.5 point

G2 Use text and symbolism for navigational elements that are truly representative or a well-known concept eg. a house for
horme.

GB  Provide clear intuittve labels for groups of links or menu sections.

G4 Fut the main point of sentence of paragraph into the beginning of the sentence or paragraph

G255 Avoid the fonts in which letters like b-d or p-g ave perfectly mirroved letters

G2 Ensure navigation menus group information by fimction.

G Ensure navigation menus differ visually from the main body of webpage.

G2 Limit the amount of content on a page to avoid serolling.

G2 Use enough white space between webpage elements.

G0 Ensure high luminance contrast between text and background, with the luminance of one 7 times the luminance of the
other. The rule doesn't apply to low-relevance, decorative visual elements

G31 Ensure webpage elements (buttons, links, icons, etc.) that have the same function also have the same look.

G322 Keep the white space between paragraphs of at least 15 times the space between text lines.

G35 Avoid formatting texts in large-width columns, especially Asian logogram texss.

G Ensure Web pages have titles that deseribe their wopic or purpose.

G35 Ensure headings and labels concisely describe the topic or purpose of page sections and elements

G36  Use section headings to organize the content,

G371 User graphics that are relesant to the material and do not distract from the content

G Use graphics, images, and pictures to break up large blocks of text.

(30 Place important information above the fold so it is visible without serolling a page down,

4.3 Ground Truth

For real data, we have adopted two methods to obtain it. One
is to count the number of gazes of the volunteers browsing
the webpages, and the other is to use questionnaires to allow
each participant to rate the interest, proficiency, and diffi-
culty of each webpage after browsing these 10 webpages. Of
course, we also did a control experiment here. We also asked
the same participants to perform the same operations on the
computer and mobile pages, and then recorded two pieces
of data.

Because we don’t have an eye tracker, we adopted a manual
counting method and mainly recorded three sets of data: the
number of eye fixations on the text, the number of fixations
on the non-text, and the average fixation duration. We man-
ually count the number of fixations to fix the time, so there
may be a little error in the data. We believe that if a partic-
ipant looks at a text multiple times, it means that the text
is difficult to understand,; if a participant looks at non-text
multiple times, it may indicate that he is very concerned
about the main article; if a participant has a longer stay The
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process of reading a single word in a certain text is very diffi-
cult. The gaze on the main article-there is an article on each
page-is counted as a text gaze; the gaze on the remaining
pages is counted as a non-text gaze.

For the questionnaire survey, we mainly let each participant
go to the page after browsing the page, and subjectively give
a score to each one. Of course, this is also a controlled ex-
periment. Each participant needs to rate both the computer-
based and mobile-based pages. There are three main scoring
indicators, one is the difficulty of reading the webpage, the
second is their interest in the topic of the article, and the
third is the scoring of the familiarity of the displayed web-
site, because interest and familiarity may affect their reading
Mode [1].

4.4 Manual evaluation

Manual evaluation mimics the real-world criteria people
use in web page evaluation. We refer to the participants in
this sub-study as experts to distinguish them from the eye-
tracking sub-study participants, even if they have different
levels of expertise. We recruited two experts, because the
professionals I can know are limited, so I selected the best
experts that I can find. Both of them are experienced people
with Internet dyslexia. So I invited both of them to give a
subjective report. Similarly, a control experiment was also
done this time. The two of them need to rate these 10 pages
on the computer and mobile phones in turn. I provided them
with these 39 guides, and then waited for them to become
familiar with the guides, and then rated the reading of these
ten pages on different devices. This meeting took almost half
an hour. We also found that the two experts gave similar
scores for the same page, whether it was based on mobile
or computer. This also shows that the display of the same
page on different devices will not affect the readability, even
if there are some small differences in the screen size and
arrangement.

4.5 Automatic evaluation

We rely on the described web page readability features [2]
and text complexity [4] measures to match some of the 39
criteria with automatic measures (Table 2).
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Guid Met- Metric Description
I ricIly

G1 Al Ratio of left-aligned text to all vext
G2 A2a Euwclidean distance in color between text amd
background, weighted by each text length,
normalized, centered and squared
AZb Conwur energy (the sharpness of a contour

relative to the background, of., [ 54,28,28])
G3 A3 Ratio of text in sans-serif fonts to all wext
G4 A4 Ratio of italic text to all text
G35 AS Ratio of bold rext w all wext
Ge A6 Ratio of underdined text to all text
G7 AT Average font size of non-header webpage texts
G9 A9 Ratio of text in bullet-point lists to all text
G100 Alla Average number of words per sentence
Al10b Ratio of content words (nouns, adjectives, verbs,
adverbs) to all wonds
Alle Ratio of conjunctions to all words
(G122 AlZa Average word length in characters
Al12b Average word logarthmic frequency
AlZc Average content word logarithmic frequency
G153 Al3a Ratio of white space around text to text area
A13b Ratio of text area heights to page length
G14 Al4 Ratio of text in hyperlinks to all text
(315 AlS5a Sum of image file sizes in JPG, of., [29.50]
Al15b Average of image file sizes in JPG
G188 Al18 Number of vertical alignment points for webpage
content [29]
G21 AZ1  Averaged ratio of text line height to font size
(528 A28a Page length
AZEb Count of contour pixels, cf., [41]
A28c Amount of page text
G290 A29a Number of large blocks (64- and 128-pixel sized
squares) after a quadiree decomposition on
webpage screenshot, cf, [27,36]
A29b Ratio of white space around webpage elements
to element areas
A20¢ Metric of visual congestion: ratio of too-close-to-
each-other contours to all contours [ 29]
G300 A30  Average text-background luminance contrast, as

in the WCAG2.1 success criterion 1.4.6
G32 A32 Ratio of white space around texts to text area
sizes

G533 A33  Average width of text columns, measured in the
number of characters

G34 A34 Ratio of header text to all text

G36 A36  Ratio of header text to regular text (not header or
control elements)

(G38 A38  Amount of text per picure

5 Results

We reviewed the three pieces of data separately and then
compared them against each other.

5.1 Ground Truth

The figure below shows the average fixation duration and
number of fixations for the four participant groups based on
the mobile web page, which shows that adults with dyslexia
and children with dyslexia use fixation more often than
ordinary children and adults. As expected, suffering from
dyslexia will significantly increase the time and frequency of
fixation. Children will increase the gaze time and the num-
ber of gazes on text, but the number of gazes on non-text
does not increase. Suffering from dyslexia and childhood will
further increase the fixed time. As a control group, based on
the computer-based webpage, the data we got is similar to
the data from the mobile-based webpage, and the situation
is basically the same.
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Figure 3. Means (SDs) of eye-tracking variables for aver-
agereader adults (AA), average-reader children (AC), dyslexic
adults (DA), and dyslexic children (DC)

5.2 Expert Evaluation

Although I only invited two experts, they both attached great
importance to this experiment and took it very seriously.
Their evaluation results show that most of the mobile-based
website pages fully comply with the three criteria (G1, G4,
G6), which means that our data set does not have enough
variance to test these criteria; we start from further analysis
Excluded them.

We assume that the average of the two expert scores for
each webpage of each guide is closer to the actual score of
the webpage and the guide than a single expert’s score, and
estimate the expert’s ability to comply with the guidelines
as the average of the difference between the average and
the expert’s score . The ability to persist is not related to the
experience of dyslexia. However, dyslexia experts tend to
use more extreme scores. The more experienced people will
not reduce the evaluation time: the evaluation time of each
page time of the experts has nothing to do with their design
experience.

5.3 Automatic Evaluation

After scaling and filtering the calculated data, we looked at
the histogram of the calculated variables, which showed that
several metrics have only limited variance. Whether it is the
control group or the experimental group, the data we get are
similar.
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5.4 Expert and Automatic Evaluation and Ground
Truth

To test whether expert evaluation can be replaced by auto-
matic evaluation, or whether expert evaluation captures read-
ability differences that automatic evaluation cannot achieve,
we explored such criteria in a series of mixed linear mod-
els. We entered the expert score and the algorithm score
separately in the model, and entered the two together to pro-
vide three models for each criterion-and checked whether
the model performance has improved. If adding algorithm
scores as predictive indicators in addition to expert scores
does improve performance, we believe that expert evalua-
tion can be replaced by automatic evaluation. If both the
algorithm and the human score contribute significantly to
the performance of the entire model, then we believe that
automatic and manual evaluation are complementary.

Through experiments, we found that some criteria can be au-
tomated or partially automated, but humans need to recheck
the results of the automated evaluation. This group contains
some text complexity criteria that the algorithm can mea-
sure, or text format criteria that include clauses that define its
scope, which may be problematic for algorithm processing.
Such guidelines include: the brightness contrast guide (G30),
which has a clause that defines its scope as non-decorative el-
ements; the guide on hyperlinks (G14), which stipulates that
the hyperlinked page should be related to the main content,
that is, a single column Guidelines (G18), which specify that
only important main content should be in the same column,
and heading guidelines (G34), the algorithm indirectly evalu-
ates in the context of the web page by counting the amount
of header text and assuming that these texts are relevant.

Finally, some criteria are difficult to automate, and human
evaluators need to use them without the help of algorithms.
The last set contains guidelines that need to understand
and explain the topic of the web page, and these algorithms
will be difficult to complete. Such guidelines include the
use of jargon (G14), symbolic icons for navigation elements
(G22), the main points of sentences at the top (G24), and
labels and menu items to be concise (G35). These guidelines
will require explanations of what content is suitable for a
particular audience, if an icon meaningfully describes an
item, what are the main points of sentences and paragraphs,
and whether menu items actually link to the topic of the

page.

6 Discussion

The main research of this work is about the similarities and
differences between readability assessment on mobile pages
and computer pages. When evaluating web pages according
to specific criteria, the performance of automatic evaluation
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on human web pages is better than expert evaluation, es-
pecially those algorithms related to web page legibility and
low-level functions of text format. However, the judgment
of multiple standards still requires manual evaluation and
understanding and interpretation of Web content.

Based on this, we can conclude that on mobile devices, au-
tomatic evaluation cannot completely replace manual eval-
uation, but can only be used as a supplement to manual
evaluation. For some lengthy and single criteria, automatic
evaluation can be used as the evaluation method, and the
personnel can recheck the automatic evaluation. For some
criteria that are difficult to automate, such as those that need
to understand and explain web topics, human evaluators
need to use them without the help of algorithms.

In terms of differences, it is mainly reflected in the increase
in the amount of information obtained by experts at the
same time due to the smaller screen on mobile devices. Com-
pared with the web version, expert evaluation on mobile
devices takes longer, that is, the efficiency of manual evalua-
tion. Lower. On the other hand, the reading criteria of mobile
devices are more difficult to automate, that is, the correspond-
ing scope of automatic evaluation is smaller. Therefore, a
more reasonable evaluation method is partial automation.
Some evaluation criteria that are difficult to measure directly.
For example, such guidelines include: Brightness Contrast
Guidelines (G30), which has a clause that defines its scope as
non-decorative elements; Hyperlink Guidelines (G14), which
stipulates that hyperlinked pages should be The main con-
tent is related, that is, the single-column rule (G18), which
specifies that only important main content should be in the
same column, and the heading rule (G34), the algorithm cal-
culates the number of heading texts and assumes that these
texts are relevant, in the web page Indirect evaluation in the
context of

The results show that evaluators with less evaluation expe-
rience are more likely to benefit from relying on the guide
list, and at the same time more adaptable to mobile devices:
on mobile platforms, we have observed that novices have
the problem of lower observation efficiency compared to
veterans. However, with the help of the algorithm, the ob-
servation efficiency of both is within an acceptable range;
at the same time, novices have made faster progress on the
mobile platform. After multiple evaluations of similar evalu-
ation content, the evaluation efficiency of the two gradually
Convergence. But for criteria without the help of algorithms,
evaluation experience is still the main influencing factor.
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