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Abstract—According to the OpenType standard, variable font is a single
font file which contains all style versions of one typeface family, as opposed to
standard font families that use different files for each style version. Therefore,
they are suitable for use on web because one file with all the necessary typeface
styles is significantly smaller in size than classic families with multiple files. This
shortens the font loading time, which enables wide range of typographical use on
various devices. This paper investigates the readability of handwritten variable
fonts in a responsible web environment on four screen sizes: extra small, small,
medium, and large. Seven letter cuts were made from basic monoline handwritten
font: thin, ultra-light, light, regular, semi-bold, bold, and ultra-bold. This paper
presents model of readability evaluation using the fuzzy logic based postpro-
cessing method for segmentation values related to evaluation criteria. Linguistic
variable’s values are used to rate readability level against each of the criteria i.e.,
attributes. Prototype of a variable handwritten fonts are tested in responsive web
environment, using CSS technology. The results show that readability evalua-
tion has measurable output because the score combine various numeral factors
affecting the readability of particular letter cut. Also, the results indicate that this
type of font is not suitable for displays on extra small and medium screens such
as mobile phones and tablets. That knowledge opens advanced possibilities to
designers when designing for web because variable handwritten fonts are rela-
tively simple, uniform and easily manageable. Using of proposed model in short
time can show readability level of some font type on a new web.

Keywords—handwritten variable font, screen size, responsive web,
text readability, fuzzy logic

1 Introduction

Today users of internet expect customized multimedia content. Thus, a space was
opened up to generate a model for creating intelligent content in real time. This con-
tent must also be optimized to be displayed equally on all devices. To achieve this, it
is necessary to integrate personalization technologies that operate on the principle of
ontology and semantically based information.
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Web typography takes important place in this process because it takes the place
between design and front-end development. This is a tool to put information into the
shape, content ready to be consumed [18]. So, typography needs a special attention, just
like other parts of web design process and the main goal is to improve web typography.
One way is to use variable fonts in develop and design.

According to the newest version of OpenType standard [22] variable font is a single
font file which contains all style versions of one typeface family, as opposed to standard
font families that use different files for each style version. This characteristic is advan-
tageous in web use, because of the fact that one file with all typeface styles (bold, italic,
regular etc.) is significantly smaller in size than classic families with multiple files. The
time needed for loading fonts is shorter which enables wide range of typographical use
on various devices.

Therefore, space was opened up for extensive research on how to integrate the
optimization and personalization of multimedia content into a responsive web envi-
ronment. In the first part of the research, the emphasis is on typography because text is
still the dominant element of a website. However, a step forward has been made and a
variable handwriting font that is not so common in web design has been tested. Respon-
siveness from the aspect of font cut and font size was observed. Readability from the
aspect of a font size is described in the paper “Fuzzy Logic-Based Evaluation Model of
Handwritten Font Sizes Readability”. The next step in the research will include static
images, as well as animations and video elements. The results of this extensive research
will contribute to the easier creation of optimized personalized content in a responsive
environment that requires the creation of a website using a single code for all devices.

All of the above is far more complex if it is to be placed in the context of personaliz-
ing content for the user. Therefore, in order to create and test a technological model that
is capable to create intelligent and readable content for responsive environment it was
necessary to study two different segments of the past research. The works that guided
this research are described below.

2 Literature review

A lot of technical details affect the responsiveness of the web, but from the user’s
perspective, the key to describing a responsive web site is that things can change size
and move around to fit on the screen [24]. When it comes to images it is a much smaller
problem than when it comes to text because there is a problem of readability of all letter
forms on different devices. There are numerous studies of a web text readability. Read-
ability is directly linked to web page layout and font type, formal clarity, simplicity, and
proportions, especially unusual types of fonts such as handwritten forms. Handwritten
fonts are neglected when it comes to web design and variable fonts. Many authors
investigated responsive web and technical variable fonts. But there are few papers in
which these two key elements are related and placed in the function of readability of
the text.

It has become challenging to keep web sites functional and user friendly in a wide
range of devices. Responsive web design steps up to facilitate the necessary support to
overcome dose challenges [21]. Therefore, responsive website has to provide an optimal
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viewing experience without resizing, zooming, or scrolling across most devices [10].
Responsively designed web pages adjust their layout according to the viewport width
of the device in use. For this purpose, some tools detecting common responsive layout
failure. Some of them are VISER and REDECHECK [5]. However, it is better to avoid
these mistakes when designing the web by choosing the right structural elements. The
automated approach presented by Walsh and co-authors [34] certainly contributes to
providing a good user experience on variety of devices to browse the web and helps
to web developers design web pages so that they dynamically resize and rearrange
content to best fit the dimensions of a device’s screen. They also explored two different
usage scenarios for tools for supporting the detection of failures in layout on a dif-
ferent devices [33]. The group of authors [12] used artificial intelligence technology
to develop of multi-language interactive device for visual impairment person. A few
testing have been made to test the functionality and accuracy of the reading device. The
testing is functionality, performance test and usability test. Therefore, Harjoseputro,
Handrarkho and Adie [11] according, the performance on mobile devices and problems
resulting from the limitation of computation resource on the platform that proposed a
2-tier architecture by placing the mobile app as a client that invokes a Javanese letters
classifier service, which is based on CNN, and implemented in the webserver through
the Application Program Interface (API).

Also, responsive web design allows applications for adapting dynamically to diverse
screen proportions and orientations beside screen sizes [6]. It is preferable that the
browser makes dynamic adjustments to the way the web content is rendered based
on the context of usage. The adjustments include font size, color and contrast, and
web page layout. The system makes this adjustments constantly by monitoring the
user’s usage patterns and interactions with the device and calculating and applying the
changes via a feedback mechanism [31].

Huelves and Marco [15] presented a model that lays the foundations for providing
variable fonts with a semantic use in graphic interfaces, establishing a relationship
between typography and the data collected by different sensors. Jameel et al. [17]
demonstrated that responsive websites architecture could keep up the user encoun-
ter nature of webpages home usefulness, content coherence, and satisfaction utilizing
site. Seixas et al. [28] also emphasized that nowadays users have multiple devices to
access a web. So, they propose the XIS-Web technology as a model-driven approach
to focused on the development of responsive web applications. Turan and Sahin [32]
also proposed criteria necessary for choosing a powerful and effective framework for
designing a responsive web.

Shahzad [29] made a review of the state-of-the-art technologies, third-part libraries,
and frameworks for quick interactive development which increases developers’ effi-
ciency to quickly write responsive content.

Many other authors have addressed the issue of responsiveness and readability on
various devices in their works, and some of them are Almeida and Monteiro [4], Boss
and Teague [7], Perakakis and Ghinea [23], Pinandito et al. [25], Lee and Noh [19],
Leiva [20], Sittisaman and Panawong [30] etc. Also, many authors have linked fuzzy
logic and some quality criteria testing, and some of them are Honamore and Rath [13],
Garcia-Plaza et al. [9], Agusta et al. [2], Agrawal et al. [1], Rekik [26] etc.
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Ahmad and Hamid [3] in their study conducted a usability evaluation on
multi-platform applications according to usability attributes defined in ISO 9241-11
standard: efficiency, effectiveness, and satisfaction. The evaluation was conducted
using the think-aloud protocol on both platforms, web and mobile applications, and
fifty participants. The results discovered the suitability of think-aloud protocol on
multi-platform usability evaluation and revealed some usability issues.

3 Methodology

3.1 Problem formulation

Readability is crucial part of web usefulness and is closely related to suitability,
clarity and resolution which are other components of the typography. Traditional meth-
ods of readability evaluation do not provide precision readability score compared to
data-driven methods. Artificial intelligence methods offer cheaper and faster evaluation
process with easier results analysis. From this reason, space has opened up to use arti-
ficial intelligence to develop a model of readability evaluation that is based on math-
ematical principles, linguistically understandable, quick, precise, and allowing to get
single-value score. It is important to point out that evaluating the readability of text in
a responsive web environment is only the first step in modeling optimized and person-
alized web content for each individual user and on different devices.

In this paper the same methodology was used as in the paper “Fuzzy Logic-Based
Evaluation Model of Handwritten Font Sizes Readability” [8].

3.2 Model of fuzzy readability evaluation

Fuzzy logic principle and model definition. Fuzzy logic is an artificial intelligence
method which represents a new approach to the problems of managing complex
systems, so as a fuzzy expert inference system it is suitable for solving the problem
of readability detection in accordance with the needs of users of different devices. It is
convenient for the reason that it approaches the measurement of things by scaling based
on scales. Unlike classical logic, which uses only two values, 1 (true) and 0 (false),
fuzzy logic increases the range of values to all real numbers between 1 and 0.

The standard logistic function is defined as:

S(x)= 1
(=1 (1)
which has the following symmetry property:
S(x) + S(—x) =1 2)
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and from this it follows that:

(S(x) + 5(=x))-(SO) + S(-=»))(S(2) + S(=2)) = 1 )

General fuzzy model consists of the following: a few crisp input values, fuzzification,
fuzzy inference engine, defuzzification, and one crisp output value. Inputs are numer-
ical values which are fuzzified by fuzzifier meaning that the inputs are represented as
fuzzy logic. This process is known as the fuzzification. Secondly, Refined rules and the
fuzzification results are collectively fed to the fuzzy reasoning system. The rules where
the conditions are satisfied for the input are fired. Further, the application of correlation,
inference, and defuzzification is done. A degree of membership describing the results is
obtained and converted back into the crisp value and this process is known as defuzzi-
fication [16].

In addition to the above, a flow diagram can be generated (Figure 1).

( N\

Problem specification and definition of linguistic variables

v

Determining the fuzzy set

'

Determining the fuzzy rules

y

Encryption of fuzzy set, fuzzy rules, and procedures
for performing fuzzy interference in expert system

v

System evaluation and adjustment

Fig. 1. Fuzzy-logic flow diagram

Model of fuzzy readability evaluation is based on generic model with set of criteria.
These criteria are selected according to the characteristics of the target investigation
environment (Figure 2). So, the methodology of fuzzy readability evaluation provides
guideline how to perform this process and finally obtain readability score i.e., under-
standable results. Hub and Zatloukal [14] had a similar approach when analyzing the
usability of the web. The model of fuzzy readability evaluation is a multi-layer process
of obtaining readability score and the key aspect of accuracy and significance of the
fuzzy readability evaluation model is the proper determination of the criteria. The model
therefore has multiple inputs and single output. In next step it is necessary to define the
empirical scale that explains which values represent the evaluation expressions. This is
done by inquiring a group of testing users that evaluates the readability both by using
word expression and by numeric score of each criteria [14].
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Fig. 2. Model of readability evaluation

Object of the evaluation. This paper explores readability of prototype of a variable
font tested in responsive web environment, using CSS technology (Figure 3) on the
same way as a pervious paper “Fuzzy Logic-Based Evaluation Model of Handwritten
Font Sizes Readability”. The principle of a variable font lies in fact that variable font is
a single font file which contains all style versions of one typeface family. Standard font
families use different files for each style version which is more complex. Also, variable
fonts are suitable for use on web because one file with all the necessary typeface styles
is significantly smaller in size than classic families with multiple files. This shortens the
font loading time, which enables wide range of typographical use on various devices
which is the basis of responsive web design.

Regarding Rutter [27] testing typography prototype should be a single web page that
preferably consists of some real content and be tested in different contexts: different
devices, different screens, different reading distances. Therefore, a test website was cre-
ated with a variable handwritten font in seven letter cuts: thin, ultra-light, light, regular,
bold, semi-bold, and ultra-bold (Figure 3). Typography is the foundation of design by
starting with the fundamentals, the content and the typography, and adding hierarchy
before layout and color. For this purpose, it is important to test the cut type of the char-
acters. Selected font cut types were used for the block text.
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ABCDEFGHUITKLMNDPQRSTUVWXULZ

abedepghijkimnoparstuvwxyz
0128456780..::17/"* +--()

ABCDEFGHIDKLMNDPQRSTUVWXYUZ

“bc‘“Fﬂhij"|mwopqrsfuvwxqz
0123456780..,::12/7% +-=-()

ABCODEFGHIDKLMNDPQRSTUVWXUZ

abcdepghijkimnoparstuvwxyz
0D 3675 ETE e 521 T &)

ABCDEFGHIDULMNODPQRSTUVWXHUZ

abedepghijkimnoparstuvwxyz
040 S BRI 0 T 5 2l

ABCODEFGHITKLMNDPQPESTUVWXHZ

abcdepghijklmnoparstuvwxye
0123456784..::17/"" +-=()

ABCOEFGHIDKLMNDPQRSTUVWXYZ

‘bc‘CFShijklmnopqrst‘uvuxqz
012345678a.,::17/"% «--()

ABCOEFGHIDKLMNDPQRSTUVWXYZ

abedefohijklmmoparstuvwxyz
012%34565678a..::17/ "% «-=()
Fig. 3. Tested variable handwritten font in seven letter cuts
Web content has to be flexible and adaptable to different screens and devices which

is provided by responsive design. Four devices with four different screen sizes were
used in this study as shown in the Table 1.
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Table 1. Max screen width of tested devices

XS SM MD LG
<768 px > 768 px >992 px >1200 px
Extra small devices Small devices Medium devices Large devices
(mobile phones) (tablets) (desktops) (desktops, TV screens)

Evaluation criteria. As stated in chapter 3.1, the first step was to determine the prob-
lem input and output variables and their range. In this study, these were one set of seven
main linguistic variables, text readability in seven letter cuts: thin, ultra-light, light,
regular, bold, semi-bold, and ultra-bold (Table 2). Typography readability, typography
suitability, typography clarity, and typography resolution could be in one word named
text usability. Text usability is directly related to the dynamism. Too much consistency
leads to a monotonous design while too much contrast leads to chaotic noise. One way
to balance the contrast and consistency is to create a regular typographical dynamism.

Table 2. Evaluation criteria

Evaluation Criteria

text readability letter thin cut

text readability letter ultra-light cut

text readability letter light cut

text readability letter regular cut

text readability letter semi-bold cut

text readability letter bold cut

N || na AW

text readability letter ultra-bold cut

For this purpose, the Likert scale was used. The questionnaire consisted of four
questions. Users have been evaluated text by assigning values from 1 to 7, where 1
means that user strongly disagree, and 7 that user strongly agree (Table 3).

Table 3. Validation scale

Criteria/Scale

Text in thin cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in ultra-light cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in light cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in regular cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in semi-bold cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in bold cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree

Text in ultra-bold cut on Web site is readable:

Strongly disagree 1

5 6

7 Strongly agree
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4 Results

The primary objective of the study is to perform readability evaluation of web text on
four tested devices (WTOTD). The results were validated by evaluation set of criteria
affecting the readability of web text. The main goals of this study have to obtain read-
ability score of each criteria and due to analyzed results make appropriate conclusions
which could lead to better understand responsive environment design, ultimately in the
function of content personalization.

In process of defuzzification two methods were used: Center of Gravity Method
(COG), and Centre of Sums Method (COS). Other possible methods are Centre of
Largest Area (CLA), Weighted Center of Area (WCA), Weighted Average Method
(WAM), Maxima Methods (MM) etc. [14].

Center of Gravity (COG) method is calculated using a formula:

S o)

x=4&el T )

Z:lzl - ’u(x")

Centre of Sums (COS) method is calculated using a formula:

X = Z:LA" X
211 =u(x,.)

Centre of Sums (COS) method was used as a control method.

Five users evaluated readability of displayed web text on four different devices
regarding seven letter cuts. Users were not classified by age, sex, education level or
other criteria.

For two tested variables (thin and ultra-light letter cut) scores are below average
value (Tables 4 and 5). For other tested variables there is no one score below average
value (Tables 6-10). Also is visible that the average scores of two different defuzzifica-
tion methods are very similar. COS method produced slightly lower scores than COG
method.

)

Table 4. Results by tested devices/thin cut

Score WTOTD COG Ccos
Ist XS devices 47.91 44.89
2nd LG devices 44.87 44.47
3rd MD devices 43.13 41.19
4th SM devices 40.24 4232
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Table 5. Results by tested devices/ultra-light cut

Score WTOTD COG CoSs
Ist XS devices 47.41 47.12
2nd MD devices 46.29 40.92
3rd SM devices 43.89 34.78
4th LG devices 41.56 36.28
Table 6. Results by tested devices/light cut
Score WTOTD COG CcoS
Ist XS devices 55.21 43.76
2nd MD devices 54.94 55.19
3rd SM devices 52.63 46.12
4th LG devices 50.29 48.25
Table 7. Results by tested devices/regular cut
Score WTOTD COG COoS
Ist XS devices 68.78 59.12
2nd LG devices 68.43 53.64
3rd MD devices 60.31 61.33
4th SM devices 57.98 52.19
Table 8. Results by tested devices/semi-bold cut
Score WTOTD COG COS
Ist XS devices 71.34 68.46
2nd LG devices 69.47 70.23
3rd MD devices 68.91 56.24
4th SM devices 66.41 55.29
Table 9. Results by tested devices/bold cut
Score WTOTD COG COS
Ist XS devices 81.28 82.46
2nd LG devices 80.74 74.19
3rd MD devices 73.49 77.92
4th SM devices 70.66 60.28
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Table 10. Results by tested devices/ultra-bold cut

Score WTOTD COG Ccos
Ist XS devices 81.36 74.24
2nd LG devices 79.92 70.77
3rd MD devices 74.21 75.26
4th SM devices 70.43 68.33

Further SUS score was calculated. SUS score or System Usability Scale score giving
a global view of subjective assessments of system usability in order that users evalu-
ate the fact by choosing the value of scale in simple questionnaire. SUS score is not
percentage, it calculates by the formula based on several different aspects. SUS score
>80.30 means excellent adjective rating, 68.00-80.30 good adjective rating, 68.00 okay
adjective rating, and 51.00-68.00 poor adjective rating (Table 11).

Table 11. Results by tested devices/thin cut

Score |  WTOTD Evaluation No. COG | sus
Ist 2nd 3rd 4th Sth 6th Tth
User 1 XS devices 1 2 3 5 6 7 7 81.43 93.00
SM devices 1 1 2 2 3 4 5 46.39 54.00
MD devices 1 1 2 3 4 6 5 51.23 66.00
LG devices 1 1 2 4 5 7 6 62.92 78.00
User 2 XS devices 1 2 2 4 5 6 7 74.68 81.00
SM devices 1 1 2 2 4 4 5 47.21 57.00
MD devices 1 1 2 3 5 6 5 58.34 69.00
LG devices 1 1 2 3 5 6 6 66.29 72.00
User 3 XS devices 1 1 3 4 6 7 6 71.89 84.00
SM devices 1 1 2 3 4 4 5 48.23 60.00
MD devices 1 1 2 3 4 6 6 57.65 69.00
LG devices 1 1 2 4 5 7 6 70.24 78.00
User 4 XS devices 1 2 4 4 5 7 7 79.63 90.00
SM devices 1 1 3 4 4 4 6 61.85 69.00
MD devices 1 1 2 4 5 5 5 60.78 69.00
LG devices 1 1 2 3 3 4 4 42.19 54.00
User 5 XS devices 1 2 3 5 6 7 6 77.92 87.00
SM devices 1 2 3 4 4 4 5 62.85 69.00
MD devices 1 2 2 3 4 5 5 51.49 66.00
LG devices 1 1 2 4 4 6 5 59.08 69.00

The results of chosen WTOTDs evaluated by both methods show very good level of

consistency as in a previous font size readability study. Some different might be caused
by lover precision of the SUS score method or by user’s biological predispositions.
This point of view could expand this research.
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Given results shows the higher score for text written with handwritten font in semi-
bold, bold, and ultra-bold letter cut displayed on extra small or large devices. The lower
score is achieved for text written with thinner letter cuts of tested handwritten font
displayed on all tested devices.

Finally, tested monoline handwritten font is not suitable for block text on web sites
although it is often part of logos. Some bold letter cuts could be used for emphasis or
short forms, but not in responsive environment.

5 Conclusion

Developing and designing a website for a responsive environment is in itself a
demanding process. When content personalization and variable fonts, which are an
increasingly common design element, are placed in the same context, there are prob-
lems with readability on different devices. This is where artificial intelligence comes
into play in a way that provides a model for clusters of similar data that can be used
to optimize and customize content for each user and each device as well. Higher
responsiveness will increase readability of web text, and this is very important fact for
handwritten fonts that are not so common in web design.

Handwritten font readability model proposed in this paper can be recommended for
web prototype testing because gives the perfect opportunity to properly test web design
before the launch of web site. The same analogy can be used for other elements of web
site such as photos, animations, colors, content management system elements etc.

Also, the results of this research can be significant for creating content for users
with different accessibility characteristics such as older age groups, users with visual
impairments and dyslexia as it facilitates their consumption of web content because
this type of font is not suitable for displays on extra small and medium screens such as
mobile phones and tablets.
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