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Abstract: The Completely Automated Public Turing test to tell Computers and
Humans Apart (CAPTCHA) technique has been an interesting topic for several
years. An Arabic CAPTCHA has recently been proposed to serve Arab users.
Since there have been few scientific studies supporting a systematic design or tun-
ing for users, this paper aims to analyze the Arabic text-based CAPTCHA at the
parameter level by conducting an experimental study. Based on the results of this
study, we propose an Arabic text-based CAPTCHA scheme with Fast Gradient
Sign Method (FGSM) adversarial images. To evaluate the security of the pro-
posed scheme, we ran four filter attacks, which led to a success rate of less than
5%. Thus, we developed a defensive method against adaptive attacks which is a
standard for evaluating defenses to adversarial examples. This method is ensem-
ble adversarial training, and it gave an accuracy result of 41.51%. For the usability
aspect, we conducted an experimental study, and the results showed that it can be
solved by humans in a few seconds with a success rate of 93.10%.

Keywords: Arabic text-based CAPTCHA,; cyber security; adversarial examples;
robustness; usability

1 Introduction

With the ubiquitous spread of the internet and its use in various areas of our lives such as e-commerce
and electronic services, the need to preserve security has received increasing attention, with website
developers seeking to apply several forms of protection against attacks. One of these forms is a
CAPTCHA (Completely Automated Public Turing test to tell Computers and Humans Apart), which is
one of the most important types of Human Interaction Proofs (HIP) systems [1,2].

A CAPTCHA is a security measure to prevent damages and automated exploitations with abusive
purposes. That is, it can identify automatically whether the user is a human or a robot program [3].
Hence, CAPTCHA designers should consider two basic aspects — robustness and usability — and seek a
balance between them [4]. The robustness is the CAPTCHA'’s resistance against malicious attackers, and
this has attracted a considerable attention in the research community (e.g., [5—8]), while the usability is
the ease with which the CAPTCHA can be solved by a human [9]. However, there have been few studies
evaluating the usability aspect (e.g., [3,9-12]).
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Generally, there are five main categories of CAPTCHA: text, audio, image, puzzle and video [13]. The
text-based is the most widely deployed and has advantages over other categories, in that a computer system
can generate an unlimited number of texts at low cost without wasting web resources [2,3]. Most researchers
have developed and improved their text CAPTCHAs based on the Latin script. Although an English
CAPTCHA has several benefits, it also has several vulnerabilities and weaknesses, as reported in [2] and
[8]. Moreover, a user who does not know English might find it difficult [9,13]. Therefore, one of the
solutions is to use alternatives to the Latin script, such as the Arabic script [7,10].

In recent years, the internet usage in Arabic countries has increased as the population has grown, with
180 million individuals in 2020 living in Arabic-speaking countries, according to Internet World Stats [14].
Besides, a number of websites provides services in the Arabic language. Moreover, it is not only Arabic that
uses the Arabic script, but also other languages, including Persian, Malay and Urdu. Thus, applying the
Arabic script allows many users to interact with CAPTCHAs [7]. From a security point of view,
the recognition of Arabic script is more difficult, as it supports different fonts and each of them differs in
the design of the letters’ strokes and ligatures [15]. Although of this advantage, it may be the target of
various types of attack, such as artificial intelligence attacks [2].

Due to the accelerated development of artificial intelligence techniques, several CAPTCHA features
against such attacks have become ineffective. However, these techniques have reduced the gap between
people and machine in terms of the problem-solving process.

This paper first analyses the current Arabic text-based CAPTCHA schemes at a parameter level by
conducting an experimental study. Specifically, we evaluate five different studies and websites that
generate Arabic text-based CAPTCHAs. To obtain statistically meaningful results, we developed an
online application to conduct this study on a diverse enough scale to explore a large interaction space.
Accordingly, more than 11,000 CAPTCHAs have been solved by users through this application, and the
solving time and accuracy for each CAPTCHA have been recorded. The results showed some features
that influence the time and accuracy of solving CAPTCHA schemes. For instance, the cursive style has a
higher solution speed than separate letters, and the position of the lines affects human performance more
than the number of lines.

Based on the achieved results, and given that there are shortcomings in machine learning concerning
human ability, we exploited this to generate Arabic text-based CAPTCHA schemes by applying
adversarial examples to the generated scheme. Furthermore, we evaluated the security of the generated
scheme in two different ways. Finally, we conducted a usability experiment to evaluate the performance
of the generated scheme. The results of these evaluations demonstrated that perturbations injected into
Arabic text-based CAPTCHAs can preserve the usability and improve the security of traditional text-
based CAPTCHA.

The structure of this paper is organized as follows: Section 2 reviews the previous works. In Section 3, we
explain the methodology. Section 4 presents and discusses the results. Finally, Section 5 concludes the paper.

2 Related Works

This section discusses the studies based on Arabic text-based CAPTCHAs. Then, a number of
parametric studies based on Latin text-based CAPTCHAs are reviewed. Also, the adversarial CAPTCHA
generation is discussed.

2.1 Arabic Text-Based CAPTCHA

Very few studies have been carried out on Arabic text-based CAPTCHAs [7]. Generally, most studies
have been done on Arabic text-based CAPTCHAS either as typed or handwritten schemes. Although Arabic
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text-based handwritten schemes are beyond the scope of our paper, we expand our coverage to this area since
only very few works have been reported. Accordingly, the following sections address works that have been
reported on Arabic text-based handwritten and printed CAPTCHAs, respectively.

2.1.1 Arabic Handwritten Text-Based CAPTCHAs

The first study on generating Arabic handwritten CAPTCHAS is introduced by Alsuhibany and Parvez
in [16]. In particular, they developed a novel approach by exploiting some Optical Character Recognition
(OCR) operations on Arabic sub-words. The results of this study indicated that the developed approach
has increased the difficulty of a lexicon-based attack, as well as achieved a high accuracy in terms of
usability. Moreover, Aldosari and Al-Daraiseh in [17] proposed a novel multilingual handwritten text-
based CAPTCHA and Arabic was one of these adopted languages.

2.1.2 Arabic Printed Text-Based CAPTCHAs

The first Arabic printed text-based CAPTCHA was proposed by Shahreza et al. in [ 18], which created a
scheme consisting of Arabic/Persian letters. This study is extended in [15] by containing meaningless words
and added lines to distort the image background to further complicate character recognition for machines.
Besides, Shahreza et al. in [19] applied random meaningless Persian words to improve the resistance of
Nastaliq CAPTCHA against attacks. Yaghmaee et al. in [20] proposed three different types of schemes
using special features of the Persian alphabet which can be used efficiently in the Arabic language too.
Furthermore, Shahreza in [21] applied typed-text Persian CAPTCHA for recognizing spam SMS
messages. Khan et al. [22] proposed a method of embedding Arabic text for CAPTCHA by extending the
work in [15]. The robustness level of this method is evaluated against OCR engines.

There are also applications and websites that provide Arabic typed-text CAPTCHA, such as the
BotDetect CAPTCHA generator [23] that presents distinct schemes and languages including Arabic.
Additionally, ArCaptcha [24] is an Arabic scheme application that shows random noises with a fixed
number of separate characters.

Alsuhibany et al. in [7] evaluated the robustness of several Arabic printed text-based CAPTCHAs. The
results of this evaluation demonstrated that the existing schemes and websites that rely on Arabic CAPTCHA
are vulnerable to automated attacks.

2.2 Latin Text-Based CAPTCHA

In this section, English/Latin CAPTCHA parameters are defined by reviewing the studies that showed
the impact of these parameters on the usability aspect. Also, the adversarial CAPTCHA scheme is discussed.

2.2.1 Parametric Studies of Text-Based CAPTCHAs

Chellapilla et al. in [1] carried out a study to examine the effectiveness of specific parameters in a
laboratory setting on 76 participants. Also, the study in Bursztein et al. [25] presented the closest to our
methodology, whereby the authors evaluated a selected comprehensive list of security features, then
designed new CAPTCHA schemes. This study examined the impact of features in isolation and
systematically analyzed how the feature combination affected the accuracy and solving time.

2.2.2 Adversarial Text-Based CAPTCHAs
This section gives an overview of adversarial examples and reviews adversarial text-based CAPTCHA
generators.

The neural networks algorithm has achieved an excellent performance in classifying different types of
data such as images. However, a recent work in [26] has discovered that a small and specific perturbation
added to the categorized items is intended to misclassify the machine learning model. This may be



526 TIASC, 2022, vol.31, no.l1

imperceptible to the human eye that called adversarial examples. Thus, the objective of the adversary is
misclassifying or reducing the confidence of the target model prediction by affecting the integrity of the
classifier output. For example, it changes the classification of one of the input items to any class that
differs from the original category [27].

Besides, adversarial samples have the property of transferability, in that adversarial samples created from
a specific model can affect another model, even if they have different architectures [28]. There are several
algorithms for generating adversarial examples. For instance, the Fast Gradient Sign Method (FGSM)
proposed in [29], and the Universal Adversarial Perturbations Method (UAPM) developed in [30].
Adversarial examples are an interesting phenomenon in terms of improving the robustness of neural
networks, which has been an active area of research, as they cause security threats for some intelligent
devices [31]. However, the current methods can mitigate the attack only to some extent by retraining
neural networks directly on adversarial samples, which is a simple and effective way for a model to learn
to classify them correctly [28].

Adversarial examples can be categorized into two classes of threat model: black-box and white-box
attacks. White-box attacks have complete knowledge of the model, while black-box attacks have no or
little knowledge of the model, and can be further classified into adaptive and non-adaptive. Attackers try
several sophisticated methods against adversarial examples, while being aware of potential defenses.
There are types of defensive techniques against an adaptive attack, such as ensemble adversarial training,
that can be adopted to improve their attacks, unlike non-adaptive attack, in which the crafting adversarial
samples are straightforward [27,28].

Recently, adversarial examples of machine learning models have been a research-challenging area of
CAPTCHAs. Osadchy et al. in [32] suggested that adding adversarial noise resists removal attempts on
samples. Accordingly, they evaluated the scheme in terms of usability and security, with the results
showing that this scheme offers a high level of security and good usability compared to current
CAPTCHAs. In [31], the authors mainly focused on testing the effect of adversarial examples on three
types of CAPTCHA, including the text-based type. The result showed that adversarial examples have a
positive impact on the robustness level. Moreover, Shi et al. in [28] proposed a framework for
CAPTCHA generation that integrates different image pre-processing techniques, methods and attacks.
The results of this study showed that the adversarial approach can improve the CAPTCHA security while
maintaining usability.

Therefore, too little attention has been given to Arabic CAPTCHAs. To the best of our knowledge, we

are the first to address studying Arabic CAPTCHASs in terms of the parameter level as well as introducing
adversarial Arabic examples.

3 Methodology

This section describes the methodology of our study. In particular, it is divided into three consecutive
steps. The first step is conducting an experimental study to evaluate the usability of the state-of-the-art
Arabic CAPTCHA schemes, since the robustness has been studied in [7]. The second step is deriving and
designing a CAPTCHA model based on the results of step one. Then, the robustness and the usability
effectiveness of the derived scheme are tested. Each step will be described in the following sections.

3.1 Evaluating the State-of-the-Art

This evaluation aims to measure the usability of existing Arabic CAPTCHA schemes. Specifically, it is
to understand how parameterizations affect the completion time and human solving accuracy by conducting
an experimental study. The next section explains the setup and the procedure of the experiment.
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3.1.1 Experimental Setup

The experiment involves subjects solving a set of Arabic text-based CAPTCHAs that have been
collected from several sources. In this section, we describe our targeted schemes, participants, and the
developed system.

Targeted schemes. So far, we have observed five different Arabic CAPTCHA sources that have been
proposed by three research papers [15,20] and [22] and two websites [23,24]. However, we have excluded
some of the papers’ schemes reviewed in Section 2, which used special Persian letters that are not included in
the Arabic letters (e.g., [19]).

The first targeted scheme is the proposal for Persian/Arabic CAPTCHA in [15], and we found only one
sample available. This scheme used six letters to form a meaningless word in a cursive style. Also, it uses a
background color that differs from the foreground, in addition to several straight lines with a distinct color. It
is important to note that this scheme was not evaluated previously in terms of the usability aspect.

The second scheme [22] applied some parameters that differ according to the security level. These
parameters are several font sizes with different types, as well as different distortion types added, such as
random lines and dots. We selected eight samples that fit our experiment, such as those that do not
contain explanatory symbols and are human-readable.

The third scheme [20] presented three different styles, but we tested only two of them that contain only
Arabic letters. We chose one sample of the first style that appeared as a meaningless word, and four samples
from the second style that mainly consisted of Persian/Arabic words. Further, it used a special pattern with
dark, bright bands in the background. Accordingly, the total of the samples collected from this scheme is five.

The fourth scheme is the BotDetect website, which generates separate Arabic characters as CAPTCHA text
with different styles [23]. To support our experiment, we have selected an arbitrary eight samples to be evaluated.

The last targeted scheme is ArCaptcha [24], which applied salt and pepper features. For the usability
evaluation step, we have collected eight different samples that consist of meaningless-content separated
characters with random font size from 14 to 24. Tab. 1 shows a sample from each evaluated scheme.

Table 1: Arabic text-based sources and examples

Scheme Source type Example Reference
1 Research paper T [15]
2 Research paper [22]
3 Research paper I ILH *iﬂ I I [20]
4 Website L‘*’o JODUU"LB [23]
5 Website S A [24]

. 2 O
L_)JJ\/"’-J' o

Participants. We recruited 382 participants. However, due to unwanted or incorrect data such as writing
an English letter mistakenly, 371 participants were involved in this experiment, of differing gender, ages,
level of education and technical skills. The distribution is shown in Tab. 2.

System. In order to allow as many users as possible to solve our targeted samples, a system was
developed using the Google App Script platform, which enables users to build and publish a website
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[33]. The system consisted of 33 pages, the first page being for the participant’s demographics. The second
page includes a set of instructions in addition to an illustrative example. Then, the experiment has 30 Arabic
text-based CAPTCHA images in which the user is asked to recognize and type the shown characters of each
image, sequentially. Note that each single sample was displayed in a separate web interface to simulate a real
CAPTCHA service. Importantly, the participant cannot move to the next page if the input field is empty.
Moreover, the system does not give any hints about the solution, nor whether the typed letters are correct
or not. Furthermore, the user is able to estimate his or her solving progress by looking at a counter that
illustrates the number of challenges that have been solved so far and how many are still remaining. Once
all CAPTCHAs are solved, a thanks page will appear stating that the task has been completed, and this
page is the last page.

Table 2: Participants’ information in the usability evaluation

Gender Female Male
194 177
Age [<16] [16-25] [26-35] [36-45] [ >45]
14 71 150 88 48
Educational level Intermediate school ~ High school = Diploma  B.S. M.S. Ph.D.
30 39 41 219 36 6
Technical background ~ Yes No
308 63

3.1.2 Procedure
In this section, we explain how the experiment was run in terms of the participants’ instructions, and the
data gathered.

At the beginning, we offered a survey asking about demographic information. Then, each participant
was informed that 30 Arabic text-based CAPTCHAs would be displayed sequentially that were collected
from previous studies or websites, as discussed in the previous section. Also, there was an example in
which the user is instructed to type the shown characters of this example. Once the user moves to the first
page of solving the shown Arabic CAPTCHA, he is then asked to recognize and write the letters as
shown and send them by clicking on the submit button. Finally, the participant is instructed to avoid any
distractions and to focus on the task.

The data analysis in this study was for 371 participants. Moreover, the characters of each submitted test
and the time taken to solve these tests are recorded by the system; consequently, the total number of
CAPTCHA texts is 11,130.

3.1.3 Experimental Results
This section presents the evaluation result of measuring the accuracy and the solving time. We also
present the results of the features individually.

For the accuracy, we have compared the submitted answers by participants with the original text.
Although we have ignored the spacing between texts like the ArCaptcha website [24], the accuracy of the
BotDetect website [23] was affected when we added them. Based on the results gleaned during this step,
Tab. 3 demonstrates the usability issues that have been observed.



IASC, 2022, vol.31, no.l1 529

Table 3: The usability issues in our targeted schemes

Usability issues

Scheme [15] e Repeating the same letter more than twice leads to ignoring the rest or adding more.

Scheme [22] e Using confusing letters like | and 3.

e Applying similar consecutive letters (e.g., ¢ and <) leads to three confusion states
appearing: switching between letters, ignoring one of them or writing both positions as
the same letter.

e Presenting inappropriate fonts, for example PT Bold Mirror, which causes the word to
be typed twice.

Scheme [20] e Appling similar consecutive characters such as 3 and <.
e Offering broad lines in an inappropriate place. For instance, a separate letter which leads
to a connected character like ~ is written as =-.

Scheme [23] e Adding distortion is similar to the Arabic diacritics, such as in mass, dots and bubble styles.
e Some letters that consist of two parts, such as <, are not suitable for a Black Circles style,
and the reason is that people do not recognize the different parts, like Hamza.
Some characters are incorrectly positioned, causing them to appear as another letter. For
example, if the character L came in the upper left of the image, users thought it was < or J.

Scheme [24] e Appling confusing characters such as - and |.
e Utilizing random lines that pass through the letters at an improper location.

The solving time was measured by recording the time from when a sample was shown until the user
submitted the answer. Fig. 1 gives an overall view of the solving times for all schemes. Specifically, the
fourth scheme takes the longest time, with an average of 25 s. The fastest was the second scheme, with
an average time of around 15 s.

Character sets. The most accurate models which took the least time to solve contained meaningful
words. However, this feature has threatened the robustness of the scheme, as mentioned in Kaur et al.
[34]. Luckily, the difference in solving time between meaningful and meaningless was slight.

Certainly, confusing characters have reduced the accuracy of the solution and increased the time the user
spends on solving the CAPTCHA test. Hence, there is a relationship between the accuracy, time to solve, and
confusing characters. However, a study in Khan et al. [22] did not consider all confusing characters; therefore
we have observed new confusing characters, as shown in Tab. 4.

As mentioned in Alsuhibany [35], some English characters were affected by increasing the distortion,
and thus led to mis-writing. It also happened with Arabic characters, such as u=3 or u=), which can
resemble u=i o= or o=l and these letters (0= <k «o+) also have this issue.

Cursive style. Since Arabic letters connect in writing to form a word, we can divide the printed Arabic
text-based CAPTCHAs into two categories: connected characters called cursive style, and separate
characters like English letters. For cursive schemes, users are slightly faster and substantially more
accurate. Fig. 2a shows the relationship between accuracy and continuous (i.e., cursive style) versus
separate letters and Fig. 2b illustrates the time needed to solve each category.

The reasons for the high accuracy in the cursive schemes are explained as follows. These schemes
contain neither collapse nor overlapping as distortion. Also, some of these schemes contain meaningful
words which had the highest accuracy. In terms of time taken in the non-cursive schemes, people
were divided into three groups according to their way of writing texts. The first group wrote a space
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between all the letters. The second group wrote all the letters continuously. The last group wrote the letters
between collapses or overlaps in a continuous manner as in CAPTCHA texts, and the rest separately.
Therefore, adding spaces in texts increase the solution time, and may perhaps be the reason why more
time is spent in solving this type.
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Figure 1: Average solving time of schemes
Table 4: Observed confusing characters
Original letter Replaced by Or Original letter Replaced by
i ‘ B) B B)
& < 8 o o
¢ d T o= o=
2 3 C U= o
kY Jd 2 L L
kY O & a &
5 3 0 3 <
& O & J
z < ? d
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Figure 2: Accuracy and solving time vs. cursive and non-cursive schemes (a) illustrates the relationship between
accuracy and cursive style versus separate letters, while (b) illustrates the time needed to solve each category

Number of characters. We could not determine precisely the effect of the number of characters on
usability due to the detection of confusing new characters. The appropriate length of a CAPTCHA text
should not exceed nine characters in order not to affect the usability, but must be no fewer than four
characters in order not to become susceptible to attack. Consequently, depending on the required security
level, CAPTCHA designers can adjust the length of characters without harming users’ accuracy unless
there are confusing characters. However, there will be additional time demands.

Lines. Fig. 3 demonstrates the relationship between accuracy and solution time with a number of
random lines in the background. We observed that humans are affected by wavy lines more than straight
lines, and the number of straight lines did not hurt individual performance directly. Moreover, the
position of lines affects accuracy more than the number of lines. For instance, a random line that crosses
a letter can cause an incorrect answer, such as where a line passes through the top of the character _, and
the user sees the upper part as a point, then writes it as J, or vice versa. Furthermore, a line crossing over
one of the main character points and covering it may cause the user to fail to recognize the correct
character or write it as a diacritic; for example, < can resemble & < or &,
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Figure 3: Accuracy and solving time vs. the number of lines
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Font size. Fig. 4 shows that the font size had a very minimal effect on the solving time. Therefore,
although the font size did not impact on the usability aspect, this might need more investigation and
would be the subject of one of our future works.

09 25 Sec
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Average
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07 \ /\ 20 Sec

06
15 Sec
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02 5 Sec

0.1

0 0
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Font size

Figure 4: Accuracy and solving time vs. font size

Dots and bubbles. Several Arabic letters contain dots and differ according to the number and position of
points. Unlike English, the letters that have dots are only i and j, as shown in Tab. 5. Accordingly, the results
showed that human performance suffers when random dots are added as a noise in the background. In
particular, the worst accuracy of a solution we received was 5.91%, which was from a sample that
contained a bubble, leading to a confusing character. Also, very few people (31.54%) correctly answered
a dots model. This may be due to random dots having the same size, shape and color as the main
character’s points.

Table 5: Letters that have dots in Arabic and English languages

Number Samples
Arabic characters 15 wieg b pm i A i od
English characters 2 Lj

3.2 The Derived Scheme: Arabic Adversarial CAPTCHA

Based on the results in the previous section, this section presents the system architecture of the proposed
Arabic Adversarial CAPTCHA Generator (AACAPTCHA), as shown in Fig. 5. The detail of this system is
described in the following.

First of all, we needed a dataset in order to generate adversarial samples. Thus, we collected
3,606 samples from two different schemes: BotDetect [23] and ArCaptcha [24]. Then, pre-processing was
applied to these samples using CAPTCHA Solving Software (GSA Captcha Breaker), which is a
commercial software [36]. Afterwards, the characters were segmented using a segmentation algorithm
developed in [7]. Consequently, we used a dataset containing 15,400 hand-labelled letters from
28 categories with approximately 550 items from each category.
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Figure 5: Overview of AACAPTCHA system

Then, we implemented a Convolutional Neural Network (CNN) machine learning algorithm as text-
based CAPTCHA attacks. It has two functions in our system which provides essential model information
for generating adversarial samples and is utilized to evaluate the robustness of CAPTCHAs against real
attacks. Accordingly, we applied this algorithm in two phases: without image processing and with
implementing a median filter as an image pre-processing technique for CAPTCHA security to remove
the noise in an image, which is used in [32]. Thus, we used FGSM, which is widely used
and computationally efficient to generate adversarial examples which it calculates the noise as follows
Eq. (1):
¥ =Pkx+ ¢ x sign(Vx J(x,))) (1)

where X is the original clean image, € is a constant that controls the amount of noise, J is the cost used to
train the neural network and y is the label for x [29]. The last step is generating CAPTCHA samples, which
randomly contain 4-9 characters. It is important to note that we have taken into consideration here in the
generation step the rules that were obtained in the previous experiment (discussed in Section 3.1).

The adversarial with epsilon 0.3 can fool a neural network as it reduces accuracy from 95.12% to 3.04%.
Moreover, the noise can be removed by pre-processing, where the model becomes more powerful along with
image filtering, as the correct recognition rate is increased to 4.78%. Finally, to overcome the challenges
facing samples against image processing, we apply a median filter that fits this algorithm during the
generation process as presented in [32] in order for the noise to be resistant to the filter attacks. As a
result, the success rate is reduced to 0.33%.

3.3 Evaluating the Derived Scheme

This section presents the evaluation of the proposed AACAPTCHA scheme in terms of security and
usability, respectively.

3.3.1 Security evaluation

We utilize two different attack techniques that potential attackers could use against the system. In
particular, we evaluate an attack which aims to return the image to its original class by utilizing image-
processing techniques such as filters. Ensemble adversarial training is one of the most important options
against adversarial CAPTCHAs, and the trained model won the first round of NIPS 2017 in a competition
on defenses against adversarial attacks. This method increases the model training data with examples
crafted on other pre-trained static models [37].

3.3.2 Usability Evaluation

For the usability aspect, we used a pre-post experimental design [38] for measuring the results before
and after embedding perturbation to Arabic letters. Thus, we evaluated 24 samples from four categories,
each category having six examples with different CAPTCHA lengths of between 4 and 9 characters,
which is the appropriate length range observed in the previous evaluation experiment. These categories
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differ from each other according to the epsilon value, from 0% (non-adversarial versions) to 30% (as
presented in [31]). Tab. 6 shows some examples.

Table 6: Samples used in this usability experiment

Scheme Epsilon (%) Example
| 0 p3ropg
2 10 (,_:}gp & o
3 ” ezt
4 30 PEGEID

It is worthwhile noting that the same system explained in Section 3.1.1 is used here in this experiment.
However, the number of pages is different as we used 28 pages, due to the number of samples, in addition to
the introduction, the questionnaire and the thanks pages.

We tested the proposed AACAPTCHA with 413 participants. Participants were requested to provide
information about their gender, age, educational level and whether they had a technical background
before starting the test. Tab. 7 illustrates the user statistics. The sample yielded 9,912 answered tests (i.e.,
413 participants * 24 samples).

Table 7: User statistics in the proposed AACAPTCHA scheme usability experiment

Gender Female Male
303 110
Age [<16] [16-25] [26-35] [36-45] [>45]
22 135 105 92 59
Educational level Intermediate school ~ High school = Diploma  B.S. M.S. Ph.D.
25 49 49 244 38 8
Technical background ~ Yes No
331 82

4 Results and Discussion

In our security experiment, we used filter attacks that aimed to remove samples’ noise generated by the
FGS method. In particular, we applied four filters on a set of 5,083 adversarial examples, representing 30% of
our dataset. These filters are: Median, Gaussian, Minimum and Maximum. The accuracy rate of each filter is
presented in Tab. 8. Therefore, the success rate did not exceed 5%.



TASC, 2022, vol.31, no.1 535

Table 8: Filters examined in the filter attacks

Filter type Median Gaussian Minimum Maximum

Accuracy rate 0.11% 3.24% 4.18% 2.15%

For ensemble adversarial training, we used three different models to generate adversarial examples and train
an ensemble model. Thus, if we did not craft examples, then the accuracy was 35.43%; otherwise, the accuracy
was 41.51%. Fortunately, it is difficult for attackers to discover the models or methods applied in generating an
adversarial CAPTCHA, which indicates an interesting reduction in the practical impact of this training.

Based on the collected data, Tab. 9 shows the main results of the participants’ performance in the
schemes. Average accuracy measures the average successful solution to the challenges’ schemes and
average time estimates the average time required for all the users to complete the corresponding tasks.

Table 9: Usability results of the proposed AACAPTCHA

Scheme 1 Scheme 2 Scheme 3 Scheme 4
Average time 16.30 s 15.07 s 1598 s 18.17 s
Accuracy average 383.83 384.5 377.5 337.17
Accuracy rate 92.94% 93.10% 91.40% 81.64%

We observed that the average time for all classes converges, with a slight difference. Although the time
for solution was not entirely accurate, as there are differences between them, fortunately the variance was not
large. The lowest average time was epsilon 10%, while the highest was epsilon 30%. Also, we got the same
results in accuracy, with a success rate of 93.10% and 81.64%, respectively. As expected, the solving speed
and difficulty of CAPTCHAs deteriorated when the epsilon value was increased; this obviously impacts on
the human solvability. However, it takes more time for machine learning recognition. Hence, this implies that
there is a trade-off between security and usability.

After completing the given tasks, we asked the participants three questions about AACAPTCHA. The
first question was about the level of readability of the scheme containing perturbation characters. The second
question was whether it took time for them to recognize letters in the proposed scheme. Finally, we asked
them whether the proposed scheme affected whether they could write letters correctly or not. As a result,
65.4% of the participants found the proposed scheme easy and 20.1% found it very easy. This indicates
that the adversarial example does not make a text-based CAPTCHA more difficult from the users’ point
of view. Also, 41.9% said that the proposed scheme did not take much time to solve, while 46.5%
answered the opposite, with the rest neutral. Moreover, 46.5% of solvers replied that adding a
perturbation would affect their accuracy of solution. However, by looking at Tab. 9, we can see that there
is no difference between schemes 2 and 3 and the original samples in both accuracy and speed of
solution, though the second scheme surpasses the third one a little bit in the usability aspect. This may be
a good indication for applying the adversarial example on Arabic text-based CAPTCHAs.

Finallyy, AACAPTCHA can be seamlessly integrated with current text-based CAPTCHA
systems. However, it might be interesting to investigate applying more algorithms for generating
adversarial examples.
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5 Conclusion and Future Works

As a first study to support the usability evaluation of Arabic schemes, we have conducted a
comprehensive experiment including all existing Arabic text-based CAPTCHAs. The experiment verified
that the human solvability of these schemes demonstrated how each feature varies and how this can
impact on the solution time and accuracy. Based on the results of this experiment, we studied how to
design an Arabic adversarial CAPTCHA scheme, which is the first attempt in this field. This scheme is
evaluated in terms of security and usability aspects. The results of this evaluation were very encouraging.

Since the results showed that the adversarial technique increases the security of regular Arabic text-
based CAPTCHA, an extensive evaluation in terms of both security and usability will be carried out as
one of our future works.
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