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Abstract

Purpose: 3D Sign language avatars communicate with individuals in digital environments, like educational agents. However,
while designing educational agents, the target group comes to the fore. In the literature, it is seen that the visual appearance
features that should be considered in the creation of avatar designs are specified in diverse ways. Main goal of this study is to
evaluate the sign language avatars’ visual appearance features in the literature and applications within the framework of
educational agents.

Design/Methodology/Approach: In this study, seventy-nine different sign language avatars’ images were evaluated within the
framework of visual appearance features. Seven category and fifteen features were evaluated by four field experts through
focus group discussions.

Findings: In the evaluation, seven important categories were determined in avatar visual appearance. It is seen that the eye
and head designs of avatars are generally designed in normal size. If an iconic design process is being carried out, eye, head,
arm, and finger visual appearances should be designed larger than normal. If a realistic design process is carried out, eye, head,
finger, palm, and arm visual appearances should be designed in normal sizes.

Highlights: When designing sign language avatars, the upper body should be visible. In addition, what the target group will be
affects the gender and iconicity of the avatar. Avatar should be designed simply so that individuals do not overload their visual
channel. Also, different visual appearance features should be considered for iconic or realistic avatars. In addition to this, it is
recommended that the hand and head sizes should be bigger than normal in order to understand the signs and non-manual
signs more clearly.

6z
Cahsmanin amaci: Ug boyutlu isaret dili avatarlari egitsel ajanlarda oldugu gibi dijital ortamlarda kullanici ile iletisim kurar.
Egitsel ajanlar tasarlanirken hedef grup etkili bir kriter olarak dikkate alinir. Literatiirde avatar tasarimlarinin olusturulmasinda

dikkate alinmasi gereken 6zellikler gesitli sekillerde ifade edilmektedir. Bu calismanin amaci ise isaret dili avatarlarinin gorsel
gorinum Ozelliklerinin belirlenen kriterlere gére degerlendirilmesidir.

Materyal ve Yéntem: Bu ¢alismada, yetmis dokuz farkli isaret dili avatarina ait gorseller, gériinim ozellikleri gercevesinde
degerlendirilmistir. Yedi kategori ve onbes 6zellik, dort alan uzmani tarafindan odak grup gériusmeleri ile degerlendirilmis ve
kategorilestirilerek tartisiimistir.

Bulgular: Degerlendirmede avatarlarin gortinim 6zelliklerinin degerlendirilmesi igin yedi kategori belirlenmistir. Avatarlarin gz
ve kafa tasarimlarinin genellikle normal élgiilerde tasarlandigi gériilmektedir. ikonik bir avatar tasarimi yapiliyorsa gz, bas, kol
ve parmak boyutlari normalden daha biyik tasarlanmalidir. Gergekgi bir avatar tasarimi yapiliyorsa goéz, bas, parmak, avug igi
ve kol boyutlari normal élgulerde tasarlanmahdir.

Onemli Vurgular: isaret dili avatarlari tasarlanirken, viicudun st kismi gériiniir olmalidir. Bunun yaninda hedef grubun
ozellikleri avatarin cinsiyetine ve ikonikligine etki etmektedir. isaret dili avatari bireylerin gérsel kanalinda asiri yiikleme
yapmamasi igin sade tasarlanmalidir. Ayrica ikonik veya gergekei avatarlar igin farkli gorsel gérinim 6zellikleri dikkate
alinmalidir. Bunun yaninda isaret ve el disi isaretlerin daha net anlasilabilmesi igin el ve kafa boyutlarinin buyiik olmasi
onerilmektedir.
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INTRODUCTION

Individuals of deaf society usually communicate among themselves and with those who know sign language by using sign
language instead of written or spoken language (Adali, 2019; Dikyuva et al., 2015; Xu, 2013). Sign language has a structure with
its own grammar rules, finger alphabet, hand, face, and gestures (Karaca & Gorglinoglu, 2011; Kubus, 2008; Solina et al., 2011). It
is known that deaf individuals have serious problems in understanding written texts (Escudeiro et al., 2015; Solina et al., 2011). In
addition, it is stated that deaf individuals use limited options to communicate with individuals who do not know sign language.
These are paying attention to gestures, using a sign language translator, writing, lip reading, using slow sounds for those who have
hearing residue and using assistive technologies (Gugenheimer et al., 2017).

When the sign language studies are examined, different computer-based technologies such as transforming text and voice into
Gesture Mark-up Language (Brour & Benabbou, 2019; Eryigit et al., 2016; Kayahan, 2019; Raghavan et al., 2013), three-
dimensional (3D) avatars that translate text into sign language (De Martino et al., 2017; Ebling & Glauert, 2016; Gibet et al., 2016;
Karaca, 2018; Vesel & Robillard, 2013), technologies that transfer the signs to the computers with image processing (Mahesh et
al., 2017), sign language robots (Baranwal et al., 2017; Girpinar et al., 2020; Meghdari et al., 2019; Ozkul, 2015), dictionaries for
sign language words (Hilzensauer & Krammer, 2015; Makaroglu & Dikyuva, 2017; Milli Egitim Bakanligi, 2019; Solina et al., 2011)
can be seen. By combining technologies such as gesture mark-up language, image and sensor detection, 3D environments, and
sign language dictionaries, words or sentences can be animated with an avatar within the framework of human computer
interaction. Studies are carried out with avatar technologies that provide sign language translation for different languages (Brock
etal., 2018; De Martino et al., 2017; Li et al., 2014; Yousaf et al., 2018). Avatar studies generally focus on the methods of translation
of spoken language into sign language, the systems and software used, however, the visual appearance of sign language avatars
remain in the background. Avatars, which model sign language in 3D environment, communicate with individuals in digital
environments, like educational agents. Educational agents are simulated human-like virtual characters to enhance the individual
learning of the students (Z. Chen & Chen, 2014; Chou et al., 2003; Ongéz et al., 2015). Educational agents support learning in terms
of emotional, social and cognitive aspects (Hong et al., 2014). Educational agents motivate students in the learning environment
(Chin et al., 2016; Dinger & Doganay, 2017; Guo & Goh, 2015; Heidig & Clarebout, 2011; van der Meij et al., 2015) and support
effective learning (Baylor & Kim, 2009; Goldberg & Cannon-Bowers, 2015; Grivokostopoulou et al., 2020; Lewis Johnson & Lester,
2018a). From this point of view, educational agents can provide functions such as warning, feedback and guidance (Gulz & Haake,
2006), while avatars can animate these functions in a virtual environment (Michael Gerhard, 2003). Gerhard, Moore, and Hobbs
(2001) stated that the avatar is a character that reflects the identity of the person in virtual environments. Just as human body
features are important in the formation of personality in the real world, avatar features in virtual environments are important as
in the formation of virtual personality (Donath, 2001). Avatar represents the visual appearance characteristic of educational
agents. In addition, an educational agent can provide feedback to the user thanks to its functions. From this point of view, avatars
can be defined as the shape of educational agents.

When designing educational agents, determining avatars according to the target group and structural features that educational
agents have are considered important in achieving the desired success (Z. Chen & Chen, 2014). For this reason, studies have been
carried out on how the visual appearance features of the avatar such as age, gender, character should be (Z. Chen & Chen, 2014;
Ongoz et al., 2015). Yilmaz and Kiligc Gakmak (2011) stated in their study that avatar's personality, ability of movement, gestures
and facial expressions, emotional expressions, dialogue and speech features used in educational agents are significant. The
literature emphasizes that the visual appearance features of avatars used in sign language studies are effective in the perception
of signs (Adamo-Villani et al., 2016; Jen & Adamo-Villani, 2015). Considering the studies on avatar visual appearance used in
educational agents, it is important to reveal the visual appearance criteria for sign language avatar design.

Visual Appearance Features of Pedagogical Agents

Agents are frequently used in mathematics, science, foreign language, and culture (Lewis Johnson & Lester, 2018b). Learning
environment designers develop pedagogical agents that monitor students' problem-solving activities and respond through
different channels. These agents have several types in different settings. izmirli, Kirmaci, and Kahraman (2017) list these types as
smart agents, interface agents, assistant agents, information agents, evaluation agents, pedagogical agents, advising agents and
expert agents depending on the roles they play.

Some studies on avatars used as educational agents focused on the effects of avatars being remarkable in terms of design on
the user (Gulz & Haake, 2006; Haake & Gulz, 2008; Sutcliffe & Al-Qaed, 2007). Nowak and Rauh (2005) stated that users prefer
human-like avatars rather than non-human avatars (animals, robots, etc.) and that such avatars are more attractive and reliable.
In addition, realistic human-like avatars increase social interaction and female avatars are preferred more than male avatars (R. F.
Khan & Sutcliffe, 2014).

In the literature, the design features of avatars have been studied under different titles in many studies. Gulz and Haake (2006)
stated that visual presentation, face, body and costume design and iconic level are important for avatar design. Visual
representation is expressed by line thickness, drawing angle and line style in 2D avatars, while in 3D avatars it is addressed with
the features of shape, texture, lighting, surface, shading and animations (Gulz & Haake, 2006). On the other hand, Haake (2009),
gathered the avatar features under three topics: basic model, physical features, and graphic style. The basic model is classified as
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human, animal, creature, inanimate object, fantasy-science fiction, or a combination of these. Physical features are classified as
body shape, face shape, skin color, hairstyle, haircut, dress, and accessories. Finally, the graphic style is classified as iconic and
detail levels. Yilmaz and Kilig Cakmak (2011) classified avatar features as physical appearance, movement, voice, facial expressions,
dialogue and speech, and emotional expressions. Avatars have different body structures and can be designed as tall, medium, and
short, or fat, normal, and thin. In addition, the features as hair color, hair length, eye color, eye shape, tooth structure, ratio of
hands and feet to body size, nose structure of avatars may vary depending on the content of the software and focus group (Yiimaz
& Kilig Cakmak, 2011). Ducheneaut et al. (2009), examining the customizable avatars in games, emphasizes the importance of hair
and its role in determining the identity of the person besides many features.

The Picture
Plane

Reality The Representational Edge ~ Meaning

Figure 1. The Transition of Visuals Between Reality, Abstraction (The Picture Plane) and Meaning (Mccloud, 1993)

Avatars can be designed as 2D, and 3D form. 3D avatars are classified as photorealistic, iconic or abstract (Sloan, 2015). A
similar classification explains the transition between reality, abstraction and meaning of visuals by McCloud (1993) with the "Big
Triangle" scheme (Figure 1). In McCloud's triangle, avatars are represented on the left in their most realistic form, and as they
move to the right, they change to their most iconic form. The most iconic avatar changes to a semantic expression, or concept,
when it goes beyond the language border. For example, when we examine a human face, there is a real photograph on the far
left, a face drawing of a stylized character in the middle, a face emoji on the far right, and the word itself outside the language
border. While the actual photo represents a person, the far-right face emoji and the word “face” outside the language border
represent much more people. Similarly, Gulz and Haake (2006) expresses the transition between 2D and 3D iconic and realistic
avatars with the visual in Figure 2. Manning (1998) states that a highly realistic avatar will represent only one person and therefore
cannot have a widespread effect. The greater the iconicity of an avatar, the greater its meaning and influence (Mccloud, 1993).
For this reason, 3D iconic (lower middle region of the triangle) avatars with high representation degree can be accepted by many
people compared to the realistic one. Besides, realistic avatars can create an "uncanny valley" effect (Mori et al., 2012). For
example, humanoid avatars that are remarkably close to reality have a negative effect on users.

Real|st|c Icomc
@ Slmpllfled

Figure 2. Iconic, semi-iconic and realistic image, adapted from Gulz and Haake (2006)

Detalled

&

There are six basic emotions in the display of facial expressions: happiness, anger, surprise, sadness, disgust and fear (G. D.
Chen et al., 2012). Nguyen and Canny (2009) stated that it is necessary to use facial expressions, hand and body movements and
voices in order to add empathic features to the avatars. Facial expressions of avatars are important criteria for users (Clark & Choi,
2005). Additionally, interface designs with emotional facial expressions increase positive emotions and facilitate the recall of
information (Uzun & Yildirim, 2018). Also, the smiling welcome and farewell of the avatar and empathic responses create positive
feelings about the software.

Another feature that is considered important in educational avatars is the face design. Face plays a fundamental role in
attracting the attention of learners (Gulz & Haake, 2006; Uzun & Yildirim, 2018). When educational avatars are examined, baby-
faced avatars are more naive, honest, affectionate, and empathetic than other avatars. It has been stated that a face looking
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downwards with eyes looking upwards expresses innocence and vulnerability (Gulz & Haake, 2006). Another important feature is
neutral facial expression. People with a slight smile and a neutral facial expression in the resting position are viewed more
positively. People with this type of facial structure are perceived as friendly and gentle (Branham, 2001; Gulz & Haake, 2005).
However, people with low eyebrows, thin lips and a pulled mouth appearance are perceived as dominant, threatening, and
aggressive. Such faces are not preferred in educational avatar designs (Gulz & Haake, 2006).

Body and costume design is another key factor in an avatar, and it plays an active role in communication. Therefore, the designs
of the head, cheeks, mouth, eyes, hands, legs, and arms related to the costume or body structure should be emphasized
separately. The three main body types defined by Sheldon et al. (1940) as thin, muscular and fat are still accepted today. Although
muscular people are considered to be more attractive, healthy, courageous, competitive, and adventurous, they are seen as less
knowledgeable, intolerant and temperamental (Ryckman et al., 1991).

The features mentioned above also vary according to gender. While human avatars are more interesting and reliable (Nowak
& Rauh, 2005), female avatars are preferred more than male avatars (R. F. Khan & Sutcliffe, 2014). Considering that gender is one
of the important variables for avatars, the color, shape, purpose and meaning of the clothes also differ according to gender.

Based on the above literature, Table 1 shows the features used in avatar designs of an educational agent. In addition, sub-
features of each feature encountered are presented.

Table 1. Features of educational agents.

Educational Agent Features Educational Agent Sub Features
1. Physical (Personal) Appearance Gender
Height
Weight
Hair color
Hair length
Head size
Arm, hand, and finger sizes
Facial structure

Eye shape
Eye color
Tooth
Eyebrows
Nose
2.Moving Parts Foot, knee, waist, back, shoulder, neck, head, arm, hand, finger, face
3.Communication Facial (emotion) expressions, verbal communication
4.Iconicity Realistic, iconic, abstract
5.Graphical Style Line style, line direction, line shape
Shape, texture, lighting, surface, shading
6.2D and 3D 2D character, 3D character
7.Clothing and Accessories Clothing type, clothing color, accessories

According to Table 1, seven basic features in the design of an avatar are specified. Accordingly, physical appearance is defined
by gender, height, weight, hair color, hair length, size of body organs such as hands, feet, head, face shape, eye shape and eye
color, teeth, eyebrows, and nose structure. In addition, moving parts such as foot, knee, waist, back, shoulder, neck, head, arm,
hand, finger, face, are needed in avatars for more effective communication. Animated avatars provide a more flexible and
impressive environment for individuals, especially by using body language, gestures, and facial expressions. Communication
channels are also examined in educational avatars. Communication includes facial expressions and verbal communication
elements that can express all emotions. Another feature, iconicity is an important feature in designs and expresses the change of
avatar from reality to abstract. Iconicity has subcategories as realistic, iconic, and abstract. Graphical style refers to the drawing
or modeling features of avatars. In addition, avatars can be used in two or three dimensions depending to the environment. Finally,
considering the characteristics of the target audience, it is seen that the clothes in the avatars can be differentiated by type, color,
and accessories.

Sign Language Avatars

Avatars are an important tool for converting texts into 3D sign language animations (Bouzid & Jemni, 2020; Do Amaral et al.,
2011; Escudeiro et al., 2015). With the development of the entertainment and game industry in the virtual environment, advanced
modeling and animation tools are emerging. Many animated avatars prepared with open-source tools, can be used for free. These
avatars developed for the game industry are used in many studies on sign language. These studies aim to animate the sign
language with sign language grammar and sign animations. Situations such as insufficient information on sign language grammar
rules and sign language archives to be analyzed (Kaur & Kumar, 2016; N. S. Khan et al., 2015), the difficulty of analyzing the complex
structure of sign language (El-Gayyar et al., 2016) and the situation of avatars not making or unable to make the movements of
the external signs made with the mouth, eyebrows and eyes (Ebling & Glauert, 2016; Gongalves et al., 2020) are some of the
problems encountered in avatar-oriented sign language studies.
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Considering the design problems and limitations of sign language; Avatar design studies can facilitate the integration of deaf
people with avatars, social communication, and comprehensibility of sign language. In the studies examined, it is seen that while
developing educational agents, the tasks and general characteristics of the agents were focused on (Gulz & Haake, 2006), but the
avatar visual appearance of the agents were ignored. From this point of view, this study will fill this gap in the literature by
thoroughly examining the visual features of sign language avatars.

METHOD

This study was conducted based on qualitative research approach using the document analysis method. Document analysis is
a qualitative research method aimed at extracting meaning and generating detailed information from both printed and electronic
documents. (Corbin & Strauss, 2008). This study was carried out in three-stage within the framework of this method. In the first
stage, a review of the literature was performed to create an evaluation form for avatar design features. In the second stage,
avatars in both sign language studies in the articles and the mainstream application stores were determined by the literature
review method. Finally, the determined avatars were evaluated based on the avatar design features form.

Study Group

In this study, five experts in the field of educational technology are involved. The researchers have at least a decade of
experience in educational technology and possess extensive project experience in developing technology supported educational
materials for the deaf. Within this scope all researchers contributed to the process of literature review and the determination of
avatars. In addition, the determined avatars were evaluated by the researchers in the study group with the focus group study
method.

Data Collection

A systematic literature review was conducted to determine the avatar design features. Search words ("pedagogical agent
design" OR "educational agent design" OR " pedagogical avatar design " OR " educational agent design") were used for scanning.
As a result of the search, 445 articles were found. Examination of these articles, 23 articles were found related to design features.
The avatar design features in these articles were examined and similar features were brought together. Research on avatars visual
appearance may differ in terms of avatar features. As a result of the literature review, avatar design features were categorized.
These categories are physical appearance, movement features, communication features, iconicity, graphical presentation level,
the character being 2D or 3D, and the features of clothing and accessories. Evaluation form including these categories and their
features and criteria was listed on Table 2.

Table 2. Evaluation form

Category Feature Feature Items
1.Physical appearance Gender Woman, Man, Other (robot & animal)
Hair color Colors
Head Large, Medium, Small
Arm Long, Normal, Short
Palm Large, Normal, Small
Finger Long, Normal, Short
Eye shape Large, Medium, Small
Eye color Colors
Hair long Long, Short, Empty
Eyebrow Yes, No

2. Movement features -
3. Communication features -

4. Iconicity Level of iconicity Realistic, Iconic

5. Graphical presentation Level of quality 1 (poor) to 5 (excellent)

6. Dimension Dimension 2D, 3D

7. Features of clothing and accessories Clothing type Different clothing types
Accessories Different accessory types

Since the many avatars’ animation could not be reached, evaluations were made on the still images. For this reason,
movement, and communication features didn’t take into evaluation. Besides, some features in the physical appearance category,
which are difficult to determine objectively from graphics were also not considered in the evaluation. In conclusion, all sign
language avatars in the study are 3D. Therefore, the line style, line direction and line shape criteria of 2D avatars could not take
into evaluation.

Feature of gender which is in the category of physical appearance is grouped as women, men and other (robot, animal). Eye

and hair colors in the same category were categorized by color. Finger, palm and arm length, head and eye sizes and weight in the
physical appearance category were evaluated on three levels (Large, Medium, Small / Long, Normal, Short). The eyebrow feature,
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which is another physical feature, was examined whether the avatar had it or not. The level of iconicity was evaluated in the
category of iconicity. For this, realistic and iconic values were used as the iconicity level. In the graphical presentation category,
the features of shape, texture, color, lighting, surface, and shading, among the features of avatars, were evaluated over five point
scale (very high[5], high[4], medium[3], low[2], very low[1]). In the Dimension category, the design method of avatars, whether
2D or 3D, was examined. As last, clothes and accessories were evaluated by making their own categories.

In order to determine sign language avatars, systematic literature review and examination of application stores were carried
out by the researchers. This process is summarized in Figure 3. In the literature, there are many studies developed for sign language
translation using avatars (Hansen et al., 2018; Liu et al., 2009; Ward et al., 2017; Yang et al., 2014; Yousaf et al., 2018). In addition,
there are also accessible sign language avatars used in Google Play application platform and web environment. In this context, a
search was made with the search query ("deaf" OR "hearing impaired" OR "hard of hearing" OR "hearing loss") AND ("avatar" OR
"pedagogical agent" OR "virtual human"). As a result of the search query, forty-three studies having sign language avatars were
found in 723 publications. When these forty-three articles were examined that the same avatar design was used in some of them.
In this context, as a result of the literature review, 28 unique sign language avatars were found. In addition, based on the articles
reviewed, a total of 18 avatars used in eSIGN (eSIGN, 2021), ViSiCAST (ViSiCAST, 2021) and Vcom (Vcom3D, 2019) projects were
found. As a result of the search made on the Google Play application platform with the term "sign language", twenty avatars were
found in 273 applications examined. Apart from this, thirteen more avatars used in sign language studies obtained through web
searches were found. Some avatars have been found to take place more than once in both different studies and different
applications. As a result, a total of seventy-nine unique sign language avatars were examined. The reviewed avatars can be found
in the appendix section.

Review : 28
(723 Article) CUAER Avatar
From Projects : '
- eSIGN, 18
- Visicast, Avatar
- Vcom
Applications Google Play —> 273 App =
Avatar
13
Web Search ARG
79 Avatar

Figure 3. Search process of sign language avatars

Focus Group Discussions

Using the evaluation form (Table 2), seventy-nine sign language avatars were evaluated by researchers. This evaluation was
carried out to determine the features of the avatars have in terms of design rather than their suitability for sign language For this
reason, it is aimed that experts should be competent in terms of evaluating design rather than knowing sign language. In this
context, the process was carried out in the form of focus group discussions. Focus group meetings are generally considered as
interviews that consist of a small number of members and allow group discussion on a specific topic (Remler & Van Ryzin, 2021).
In this research, with the focus group discussions, it is aimed to discuss the points that can be disputed on the visual appearance
categories, to find common decisions and to evaluate all the criteria in detail. Evaluations were made within the framework of the
avatar design features specified in Table 2. In this process, the designs of 79 sign language avatars were examined one by one by
the researchers. Owing to the focus group discussions, it was aimed that all researchers make an evaluation with a consensus by
minimizing individual errors. Focus group discussions were completed in three sessions in a total of 4 hours and 40 minutes using
video conferencing on an online platform. Graphics of each sign language avatar were shared on the screen in the sessions, and
instant evaluations were made by all participants until a common opinion was reached within the relevant categories.

Data Analysis

As a result of the focus group discussions, the number of repetitions of the avatar design features specified in Table 2 was
evaluated. In this context, how many times each feature was repeated in 79 avatars examined. The obtained results were
presented in the findings section in table form.
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FINDINGS
The first noticeable detail in the visual features of the avatars is that the perspective typically displays the avatar from the

waist up (Table 2). 79 out of the 73 (%92,4) avatars have this appearance. As a result of the evaluation of sign language avatar
visual appearances, it is seen that 38 of 79 avatars are modeled as male (48.1%) and thirty-six as female (45.6%) in terms of gender.

Figure 4. Realistic and Iconic Sign Language Avatar Examples (Realistic avatar on the left, iconic avatar on the right)

It is seen that five avatars (6.3%) are modeled in robot, rabbit, cat, fox, and panda form. 41 of 79 avatars’ visual appearance
are iconic (51.9%) and thirty-eight of them are realistic (48.1%). An example of realistic and iconic avatars is presented in Figure
4.

Table 3. Iconicity according to the source

Iconicity Publications Applications Publication and Applications Total
Realistic 17 18 3 38
Iconic 11 29 1 41
Total 28 47 4 79

While 28 of 79 avatars examined are found in scientific studies, forty-seven of them are found in mobile and web applications
for sign language. Small amount of the avatars (n = 4) has been used both in the articles and in the applications. Table 3 summarizes
the environments where avatars are presented as realistic or iconic. So, it is seen that while realistic avatars are preferred in
publications, iconic avatars are preferred in applications.

Table 4. Iconicity and graphical presentation level

Graphical presentation level Iconic (n) Iconic (%) Realistic (n) Realistic (%)
Very High (5) 13 31,7 1 2,6
High (4) 12 29,3 7 18,4
Medium (3) 7 17,1 21 55,3
Low (2) 8 19,5 5 13,2
Very Low (1) 1 2,4 4 10,5
Total 41 100 38 100

Another finding about realistic and iconic avatars is that the graphical presentation levels of avatars are different. Table 4
shows the graphical presentation levels of iconic and realistic avatar visual appearance. It is seen that the visual graphical
presentation of forty-one avatars designed as iconic is generally high (29.3 %) and very high (31.7%) graphical presentation (61%).
On the other hand, it is seen that realistic avatars generally (55.3%) have a medium level (n = 21) graphical presentation level.

When Table 4 is examined, it is seen that while the number of realistic avatars designed with a very high level of graphical
presentation is 1, the number of iconic avatars is 13. On the other hand, the number of realistic avatars designed with a very low
level of graphical presentation is four, the number of iconic avatars with a very low graphical presentation level is only one.
Examples of realistic and iconic designed avatars with very low (a, b) and very high (c, d) graphical presentation feature are shown
in Figure 5.
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Figure 5. Realistic (a, d) and Iconic (b, c) Designed Avatars with Low (a, b) and High (c, d) Graphical Presentation

Another finding of the study is related to the lengths used in avatar designs. In this context, finger, palm, arm, head, and eye
sizes were evaluated. In Table 5, frequencies of head and eye sizes are presented according to realistic and iconic avatars.

Table 5. Frequencies of avatars' head and eye sizes

Parts Eye Head

Iconicity Realistic Iconic Realistic Iconic
Big (n) 1 35 1 31
Big (%) 2,6 85,4 2,6 75,6
Normal (n) 37 6 36 10
Normal (%) 97,4 14,6 94,7 24,4
Small (n) 0 0 1 0
Small (%) 0 0 2,6 0
Total 38 41 38 41

When Table 5 is examined, it is seen that eyes in realistic avatar are generally designed in normal sizes (n =37, 97.4%). However,
in iconic designs, it is seen that eyes are designed larger than normal (n = 35, 85.4%). When head size is examined, it is seen that
realistic avatars are generally designed in normal (n = 36, 94.7%) sizes, whereas iconic avatars are designed in large size (n = 31,
75.6%). Another noticeable finding is that the eye or head measurements are not designed in small sizes except for only one
avatar.

Table 6. Frequencies of finger, palm, and arm lengths

Parts Finger Palm Arm
Iconicity Realistic Iconic Realistic Iconic Realistic Iconic
Big (n) 1 15 1 9 1 6
Big (%) 2,6 36,6 2,6 22 2,6 14,6
Normal (n) 37 20 36 27 37 32
Normal (%) 97,4 48,8 94,7 65,9 97,4 78
Small (n) 0 6 1 5 0 3
Small (%) 0 14,6 2,6 12,2 0 7,3
Total 38 41 38 41 38 41

Table 6 shows frequencies related to finger, palm, and arm lengths in avatar visual appearance. In the evaluations of finger
length, it is seen that realistic avatars have normal sized designs (n = 37, 97.4%). However, finger lengths are generally designed
as normal (n = 20, 48.8%) or large (n = 15, 36.6%) sizes in iconic avatars. As for the evaluations of the palm, it is seen that realistic
avatars have normal sized designs (n = 36, 94.7%). However, it was determined that palm lengths were generally designed as
normal (n = 27, 65.9%) or large (n = 15, 36.6%) in iconic avatars. Considering the arm lengths, it is seen that the arm lengths of
normal sizes are generally used in both realistic and iconic avatar designs.

In Table 7, head-eye, hand-finger-arm lengths were evaluated in terms of gender. Accordingly, it is seen that the head and eye
sizes are designed as normal or larger than normal in male and female avatars. On the other hand, arm, finger, and palm sizes are
mostly designed in normal sizes.

Table 7. Eye, head, arm, finger and palm sizes and lengths according to gender

Gender Parts Big Normal Small
n % n % n %
Eye 17 44,7 21 55,3 0 0
Male Head 17 44,7 20 52,6 1 2,6
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Long Normal Short
n % n % n %
Arm 4 10,5 31 81,6 3 7,9
Finger 9 23,7 26 68,4 3 7,9
Palm 6 15,8 29 76,3 3 7,9
Big Normal Small
n % n % n %
Eye 14 38,9 22 61,1 0 0
Head 10 27,8 26 72,2 0 0
Female Long Normal Short
n % n % n %
Arm 2 5,6 34 94,4 0 0
Finger 5 13,9 31 86,1 0 0
Palm 3 8,3 33 91,7 0 0

When the eye colors used in avatars are examined, the most preferred two eye colors are black (n=27) and brown (n=25). As
the third color, blue (n=16) is used in avatar visual appearance. Green (n=9), white (n=1) colors are also used. In addition, the eye
color of two avatars could not be determined. Hair colors used in avatars were also evaluated. Similarly, to eye color, black (n=32)
and brown (n=27) is mostly preferred color in avatars' hair designs. Yellow (n=7), red (2), blue (n=2), orange (n=1), and green (n=1)
colors are also used for hair designs. On the other hand, hair color could not be determined in 7 avatars.

When the avatars are examined in terms of costume design, it is seen that they are often designed with trousers (n=42), t-
shirts (n=35), shirts (n=15) and skirts (n=10). When the type of costume was examined according to gender, male avatar designs
usually use trousers (n=25), t-shirt (n=22), and shirt (n=5). Other types of costumes used in male avatars are blouse (n=1), vest
(n=3), suit (n=3), sweater (n=2), shorts (n=2), singlet (n=1), jacket (n=2), dress (n=1), costume (n=1), coat (n=1), and astronaut
costume (n=1). On the other hand, female avatar designs usually use trousers (n=17), t-shirts (n=13), skirts (n=10), shirts (n=10)
and blouses (n=6). Other types of costumes used in female avatars are blouse (n=6), vest (n=1), sweater (n=4), jacket (n=4), and
dress (n=4). Common types of costumes are presented in Table 8.

Table 8. Types of costumes common in avatars

Type of costume Male Woman

n % n %
Trousers 25 36 17 25
T-Shirt 22 32 13 19
Shirt 5 7 10 14
Skirt 0 0 10 14
Blouse 1 1 6 9
Other 17 24 13 19
Total 70 100 69 100

When the accessories and clothing details of avatars are examined, it is obvious that some designs do not contain accessories
(nmale =11, nfemale=18). However, some designs include one or two accessories. It was observed that the number of accessories
used in male avatars (n=38) was higher than the number of accessories used in female avatar (n=19) visual appearance. While
eight types of accessories are used in female avatars, nineteen types of accessories are used in male avatars. Other types of
accessories used in female avatars are belt (n=5), logo (n=4), necklace (n=3), pattern (n=3), necktie (n=1), glove (n=1), earring
(n=1), and badge (n=1). Similarly, accessories used in male avatars are: Belt (n=13), Tie (n=5), Glasses (n=3), Logo (n=2), Turban
(n=2), Glove (n=1), bag (n=1), pattern (n=1), button pattern (n=1), handkerchief (n=1), bow tie(n=1), cape (n=1), colorful clothes
(n=1), hat (n=1), crown (n=1), collar (n=1), name badge(n=1), and vest (n=1). The most used accessory in avatars is the belt (n=18).
The distribution of accessories is presented in Table 9.

Table 9. Accessory used in avatars

Accessory Male Female

n % n %
Belt 13 34 5 26
Tie 5 13 0
Glasses 3 8 0
Pattern 0 0 3 16
Necklace 0 0 3 16
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Logo 2 5 4 21
Other 15 40 4 21
Total 38 100 19 100

While avatars mostly did not use cultural clothing (n = 76), only three avatars had cultural visual appearance. The most used
accessory for both male and female avatars was the belt.

DISCUSSION

In studies on avatar designs, it is seen that the gender of the avatar is a significant factor. In the study of Plant et al. (2009)
conducted with middle school students, it was determined that female avatars were more effective than male avatars. In addition,
Baylor (2011) stated that the most effective social avatar model is a young, calm, and female avatar. While realistic human-like
avatars increase social interaction, female avatars are more preferred than male avatars (R. F. Khan & Sutcliffe, 2014) . Although
it is stated in the literature that female avatars are more effective, the number of male and female designs used in the examined
avatars is close to each other.

Sign language avatars are often seen above the knee (n=73, %92,4). This may be due to the creation of sign languages around
the upper part of the body and the head region. Similarly, in the study conducted by Pfau and Quer (2010), it was stated that facial
expressions, head and body movements, and mouth movements are used in addition to hand signs in sign languages. It is known
that eyebrow movements (eyebrow lowering, eyebrow lifting), directional gaze, speaking, lip movements, head movements and
body tilting movements are widely used in sign languages (Zeshan, 2004).

Although eye (55%) and head (53%) are usually designed in normal sizes, there are also avatars with big eye (45%) and big
head (45%) sizes, which cannot be underestimated. When avatars are evaluated in terms of iconic or realistic visual appearance,
it is seen that the head and eyes are designed bigger than normal in most of the iconic characters. The big head and big eye designs
used in iconic characters are a common feature in sign language avatars as well. Mehta, Pai, and Singh (2020) emphasize that
children's avatar preferences are in the form of an iconic character with big eyes. Similarly, it is stated that designs with a thin
body and big head add cuteness to the character (Bancroft, 2006). In addition to this, it is recommended that the hand and head
sizes should be bigger than normal in order to understand the signs and non-manual signs more clearly (Lopes, 2016).

Finger, palm, and arm lengths are designed normally in iconic and realistic avatars. However, long-fingered designs are often
found in iconic avatars. In this context, it would be beneficial for realistic avatars to choose hand and arm lengths close to human
dimensions. On the other hand, for iconic avatars, it would be useful to choose normal or long finger lengths according to the
target group. However, finger, palm, and arm lengths should not be designed in small sizes. This type of design stands out as a
feature that should be considered in terms of understanding finger signs. Sign language is a communication method limited by
the eyesight (Siple, 1978). For this reason, speed and spatial resolution are important for the sign language to be fully recognized
on digital screens (Muir, 2005). In this context, the dimensions of the elements (finger, hand, arm, eye, and head) that perform
the sign are expected to be in traceable dimensions.

The number of iconic and realistic avatars are close to each other in the studies examined. While iconic avatars are generally
used in applications (n = 29, 62%), realistic avatars are generally used in publications (n =17, 61%). Kipp et al. (2011) stated in their
study on individuals with hearing impairment between the ages of 20-50 that iconic avatars (cartoon animation) are mostly
preferred. However, in the same study, it is emphasized that it would be more appropriate to use realistic avatars in adult groups
and iconic avatars in younger groups. In another study, McCloud (1993) states that the increase in the iconicity of the avatar, the
more people will adopt the avatar. In other words, a realistic avatar will be adopted by more limited sample group due to its lower
representation level. In addition, thanks to the preference of iconicity in avatars, it supports more effective designs by staying
away from the effect of the uncanny valley (Mori et al., 2012). Adamo-Villani and Anasingaraju (2016) also state that iconic
characters look more attractive than realistic characters. When we evaluate the level of iconicity in these terms, it is seen that
iconic avatars have an important effect in product-oriented sign language avatar studies. However, it seems that iconic avatars
should be evaluated according to the environment where they will be used.

It requires time and effort to design a realistic avatar with high quality. But designing processes become easier with the
developing 3D technologies (Min, 2004). On the other hand, according to the uncanny valley (Mori et al., 2012) theory, realistic
avatars are expected to be designed with high quality and almost flawlessly. Otherwise, if an avatar with realistic features is not
designed with high quality, it will have negative effects on users. The high level of graphical presentation of realistic avatars can
cause difficulties in terms of modelling and the infrastructure. Especially, increasing the resolution, texture and shadow detail can
cause various problems in rendering times and graphic infrastructures. At this point, high graphical presentation levels are more
applicable to iconic avatars. Jen and Adamo-Villani (2015) determined in their study that non-photorealistic signs presented in
finger alphabet teaching, increase readability more than realistic signs. Furthermore, Adamo-Villani and Anasingaraju (2016) state
that although there is no difference between realistic and iconic visual appearances in the recognition of signs, iconic characters
have a significant effect on the attractiveness of the avatar.

Avatar clothing and colors should also be taken into consideration to see the sign more clearly. When the clothes and
accessories are examined, it is seen that 32% of the avatars have a plain clothing without details. It was determined that the most
preferred clothing types in avatars are trousers, t-shirts, shirts, and skirts. Considering that sign language interpreters also try to
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increase contrast and sharpness by wearing plain and dark colors (Siple, 1978), plain clothing is important in transferring sign
language. On the contrary, it is seen that some avatars are designed with detailed and colorful elements. It is thought that these
avatars can be preferred to attract the attention of young individuals.

CONCLUSION AND RECOMMENDATIONS

Sign language avatars differ from avatars used in games or educational materials. It is important to transfer the movements
appropriately to maintain communication in sign language. However, educational agents used in games or educational materials
can directly use channels such as text and voice to communicate with individuals. At this point, when designing sign language
avatars, body parts including sign language movements should be designed more carefully and functionally compared to agents
in game or educational settings. For this reason, one of the important findings that we come across is that most of the sign
language movements are performed in the upper part of the body. Therefore, avatars for sign language should be designed in a
way that the upper part of the body is visible. Contrary to the scientific research that female characters are more effective in
avatar designs, there is no difference in terms of gender distribution in avatars examined for sign language. On the other hand, it
is necessary to consider the target group in the selection of iconic or realistic visual appearances. Iconic or realistic avatar visual
appearance have distinctive features. Eye, head, arm, and fingers should be larger than normal to develop an iconic design. Eye,
head, finger, palm, and arms should be in normal sizes to develop a realistic design. Finally, the visual channel is significant in the
formation of information for deaf individuals. For this reason, it is important to convey information directly to the visual channel
when communicating with deaf individuals. Therefore, in order to avoid overloading the visual channel, choosing simple designs
in the use of clothing and accessories in avatars will be beneficial for an effective communication process.
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APPENDIX

78 79

1: (de Araujo et al., 2013; Silva et al., 2012), 2: (V. Lépez-Ludeiia et al., 2014; Verdnica Lopez-Ludefia et al., 2013), 3: (Lépez-Colino
& Colas, 2012), 4: (J. Oh et al., 2014), 5: (Adamo-Villani et al., 2013), 6: (Al-Khalifa, 2011), 7: (De Martino et al., 2017), 8: (Ebling &
Glauert, 2016; JASigning, 2012), 9: (Bouzid et al., 2016, 2015; Bouzid & Jemni, 2014, 2017), 10: (Li et al., 2014; Wang et al., 2010),
11: (Mehta et al., 2020), 12: (Hansen et al., 2018; Vcom3D, 2008), 13: (Punchimudiyanse & Meegama, 2017), 14: (Elliott et al.,
2008; Kennaway et al., 2007; San-Segundo et al., 2012), 15: (Vesel & Robillard, 2013), 16: (Yousaf et al., 2018), 17: (Bouzid & Jemni,
2013a, 2013b; Ghoul & Jemni, 2009), 18: (Adamo-Villani et al., 2004), 19: (Adamo-Villani & Wilbur, 2010), 20: (Balayn et al., 2018),
21: (Braffort et al., 2016; Braffort & Dalle, 2008), 22: (Brega et al., 2014), 23: (Papadogiorgaki et al., 2005), 24: (Liu et al., 2009),
25: (Segouat & Braffort, 2009), 26: (Y. J. Oh et al., 2007), 27: (Ward et al., 2017), 28: (McDonald et al., 2016), 29: (Naert et al.,
2020), 30: (Engelsiz Ceviri, 2018), 31: (Turkcell iletisim Hizmetleri, 2020), 32: (MDl.inc, 2016), 33: (Posibillian Tech, 2020), 34: (Hand
Talk, 2013), 35: (ProDeaf, 2013), 36-37: (Mind Rockets, 2019), 38-39-40-41-42-43-44: (Vcom3D, 2008), 45-46-47-48-49-50-52-53:
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(JASigning, 2012), 51: (JASigning, 2012; Patel et al., 2020), 54: (Yang et al., 2014), 55: (BAXS Technology, 2017), 56-57-58:
(MocaplLab, 2018), 59: (Signlab Nuevas Tecnologias, 2012), 60: (StorySign, 2020), 61: (Leepi, 2020), 62: (Sign Accessible
Technologies, 2019), 63: (Reem lbrahim, 2017), 64: (Hear Me ID, 2021), 65: (IMI Creative Sdn Bhd, 2020), 66: (Team Crazy
Developers, 2019), 67: (Mind Rockets Inc, 2019), 68-69-70-71-72: (Sign Time, 2021), 73-74-75-76-77-78-79: (eSIGN, 2021)

REFERENCES

Adali, H. A. (2019). Odretmen adaylarinin tiirk isaret diline ve dersine ybnelik gériisleri [Master’s thesis]. Trakya Universty.

Adamo-Villani, N., Doublestein, J., & Martin, Z. (2004). The mathSigner: An interactive learning tool for american sign language K-3
mathematics. Proceedings of the International Conference on Information Visualization, 8(1), 713-716.
https://doi.org/10.1109/iv.2004.1320220

Adamo-Villani, N., Lestina, J., & Anasingaraju, S. (2016). Does Character’s Visual Style Affect Viewer’s Perception of Signing Avatars? In Lecture
Notes of the Institute for Computer Sciences, Social-Informatics and Telecommunications Engineering, LNICST (Vol. 160, Issue
September, pp. 1-8). https://doi.org/10.1007/978-3-319-28883-3_1

Adamo-Villani, N., Popescu, V., & Lestina, J. (2013). A non-expert-user interface for posing signing avatars. Disability and Rehabilitation:
Assistive Technology, 8(3), 238-248. https://doi.org/10.3109/17483107.2012.704655

Adamo-Villani, N., & Wilbur, R. (2010). Software for math and science education for the deaf. Disability and Rehabilitation: Assistive
Technology, 5(2), 115-124. https://doi.org/10.3109/17483100903387499

Al-Khalifa, H. S. (2011). On the implementation of text to Arabic Sign Language converter on mobile phones. Technology and Disability, 23(2),
65—74. https://doi.org/10.3233/TAD-2011-0312

Balayn, A., Brock, H., & Nakadai, K. (2018). Data-driven development of Virtual Sign Language Communication Agents. RO-MAN 2018 - 27th
IEEE International Symposium on Robot and Human Interactive Communication, 370-377.
https://doi.org/10.1109/ROMAN.2018.8525717

Bancroft, T. (2006). Creating Characters with Personality. Watson-Guptill Publications.

Baranwal, N., Singh, A. K., & Nandi, G. C. (2017). Development of a Framework for Human—Robot interactions with Indian Sign Language Using
Possibility Theory. International Journal of Social Robotics, 9(4), 563-574. https://doi.org/10.1007/s12369-017-0412-0

BAXS Technology. (2017). Eddy: Digital Learning of Sign Language . https://play.google.com/store/apps/details?id=com.baxs.eddy&hl=tr

Baylor, A. L. (2011). The design of motivational agents and avatars. Educational Technology Research and Development, 59(2), 291-300.
https://doi.org/10.1007/s11423-011-9196-3

Baylor, A. L., & Kim, S. (2009). Designing nonverbal communication for pedagogical agents: When less is more. Computers in Human Behavior,
25(2), 450-457. https://doi.org/10.1016/j.chb.2008.10.008

Bouzid, Y., & Jemni, M. (2013a). An animated avatar to interpret signwriting transcription. 2013 International Conference on Electrical
Engineering and Software Applications, ICEESA 2013. https://doi.org/10.1109/ICEESA.2013.6578394

Bouzid, Y., & Jemni, M. (2013b). An avatar based approach for automatically interpreting a sign language notation. Proceedings - 2013 IEEE
13th International Conference on Advanced Learning Technologies, ICALT 2013, 92—94. https://doi.org/10.1109/ICALT.2013.31

Bouzid, Y., & Jemni, M. (2014). TuniSigner: A virtual interpreter to learn sign writing. Proceedings - IEEE 14th International Conference on
Advanced Learning Technologies, ICALT 2014, 601-605. https://doi.org/10.1109/ICALT.2014.176

Bouzid, Y., & Jemni, M. (2020, February 1). Avatar technology for the educational support of deaf learners: A review. Proceedings of 2020
International Multi-Conference on: Organization of Knowledge and Advanced Technologies, OCTA 2020.
https://doi.org/10.1109/0CTA49274.2020.9151455

Bouzid, Y., & Jemni, M. (2017). ICT-based applications to support the learning of written signed language. 2017 6th International Conference on
Information and Communication Technology and Accessibility (ICTA), 2017-Decem, 1-5. https://doi.org/10.1109/ICTA.2017.8336052

Bouzid, Y., Khenissi, M. A., Essalmi, F., & Jemni, M. (2016). Using educational games for sign language learning - A signwriting learning game:
Case study. Educational Technology and Society, 19(1), 129-141. https://www.jstor.org/stable/jeductechsoci.19.1.129

Bouzid, Y., Khenissi, M. A., & Jemni, M. (2015). Designing a game generator as an educational technology for the deaf learners. 2015 5th
International Conference on Information & Communication Technology and Accessibility (ICTA), 1-6.
https://doi.org/10.1109/I1CTA.2015.7426914

Braffort, A., & Dalle, P. (2008). Sign language applications: preliminary modeling. Universal Access in the Information Society, 6(4), 393—-404.
https://doi.org/10.1007/s10209-007-0103-y

Braffort, A., Filhol, M., Delorme, M., Bolot, L., Choisier, A., & Verrecchia, C. (2016). KAZOO: a sign language generation platform based on
production rules. Universal Access in the Information Society, 15(4), 541-550. https://doi.org/10.1007/s10209-015-0415-2

Branham, S. (2001). Creating physical personalities for agents with faces: Modeling trait impressions of the face. Proceedings of the UM2001
Workshop on Attitudes, Personality and Emotions in User-Adapted Interactions, 2004—03. http://brahnam.info/papers/EN1056.pdf

Brega, J. R. F., Rodello, I. A., Dias, D. R. C., Martins, V. F., & De Paiva Guimarades, M. (2014). A virtual reality environment to support chat rooms
for hearing impaired and to teach Brazilian Sign Language (LIBRAS). Proceedings of IEEE/ACS International Conference on Computer
Systems and Applications, AICCSA, 2014, 433-440. https://doi.org/10.1109/AICCSA.2014.7073231

Brock, H., Nishina, S., & Nakadai, K. (2018). To animate or anime-te? Proceedings of the 18th International Conference on Intelligent Virtual
Agents, 331-332. https://doi.org/10.1145/3267851.3267864

Brour, M., & Benabbou, A. (2019). ATLASLang MTS 1: Arabic Text Language into Arabic Sign Language Machine Translation System. Procedia

|Kastamonu Education Journal, 2023, Vol. 31, No. 3|



399

Computer Science, 148, 236-245. https://doi.org/10.1016/j.procs.2019.01.066

Chen, G. D., Lee, J. H.,, Wang, C. Y., Chao, P. Y., Li, L. Y., & Lee, T. Y. (2012). An empathic avatar in a computer-aided learning program to
encourage and persuade learners. Educational Technology and Society, 15(2), 62-72.

Chen, Z., & Chen, S. Y. (2014). When educational agents meet surrogate competition: Impacts of competitive educational agents on students’
motivation and performance. Computers and Education, 75, 274-281. https://doi.org/10.1016/j.compedu.2014.02.014

Chin, K. Y., Hong, Z. W., Huang, Y. M., Shen, W. W., & Lin, J. M. (2016). Courseware development with animated pedagogical agents in learning
system to improve learning motivation. Interactive Learning Environments, 24(3), 360-381.
https://doi.org/10.1080/10494820.2013.851089

Chou, C. Y., Chan, T. W., & Lin, C. J. (2003). Redefining the learning companion: The past, present, and future of educational agents. Computers
and Education, 40(3), 255-269. https://doi.org/10.1016/S0360-1315(02)00130-6

Clark, R. E., & Choi, S. (2005). Five Design Principles for Experiments on the Effects of Animated Pedagogical Agents. Journal of Educational
Computing Research, 32(3), 209-225. https://doi.org/10.2190/7LRM-3BR2-44GW-9QQY

Corbin, J. & Strauss, A. (2008). Basics of qualitative research: Techniques and procedures for developing grounded theory. Thousand Oaks: Sage
de Araujo, T. M. U., Ferreira, F. L. S., dos Santos Silva, D. A. N., Lemos, F. H., Neto, G. P., Omaia, D., de Souza Filho, G. L., & Tavares, T. A.
(2013). Automatic generation of Brazilian sign language windows for digital TV systems. Journal of the Brazilian Computer Society, 19(2),
107-125. https://doi.org/10.1007/s13173-012-0086-2

De Martino, J. M., Silva, I. R., Bolognini, C. Z., Costa, P. D. P., Kumada, K. M. O., Coradine, L. C., Brito, P. H. da S., do Amaral, W. M., Benetti, A.
B., Poeta, E. T., Angare, L. M. G, Ferreira, C. M., & De Conti, D. F. (2017). Signing avatars: making education more inclusive. Universal
Access in the Information Society, 16(3), 793—808. https://doi.org/10.1007/s10209-016-0504-x

Dikyuva, H., Makaroglu, B., & Arik, E. (2015). Tiirk isaret Dili Dilbilgisi Kitabi. Aile ve Sosyal Politikalar Bakanlig:.

Dinger, S., & Doganay, A. (2017). The effects of multiple-pedagogical agents on learners’ academic success, motivation, and cognitive load.
Computers and Education, 111, 74-100. https://doi.org/10.1016/j.compedu.2017.04.005

Do Amaral, W. M., De Martino, J. M., & Angare, L. M. G. (2011). Sign language 3D virtual agent. IMSCI 2011 - 5th International Multi-
Conference on Society, Cybernetics and Informatics, Proceedings, 1, 93-97.

Donath, J. (2001). Mediated faces. In M. Beynon, C. L. Nehaniv, & K. Dautenhahn (Eds.), International Conference on Cognitive Technology (pp.
373-390). Springer. https://doi.org/10.1007/3-540-44617-6_34

Ducheneaut, N., Wen, M.-H., Yee, N., & Wadley, G. (2009). Body and mind. Proceedings of the 27th International Conference on Human Factors
in Computing Systems - CHI 09, 1151. https://doi.org/10.1145/1518701.1518877

Ebling, S., & Glauert, J. (2016). Building a Swiss German Sign Language avatar with JASigning and evaluating it among the Deaf community.
Universal Access in the Information Society, 15(4), 577-587. https://doi.org/10.1007/s10209-015-0408-1

El-Gayyar, M. M., Ibrahim, A. S., & Wahed, M. E. (2016). Translation from Arabic speech to Arabic Sign Language based on cloud computing.
Egyptian Informatics Journal, 17(3), 295-303. https://doi.org/10.1016/j.€ij.2016.04.001

Elliott, R., Glauert, J. R. W., Kennaway, J. R., Marshall, I., & Safar, E. (2008). Linguistic modelling and language-processing technologies for
Avatar-based sign language presentation. Universal Access in the Information Society, 6(4), 375-391. https://doi.org/10.1007/s10209-
007-0102-z

Engelsiz Ceviri. (2018). Engelsiz Ceviri. http://www.engelsizceviri.com/

Eryigit, C., Kbse, H., Kelepir, M., & Eryigit, G. (2016). Building machine-readable knowledge representations for Turkish sign language
generation. Knowledge-Based Systems, 108, 179-194. https://doi.org/10.1016/j.knosys.2016.04.014

Escudeiro, P., Escudeiro, N., Reis, R., Lopes, J., Norberto, M., Baltasar, A. B., Barbosa, M., & Bidarra, J. (2015). Virtual Sign - A Real Time
Bidirectional Translator of Portuguese Sign Language. Procedia Computer Science, 67, 252—262.
https://doi.org/10.1016/j.procs.2015.09.269

eSIGN. (2021). eSIGN at UEA. http://www.visicast.cmp.uea.ac.uk/eSIGN/index.html

Gerhard, M., Moore, D. J., & Hobbs, D. J. (2001). Continuous Presence in Collaborative Virtual Environments: Towards a Hybrid Avatar-Agent
Model for User Representation. In A. de Antonio, R. Aylett, & D. Ballin (Eds.), International Workshop on Intelligent Virtual Agents (pp.
137-155). Springer.

Gerhard, Michael. (2003). A Hybrid Avatar / Agent Model for Educational CVEs (Issue February) [Doctor of Philosophy].

Ghoul, O. El, & Jemni, M. (2009). Multimedia courses generator for deaf children. International Arab Journal of Information Technology, 6(5),
458-463.

Gibet, S., Lefebvre-Albaret, F., Hamon, L., Brun, R., & Turki, A. (2016). Interactive editing in French Sign Language dedicated to virtual signers:
requirements and challenges. Universal Access in the Information Society, 15(4), 525-539. https://doi.org/10.1007/s10209-015-0411-6

Goldberg, B., & Cannon-Bowers, J. (2015). Feedback source modality effects on training outcomes in a serious game: Pedagogical agents make
a difference. Computers in Human Behavior, 52, 1-11. https://doi.org/10.1016/j.chb.2015.05.008

Gongalves, D. A., Baranauskas, M. C. C., dos Reis, J. C., & Todt, E. (2020). Facial expressions animation in sign language based on spatio-
temporal centroid. ICEIS 2020 - Proceedings of the 22nd International Conference on Enterprise Information Systems, 2, 463—475.
https://doi.org/10.5220/0009344404630475

Grivokostopoulou, F., Kovas, K., & Perikos, I. (2020). The effectiveness of embodied pedagogical agents and their impact on students learning
in virtual worlds. Applied Sciences (Switzerland), 10(5). https://doi.org/10.3390/app10051739

Gugenheimer, J., Plaumann, K., Schaub, F., Di Campli San Vito, P., Duck, S., Rabus, M., & Rukzio, E. (2017). The impact of assistive technology
on communication quality between deaf and hearing individuals. Proceedings of the ACM Conference on Computer Supported

| Kastamonu Education Journal, 2023, Vol. 31, No. 3|



400
Cooperative Work, CSCW, 669—682. https://doi.org/10.1145/2998181.2998203

Gulz, A., & Haake, M. (2006). Design of animated pedagogical agents - A look at their look. International Journal of Human Computer Studies,
64(4), 322-339. https://doi.org/10.1016/j.ijhcs.2005.08.006

Gulz, A., & Haake, M. (2005). Social and Visual Style in Virtual Pedagogical Agents. Workshop on Adapting the Interaction Style to Affective
Factors, 10th International Conference on User Modelling, 46(0), 8. https://lup.lub.lu.se/search/publication/638335

Guo, Y. R., & Goh, D. H. L. (2015). Affect in embodied pedagogical agents: Meta-analytic review. In Journal of Educational Computing Research
(Vol. 53, Issue 1, pp. 124-149). SAGE Publications Inc. https://doi.org/10.1177/0735633115588774

Girpinar, C., Uluer, P., Akalin, N., & Kdse, H. (2020). Sign Recognition System for an Assistive Robot Sign Tutor for Children. International
Journal of Social Robotics, 12(2), 355-369. https://doi.org/10.1007/s12369-019-00609-9

Haake, M. (2009). Embodied Pedagogical Agents From Visual Impact to Pedagogical Implications [Doctoral Thesis, Lund University].
https://lup.lub.lu.se/record/1389720

Haake, M., & Gulz, A. (2008). Visual Stereotypes and Virtual Pedagogical Agents. Educational Technology & Society, 11(4), 1-15.
https://www.jstor.org/stable/jeductechsoci.11.4.1

Hand Talk. (2013). Hand Talk - Acessibilidade em Libras. https://handtalk.me/br

Hansen, E. G., Loew, R. C,, Laitusis, C. C., Kushalnagar, P., Pagliaro, C. M., & Kurz, C. (2018). Usability of American Sign Language Videos for
Presenting Mathematics Assessment Content. The Journal of Deaf Studies and Deaf Education, 23(3), 284—294.
https://doi.org/10.1093/deafed/eny008

Hear Me ID. (2021). Hear Me ID. https://play.google.com/store/apps/details?id=com.hearmeid.app

Heidig, S., & Clarebout, G. (2011). Do pedagogical agents make a difference to student motivation and learning? In Educational Research
Review (Vol. 6, Issue 1, pp. 27-54). https://doi.org/10.1016/j.edurev.2010.07.004

Hilzensauer, M., & Krammer, K. (2015). A MULTILINGUAL DICTIONARY FOR SIGN LANGUAGES: “SPREADTHESIGN.” 8th International Conference
of Education, Research and Innovation (ICERI), 7826—7834. http://www.spreadthesign.com

Hong, Z.-W., Chen, Y.-L., & Lan, C.-H. (2014). A courseware to script animated pedagogical agents in instructional material for elementary
students in English education. Computer Assisted Language Learning, 27(5), 379-394. https://doi.org/10.1080/09588221.2012.733712

IMI Creative Sdn Bhd. (2020). Bimonar. https://play.google.com/store/apps/details?id=com.ImiCreative.BIMOnAR

izmirli, S., Kirmaci, 0., & Kahraman, A. (2017). Egitsel Ajan Arastirmalarinda Giincel Egilimler: 2009-2014 Yillari Arasindaki Makalelerin icerik
Analizi. Ege Egitim Dergisi, 18(1), 213-243. https://doi.org/10.12984/egeefd.328382

JASigning. (2012). SiGML Signing App New Gui: vhg.2020. http://vhg.cmp.uea.ac.uk/tech/jas/vhg2020/SiGML-Player-gui.html

Jen, T., & Adamo-Villani, N. (2015). The Effect of Rendering Style on Perception of Sign Language Animations. In M. Antona & C. Stephanidis

(Eds.), Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics)
(Vol. 9176, Issue December, pp. 383—-392). Springer International Publishing. https://doi.org/10.1007/978-3-319-20681-3_36

Karaca, M. F. (2018). U¢C BOYUTLU SANAL MODEL iLE TURK ISARET DiLi SIMULASYONU [Doctoral dissertation, Karabiik Universitesi].
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=hcgrYffRbz0Z44UJEuLtwQTxBDIIOy_zc3cOWR99GZxkvSmuMH428DNF3gspf09C

Karaca, M. F., & Gérgiinoglu, S. (2011). TURKCEDEN TURK ISARET DILI’NE. ileri Teknoloji Bilimleri Dergisi, 5(1), 786—794.
https://dergipark.org.tr/tr/pub/duzceitbd/issue/45145/564984

Kaur, K., & Kumar, P. (2016). HamNoSys to SiGML Conversion System for Sign Language Automation. Procedia Computer Science, 89, 794—-803.
https://doi.org/10.1016/j.procs.2016.06.063

Kayahan, D. (2019). Tiirk¢e konusma dilinden Tiirkge isaret diline hibrit ceviri sistemi [Master’s thesis, Bogazigi University].
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=T1mWGpIMngYYkCSgilvtVnL8rG9jdGxo3I900jmIm4DmOMIygSh6_ul-IHIIwo6q

Kennaway, J. R., Glauert, J. R. W., & Zwitserlood, I. (2007). Providing signed content on the Internet by synthesized animation. ACM
Transactions on Computer-Human Interaction, 14(3), 15. https://doi.org/10.1145/1279700.1279705

Khan, N. S., Abid, A., Abid, K., Farooq, U., Farooq, M. S., & Jameel, H. (2015). Speak Pakistan : Challenges in Developing Pakistan Sign. South
Asian Studies: A Research Journal of South Asian Studies, 30(2), 367-379.
http://journals.pu.edu.pk/journals/index.php/IJSAS/article/view/3027

Khan, R. F., & Sutcliffe, A. (2014). Attractive Agents Are More Persuasive. International Journal of Human-Computer Interaction, 30(2), 142—
150. https://doi.org/10.1080/10447318.2013.839904

Kipp, M., Nguyen, Q., Heloir, A., & Matthes, S. (2011). Assessing the deaf user perspective on sign language avatars. The Proceedings of the
13th International ACM SIGACCESS Conference on Computers and Accessibility - ASSETS ’11, 107.
https://doi.org/10.1145/2049536.2049557

Kubus, O. (2008). An Analysis of Turkish Sign Language (TID) Phonology and Morphology [Master’s thesis, Middle East Technical University].
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=UPP_Zu9isEmWGFXFCBYasRe1bx3XzAqEkj_7sleTZ3bceq48Q6LvXSIL5Q11BfQb

Leepi. (2020). Leepi - Learn American Sign Language. https://play.google.com/store/apps/details?id=com.mangoai.leepi

Lewis Johnson, W., & Lester, J. C. (2018a). Pedagogical agents: Back to the future. Al Magazine, 39(2), 33-44.
https://doi.org/10.1609/aimag.v39i2.2793

Lewis Johnson, W., & Lester, J. C. (2018b). Pedagogical agents: Back to the future. In Al Magazine (Vol. 39, Issue 2, pp. 33—44). Al Access
Foundation. https://doi.org/10.1609/aimag.v39i2.2793

Li, J., Yin, B., Wang, L., & Kong, D. (2014). Chinese Sign Language animation generation considering context. Multimedia Tools and Applications,
71(2), 469-483. https://doi.org/10.1007/s11042-013-1541-6

|Kastamonu Education Journal, 2023, Vol. 31, No. 3|



401

Liu, J., Chen, Y., Yan, Q., & Liu, J. (2009). A direct3D-based multi-model e-learning system for Chinese sign language. Proceedings - 2009
International Conference on Digital Image Processing, ICDIP 2009, 100—104. https://doi.org/10.1109/ICDIP.2009.10

Lopes, L. J. B. (2016). Tradutor Bidirecional de Lingud Gestual Portuguesa [Master’s thesis, Instituto Politecnico do Porto].
https://www.proguest.com/dissertations-theses/tradutor-bidirecional-de-lingua-gestual/docview/2628307195/se-2?accountid=211178

Lépez-Colino, F., & Colas, J. (2012). Spanish Sign Language synthesis system. Journal of Visual Languages and Computing, 23(3), 121-136.
https://doi.org/10.1016/j.jvlc.2012.01.003

Lépez-Ludenia, V., Gonzalez-Morcillo, C., Lépez, J. C. C., Barra-Chicote, R., Cordoba, R., & San-Segundo, R. (2014). Translating bus information
into sign language for deaf people. Engineering Applications of Artificial Intelligence, 32, 258-269.
https://doi.org/10.1016/j.engappai.2014.02.006

Lépez-Ludenia, Verdnica, San-Segundo, R., Morcillo, C. G., Lopez, J. C., & Mufioz, J. P. M. (2013). Increasing adaptability of a speech into sign
language translation system. Expert Systems with Applications, 40(4), 1312—1322. https://doi.org/10.1016/j.eswa.2012.08.059

Mahesh, M., Jayaprakash, A., & Geetha, M. (2017). Sign language translator for mobile platforms. 2017 International Conference on Advances
in Computing, Communications and Informatics, ICACCI 2017, 2017-Janua, 1176-1181. https://doi.org/10.1109/ICACCI.2017.8126001

Makaroglu, B., & Dikyuva, H. (2017). Giincel Tiirk isaret Dili S6zIii§ii. Aile ve Sosyal Politikalar Bakanhg. http://tidsozluk.net

Manning, A. D. (1998). Scott McCloud. Understanding comics: The invisible art. IEEE Transactions on Professional Communication, 41(1), 66—
69. https://doi.org/10.1109/TPC.1998.661632

Mccloud, S. (1993). Understanding Comics: The Invisible Art (M. Martin (ed.)). Kitchen Sink Press. http://www.scottmccloud.com/2-print/1-
uc/index.html

McDonald, J., Wolfe, R., Schnepp, J., Hochgesang, J., Jamrozik, D. G., Stumbo, M., Berke, L., Bialek, M., & Thomas, F. (2016). An automated
technique for real-time production of lifelike animations of American Sign Language. Universal Access in the Information Society, 15(4),
551-566. https://doi.org/10.1007/s10209-015-0407-2

MDL.inc. (2016). Sign Language Station. https://play.google.com/store/apps/details?id=cc.mdi.ShuwaStation&hl=tr&gl=US

Meghdari, A., Alemi, M., Zakipour, M., & Kashanian, S. A. (2019). Design and Realization of a Sign Language Educational Humanoid Robot.
Journal of Intelligent & Robotic Systems, 95(1), 3—17. https://doi.org/10.1007/s10846-018-0860-2

Mehta, N., Pai, S., & Singh, S. (2020). Automated 3D sign language caption generation for video. Universal Access in the Information Society,
19(4), 725-738. https://doi.org/10.1007/s10209-019-00668-9

Milli Egitim Bakanligr. (2019). Tematik Sézliik — TIDLMS. http://tid.meb.gov.tr/sozluk/

Min, P. (2004). A 3D model search engine. A Dissertation Presented to the Faculty of Princeton University in Candidacy for the Degree of Doctor
of Philosophy, January, 1-158. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.2.8889&amp;rep=repl&amp;type=pdf

Mind Rockets. (2019). Interpreter in sign language. https://play.google.com/store/apps/details?id=com.mindrockets.turjoman&hl=tr&gl=US
Mind Rockets Inc. (2019). Turjoman. https://play.google.com/store/apps/details?id=com.mindrockets.turjoman.jo
MocapLab. (2018). SignEveil. https://play.google.com/store/apps/details?id=com.MocapLab.SignEveil

Mori, M., MacDorman, K. F., & Kageki, N. (2012). The uncanny valley. IEEE Robotics and Automation Magazine, 19(2), 98—100.
https://doi.org/10.1109/MRA.2012.2192811

Muir, L. J. (2005). Perception of Sign Language and Its Application to Visual Communications for Deaf People. Journal of Deaf Studies and Deaf
Education, 10(4), 390-401. https://doi.org/10.1093/deafed/eni037

Naert, L., Larboulette, C., & Gibet, S. (2020). A survey on the animation of signing avatars: From sign representation to utterance synthesis.
Computers and Graphics (Pergamon), 92, 76-98. https://doi.org/10.1016/j.cag.2020.09.003

Nguyen, D. T., & Canny, J. (2009). More than face-to-face: Empathy effects of video framing. Conference on Human Factors in Computing
Systems - Proceedings, 423-432. https://doi.org/10.1145/1518701.1518770

Nowak, K. L., & Rauh, C. (2005). The Influence of the Avatar on Online Perceptions of Anthropomorphism, Androgyny, Credibility, Homophily,
and Attraction. Journal of Computer-Mediated Communication, 11(1), 153-178. https://doi.org/10.1111/j.1083-6101.2006.tb00308.x

Oh, J., Jeon, S., Kim, M., Kwon, H., & Kim, I. (2014). An Avatar-Based Weather Forecast Sign Language System for the Hearing-Impaired. In 10th
IFIP International Conference on Artificial Intelligence Applications and Innovations (pp. 519-527). https://doi.org/10.1007/978-3-662-
44654-6_51

Oh, Y. )., Park, K. H., & Bien, Z. (2007). Body motion editor for sign language avatar. ICCAS 2007 - International Conference on Control,
Automation and Systems, 1752—1757. https://doi.org/10.1109/ICCAS.2007.4406622

Ongoz, S., Gokoglu, S., & Oztiirk, M. (2015). Egitim yazihmlarinda kullanilan egitsel arayiiz ajanlarina yénelik égrenci tercihlerinin belirlenmesi.
9th International Computer & Instructional Technologies Symposium, January 2017, 159-166.

Ozkul, A. (2015). Tiirk isaret dili igin insansi robotlar iizerinde viicutlandirma ¢alismalari [Master’s thesis, istanbul Technical University].
https://doi.org/10.1145/3132847.3132886

Papadogiorgaki, M., Grammalidis, N., Tzovaras, D., & Strintzis, M. G. (2005). Text-to-sign language synthesis tool. 13th European Signal
Processing Conference, EUSIPCO 2005, 30, 2521-2524.

Patel, B. D., Patel, H. B., Khanvilkar, M. A., Patel, N. R., & Akilan, T. (2020). ES2ISL: An Advancement in Speech to Sign Language Translation
using 3D Avatar Animator. Canadian Conference on Electrical and Computer Engineering, 2020-Augus.
https://doi.org/10.1109/CCECE47787.2020.9255783

Pfau, R., & Quer, J. (2010). Nonmanuals: their grammatical and prosodic roles. In D. Brentari (Ed.), Sign Languages (pp. 381-402). Cambridge
University Press. https://doi.org/10.1017/CB09780511712203.018

| Kastamonu Education Journal, 2023, Vol. 31, No. 3|



402

Plant, E. A., Baylor, A. L., Doerr, C. E., & Rosenberg-Kima, R. B. (2009). Changing middle-school students’ attitudes and performance regarding
engineering with computer-based social models. Computers & Education, 53(2), 209-215.
https://doi.org/10.1016/j.compedu.2009.01.013

Posibillian Tech. (2020). LSApp. https://play.google.com/store/apps/details?id=com.lsapp&hl=tr&gl=US

ProDeaf. (2013). ProDeaf - Quebrando barreiras de comunicagdo. https://play.google.com/store/apps/details?id=com.Proativa.ProDeafMovel

Punchimudiyanse, M., & Meegama, R. G. N. (2017). Animation of fingerspelled words and number signs of the Sinhala Sign language. ACM
Transactions on Asian and Low-Resource Language Information Processing, 16(4). https://doi.org/10.1145/3092743

Raghavan, R. J., Prasad, K. A., Muraleedharan, R., & Geetha, M. (2013). Animation system for Indian Sign Language communication using LOTS
notation. 2013 International Conference on Emerging Trends in Communication, Control, Signal Processing and Computing Applications
(C2SPCA), 1-7. https://doi.org/10.1109/C2SPCA.2013.6749444

Reem lbrahim. (2017). My Hands Are Talking. https://play.google.com/store/apps/details?id=my.hands.are.talking
Remler, D. K., & Van Ryzin, G. G. (2021). Research methods in practice: Strategies for description and causation. Sage Publications.

Ryckman, R. M., Robbins, M. A., Thornton, B., Kaczor, L. M., Gayton, S. L., & Anderson, C. V. (1991). Public Self-Consciousness and Physique
Stereotyping. Personality and Social Psychology Bulletin, 17(4), 400—405. https://doi.org/10.1177/0146167291174007

San-Segundo, R., Montero, J. M., Cérdoba, R., Sama, V., Fernandez, F., D’'Haro, L. F., Lopez-Ludeiia, V., Sdnchez, D., & Garcia, A. (2012). Design,
development and field evaluation of a Spanish into sign language translation system. Pattern Analysis and Applications, 15(2), 203-224.
https://doi.org/10.1007/s10044-011-0243-9

Segouat, J., & Braffort, A. (2009). Toward the study of sign language coarticulation: Methodology proposal. Proceedings of the 2nd
International Conferences on Advances in Computer-Human Interactions, ACHI 2009, 1, 369-374. https://doi.org/10.1109/ACHI.2009.25

Sheldon, W. H., Stevens, S. S., & Tucker, W. B. (1940). The varieties of human physique (Harper). https://psycnet.apa.org/record/1940-05072-
000

Sign Accessible Technologies. (2019). Signamy. https://play.google.com/store/apps/details?id=com.signn.signamy
Sign Time. (2021). SiMAX. https://simax.media/

Signlab Nuevas Tecnologias. (2012). Lengua de Signos TEXTOSIGN Lite. https://apps.apple.com/tr/app/lengua-de-signos-textosign-
lite/id5271344167I=tr

Silva, D. A. N. D. S., Araujo, T. M. U. De, Dantas, L., Nébrega, Y. S., Lima, H. R. G. De, & Filho, G. L. D. S. (2012). FleXLIBRAS: Description and
animation of signs in Brazilian Sign Language. Proceedings - 2012 14th Symposium on Virtual and Augmented Reality, SVR 2012, 227—-
236. https://doi.org/10.1109/SVR.2012.25

Siple, P. (1978). Visual Constraints for Sign Language Communication. Sign Language Studies, 19, 95-110. https://about.jstor.org/terms
Sloan, R. J. S. (2015). Virtual Character Design. CRC Press.

Soling, F., Krapez, S., Jaklic, A., & Komac, V. (2011). Multimedia Dictionary and Synthesis of Sign Language. In Design and Management of
Multimedia Information Systems (pp. 1-17). 1GI Global. https://doi.org/10.4018/9781930708006.ch013

StorySign. (2020). StorySign. https://play.google.com/store/apps/details?id=com.storysign.storysign

Sutcliffe, A., & Al-Qaed, F. (2007). Investigating Effective ECAs: An Experiment on Modality and Initiative (pp. 425-438).
https://doi.org/10.1007/978-3-540-74800-7_38

Team Crazy Developers. (2019). My ASL Coach. https://play.google.com/store/apps/details?id=com.PLMUN.myASL

Turkcell iletisim Hizmetleri. (2020). isaret Dilim - Google Play’de Uygulamalar.
https://play.google.com/store/apps/details?id=com.turkcell.isaretdilim&hl=tr&gl=US

Uzun, A. M., & Yildirm, Z. (2018). Exploring the effect of using different levels of emotional design features in multimedia science learning.
Computers and Education, 119, 112-128. https://doi.org/10.1016/j.compedu.2018.01.002

van der Meij, H., van der Meij, J., & Harmsen, R. (2015). Animated pedagogical agents effects on enhancing student motivation and learning in
a science inquiry learning environment. Educational Technology Research and Development, 63(3), 381-403.
https://doi.org/10.1007/s11423-015-9378-5

Vcom3D. (2008). Signing Apps by Vcom3D. http://signingapp.com/index_desktop.html

Vcom3D. (2019). Signing Math & Science. https://signsci.terc.edu/

Vesel, J., & Robillard, T. (2013). Teaching mathematics vocabulary with an interactive signing math dictionary. Journal of Research on
Technology in Education, 45(4), 361-389. https://doi.org/10.1080/15391523.2013.10782610

ViSiCAST. (2021). ViSiCAST at UEA. http://www.visicast.cmp.uea.ac.uk/Visicast_index.html

Wang, J., Sun, Y., & Wang, L. (2010). Chinese sign language animation system on mobile devices. Proceedings - 2nd International Conference on
Information Technology and Computer Science, ITCS 2010, 52-55. https://doi.org/10.1109/ITCS.2010.19

Ward, A., Roth, H., Escudeiro, N., Escudeiro, P., Makrides, G., Santos, P., Papadourakis, G., & Welzer, T. (2017). The International Assisted
Communications for Education Project, iACE. 2017 27th EAEEIE Annual Conference, EAEEIE 2017, 1-6.
https://doi.org/10.1109/EAEEIE.2017.8768723

Xu, K. A. (2013). Facilitating American Sign Language Learning for Hearing Parents of Deaf Facilitating American Sign Language Learning for
Hearing Parents of Deaf (Issue May) [Doctoral dissertation]. Georgia Institute of Technology.

Yang, O., Morimoto, K., & Kuwahara, N. (2014). Evaluation of Chinese Sign Language Animation for Mammography Inspection of Hearing-
Impaired People. 2014 IIAI 3rd International Conference on Advanced Applied Informatics, 831-836. https://doi.org/10.1109/11AI-
AAI.2014.166

|Kastamonu Education Journal, 2023, Vol. 31, No. 3|



403

Yilmaz, R., & Kilig Cakmak, E. (2011). Sanal Ogrenme Ortamlarinda Sosyal Model Olarak Egitsel Arayiiz Ajanlari. Ahi Evran Universitesi Kirsehir
Egitim Fakiiltesi Dergisi, 12(4), 243-264. https://kefad.ahievran.edu.tr/Kefad/Archivelssues/Detail/b13342c7-4d53-e711-80ef-
00224d68272d

Yousaf, K., Mehmood, Z., Saba, T., Rehman, A., Rashid, M., Altaf, M., & Shuguang, Z. (2018). A Novel Technique for Speech Recognition and
Visualization Based Mobile Application to Support Two-Way Communication between Deaf-Mute and Normal Peoples. Wireless
Communications and Mobile Computing, 2018, 1-12. https://doi.org/10.1155/2018/1013234

Zeshan, U. (2004). Hand, head, and face: Negative constructions. Linguistic Typology, 8(1988), 1-58. http://hdl.handle.net/11858/00-001M-
0000-0013-18F6-6

| Kastamonu Education Journal, 2023, Vol. 31, No. 3|



