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Abstract. Fingerspelling is a critical communication of sign language used not 
only by deaf children but also by parents, teachers and interpreters who support 
them. The recognition of fingerspelling is particularly difficult for sign lan-
guage learners and support software for practice is particularly limited due to 
the fluid and natural way that signers will spell with their hands.  Any software 
tool that helps people practice reading fingerspelling must be natural enough to 
represent the fluidity of this motion while at the same time being flexible 
enough to spell any list of words in the target language in any order. 

To address these needs, this paper introduces a novel mobile app called 
"Fingerspelling Tutor" that produces natural full-motion fingerspelling using a 
realistic 3D computer animated character. The app can fingerspell any word 
that the user types in and can provide practice and quizzing opportunities for the 
user that are not limited to a fixed set of word lists. The software also allows 
users to post on social media sites to share their progress with fellow students. 

1 Application Need 

Fingerspelling is a method of signing letters of an alphabet that is used in deaf educa-
tion and often serves as a bridge between signed and spoken languages. In the United 
States, fingerspelling is used for proper nouns and for technical terminology for which 
there is no generally accepted sign. [1] 

Fingerspelling recognition is a critical communication skill not just for deaf child-
ren, but also for hearing parents, teachers of deaf children and for interpreting stu-
dents. Deaf children face enormous barriers to education and opportunities, due in 
large part to difficulties in learning to read. For example, in the United States, deaf 
students have great difficulty in acquiring English. The average reading skill of deaf 
high school graduates is at or below the fourth-grade level, which precludes college 
[2]. To address this problem, many deaf education programs are introducing Ameri-
can Sign Language (ASL) and/or signed communication systems based on English 
such as Signed English (SE), Signing Exact English (SEE) and Pidgin Signed English 
(PSE). For all of these, fingerspelling plays an essential role in communication [3]. 
Studies have shown that increased contact with fingerspelling has a significant positive 
impact on a deaf child's reading ability [4]. 
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Regardless of the sign language or communication system used, teachers, interpre-
ters and parents, who foster and serve deaf children need to be fluent in finger-
spelling, but fluency in fingerspelling is a rare commodity. Many teachers of deaf 
children are not skilled in fingerspelling, and have to rely on an interpreter for this 
critical skill [5]. This is often not possible due to the scarcity of qualified educational 
interpreters [6]. In addition, over 90% of deaf children have two hearing parents [7]. 
Hearing parents do not have the same means of communication with their deaf child-
ren as they do with their hearing children, and must face the challenges of learning a 
second language. 

Unfortunately, fingerspelling is a difficult skill to acquire. In interpreter training 
programs, it is the first skill taught, but the last skill mastered [8]. This problem is 
common to all adult learners. Particularly difficult is fingerspelling recognition, 
which involves viewing a person who is fingerspelling and reading the words being 
spelled. 

There are several barriers to fingerspelling fluency. First, fingerspelling is rarely, if 
ever, perfectly produced [9]. Handshapes corresponding to the letters are heavily in-
fluenced by the letters preceding and succeeding them. Second, finger-spelling is not 
a series of static forms, but a continuous motion where the fingers move constantly, 
and do not stop after forming each handshape. During finger-spelling, the hand is 
rarely in a canonical letter form. As Wilcox [9] observes, “If students are trying to 
perceive unambiguous handshapes – the forms they were probably taught in class – 
then there is little wonder why they find fingerspelling so difficult. They are looking 
for something that isn’t there”. 

Other barriers include limited practice opportunities, and lack of materials for self-
study. A common suggestion in ASL classes is to practice with a partner [10]. Due to 
demanding schedules, this is not always possible. Self-study is also difficult due to the 
lack of supporting media. For learning spoken languages, there are a vast number of 
free and commercial interactive programs that are available for laptops and mobile 
devices. This is not the case for fingerspelling. 

2 The State of the Art 

There are three main alternative technologies for fingerspelling practice, each with its 
merits. The earliest electronic resources were video recordings which appeared in the 
1980s. The 1990s saw the appearance of CDs and DVDs designed for finger-spelling 
practice [11]. In all of these media, the fingerspelled words were fixed. It was not 
possible to create / study new words, as this would require more video recordings at 
an added cost. Since the videos were recorded at low frame rates, motion blur was 
also a problem, as was lack of variation in the presentation order. As a student viewed 
the recording repeatedly, it was not clear if the student was improving their recogni-
tion skills or merely memorizing the recording. 

The rise of the Internet paved the way for several web sites such as [12] that offer 
fingerspelling practice. On these sites, students can view a word as a succession of 
snapshots, each showing a single letter. Once the spelling is complete, students can 
guess the word and receive feedback. The advantage of these sites is their flexibility. 
A site can spell any word by simply shuffling the snapshots of the letters and can 
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produce new words without incurring costs for additional recordings. However, there 
is a drawback due to the static nature of the snapshots. Per Wilcox, most of fingers-
pelling is comprised of the motion between the letters, not the letters themselves. 
There is no connective movement in these practice tools. 

3D animation is a promising alternative that has the flexibility to shuffle letters to 
create new words, as well as having the potential for producing the natural transitions 
between letters, as Wilcox describes. These are the same transitions that occur when a 
human fingerspells a word. With 3D animation, it is also easy to display finger-
spelling without motion blur. 

Despite the enormous potential of 3D animation, there are significant challenges to 
adapting it for fingerspelling. Similar to the requirements for a 3D character in an 
animated movie, the 3D hand model for fingerspelling must closely resemble a human 
hand, including a simulation of the behavior of the hand’s soft tissue, especially in the 
webbing between the thumb and palm. The joints of the 3D hand must mimic the 
articulation of human joints, of which the base of the thumb is particularly problemat-
ic [13]. 

This is where the similarity between animating movie characters and animating 
fingerspelling ends. In a movie, the motion of a character is created once and is then 
frozen for all time. Animation for fingerspelling must be flexible enough to accom-
modate the spelling of any word while maintaining natural motion. The lack of physi-
cality in 3D animation complicates the situation. Unless prevented, the fingers will 
pass through each other when transitioning between closed handshapes such as in the 
letters M, N, T, S and A in ASL. This requires a system to prevent finger collisions. 

These complexities entail large computational requirements, and require significant 
CPU/GPU power to render the animation in real time. For this reason, previous efforts 
have either sacrificed realism to gain real-time speeds by using a simplified 3D model 
that did not accurately portray a human hand and/or did not prevent collisions [14], 
[15]. Other systems sacrificed real-time responsiveness to maintain the realism of the 
model [16]. 

3 Methodology Used 

Our goal was a real-time display that would not severely impact computing resources 
but would preserve the realism of 3D animation. We achieved this by pre-rendering 
the animation and carefully organizing the renderings as a series of small video clips 
that each contained a single letter-to-letter transition. Since each clip had a transition 
between only two letters, the problem of collisions became more tractable. This tech-
nique creates any word by combining clips to display the fingerspelled word in real 
time. We have used this technology in a fingerspelling recognition drill and practice 
application called “Fingerspelling Tutor”, which provides self-study opportunities for 
improving fingerspelling recognition skills. Users can type any word and see it fin-
gerspelled, or they can quiz themselves. The software tracks user performance, in-
cluding average fingerspelling speed (letters per second) and recognition accuracy 
(number of correct responses). 

As a desktop application, this software has been in used in interpreter training pro-
grams, deaf education programs and for parent support both locally and nationally 
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[17]. A previous study [18] revealed that the software is easy to use and the avatar’s 
appearance is appealing. Additional feedback from this study indicated a desire for a 
mobile version of Fingerspelling Tutor that would run on tablets and smart phones. 

4 Results 

To address this need we have built a completely new version of the software. Figure 1 
shows two screen shots from the mobile app. It has adds enhancements to the original 
desktop software including improved natural motion and a more lifelike avatar. 

 

Fig. 1. Screen shots from new mobile Fingerspelling Tutor 

Once downloaded, the mobile app can be used without additional Internet re-
sources.  However, it will also allow users to share their progress on one of several 
social media sites, adding a social element to the overall experience and introducing a 
new layer of engagement with the app. 
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5 Impact 

The introduction of this new mobile app provides practice opportunities to foster a 
skill that is in great need, where previously no such opportunity existed. Students, 
teachers and parents are no longer constrained to a desktop for fingerspelling recogni-
tion practice. With the mobile app, they can now practice anywhere or at any time. 

As more parents and teachers become skilled in fingerspelling, they will be better 
able to communicate with deaf children. This will in turn give deaf children more 
language contact which fosters improved literacy skills and better access to higher 
education, jobs, and social services. 

6 Conclusion and Future Work 

Our goal is to deploy this app in education programs where the desktop software was 
used previously and to conduct a study of user preferences and usage. Based on the 
feedback from this study, we plan to make any necessary changes to the app and free-
ly distribute it to the general public. In addition, we plan to expand the app be-yond 
ASL. In every country, the national signed language has its own unique finger-
spelling system, and people who are learning their country's signed language would 
benefit from a resource for fingerspelling practice. 
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