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Abstract

We have developed a collection of stiinfwiith accompanying comprehension questions and subjeetiakiation questions) that

can be used to evaluate the perception and understanding of facial expressions in ASL animations or videos. The dtieeuli have
designed as part of our laboratory'sgming research on synthesizing ASL facial expressions such as Topic, Negation, Yes/No
Questions, WHjuestions, and Riguestions. This paper announces the release of this resource, describes the collection and its
creation, and provides sufficient detditsenable researchers determine if it would benefit their work. Using this collection of stimuli
and questions, we are seeking to evaluate computational models of ASL animations with linguistically meaningful facial
expressions, which have accessibilitplgations for deaf users.
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1. Introduction ASL animationsSection 2describes theesearch project

Synthesis of American Sign Language (ASL) animations for Which the stimuli were developegection 3provides
can provide benefits for deaf and harhearing people basic informationabout the stimuli and briefly explains
with lower levels of witten language literacy the linguistics of the facial expressions withireach.

(Huenerfauth, 2004a). This is underscored by the literacyS€ction 4gives additional detail aboutow the stimuli
: s adind questions were engineered to measure the pencepti

testing (Traxler, 2000) and the large number of ASL and ;omprehens!on of facial e>.<pressior.$ect_ion. 5
users (over 500,000) in the United States (Mitchell etal, ~ describeshow facial movements in the stimuli videos
2006). In prior experimental studies, we determined that were identified and recorded, andction 6 describes

the use of emotional and linguistically meaningful facial prior ,Stu_dies tha,t used some of these stimuli. S,eCtion 7
expressions in ASL animations significantly increased containsinformation about how to oain the collection

viewersO comprehension and perceived quality of . )

animations (Huenerfauth, Lu, and Rosenberg, 2011). To 2. Our Research on ASL Animation

produce an animation with natural facial expressions, a The goal of our ongoing research is to improve
skilled animator and ASL signer could carefully control technologies for generating ASL animations through the

the face of the avatar on a fine-grained timeline, but such inclusion of linguistically meaningful ASL facial

an approach is timeonsuming and depends too much on expressions. We seek to develop computational models
the skills of theanimator. Thus, a more automated to generate facial expressions that convey grammatical
solution is needed to minimize the required input in syntax information such as topic, negation, rhetorical
order to produce an animation; this minimal input script questions, WHwvord questions, and yes/no questions
would include only the sequence of glosses, the type of(Kacorri, 2013). It is necessary to model how elements
facial expression needed, and the starting and endingf the face move during ASL facial expsions, how

glossesin the sentence when it should occur. these movements are timed in relation to the manual
_ . o signs, and how these facial movementseaur or segue
Many prior sign language animatiorsystems lack into one another. In pursuit of this goal, our lab has

sophisticated models in support of Am@Nuals which begun to analyze linguistically annotated ASL videos
are necessary toautomatically synthesizeclear and (Liu et al., 2013) and automatically tracked facial
understandablacial expressions. There has been recent|andmarks in these videos (Yu et @013 so that we
work by severalgroups to improve the staté-the-art of may create signéndependent models that can generate
facial expressions and nenanual signals for sign grammatically correct ASL animations with facial
language animatigne.g: Wolfe et al. (2011 and expressions.
Schnepp et al(2012) usd linguistic findings to drive
eyebrow movement in animations dhterrogative To evaluate our animation models, native ASL signers
(WH-word) questions with or without eoccurrenceof typically view our animations and answer subjective
affect. Schmidt et al(2013) used clustering techniques Likert-scale and comprehension questions (Huenerfauth,
to obtain lexical facial expressions. Gibet et (2011) 2004b; Huenerfauth et al.,, 2007; Huenerfauth, 2008).
used machindearning methods to map facial  Inventing stimuli and comprehension questions that
motion-capturedata to animation blehshapes. effectively measure whether participants understiued
information conveyed specifically by the model-driven

This paper presengscollection of stimulto evaluate the  face can be challenging. Several facial expressions affect
perception and understanding of facial expressions in



(d)
Figure 1: Still images taken from videos included in the stimuli collection described in this paper, with each image illustrati

a momert when a particular facial expressions is occurring: (a) YNQuestion, (b) WH-Question, (c) RHQuestion, (d) Topic,
(e) Negation, and (f) Emotional Affect (an example of anger is shown in this image)

(e

the meaning of ASL sentences in subtle ways (Kacorri, performed by 2 native signers, male and female); a set of
Lu, and Huenerfauth, 2013b) and often signers may notLikert-scale subject questions about the grammatical
consciously notice a facial expression during an ASL  correctness, ease of understanding, and naturalness of
passage (Huenerfauth, Lu, and RosenbeP§ll movement of the passages;daa set of Likerscale
Kacorri, Lu, and Huenerfaut2013). questions asking whether participants noticed specific
categories of facial expressions. The collection consists
During our multiyear project, we have experimented of video recordings of a native ASL signer, ASL
with different forms of stimuli design strategies to elicit transcriptions of each passage, English translation of the
ASL passages and comprehension doestthat can  ASL passageand comprehension questions as plaintext
measure whether the viewer has understood linguisticfiles, and two satof questionnaires with the Likescale
facial expressions correctly (Kacorri, Lu, and questions. The English translat®of the ASL stories
Huenerfauth, 2013b).After three years of user studies includes both the indented meaning when the ASL facial
on ASL facial expressions that convey grammatical expression is performed correcty and a $eco
syntax information (Huenerfauth, Liand Rosenberg, ambiguous meaning when the facial expression is not
2011; Kacorri, Lu, and Huenerfauth, 2013a; Kacorri, Lu, correctly perceived by the person viewing the story.
and Huenerfauth, 2013b; Kacorri, Harper, and
Huenerfauth, 2013), we have designed a collection ofEach stimulus focuses on a particular facial expression in
scripted ASL multisentence singlsigner passages and one of the following categorieisted below. Each is
corresponding comprehension gqtiens that probe illustrated in Figure 1 and inforally described below;
whether human participants watching these stimuli haveplease consult ASL linguistics references for more
understood the information that should have beendetailed explanations, e.g., (Neidle et al., 2000).

conveyed specifically by the facial expressio&e are ¥ Yes/No QuestionsThe signer raises his eyebrows
now sharingwith the research communitthe set of while tilting the head forward during a sentence to
stimuli and questions we he developedn support of indicate that it should beterpreted as a question.

ourresearch on nemanual linguistic phenomena. . . .
9 P ¥ WH-Questions The signer furrows his eyebrows

. . and tilts his head forward during a sentence that

3. Overview of theCollection should be interpreted as informatieeeking,
This papets the first announcement of the release of this typically with a OWHO word such as what, who,
stimuli collection, whichincludes: 8 ASL passages where, when, how, which, etc.

performed by a native signer; A9comprelension y pp._Questios: The signer raises his eyebrows and
questions (4 questions for each passage, each question ius pis head backward and to the side to indicate a



question that should be interpreted rhetorically. the two ambiguous English translations, a second native
¥ Topic. The signer raises his eyebrows and tilts his ASL signer performed the ASL passages for the video
head backward during a phrase at the beginning of arecordings in  our collection. Flnally, linguistic
phrasetha should be interpreted as a topic. researcﬂers. at our I?borato[]y ngmeere?] hthe o
¥ Negation The signer shakes his head left and right comprehension questions for each story such that they

durina the verb phr which should be interoret OIWould receive different answers, depending on the
wLthh a?negatee:d mpearﬁ% oftgn \?vit?]uthe seign '(\alcp))Tee perception and understanding of the facial expression.

The collection includes a sample HTML forwhere the
¥ Emotional affect: These facial expressions are not 4 comprehension questions aembedded in video
linguistically governed, but they include several format and the answers are collecteta Zpoint Likert
typical affective facial expressions that can indicate scale from Odefinitely noO to Odefinitely yes.O
sadness, anger, frustration, etc. during a sentence.
While researchers can access the full collection of
The value of this collection is that the stories and stimuli and questions, this secti@xplains a specific
questions were carefully engineered so that theexample ofeach categonof stimuli to illustrate how
participant mst perceive and understand the facial each stimulusan havealternative interpretations, if the

expression in order to answer the comprehensionfacial expression were not correctly understood.
questions correctly. For each stimulus, if the manual

portion of the performance were considered alone 4 1 Example: Topic

(without the facial expressions), then there would be an . . . .
ambiguity or an alternative semantic interpretation Thefollowing sentence is an example of a stimulus with

possible for the stimulus. Our comprehension questions® TOPIC facial expression (Whi_Ch should ocduring the
have been designed to detect when a participant hag!0SS OSWEET FOODO): NEW RESTAURANT

misunderstood the stimulus due to the facial expression NCLUDE PASTA PIZZA SWEET FOOD MY SISTER

not being successfully perceived or understood.sThu %OOK, E)TPEET' Wr?en the Topic face is p_erc_eiyec:], then
these stimuli can be used to evaluate the quality oftn€ Stimu ui as the approximate meafnmg. oT efnew
automatic animatiosynthesis systems for generating '€Staurant has pasta and pizza. As for sweet foods

animations of ASL with facial expressions. .(pastr.ies), my s_ister is an expert Chef:Q We have
intentionally designed the stimulus so that it is performed

Table 1 provides a listing of the number of stimuli in the at @ human conversational speed without any long pauses
collection of each type. during the signing that would emphasize the sentence
boundary before OSWEET.O This has been doreto t
the meaning of the stimulus is strongly affected by

Table 1: Collection Overview. . . . . .
whether the viewer perceives the Topic facial expression.

Type of | Number of stimuli | Codenames of thesd ~ When the Topic face is not perceived, then the seatenc
facial |(Average number of stimuli in the boundary may be less clear (espeually when the
expression|glosses per stimulus collection sentence Is performed Dby an ammate«ht;nr_ that
: — typically lacks the subtle acceleration and timing of a
Emotional 8 stimuli E1,E2, E3, E4,E5| human signer). In such a case, the viewer may interpret
Affect (6.88 E6, E7, E8 OSWEET FOODO as being the third item in the list of
WH-word 9 stimuli W1, W2, W3 W4, foods available at the restaurant; thereby the stimulus has
Questions (13) W5, W6, W7, wg, wg|  the meaning: OTh_e newstaurant has pasta, pizza, and
Yes/No 7 stimuli YL Y2 Y3 sweet foods (pastries). My sister is an expert chef.O One
. o of the comprehension questions for this stimulus is: Does
Question (9.29 Y4, Y5, Y6 Y7 the new restaurant have sweet foods? The answer
Topic 7 stimuli T1,T2, T3,T4, T5, depends on whether the Topic facial expression was
(20 T6, T7 perceived and understood.
Rhetorical 11 stimuli R1, R2, R3R4, R5, .
Question (11.82 R6, R7, R8 R9, R10| 4.2 Example: WH-Word Questions
R11 The following sentence is an example of a stimulus with
Negation 6 stimuli N1, N2, N3 a WHQuestion facial expression (which should occur
(16.9 N4. N5. N6 during the glosse®HER BIRTHDAY PARTY WHENO):
: . THAT MARY HER BIRTHDAY PARTY WHEN MARY

. . . . DRUNK. Whenthe WH-Questiorface is perceived, then

4. Design of Stimuli and Questions the stimulus has the approximate meaning/hén is
Prior to the design of the stimuli, a native ASL signer Mary's birthday party? Mary is drurk. When the
was given 6 categories of facial expressions and wasWH-Questionface is not perceived, thehmay be less
introduced to premise that the passage must beclear to the viewer where the sentence boundary is
ambiguous in its meaning if the facial expression were located In such a case, the viewer may inter@HEN
not understood. The native ASL signer invented, MARY DRUNKOas a question (albeit in Englislike
performed, and transcribed the ASL passages, and thavord order) thereby the stimuluswould have the
passages were discussed and edited in collaboration wittmeaning: @ is Mary's birthday party. When did Mary
a team of other native ASL signers at the laboratory. got drunk® One of the comprehension questions for this
Next, the two ambiguous meanings were ti@es into stimulus is:Does Charliknow when the party is(The ]
English sentences. Consulting the ASL transcription andsigner appearing in the video is introduces as OCharlieO



at the beginning of the study.) The participant is more
likely to answer OnoO to this question if the
WH-Question facial expressiamascorrectlyperceived.

4.3 Example: Rhetorical Questions

The following sentence is an example of a stimulus with
a RHQuestion facial expression (which should occur
during the glossesOWHYO): ALEX NOW G@sO
PARTIES WHY FINISH DIVORCE When the
RH-Questionface is peteived, then the stimulus has the
approximate meaningQilex is now often going to
parties because he is divord®diVhen theRH-Question
face is not perceived, théhe sentence boundary may be
less clear In such a case, the viewer may interpret
QVHY FINISH DIVORCEO)as a question thereby the
stimulus has the meanin@Alex is now often going to
parties. Why did he get divorced?One of the
comprehension questions for this stimulus Boes
Charlie know why Alex started going to partiesfie
answer depersd on whether theRH-Question facial
expression waperceived and understood.

4.4 Example: Yes/No Questions

The following sentence is an example of a stimulus with
a Yes/No Question facial expression (which should occur
during the glosses ADL FOOD CHEAP PONTO):
BOB'S DINER THAT YOURSISTER HER FAVORITE
RESTAURANTALL FOOD CHEAPPOINT. When the
YN-Questionface is perceived, then the stimulus has the
approximate meaning@obOs Diner is your sisterOs
favourite restaurant. Is all the food che@p®/hen the
YN-Question face is not perceived, thethe final

sentence could appear to be a declarative statement

Thus,the stimulus has the meanir@obOs Diner is your
sisterOs favourite restaurant. All the food is cld&@pe
of the comprehension questions foiststimulus isDoes
Charlie know if the restaurant is expens®e If the
YN-Questionfacial expression wasorrectly perceived
and understoqdthen the participant is more likely to
answer no to this question

4.5 Example: Negation

The following sentences an example of a stimulus with
a Negation facial expression (which should occur during
the glosse®©OHAVE SCIENCE CLASSO): ALEX TEND
TAKE-UP MATH CLASS. NOW SEMESTER,
SCHOOL HAVE SCIENCE CLASS. ALEX TAKBUP
TWO CLASSOWhen the Negation face is perceiyed
then the stimulus has the approximate meaniddexO

sentencg LAST FRIDAY, MY BROTHER TAKE MY
CAR. DRIVE SCHOQ. When the emotional affect
facial expressions perceived, then the stimulus has the
approximate meaningd ast Friday, my brother took my
car to drive to schod@(The sentence has the subtext that
the signer is upset about this.When theemotional
affect face is not perceived, thethis subtext is not
conveyed. One of the comprehension questions for this
stimulus is:Is Charlie angry at his brothHeThe answer
depends on whether tlnotionalfacial expression was
perceived and understood.

4.7 Likert -scale Questions

In addition to the four comprehension questions that are
designed specifically for each stimulus, this collection
also includes a set of Likert scale questions that can be
used to measure participantsO subjective evaluation of
each. Theet of Likert scale questions is identical for all

of the stimuli, andt includes three subjective evaluation
questions and four questios measuring whether
participants@oticed a particular facial expression.

¥ OGood ASL grammar?@: subjective evaluation
question of how grammatically correct was the
presented signing with answers on -840 Likert
scale where 1 indicates bad and 10 perfect.

(Easy to understan@? A subjective evaluation
qguestionon comprehensibilityof the signed message
with answers ora 1-t0-10 scale where lndicates
confusingand 10 clear

Natural® A subjective evaluation question on how
naturally moving the signer appeared with answers
on al-to-10 scalewhere 1 indicates that the signer
moves like a robot antiO that the signer oves like

a person.

ODid you noticed a E facial expression?&pur
guestions in relation to how muchparticipants
noticed an emotional, negativénterrogative or
topic facial expression during tis¢ory with answers
on a 1to-10 scale from OyesO to OnoO.

The collection includes an HTML questionnaire with

these Likertscale questions and the options for the
answers as radio buttans

¥

5. Facial Feature Extractionon Recordings

We used automatic face tracking software (Visage
Technologies, 2014) to analyze thigleo recordings of
the 48 ASL passagesand produce files that contain
information about thénead pose and facial features of

usually takes math classes. This semester, the schodhe human signer for each frame of the vid@be
doesn't have any science classes. Alex is taking twotracking results, part of the collection, are shared as

classesO When theNegationface is not perceived, then
the meaning of the middle senteneeimverted: OThis
semester, the school has science class@agof the
comprehension questions for this stimulusDsies the
school hae science classes this semeatéhe answer
depends on whether thi¢egationfacial expression was
perceivedand understod.

4.6 Example: Emotional Affect

The following sentence is an example of a stimulus with
an emotional affect facial expressiomhi§ example
includes an angry facial expression during the entire

commaseparatedvalues (GV) files. Head pose data is
given as translation from the camémahe 3 dimensions
(X, v, z) andas headrotation (pitch, yaw, roll).The
obtained &cial featuresollow the MPEG-4 facial action
parameters (Tekalp, 1999) for each frame of the video
For example, the eyebrow position in every frame is
defined by8 facial action parameters (FARBBP37)as

the vertical and horizontal displacement of the left and
right eyebrowfrom a neutral pose of the signerOs.face
This information could be used by fuéuresearchers to
animate the face of a virtual human character (Pandzic
and Forchheimer, 2003) performing these stimuli



passages. Such a character could be displayed as #hat tracked their gaze location on the stimukiacorri,
baseline for comparison in an experimental evaluationHarper, and Huenerfauth, 2013 Full details of the
study. studies appear in theriginal publications.Figure 3
presents the human video and thefadalexpression
animation results from these two studies. Bars are
shown separately for each category of stimuli: emotional
affect, negation, topic, Widuestion, YNquestion, and
RH-question. Here we see that the stimuli with facial
expressions received highemniprehension question
scores than the stifiwithout facial expressions, which
suggests the suitability of these questions for user studies
evaluating the perception of facial expressions. In future
work, we intend to conduct more rigorous studies of the
efficacy of these stimuli and questions, and we intend to
examine the quality of the additional stimuli that were
not included in these two prior studies. We also
welcome feedback and improvements to the stimuli from
other researchers who make use of thollection.

Figure 2: Fitted face shapemaskin Visagesoftware.

For optimal resultsthe Visage softwarewas used in | ' Comprehension Question Scores _
offline mode The quality of the results is bounded by the | ** 3 RS
performance of the software on the video recordings and ** ¢ T Animation,

the initial manual process of mating to the faceFig. 70% T 7 z T: No Eye-Tracker
2). For examplethe tracker may lose the face if thead 60% - *g % ]l’g H O Facial Expression
movement istoo fastor if large parts of the face are | s .7 g g { :g’gg\fgi‘l’(e :
covered e.g. by the hands.We observed that this is 40% - {g 2 2

happening for 0%7.6% (avg. 1.6%) of the story duration | ao%- 2 2 é “No Facial

in our stimuli collectionln this case, the lost frames are | 20% - g 2 % Expression
indicated with a tracking status other than @@Kthe 10% (1l | 7 g g o cker
commaseparated values filgnd all the extracted head 0% A 7A 7% _ Y _
and facial featuresvould normally havethe value Oin & & & & & ”Eﬁ%ﬂnﬁ%gg’sm"
such casesNe processed the data and filled in thiiea & & & & F With Eye-Tracker
of the lost fames using spline interpolatigamoothing N R

degree 3) while maintaining the tracking status

information. Although interpolation may worlkwell for
the facial feature valug can sometimes be problematic
for head rotationpecause iis currently representedn
the form of Euler angles (pitch, yaw, roll)We advse
future researchers to considinst converting the head
rotation into anothemrepresentation (e.g. quaternions)
and thento apply interpolation techniques to fill in the
rotaion values for the lost frames.

6. Stimuli Quality as Measured by
Participants in Previous Studies

This stimuli collection contains passages appropriate for
use duringa user study evaluating facial expressions in
ASL animations A subset of these passagesd
comprehension questioigs alreadyeen used in prior
studies at our laboratory (Kacorri, Lu, and Huenerfaut
2013a Kacorri, Harper, and Huenerfauth, 2013The
following stimuli in this collection were included in
thesetwo prior studiesEl, E2,E4, E5, E6, E8, W2, W3,
W4, Y3,Y5,Y6, R3, R5, R7, N1, N2, N3, T3, T4,.T5

h,

The first study consisted of a user study in which native
ASL signers viewed human videos (with natural facial
expressiog) and ASL animations (without any facial
expressions) antesponded to comprehension questions
(Kacorri, Lu, and Huenerfauth, 20)3aln the second
study, identical stimuli wereshown and similar
participants were recruited, but in this study, the
participants viewed the animations on a computer scree
that wasmounted above a desktop eyacking system

Figure 3: Comprehension question scores from the subset
of stimuli in the collection used in prior evaluation studies.

7. Availability of the Collection

As with prior ASL corporaresourcesreleased by our
laboratory (Lu and Huenerfauth, 2009;Lu and
Huenerfauth, 2012), thistimuli collectionis available
for use by other sign language animatioresearches,
details appear herattp://latlab.cs.qc.cuny.edu/lrec2014

We invite members of the research community to
provide feedback to us about ethstimuli in this
collection, and we welcome recommendatioms
additional stimuli designs or edits that would enhance the
collection (which we would look forward to
incorporating into a future release of this resource).
While the current collection of stiuli has not yet been
rigorously evaluated, we see a benefit for rapidly
releasing this resource to the research community for use
and feedback. Ultimately, the field of sign language
animation synthesis may benefit from the community
identifying a standad set of evaluation stimuli and
guestions for system evaluatign to better enable
comparison of systems and progress in the field.

In future work at our laboratory, we are continuing to
investigate the design of animation models for ASL
facial expressionsand we are continuing to make use of

{fhese stimuli and questions to evaluate the quality of our

animation results.
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