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Abstract 
In sign language research, technically it has been possible to 
investigate prominence around a unit of sign movements that 
realizes strong visual impression. Based on the researches of 
speech prominence, this study proposes techniques to delimit 
a sequential hand-movement into small units, and investigates 
the prominence by the comparisons of physical properties on 
each unit between emphasized signing and non-emphasized 
signing in Japanese Sign Language. The original data for this 
paper came from 3 native signers who produced 3 sentences, 
5 times in 2 modes.  The result of Factor Analysis showed 
that prominence on the lexical parts of the sign movements 
was most distinctive through all subjects and examples. The 
varieties in the transitional part of the sign movements and the 
longer pause insertions before the lexical part of the sign 
movements were also observed. 

1. Introduction 
Consider the following two utterances: “I ordered…COFfee”
- “I ordered coffee” with higher F0 and higher intensity on the 
first syllable of “coffee” in the first sentence, compared to 
“coffee” in the second sentence, and, in the first sentence, 
with a pause between “ordered” and “coffee”.  In the first 
example, the speaker has placed an emphasis on the words 
“coffee” without adding a lexical intensifier or changing word 
order. The manipulation of the physical properties of a string 
of speech sounds to achieve a relatively stronger acoustic 
impression is called “prominence”.  The full set of 
manipulable physical properties for prominence includes F0, 
intensity, and duration. Takeda [1] describes that the pause 
insertions preceding the word that has higher intensity, higher 
F0, and vowel lengthening are often observed in Japanese 
speech. Clearly, such manipulations of the sound structure 
around the prominent word further enhance the acoustic 
impression of this unit. There are two sides to prominence: 
the speaker’s acoustic manipulations and the perceiver’s 
auditory impression.  
In sign language, we suppose that there are similar effects 
around a unit of sign that is realized with strong visual 
impression and we can apply some techniques of speech 
analysis to sign-language analysis.  In order to study the 
physical properties of sign-language prominence, it is 
necessary to establish a basic unit of which we can measure 
the relevant physical properties in a word; such as segment or 
syllable in spoken language.  In sign articulators, hand, torso, 
head, face are the main productive media and the quick 
development of technology, as Tyrone [2] points out, now 
allows sign language researchers to study real-time 
articulations of these media with great accuracy: Wilbur [3], 

Boyes Bream [4]. In the hand movements, the most movable 
media, the several physical properties are considered as the 
distinctive cues of prominence.  For example, signer can give 
variety to the quality of the hand movements by space, time, 
fastness and quickness. In order to measure the quality of the 
movements, we can use distance, duration, speed, acceleration, 
and deceleration of a unit in a word.  
The goal of this study is to investigate which set of physical 
properties is the distinctive cue for the production of 
prominence and which unit in a word is able to have the most 
distinctive prominence in a word of Japanese Sign Language 
(JSL).  To this end, this study reports definition of several 
units in a word and categorizations of the physical properties 
on each unit by principal component factor analysis.  

2. Methods 

2.1. Subject 

 3 deaf people (all females) between the ages of 30 and 50 
participated as subjects in this study. All subjects were right-
handed with more than 20 years of sign language experience. 

2.2. Apparatus 

 We collected position data by using Polhemus FASTRAK ®. 
The sampling rate of the tracking system is 120Hz. We used 3 
receivers, which were back of the hand, the wrist, and the 
head. The sampling rate for each receiver is 40Hz. In the 
current report, we only look at the data from the back of the 
right hand. A receiver on the back of the signer’s right hand 
detected the position of the hand every 0.025 sec. 

2.3. Data Collecting 

Each subject saw Japanese subtitles on a monitor, and after 
the subject read the sentence, an interlocutor appeared on the 
monitor and asked questions in Japanese Sign Language. The 
subject was to answer the questions by signing the sentence, 
repeating it 5 times. The subtitles were presented so that the 
signers would all produce the same sentences. We measured 
only the signing data produced by the 3 subjects. Japanese 
subtitles were represented in the order used for JSL. 

2.4. Materials 

To prepare the materials, two native signers determined the 
order of words to be presented in subtitles. In order to make 
the signing during the recording sessions as natural as 
possible, we ask interlocutors (native signers) to ask questions 
to the subjects. At the first session, subjects produced 3 
sentences 5 times each. The sentences, signs, and translations 
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are as below.  At the next session, to see the different effects 
of emphasized signing, an adjective was represented as bold 
and bigger text in each sentence, and signers expressed three 
sentences with emphasis.   

(1-1-Q) Interlocutor 
Stimulus:  Onsen dou-datta? 
Signs:                          wh
                  ONSEN DOU? 
Translation: hot-spring how ? 
                  “How was the hot spring?” 
(1-1-A) Subject 
Stimulus:    ano ohuro hiroi/ hiroi are. 
Signs:         ANO OHURO HIROI ARE 
Translation: that bathtub huge it 
                   “That bathtub is huge.” 
(1-2-Q) Interlocutor 
Stimulus:     Shinkansen notta? 
Signs:                                                         wh
                    SHINKANSEN NORU OWARI? 
Translation: Shinkansen take finish? 
                   “Did you take a Shinkansen bullet train?” 
(1-2-A) Subject 
Stimulus:     Ano densya hayai/ hayai are. 
Signs:          ANO DENSHA HAYAI ARE 
Translation: That train fast it 
                   “That train is fast.” 
(1-3-Q) Interlocutor 
Stimulus:      Sono kaban motouka? 
Signs:                                             wh
                     SONO KABAN MOTU? 
Translation:  That bag take? 
                  “Shall I take that bag?” 
(1-3-A) Subject 
Stimulus:      Ano kaban omoi/omoi are 
Signs:           ANO KABAN OMOI ARE 
Translation:  That bag heavy it 
                   “That bag is heavy.” 

2.5. Speed calculation 
      The formulas for calculating speed based on the position 
data are given in (1a) and (1b).  Times 1t  and 2t  are two 
sequential points in time separated by 025.0=∆t sec.  
Position at 1t  is ( )111 ,, zyx ; at 2t , ( )222 ,, zyx .

( )2ts∆  is the distance between positions at 1t  and at 2t  in 
three-dimensional space; ( )2tv  is the average speed 
between positions at 1t  and at 2t .

( ) ( ) ( ) ( )2
12
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  (1a) 

( ) ( ) ttstv ∆∆= 22                                                     (1b)

Formulas (1a) and (1b) show the basic idea of calculating 
speed from position data; we actually smoothed the plot by 
applying a moving average that employed a three-point 
window of dimension zyx ,, , and then calculated speed. 

( )4,3,2ts∆  is the distance between the average of positions 

at 3,2,1t and the average of position at 4,3,2t  in three-
dimensional space. See formulas (2a) and (2b). 
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          (2a)  

( ) ( ) ttstv ∆∆= 4,3,24,3,2                                           (2b) 

2.6. Definition of phase types 

      When we saw the movie images while paying attention to 
the movement of the signer’s hand, we could establish certain 
types in the sequence of movements.  For example, in the 
movie image of sentence (1-1-A), 
(1-1-A)  
Stimulus:     ano ohuro hiroi are. 
Signs:     ANO OHURO HIROI ARE 
Translation: that bathtub huge it 
                  “That bathtub is huge.” 
There are 4 different signs in this sentence; ANO, OHURO, 
HIROI, and ARE.  Once we recognized these signs in the 
movie file, we could see transitional movement between the 4 
signs.  Sometimes we could also observe that the signers hold 
the hand still just before the emphasized sign.  
We defined the label of phase types for each sign as table 1.  
In this paper, we only focused on adjective areas: HIROI 
“huge”, HAYAI “fast” and OMOI “heavy”.   

Table 1. Definition of phase types 

label τ π λ
Lexical
phase
HIROI,
HAYAI,
OMOI

phase
type

transitional
phase

Pause
phase

2.7. Delimitation of each phase type 

 We delimited the movement-type quantitatively by using 
speed.  The speed is not always constant in an utterance.  The 
receiver on the back of the signer’s right hand is changing 
position with fluctuating high speed and low speed in three-
dimensional space.  However, the speed of hand movement is 
reduced and then increased at each point where a signer 
changes the direction of the hand movement in the process of 
producing a sign. The speed minima show up at the point in 
time where the signer changes the direction of the wrist or 
elbow or shoulder. 
 We paid attention to these speed minima in order to choose 
one of these speed minima as a boundary that divides τ and λ.
By observing the movie image and speed graph, we checked 
which direction-change point coincides with each speed 



minimum, and then selected a speed minimum as the 
beginning position of λ.
 After we picked up one of the minima of speed as a boundary 
between τ and λ, we defined the threshold for calculating 
duration of π. We defined the threshold as 20cm/sec.  

3.  Analysis of physical properties  

3.1. Principal Component Factor Analysis  

 This study served as a pilot study to assess the production of 
prominence in emphasized-mode signing. Principal 
component factor analysis was performed for each subject, 
including promax rotation. The original data for this paper 
came from the 3 native signers who produced 3 sentences, 5 
times each in 2 modes.  We used 8 types of parameter for each 
subject (Table 2), and total number of the data is 240 
utterances per each subject.  A non orthogonal (oblique) 
rotation was performed.  

3.2. Results of Factor Analysis 

 Using the Kaiser’s criterion with eigenvalues greater than 1.0, 
two or three factor solutions were suggested accounting for 
79-87% of the total variance in each subject. Items with 
loadings higher than .40 were considered to be representative 
of that factor.  
 The factors of “signer K” were interpreted as follows: (1) a 
set of physical properties on τ, (2) a set of physical properties 
on λ, (3) duration of λ. These factors accounted for 35%, 33% 
and 19% of the total variance (87%), respectively. The factors 
of “signer I” were interpreted as follows: (1) a set of physical 
properties on λ, (2) a set of physical properties on τ, (3) a 
deceleration of τ. The factors accounted for 40%, 26% and 
13% of total variance (79%).  The factors of “signer Y” were 
interpreted as follows: (1) a set of physical properties on τ, (2) 
a set of physical properties on λ. The factors accounted for 
50%, 34% of total variance (84%).  The loadings for the items 
assigned to each of the three dimensions, listed in descending 
order, appear in Table 1. Each of the loadings is sufficiently 
high, indicating that there is a good fit of the items to the 
factors. 
 Figures1-3 show differences of factor loadings between 
emphasized signing and non-emphasized signing. N means 
non-emphasized signing and E means emphasized signing. 
Each mode is categorized by each factor on each principal 
component axis. The box length is the interquartile range. 
Star marks indicate cases with values more than 3 box lengths 
from the upper or lower edge of the box. Circle marks 
indicate cases with values more than 1.5 and 3 box lengths 
from the upper or lower edge of the box.  

3.3. Pause insertions and transitional phase 

 In the productions of “signer K”, the set of physical 
properties on τ in emphasized signing had more variations 
than those in non-emphasized signing. We found 5 pause 
insertions after τ in emphasized signing, while there were 4 
pause insertions after τ in non-emphasized signing. The 
average-duration of pause phases in emphasized signing was 
0.39sec, while that in non-emphasis signing was 0.28sec. 
Likewise in the productions of signer Y, the set of physical 
properties on τ in emphasized signing had more variations 
than those in non-emphasized signing. We found 6 pause 

insertions after τ in emphasized signing, while there were 5 
pause insertions after τ in non-emphasized signing. The 
average-duration of pause phases in emphasized signing was 
0.66sec, while that in non-emphasis signing was 0.37sec. In 
signer K and Y, the pauses were often inserted in “HIROI” 
and “OMOI” with relatively small values of physical 
properties on τ in each signing mode. Although there was no 
pause insertion in the productions of signer I, the values of 
physical properties were relatively larger in “HAYAI” in all 
three signers.  

 Table2: Results of Factor Analysis 

Signers Factors Item Label Parameter Types
Factor
Patterns

s(τ) Distance of τ along trajectory 0.56
Δt(τ) Duration of τ 0.77
d(τ)max Maximum deceleration of τ -0.92
v(τ)max Maximum Speed of τ 0.95

Percent Variance Explained 35%

a(λ)max Maximum acceleration of λ 0.73
s(λ) Distance of λ along trajectory 0.89
v(λ)max Maximum Speed of λ 0.92

Percent Variance Explained 33%

Δt(λ) Duration of λ 0.92
Percent Variance Explained 19%
Total Variance Explained 87%

s(λ) Distance of λ along trajectory 0.8
Δt(λ) Duration of λ 0.75
v(λ)max Maximum Speed of λ 0.75
a(λ)max Maximum acceleration of λ 0.74

Percent Variance Explained 40%

s(τ) Distance of τ along tragectory 0.98
Δt(τ) Duration of τ 0.81
v(τ)max Maximum Speed of τ 0.67

Percent Variance Explained 26%

d(τ)max Maximum deceleration of τ 0.94
Percent Variance Explained 13%

Total Variance Explained 81%

Δt(λ) Duration of λ 0.86
a(λ)max Maximum acceleration of λ 0.93
v(λ)max Maximum Speed of λ 0.97
s(λ) Distance of λ along trajectory 0.98

Percent Variance Explained 50%

s(τ) Distance of τ along tragectory 0.94
Δt(τ) Duration of τ 0.71
v(τ)max Maximum Speed of τ 0.97
d(τ)max Maximum deceleration of τ 0.81

Percent Variance Explained 34%
Total Variance Explained 84%

3. Deceleration
of τ

1. A set of
physical
properties on λ

2. A set of
physical
properties on τ
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1. A set of
physical
properties on τ

2.  A set of
physical
properties on λ

3. Duration of λ

1. A set of
physical
properties on λ

2. A set of
physical
properties on τ
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Figure2: Signer I 
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4. Discussion 
From the results of “signer K” and “signer I”, we noticed that 
there were several levels of factor in a same phase, which 
could realize qualities of visual impression comprehensively.  
 The results of “signer K” indicate that there are two kinds of 
prominence on the lexical phases. The set of acceleration, 
distance and speed had a primal prominence and duration had 
a secondary prominence. Primal prominence has more sharp 
difference than secondary prominence between emphasis 
mode signing and non-emphasis mode signing. From this fact, 
we can assume that the spatial extensions of the lexical phases 

with the faster and quicker movements could realize more 
distinctive visual impression than the durational extensions. 
 The results of “signer I” indicate that there are two kinds of 
prominence on the transitional phases. The set of distance, 
duration and speed of transitional phase had a primal 
prominence and the deceleration of transitional phase had a 
secondary prominence. From the movie images of the 
transitional phases in “signer I”, we noticed that the quality of 
movements and the forms of trajectory in the transitional 
movements were calm straight movements in non-emphasized 
mode signing, while they were quick arc movements in 
emphasized signing. The visual quality of arc movements, 
quickness, could be realized by the factor of higher 
deceleration as secondary prominence.  
 From these observations of prominence, we will try to create 
prominence by animation synthesis and investigate more about 
the meaning of each type of prominence in further research. 

5. Conclusions 
 In this research, we investigated the production of 
prominence based on delimitation of sequential hand-
movements into 3 kinds of phases; transitional phase, pause 
phase and lexical phase. Although each type of prominence 
had different sets of physical properties in 3 signers, 
prominence on lexical phase was most distinctive through 3 
subjects and 3 examples. We also observed the variations of 
physical properties on the transitional phases and the pause 
insertions between transitional phases and lexical phases.  
These facts indicate that there is a similarity between a 
syllable in spoken language and a lexical phase in sign 
language, because both units can be the most prominent place 
in a word. We also observed that there were primary and 
secondary prominence on the lexical phases in “signer K” and 
on the transitional phases in “signer I” and those could 
characterize the visual impression comprehensively. These 
facts indicate that there are more varieties of the set of 
physical properties contributing to the production of 
prominence in sign language, compared to spoken language. 
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