
!"#!$%&'%$

$!!"#$%&#!'()*+#,-*.#!/0(-&1'##
21(&%)%3-/4)#"%5'-6%5+7##

8%'49#:#8%;%&&%<#$$(#
=4>-'#?1(@1);45A#BC#%$#21D&4+@4A#E-5/%)5#

#F(+45#G431&A#H4'%554#I1.4D-)-*46%5#J%+KC#

#L()-4#M-53A#BC#%$#,-+/%5+-5NF*1>15+#O%-5*#

##M4&15#J(PA#BC#%$#21D&4+@4A#E-5/%)5#

#



)*+,-.+/01$"23214152$

•! 61$7381$271$9.--.:*5;$01-18352$<535,*3-$

01-3=.5+7*>$01-3=81$2.$271$,.52152$?1+,0*@1?$

*5$27*+$>01+1523=.5A$

–!B*535,*3-$C$!/27.0$35?$1?*2.0$.9$@..D+$0191015,1?$

*5$27*+$>01+1523=.5A$E$:*--$01,1*81$0.F3-2F$

>3F4152+$90.4$271+1$@..D+A$".41$.9$271$:.0D$

73+$@115$+/>>.02$@F$271$!!GHIJIG$KLE)IIM

N")JO$

–!L.5<535,*3-$C$L.$01-18352$5.5<535,*3-$

01-3=.5+7*>$1P*+2+A$$



Q0;35*R3=.5$.9$S01+1523=.5$

•! G.521P2+$*5$:7*,7$!!G$73+$18.-81?$

•! !!G$9.0$>1.>-1$:*27$4*5*43-$4.814152$

?/1$2.$3,T/*01?$713-27$,.5?*=.5+$

•! !$90341:.0D$9.0$3>73+*3$*5210815=.5$

•! U71$1410;15,1$.9$+7301?$

V,.44/5*,3=.5$+>3,1+W$



$

U71$Q8103--$G.521P2X$

E2$*+$3--$3@./2$GQYYNLEG!UEQL$$

$B3,1$C$2.H93,1$*52103,=.5$

".,*3-$41?*3$

$JH43*-$

$U1P=5;$

$U:11=5;$

$".,*3-$41?*3$+*21+$

)*+235,1$,.4410,1Z$-1305*5;Z$8.-/52110*5;Z$$



G.521P2X$U71$J410;*5;$B.,/+$.5$

G.44/5*,3=.5$"/>>.02$9.0$$

S30=,*>3=.5$

?&4(;#QRSTTU# 



G.521P2X$Y.01$S1.>-1$6*27$!!G$L11?+$

[$!,,1++$
•! 'A$\30;10$.8103--$>.>/-3=.5$

•! $ $HH\.5;10$-*91$1P>1,235,F$9.0$.8103--$>.>/-3=.5$

$$$$$$HH\.5;10$-*91$1P>1,235,F$.9$27.+1$:*27$?181-.>41523-$$

$ $?*+3@*-*=1+$

•! %A$\30;10$5/4@10$.9$,7*-?015$:*27$?*+3@*-*2F$

•! ]A$\30;10$>.>/-3=.5$.9$>1.>-1$-*8*5;$:*27$*52/@3=.5$$

$$$$$$$35?$.2710$214>.030F$.0$>10435152$41?*,3-$,.5?*=.5+$

•! ^A$G735;*5;$*521053=.53-$3,,1++$2.$21,75.-.;F$:*27$$

$!!G$>.215=3-$
AAC-RERC Partners: SOSC Report, 2012 



U71$S1.>-1X$$_15103-$S.>/-3=.5$U015?+$

•! E5,013+1?$\*91+>35M`/0;1.5*5;$Q-?10$S.>/-3=.5$

•! $ S1.>-1$:7.$-*81$2.$ab$F130+$.9$3;1$301$1P>1,21?$

$2.$-*81$'cAa$4.01$F130+$$

•! $ K6.415$C$%&$F130+d$Y15$C$'eA]$F130+OA$

•! $ KQ810$ab$F130+X$$%&&&HH'%Afg$.9$NA"Ad$%&]&$

$ $H'fA&g$

•! \*91$1P>1,235,F$9.0$>1.>-1$:7.$-*81$2.$cb$F130+$*+$

aAc$4.01$F130+$9.0$:.415$35?$bAe$F130+$9.0$415A$$
$$$$$$$$$$$$$$$$$$$$$$$$$$!?4*5*+203=.5$.5$!;*5;$C@3+1?$.5$NA"A$G15+/+$

$

$

$



G.521P2X$U1,75.-.;F$"73>1+$!@*-*2F$[$

)*+3@*-*2F$

•! L1:$U1,75.-.;*1+$,35$J*2710$Y*=;321$.0$JP3,10@321$)*+3@*-*2F$$



G.521P2X$I3>*?$U1,75*,3-$G735;1$

•! I3>*?$21,75*,3-$,735;1$215?+$2.$14>73+*R1$

/5*810+3-$?1+*;5A$

•! #.:1810Z$0321$.9$,735;1$*4>3,2+$271$

9/5,=.53-*2F$.9$21,75.-.;FX$

–!J-?10-F$

–!U7.+1$:7.$01T/*01$93,*-*232.0$+/>>.02$

–!U7.+1$:*27$7*;7-F$/5*T/1$21,75*,3-$01T/*014152+$



U1,75.-.;*,3-$G735;1+X$!!G$
•! Y.@*-1$21,75.-.;F$

•! G013=5;$,.44/5*,3=.5$+>3,1+$:*27$+7301?$
21,75.-.;*,3-$3,,1++$

•! )F534*,$*59.043=.5$;32710*5;$+730*5;$2.$+/>>.02$
!!G$

•! L1:$3,,1++$"20321;*1+$
–!JF1H#13?$203,D*5;$*5$/5*810+3-$?1+*;5$

–! E521;03=5;$1F1$203,D*5;$35?$>7F+*,3-$3,,1++$

–!"/>>.021?$+>11,7$01,.;5*=.5$.9$?*+.0?101?$
+>11,7$+*;53-+$

–!`03*5$G.4>/210$E521093,1+$2732$*5,.0>.0321?$
!!G$+20321;*1+$



G.521P2X$N+1$.9$U1,75.-.;F$2.$

)181-.>$G3>3@*-*2F$

•! S7F+*,3-$3,,1++$

•! h*+/3-$3,,1++$35?$.0;35*R3=.5$.9$*59.043=.5$

•! \35;/3;1$35?$,.;5*=81$,3>3@*-*2F$

•! "20321;*1+$

–!_34*5;$

–! E5,0141523-$*5,013+1$*5$,.4>-1P*2F$

–!"730*5;$V+>3,1W$:*27$>302510+$



G.521P2X$"108*,1$)1-*810FiS.-*,F$

G735;1+$

•! Y.@*-1$21,75.-.;F$*5j/15,1+$

•! G735;1$*5$+/>>.02$90.4$,.4410,*3-$>0.8*?10+$

.9$!!G$3>>+$

•! )1,-*5*5;$0/03-$>.>/-3=.5+$

•! I1*4@/0+14152$S10$)*14$G3>+$

•! E5+20/,=.53-$+/>>.02$512:.0D+$

•! )*+235,1$*5+20/,=.5$35?$>03,=,1$+/>>.02$



S01?*,=5;$67.$35?$6715$S1.>-1$:*--$

L11?$!!G$"108*,1+$K%$JP34>-1+O$

$!4F.20.>7*,$\32103-$",-10.+*+$

•! bZa&&$?*3;5.+1?$:*27$!\"$355/3--FZ$]&&Z&&&$

>0183-15,1$

•! c&Hf&g$>1.>-1$:*27$!\"$/53@-1$2.$+>13D$32$

=41$.9$?1327$

•! Y1?*35$+/08*83-$0321+$301$]%$4.527+$90.4$

.5+12$35?$'f$4.527+$90.4$?*3;5.+*+$

•! L1@03+D3$?323@3+1$f]g$01T/*01?$!!G$32$.0$

@19.01$$=41$.9$?1327$$

•! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

•! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$K`3--Z$`1/D1-435Z$S3k11Z$%&&^O$



Amyotrophic Lateral Sclerosis"

Bulbar Signs 

 Resulting from brain stem involvement 

 

Spinal Signs 

 Resulting from spinal cord involvement 

 

Mixed Signs 

 Resulting from brain stem and spinal  

         cord involvement 



Symptoms and Natural Course!

"Progressive Disease"

As ALS progresses, upper and lower motor neurons are #
"involved"

Mean age of onset--56 Years"

Male to female ratio--2:1"

Bulbar ALS--women demonstrate more severe speech #
"symptoms than men"

Spinal ALS--men demonstrate more severe speech"

" symptoms than  women"

Language usually intact"

Cognitive--10% fronto-termporal dementia (more on tests)"

No important means of drug intervention"



Survival"
"

--14 to 39% survive 5 years"

--10% survive ten years"

--A few survive twenty years"

--Those with primary bulbar symptoms "

     survive a median of  2.2 years"

--Death is usually from respiratory"

     failure due to infection"

--Life is extended by invasive ventilation"

--Quality of life is improved with "

"alternative nutrition"

-"



Communication Characteristics"

Gradual progression speech "

     symptoms"

Dysarthria of mixed flaccid and "

      spastic types (Because of upper"

" and lower neuron involvement"

" "--Spastic dysarthria (upper)"

 " "--Flaccid dysarthria (lower)"

Most cannot speak for some time prior to death"

"

"



L.:HHHHI./=51$E5210815=.5$"20321;F$

E5210815=.5$S73+1$'X$Y.5*2.0Z$S01>301Z$

35?$"/>>.02$
–!Y.5*2.0$S109.0435,1$

–!Y3D1$U*41-F$I191003-$

Intervention:  "

Confirm normalcy"

Answer questions"

Identify service providers"

Identify attitude patterns toward "

"communication impairments & technology"

Share speech monitoring results with PALS and other 
decision makers"

                       (Ball, Beukelman, & Bardach, 2007)"

" " ""

"



Monitoring Speech Performance"

AAC interventions are difficult when person"

" cannot speak"

"

Speech intelligibility is a poor predictor,"

" because deterioration of speech can be"

" very rapid"

Once speaking rate is 60% of normal, move "

"  toward AAC system (120-125 WPM))"



!--$UF>1+$.9$!\"$K`/-@30Z$">*53-Z$Y*P1?O$

E521--*;*@*-*2F$35?$">13D*5;$I321$

Speaking Rate (WPM) 
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Q51$S10+.5l+$JP>10*15,1$

"1>2AX$ $feg$*521--*;*@-1Z$0321$f&$:>4$

$

L.8AX$ $ebg$*521--*;*@-1Z$0321$ac$:>4$

$

B1@AX$ $]]g$*521--*;*@-1Z$0321$b%$:>4$

$

Y3FAX$ $aAcg$*521--*;*@-1Z$0321$]a$:>4$



\321$!!G$!++1++4152$S0.m1,2$

•! S/0>.+1+X$$

K'O$U.$*?15=9F$>10+.5+$:*27$34F.20.>7*,$

-32103-$+,-10.+*+$K!\"O$9.0$:7.4$271$!!G$

3++1++4152$:3+$?1-3F1?$$

K%O$U.$?.,/4152$271$93,2.0+$2732$01+/-2$*5$3$

-321$!!G$3++1++4152$

Nordness, Ball, Fager, Beukelman, & Pattee, 

(2010).  



S30=,*>352+$
$

$

%c$.9$%c&$>1.>-1$:*27$!\"$:101$*?15=<1?$3+$

01,1*8*5;$3$-321$0191003-$K'&gO$

 Demographics  

Gender  Male = 11 (41%) 
Female = 16 (59% )  

Onset Typ e  Bulbar = 16 (59%) 
Spinal = 9 (33%) 
Mixed = 2 (7%) 

Age at Onset Mean = 59.87 years 
Range = 41 - 79 years 

 



7%

4%

7%

11%

18%

14%

7%
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Percent

j. Personal acceptance

i. Unaware of services

h. Language barrier

g. Travel

f. Family Issues

e. Other Health Impairment

d. Skilled Nursing Facility/Group Home

c. Clinic Neurologist

b. Non-clinic Neurologist

a. General Practitioner

 ASSESSMENT WAS DELAYED due to….          

Reasons for a Late AAC Assessment



Intervention Phase II:  Assess, !
Recommend, & Implement"



AAC Acceptance"

V5-64)#!//1K*45/1NNO!E#/%;K)1*1'#45#!!"##

4++1++;15*A#'1/-'1'#*%#%D*4-5#!!"##

81/.5%)%39#45'#(+1'#!!"#*1/.5%)%39C#

#

=1)491'#!//1K*45/1NNO!E#-5-64))9#&1W1/*1'#!!"#

#

I1W1/*X51>1&#4//1K*##



!\"X$$!!G$!,,1>235,1$[$N+1$
L1@03+D3$!\"$)323@3+1$KL$n$'^&O$

•! fbg$/53@-1$2.$+>13D$>0*.0$2.$?1327$

•! fag$3,,1>2$!!G$Kag$?1-3Fd$^g$01m1,2O$

•! !--Z$:7.$3,,1>2Z$/+1$/5=-$:*27*5$3$4.527$.0$2:.$.9$
?1327$

•! \15;27$.9$/+1$*+$01430D3@-F$+*4*-30$9.0$27.+1$:*27$
*5*=3-$+>*53-$K%]$4.527+O$.0$@/-@30$+F4>2.4+$K%a$
4.527+O$K/5?10H1+=4321+$@1,3/+1$'bg$,.5=5/1?$2.$
/+1$:7*-1$815=-321?O$

Ball, L, Anderson, Bilyeu, D., Pattee, 

Beukelman, & Robertson (2007).  



I13+.5+$9.0$I1m1,=.5$

1--Cognitive Limitations of PALS (FTD) 

 

2--Multiple health conditions: Cancer & 

ALS 



!!G$!,,1>235,1$@F$_15?10$

AAC Acceptance Gender Differences
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I13+.5+$9.0$)1-3F1?$!,,1>235,1$

'A$I1+*+235,1$.9$934*-F$414@10$

%A$I1+*+235,1$.9$934*-F$414@10$

]A$I1+*+235,1$.9$>7F+*,*35$

^A$E5*=3-$01+*+235,1$.9$S!\"$

bA$E5*=3-$01+*+235,1$.9$S!\"$

aA$E5*=3-$01+*+235,1$.9$S!\"$



Intervention Phase III: Adapt !

and Accommodate"



!!G$U1,75.-.;F$B3,*-*232.0+$

0 5 10 15 20 25 30 35

Wife

Daughter

Husband

Self

Friend

Nursing

Daughter in Law

Son

SLP

Brother

Granddaughter

Grandson

Mother

Sister

Females

Males

Mixed 

gender

Ball, L., Schardt, Kim, & Beukelman, D. (2005) 



JF1HU03,D*5;$B.--.:H/>$

•! 'b$S10+.5+$:*27$!\"$

•! '^$G.5=5/1?$2.$/+1$1F1$203,D*5;$21,75.-.;F$

•! $$'$)*+,.5=5/1?HHJF1H-*?$)0..>$

Ball, Fager, Nordness, Kersch, Mohr, Pattee, 

Beukelman, (2010)  



I13+.5+$9.0$JF1HU03,D*5;$

•! bcg$JF1$;3R1$3,,1++$.5-F$

•! %eg$Y/-=>-1$3,,1++$>0191001?$

•! ']g$N53@-1$2.$+,35$

•! $$eg$:3521?$1F1$[$713?$3,,1++$
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S3k105+$.9$!!G$N+1$KI./=51$S03,=,1O$
•! "/081F$.9$934*-F$414@10+$35?$,301;*810+$*5$c$

+2321+$K%'b$01+>.5?152+M^^AegO$

–!efg$01>.021?$?*o,/-2F$,.44/5*,3=5;$:*27$

.2710+$Kabg$:*27$934*-F$414@10$.0$,301;*810OA$

–!^bg$01>.021?$738*5;$35$!!G$?18*,1A$

–!G.44/5*,3=.5$2.>*,$

•! S10+.53-$511?+$C$e]A]g$

•! G301;*8*5;$*++/1+HH^]A'g$

•! B34*-F$*++/1+$C]fAcg$

•! G.44152+$3@./2$?3FM]]A'g$

•! S3*5HH]%A%g$$$$$$$$$$$$$

•! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$K`0.:5-11$[$`0/15*5;Z$%&'%O$



B/2/01$)*01,=.5+$

•! 'A$JP>35?$0./=51$>03,=,1$

•! %A$E521;0321$!!G$*52.$0./=51$41?*,3-$,301$

•! ]A$G-30*9F*5;$271$0.-1$.9$4.@*-1$21,75.-.;F$9.0$$$$$

$!\"$

•! ^A$E521;03=5;$18.-8*5;$1F1H203,D*5;$$$$$

$21,75.-.;*1+$35?$+20321;*1+$

•! bA$`03*5$G.4>/210$E521093,1$



`03*5+214$E4>3*04152$



)*+,-.+/01+$

•! U71$>01+15210+$$7381$01,1*81?$;0352$9/5?*5;$

2.$:.0D$.5$183-/3=.5$.9$271$21,75.-.;F$

>0.m1,2+$>01+1521?$90.4$LE)II$KN")JO$[$

G15210$9.0$I173@*-*23=.5$I1+130,7$KLE#OA$

•! U71$3/27.0+$?.$5.2$01,1*81$35F$0.F3-=1+$35?$

301$5.2$<535,*3--F$3++.,*321?$:*27$271$+3-1$.9$

271$21,75.-.;F$>01+1521?A$



Brainstem Impairment Etiology 

•! `03*5+214$+20.D1$K@3+*-30$30210F$.,,-/+*.5O$

•! U03/43=,$@03*5$*5m/0F$

•! `03*5+214$2/4.0$$

•! )14F1-*53=.5$$

•! _/*--3*5$`3001p$

•! 61+2$L*-1$i$_/*--3*5$`3001p$+F5?0.41$



Clinical Profiles 

'A! G.4>-121$\.,D1?HE5$"F5?0.41$K\E"O$

%A! E5,.4>-121$\E"$

]A! U035+*=.5*5;$90.4$,.4>-121$\E"$2.$
*5,.4>-121$\E"$

^A! U.>$.9$271$`3+*-30$"F5?0.41$



Complete LIS 

•! J30-F$+23;1+$.9$01,.810F$90.4$@03*5+214$

*4>3*04152$

•! q/3?0*>-1;*3$:*27$*523,2$.0$5130H*523,2$

-35;/3;1i,.;5*=.5$

•! h10=,3-$1F1$4.814152+$

•! "43--$5/4@10$.9$*5?*8*?/3-+$0143*5$

,70.5*,3--F$-.,D1?H*5$



Incomplete LIS 

•! "18101$>7F+*,3-$*4>3*04152+Z$@/2$5.2$“-.,D1?H

*5”$

•! Y3F$7381$3@*-*2F$2.$4.81$713?$.0$.2710$@.?F$

>302+$K,.520.-$35?$+234*53$9.0$271+1$3,=8*=1+$

0143*5$-*4*21?O$

•! #381$4.01$1F1$,.520.-$.0$5.043-$1F1$,.520.-$

,.4>301?$2.$,.4>-121$\E"$



Complete to Incomplete LIS 

•! _03?/3-$;3*5$.9$>7F+*,3-$4.814152$,.520.-$

.810$=41$

•! ">11,7$01,.810F$>.++*@-1$@/2$+18101$

?F+30270*3$,.44.5$*5$27.+1$:7.$?.$01;3*5$

+.41$3@*-*2F$2.$+>13D$



Top of the Basilar Syndrome 

•! \E"$:*27$*4>3*01?$3k15=.5$35?$30./+3-$

•! G73--15;*5;$,7303,210*+=,+$9.0$1r1,=81$!!G$

*5210815=.5$



Early/Acute Intervention 

•! Y1?*,3-$*5+23@*-*2F$

–! E5210815=.5$511?+$2.$@1$j1P*@-1$35?$.,,/0$

+1,.5?30F$2.$41?*,3-$,301$511?+$

–!!?m/+24152+$*5$*5210815=.5$+,71?/-1+$K+7.0210$

@/2$4.01$901T/152$+1++*.5+O$

–!J?/,3=.5$.9$,301$>0.8*?10+$1P215+*81$,.4>.5152$

2.$130-F$*5210815=.5$



Establish Consistent Response Mode 

•! I1-*3@-1$F1+i5.$01+>.5+1$4.?1$

–!Y.2.0$3++1++4152$

•! S7F+*,3-$4.814152$,.520.-$>0.<-1$K713?$,.520.-Z$93,*3-$4/+,-1$

,.520.-Z$735?+Z$304+Z$9112Z$12,AO$

•! B.,/+$.5$-13+2$93=;/*5;$35?$4.+2$01-*3@-1$4.814152$

–! E59.043-$8*+*.5$3++1++4152$

•! h*+/3-$4.2.0$,.520.-$K810=,3-$1F1$4.814152Z$7.0*R.523-$1F1$

4.814152Z$1F1$@-*5D+Z$8*+/3-$203,D*5;O$

–! !k15=.5i30./+3-$,3>3@*-*=1+$

•! Q>15*5;$1F1+$2.$,.4435?Z$>7F+*,3-$4.2.0$01+>.5+1+$2.$

,.4435?Z$-15;27$.9$=41$3@-1$2.$9.--.:$,.4435?+$

3,,/0321-FZ$12,A$



Establish Consistent Nurse Call System 

•! E?15=9F$,.5+*+2152i01-*3@-1$4.2.0$01+>.5+1$K511?+$2.$@1$
'&&g$9.0$5/0+1$,3--$+F+214$/+1O$
–! #13?$+:*2,71+Z$-*;72$2./,7$+:*2,71+Z$*590301?$1F1$@-*5D$+:*2,71+$

,35$3--$@1$3?3>21?$2.$*521093,1$:*27$435F$7.+>*23-$5/0+1$,3--$
+F+214+$$

–! U3D1$*52.$3,,./52$>.+*=.5*5;$*++/1+$

–! ":*2,7$43F$.5-F$@1$3,,1++*@-1$*5$,1023*5$>.+*=.5+$

–! L/0+*5;$+23r$43F$+=--$511?$2.$*5,013+1$>3=152$,71,D+$2.$15+/01$
+:*2,7$*+$:.0D*5;$35?$3,,1++*@-1$

•! !-21053=81$>-35$9.0$27.+1$:*27./2$01-*3@-1i,.5+*+2152$
4.2.0$01+>.5+1$
–! 'b$4*5/21$5/0+1$,71,D+$

–! L11?+$2.$@1$,.44/5*,321?$,-130-F$2.$>3=152$2.$?1,013+1$35P*12F$



Education 

•! J?/,3=.5$*+$35$1P215+*81$,.4>.5152$2.$130-F$
*5210815=.5$
–! G301$+23rZ$27103>F$+23rZ$934*-F$414@10+Z$90*15?+$35?$
8*+*2.0+$

•! !-21053=81$27103>F$35?$!!G$4.?3-*2F$/+1$
+,71?/-1$2.$4*5*4*R1$93=;/1$35?$43P*4*R1$
>30=,*>3=.5$

•! "20/,2/01?$,.44/5*,3=.5$3>>0.3,71+$9.0$@3+*,$
511?+$
–!6.0?$-*+2+$.9$,.44.5$511?+$9.0$+23r$

–! s11>*5;$*52103,=.5+$@0*19$

–! \*4*=5;$5/4@10$.9$T/1+=.5+$3+D1?$



Increasing Medical Stability 

•! !+$41?*,3-$+23@*-*2F$*5,013+1+Z$+.$?.1+$2.-1035,1$9.0$-.5;10$
,.44/5*,3=81$*52103,=.5+$

•! U*41$2.$20*3-$.>=.5+$9.0$,.44/5*,3=5;$-.5;10$41++3;1+$
K1A;AZ$+>1--*5;O$
–! Y91#)-5@-53Z$1F1$;3R1Z$>302510H?1>15?152$+,355*5;$

–! B/02710$3++1++4152$.9$,.;5*=81i-35;/3;1$,3>3@*-*=1+$*9$T/1+=.5+$
0143*5$

–! )181-.>$35?$203*5$,301$;*810+$.5$3>>0.>0*321$-.:$21,7$,.44/5*,3=.5$
+20321;*1+$2732$@1+2$432,7$8*+/3-$,3>3@*-*=1+Z$4.2.0$01+>.5+1$
,3>3@*-*=1+Z$35?$,.;5*=.5i-35;/3;1$



Formal AAC Assessment 

•! Y3F$@1$3>>0.>0*321$3t10$01-*3@-1$-.:$21,7$4127.?$
1+23@-*+71?$?/1$2.$>10+*+2152Z$-.5;H2104$>7F+*,3-$?1<,*2+$

•! _.3-X$183-/321$9.0$"_)$2.$+/>>.02$4.01$*5?1>15?152$
,.44/5*,3=.5$

•! s1F$,.5+*?103=.5+$*5$9.043-$"_)$3++1++4152$
–! J+23@-*+7$,.44/5*,3=.5$3?8.,321$K*5?*8*?/3-+$2732$:*--$+/>>.02$271$

>3=152$.810$=41$35?$:715$2035+*=.5*5;$*52.$51:$-*8*5;$
158*0.54152+O$

–! !++1++4152$.9$,.44/5*,3=.5$511?+Z$158*0.54152+$35?$,3>3@*-*=1+$

–! B.043-$20*3-+$:*27$"_)+$:*27$3,,1++$.>=.5+$2732$432,7$>7F+*,3-$
,3>3@*-*=1+$.9$>3=152$K1F1$;3R1Z$713?$4.814152Z$12,AO$

–! Q5,1$"_)$*?15=<1?Z$>0.8*+*.5$.9$*5*=3-$203*5*5;$3+$:1--$3+$.5H;.*5;$
+/>>.02$.810$=41$51,1++30F$



)*01,2$!,,1++$Y127.?+$2.$"/>>.02$

!!G$

•! "391H-3+10$21,75.-.;F$

•! !@+.-/21$713?$203,D*5;$21,75.-.;F$

•! JF1$;3R1$21,75.-.;F$



"391H-3+10$!,,1++$"F+214$



"391$\3+10$!,,1++$"F+214$

•! G.4>.5152+X$

–!\3+10$>.*5210$

–!\3+10$+15+*5;$4.?/-1$

•! B132/01+X$

–!JF1H+391$-3+10$

–!\.:$>.:10$1P,1>2$:715$>.*5=5;$32$3$-3+10$

+15+*5;$+/093,1$



]$!013+$.9$JP>-.03=.5$

•! S0*430F$G.44/5*,3=.5$"F+214$

•! #13?$Y.814152$U03*5*5;$

•! U035+*=.53-$"F+214$



E5*=3-$,3+1$+2/?F$$
K713?$203*5*5;$35?$>0*430F$,.44/5*,3=.5$+F+214O$

•! Y10-1$

–!"/+23*51?$@03*5+214$+20.D1$

–!\.,D1?HE5$"F5?0.41$

–! E520.?/,1?$"391H-3+10$!,,1++$"F+214$%Ab$4.527+$

>.+2$.5+12$

–!N+1?$3+$-.:$21,7$>.*5=5;$+F+214$

$



"391H-3+10$!,,1++$"F+214$3+$

S0*430F$G.44/5*,3=.5$)18*,1$

•! `.@$

–! $!,/21$1P3,10@3=.5$.9$YF3+2715*3$_038*+$

–! EGN$2035+*=.51?$2.$3,/21$7.+>*23-$0173@$

+1u5;$

–!!@-1$2.$/=-*R1$"391$\3+10$!,,1++$"F+214$

4./521?$.5$9..2$2.$,.44/5*,321$3--$511?+$

/5=-$532/03-$+>11,7$01,.8101?$Ka$:11D+O$



!!G$*5$Y1?*,3-$"1u5;+$

•! L11?$9.0$,.44/5*,3=.5$.>=.5+$2732$301$13+F$

2.$/+1Z$43*523*5Z$35?$.>10321$

•! J30-F$:.0D$:*27$1F1$+391$-3+10$>0.2.2F>1$

?14.5+20321?$>.215=3-$.9$+F+214$2.$+/>>.02$

,.44/5*,3=.5$9.0$27.+1$:*27$4*5*43-$

4.814152$?/1$2.$@03*5+214$+20.D1$35?$2.$

“203*5”$713?$,.520.-$,3>3@*-*=1+$2.$3,,1++$!!G$



S0.2.2F>1$)1+*;5$B132/01+$

v$/+*5;$)1->7*$S0*.0*=R3=.5$S0.,1?/01+$
•! $!,,1++$:*27$4*5*43-$713?Z$735?Z$.0$9..2$

4.814152$

•! "/>>.02$-.:H21,7$,.44/5*,3=.5$@.30?+$

:*27./2$+>11,7$./2>/2$

•! "/>>.02$,.44/5*,3=.5$@.30?+$:*27$?*;*=R1?$

+>11,7$./2>/2$

•! "/>>.02$-1k10H@FH-1k10$21P2$;15103=.5$.5$3$

,.5815=.53-$-3>2.>$.0$?1+D2.>$,.4>/210$

•! "/>>.02$158*0.541523-$,.520.-$:*27$w'&$

$



•! "/>>.02$“158*0.541523-$>.*5=5;”$

•! \*;72:1*;72$K-1++$2735$b$-@+O$

•! !>>0.P*4321-F$'%”P'%”$90.52$>0.<-1$

•! "235?$/>0*;72$.5$j32$+/093,1$:*27$.0$:*27./2$

3??*=.53-$4./5=5;$+/>>.02$

•! Y./523@-1$2.$:711-,73*0Z$@1?Z$.0$,73*0$

•! Y.813@-1$:*27$.51$735?$@F$+23r$35?i.0$

,.44/5*,3=.5$>302510+$



•! \3+10$>.*5210$4./52$.5$@3+1$/5*2$9.0$@3k10F$

,730;*5;$35?$2035+>.02$

•! `3k10F$>.:101?$K32$-13+2$a$7./0+O$

•! `3k10F$01,730;13@-1$9.0$271$@3+1$/5*2$35?$271$

-3+10$>.*5210$+*4/-2351./+-F$:*27$3$+*5;-1$

>.:10$,.0?$

•! "13-1?$+/093,1+$9.0$13+F$,-135*5;i*591,=.5$

,.520.-$



"391H\3+10$s1F@.30?$





)323$G.--1,=.5$

•! B.--.:*5;$*520.?/,=.5$.9$271$"391H\3+10$

s1F@.30?Z$?323$:101$,.--1,21?$.5$271$

9.--.:*5;X$

–! !4./52$.9$>7F+*,3-$3@*-*2F$01T/*01?$2.$/+1$?18*,1$

–! G.44/5*,3=.5$9/5,=.5+$+1081?$@F$?18*,1$

–! I321$35?$3,,/03,F$

–! J3+1$.9$/+1Z$93=;/1Z$35?$13+1$.9$+12H/>$

–! E4>3,2$.9$158*0.541523-$-*;7=5;$35?$>.+*=.5*5;$.5$/+1$

–! N+1$.9$-3+10$>.*5210$2.$93,*-*2F$,.44/5*,3=.5$01;30?*5;$

158*0.541523-$*59.043=.5$



G3+1$E--/+203=.5$'$
x! ^aHF130H.-?$9143-1H?*3;5.+*+$.9$>30351.>-3+=,$

+F5?0.41$K4*4*,+$271$?1;15103=81$>327$.9$!\"O$

$

x! U1203>-1;*,$Z$41,735*,3-$815=-3=.5$

$

x! )*o,/-2F$/+*5;$1F1$;3R1$35?$713?$203,D*5;$Kh43P$

:*27$JF1$Y3P$3,,1++.0F$35?$#13?Y./+1$JP20141O$

$

x! "391$\3+10$s1F@.30?$>0.2.2F>1$:3+$*520.?/,1?$3+$

+*4>-*<1?$4127.?$9.0$!!G$



H%>1;15*#YP/(&+-%5#

•! F4$1#E4+1&#M19D%4&'#K&%*%*9K17#

•! R”#)1Z[&-3.*#######T”#(K['%<5#

•! \;4P[J14'H%(+17#

•! ]”#)1Z[&-3.*#######^”#(K['%<5#

•! _4''-6%54)#“0(-/@”#RN-5/.#

;%>1;15*+#&10(-&1'#*%#

&1/4)-D&4*1#

I4*1#45'#!//(&4/9#

•! '<1))#6;1#<4+#+1*#$%&#T#+1/C#$%&#

D%*.#'1>-/1+#

•! F4$1#E4+1&#M19D%4&'#K&%*%*9K17#

•! T`#+1)$#/%&&1/6%5+A#4>1&431#%$#

TCTa#;-5(*1+#K1&#+15*15/1#

•! \;4P[J14'H%(+17#

•! `a#+1)$#/%&&1/6%5+A#4>1&431#%$#

RCa^#;-5(*1+#K1&#+15*15/1#



G.44/5*,3=.5$B/5,=.5+$
•! 'A$">1--$41++3;1+$01-321?$2.$,301Z$?123*-1?$511?+Z$35?$+.,*3-$

,.44/5*,3=.5$:*27$934*-FA$$

•! %A$G.44/5*,321$@3+*,$35?$?123*-1?$511?+$35?$3+D$T/1+=.5+$

01;30?*5;$41?*,3-$,.5?*=.5$2.$+23r$K5/0+*5;$35?$01+>*032.0FOA$$$

•! ]A$U71$>30=,*>352Z$934*-FZ$35?$+23r$*5?*,321?$2732$271$

1r1,=8151++$.9$,.44/5*,3=81$*52103,=.5+$:3+$;013210$/+*5;$

271$"391$\3+10$s1F@.30?$,.4>301?$2.$-.:H21,7$!!G$+20321;*1+$

K1A;AZ$-1++$90/+203=.5+Z$-1++$4*+*5210>0121?$41++3;1+Z$-1++$

01>1==.5+$01T/*01?OA$$

•! ^A$N+1?$271$>0.2.2F>1$2.$>.*52$2.$.@m1,2+$*5$158*0.54152$.5$

+18103-$.,,3+*.5+$?/0*5;$20*3-$K1A;AZ$>.*5=5;$2.$3$>*,2/01$.5$

271$:3--$2.$,-30*9F$2.>*,$.9$,.5810+3=.5Z$>.*5=5;$2.$,3-15?30$

.5$:3--$2.$,-30*9F$3>>.*524152OA$$



J3+1$.9$N+1Z$B3=;/1Z$35?$J3+1$.9$

"12$/>$
x! J3+1$.9$/+1$K'n$810F$13+FZ$bn$810F$730?O$

x! "391$\3+10$s1F@.30?$>0.2.2F>1n$'$

x! h43Pi#13?Y./+1n$^$

x! B3=;/1$K'n$5.$93=;/1Z$bn$810F$93=;/*5;O$

x! "391$\3+10$s1F@.30?$>0.2.2F>1n$%$

x! h43Pi#13?Y./+1n$^$

x! J3+1$.9$"12H/>$K'n$810F$13+F$2.$+12$/>Z$b$n$810F$?*o,/-2$2.$+12$/>O$

x! "391$\3+10$s1F@.30?$>0.2.2F>1n$'$

x! h43Pi#13?Y./+1n$]$



"391H\3+10$`/k.5$



!@+.-/21$#13?$U03,D*5;$



!@+.-/21$#13?$U03,D*5;$

$G3+1$E--/+203=.5$
O4&6/-K45*##

–! a&$F130H.-?$43-1$,70.5*,$_/*--*35$

`300y$

–! E5*=3-$.5+12$-.,D1?H*5$+F5?0.41$

–! ^$4.527+$>.+2$.5+12H$/+1?$

4*5*43-$713?$4.814152$2.$

3,=8321$-*;72H2./,7$+:*2,7$

–! a$4.527+$>.+2$.5+12H$*5,013+1?$

3,=8*2F$2.-1035,1$35?$713?$

4.814152$2.$20*3-$713?$203,D*5;$

21,75.-.;F$

$



G73--15;1+$

•! I1T/*01?$713?$203,D*5;$9.0$4*5*43-$713?$
4.814152$

•! N53@-1$2.$/+1$713?$203,D*5;$2732$01T/*01?$
901T/152$01,3-*@03=.5$

•! I1T/*01?$3,,1++$2.$,.4>/210$:7*-1$*5$830*./+$
>.+*=.5+$270./;7./2$271$?3F$K/>$*5$
:711-,73*0Z$+/>*51Z$12,AO$

•! I1T/*01?$+*4>-1$21,75.-.;*,3-$+12H/>$*5$+D*--1?$
5/0+*5;$158*0.54152$



!,,/S.*52$S0.2.2F>1$

•! U:.$*5903H01?$?*;*23-$,34103+$

•! U7011$01j1,=81$?.2+$.5$9.01713?$

•! G.5815=.53-$,.4>/210$4.5*2.0$

•! G.5815=.53-$,.4>/210$2.$,.4>/21$713?$-.,3=.5$

35?$3-*;5$*2$:*27$271$,.4>/210$,/0+.0$



I1+/-2+$

•! "4)-D&46%5#

–! B/--$,.4>/210$3,,1++$:*27$+,3-*5;$.9$'&X'$

–! Y*5*43-$713?$1P,/0+*.5$K413+/01?$90.4$=>$.9$5.+1O$:3+$z$*5$-1ti

0*;72$35?$/>$35?$'ic$*5$?.:5#

•! O%+-6%5-53#

–! "/,,1++9/-$:*27$,3-*@03=.5$35?$/+1$01;30?-1++$.9$>.+*=.5$K:711-,73*0Z$

@1?Z$+/>*51Z$+*?1H-F*5;O$

•! "%;;(5-/46%5#G(5/6%5+#

–! 60*k15$,.44/5*,3=.5$270./;7./2$271$?3F$:715$.51H:3F$83-81$*5$

/+1$

–! J43*-$,.44/5*,3=.5$

–! E5210512$/+1$

–! B3,1H2.H93,1$,.44/5*,3=.5$32$5*;72$:715$.51H:3F$83-81$5.2$*5$/+1$



I1+/-2+$

•! F1*N(K[F*4b#8&4-5-53#

–!Q51$203*5*5;$+1++*.5$:*27$>3=152$35?$+23r$

–!S3=152$203*51?$3--$.2710$+23r$*5?1>15?152-F$

.5$+12H/>#

•! =(&46%5#%$#B+1#

–!J43*-i*5210512$%$7./0+i?3F$

–!B3,1H2.H93,1$,.44/5*,3=.5$cH'&$7./0+$*5$

1815*5;$35?$.810H5*;72$



Relative Head Tracking Technology 

•! %c$F130H.-?$9143-1$

•! `3+*-30$30210F$.,,-/+*.5$

•! E5,.4>-121$\E"$

•! #13?Y./+1$JP20141$@F$Q0*;*5$
E5+20/4152+$9.0$,.4>/210$
3,,1++$K7k>Xii.0*5A,.4i
*5?1PA724O$

–! J43*-$

–! E5210512$K@-.;;*5;O$

–! U1P2$41++3;*5;$:*27$*>*>*A,.4$
K3--.:+$7/+@35?$2.$-1381$
7./+1$35?$+23F$*5$2./,7$:*27$
>3=152$*9$35F$1410;15,*1+$
30*+1O$



Speech Recovery and AAC 

•! G35$@1$+-.:$35?$-.5;H2104$>0.,1++$

•! I1H183-/3=.5+$9.0$>.215=3-$9.0$+>11,7$01,.810F$.0$

+>11,7$*4>0.814152$*4>.02352$

•! "20321;*1+$35?$21,75*T/1+$

–! S0.+271=,$*5210815=.5$K53+3-$.@2/032.0Z$>3-323-$-*tO$

–! "/>>-141521?$">11,7$

•! !->73@12Z$2.>*,Z$12,A$



Supplemented Speech 
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B/2/01$)*01,=.5+$

•! !,,1++$.>=.5+$2732$,735;1$:*27$271$*5?*8*?/3-$

K9.0$27.+1$01,.810*5;$35?$9.0$27.+1$:*27$

?1;15103=81$,.5?*=.5+O$

–! JA;AZ$1F1$203,D*5;Z$713?$203,D*5;Z$,.4@*51?$/+1$.9$1F1$35?$

713?$

•! \.5;$2104$+>11,7$01,.810F$
–! S0.8*?*5;$.5;.*5;$+/>>.02$@1F.5?$203?*=.53-$27103>F$

+,71?/-1$$

–! )*+235,1$+/>>.02i4.5*2.0*5;$.9$01,.810F$

–! G.4>/210$+>11,7$>03,=,1$



"/>>.0=5;$G.44/5*,3=.5$9.0$S1.>-1$

:*27$!>73+*3$

{/-*3$YA$s*5;$

N5*810+*2F$.9$6*+,.5+*5H"21815+$S.*52$



)*+,-.+/01$"23214152$

•! 61$7381$271$9.--.:*5;$01-18352$<535,*3-$

01-3=.5+7*>$01-3=81$2.$271$,.52152$?1+,0*@1?$

*5$27*+$>01+1523=.5A$

–!B*535,*3-$C$!/27.0$35?$1?*2.0$.9$@..D+$0191015,1?$

*5$27*+$>01+1523=.5A$E$:*--$01,1*81$0.F3-2F$

>3F4152+$90.4$271+1$@..D+A$

–!L.5<535,*3-$C$L.$01-18352$5.5<535,*3-$

01-3=.5+7*>$1P*+2+A$$



G.44/5*,3=.5$"/>>.02$B0341:.0D$

•! U71$./2,.41$9.,/+$.9$27*+$90341:.0D$*+$.5$
+/>>.0=5;$,.44/5*,3=.5$35?$+/,,1++9/-$
>30=,*>3=.5$*5$?1+*01?$3,=8*=1+$32$3--$+23;1+$
.9$01,.810F$9.0$3,T/*01?$3>73+*3$35?$
?1;15103=.5$9.0$>0*430F$>0.;01++*81$3>73+*3$
KSS!OA$

•! U71$+>1,*<,$9.,/+$.9$271$*5210815=.5$*+$271$
,.44/5*,3=.5$*52103,=.5$032710$2735$
*5?*8*?/3-$+>11,7$35?i.0$-35;/3;1$+D*--+A$



G.44/5*,3=.5$"/>>.02$

•! )1<51?X$V35F27*5;$2732$+/>>-14152+$01+*?/3-$

-35;/3;1$2.$*4>0.81$3,,1++$2.$.0$>30=,*>3=.5$*5$

,.44/5*,3=.5$18152+$.0$3,=8*=1+$9.0$>1.>-1$

:*27$3>73+*3W$K"*44.5+HY3,D*1Z$s*5;Z$[$`1/D1-435Z$%&'%O$

•! "/>>.02+$*5,-/?1$35F$2..-Z$+20321;FZ$21,75*T/1$

35?i.0$27103>F$>0.,1?/01$2732$93,*-*2321+$

+/,,1++9/-$,.44/5*,3=.5A$
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Greig, Harper, Hirst, Howe, and Davidson (2008) 
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:7*,7$,.44/5*,3=.5$>302510+$7381$m.*52$

3,,1++$2.$2..-+$35?$+/>>.02$43210*3-+$2732$

>0.8*?1$>-3~.04+$9.0$*59.043=.5$

?*++14*53=.5$$



S/0>.+1$

•! U.$?12104*51$271$1r1,2$.5$271$,.52152$35?$

T/3-*2F$.9$,.44/5*,3=81$*52103,=.5+$:715$3$

>10+.5$:*27$3>73+*3$35?$/5934*-*30$>302510+$

/+1$-.:H21,7$h")+$2.$,01321$3$+7301?$

,.44/5*,3=.5$+>3,1$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$%&'&$



S30=,*>352+$

•! a'HF130H.-?$43-1$:*27$4.?10321$35.4*,$
3>73+*3$

–!)*o,/-=1+$*5$:.0?$<5?*5;Z$013?*5;$
,.4>01715+*.5Z$35?$:0*=5;$$

–!}$%$F130+$>.+2H+20.D1$

•! f$51/0.2F>*,3-$3?/-2$+>13D10+$+108*5;$3+$
,.44/5*,3=.5$>302510+$

–!I35;1?$*5$3;1$90.4$]]$2.$a%$F130+$K!$n$^cO$$

–!`12:115$'^$35?$%'$F130+$.9$1?/,3=.5$$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$%&'&$



JP>10*41523-$U3+D+$

•! J5;3;1?$*5$^Ab$4*5/21Z$'H.5H'$,.5810+3=.5+$
3@./2$I\’+$35=T/1$,30$*5$.51$.9$27011$
,.5?*=.5+X$
–!"7301?$h")+$C$@.27$>30=,*>352+$73?$3,,1++$2.$
-.:H21,7$h")+$*5$I\’+$,.44/5*,3=.5$@..D$

–!L.5H+7301?$h")+$C$.5-F$I\$73?$3,,1++$2.$7*+$-.:H
21,7$h")+$

–!L.$h")+$C$51*2710$>30=,*>352$73?$h")$3,,1++$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$%&'&$



L/4@10$.9$G.5810+3=.53-$U/05+$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$

%&'&$



L/4@10$.9$E5*=3=.5+$35?$

I1+>.5+1+$

$$$S10+.5$:*27$3>73+*3$$$$$$$$$$$$$$$$$G.44/5*,3=.5$S302510+$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$

%&'&$



G.52152$N5*2+$G.581F1?$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$

%&'&$



\*D102$",3-1$I1+>.5+1+$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$

%&'&$



`151<2+$.9$#38*5;$3$"7301?$

G.44/5*,3=.5$">3,1$

•! G735;1?$435510$35?$1P2152$2.$:7*,7$>1.>-1$
,.520*@/21?$2.$,.5810+3=.53-$*52103,=.5+$

•! "7*t1?$-13?10+7*>$@/0?15+$?/0*5;$,.5810+3=.53-$
*52103,=.5+$01;30?-1++$.9$:7.$73?$;013210$
D5.:-1?;1$.9$271$2.>*,$,.52152$

•! E5,013+1?$>0.?/,=.5$.9$/k1035,1+$35?$01-3F*5;$.9$
,.001,2$*59.043=.5$@F$271$>10+.5$:*27$3>73+*3$

•! E4>0.81?$>10,1>=.5+$01;30?*5;$,.44/5*,3=.5$
13+1$35?$+/,,1++$$

#/PZ$`/1,7210Z$63--3,1Z$[$61*++-*5;Z$

%&'&$



h*+/.;03>7*,$"/>>.02$9.0$I13?*5;$

@F$S1.>-1$:*27$L.5j/152$!>73+*3$

•! I3=.53-1X$$G.521P2/3--FH0*,7$>7.2.;03>7+$43F$
93,*-*2321$013?*5;$,.4>01715+*.5$.9$>1.>-1$
:*27$3>73+*3$@1,3/+1$

–!L.$+F4@.-*,$>0.,1++*5;$01T/*01?$

–!I1-*35,1$.5$>01+1081?$9/5,=.5+$
•! h*+/3-H+>3=3-$>0.,1++*5;$

•!6.0-?$D5.:-1?;1$

•! I1,.;5*=.5$414.0F$+D*--+$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$



S/0>.+1$

•! U.$?12104*51$:712710$>7.2.;03>7*,$

+/>>-141523=.5$*4>0.81+$271$013?*5;$

,.4>01715+*.5$3,,/03,F$.9$>1.>-1$:*27$

5.5j/152$3>73+*3$

–!U7011$,.5?*=.5+$

•! L.$8*+/3-$+/>>.02+$$

•! S7.2.;03>7+$.9$*+.-321?$.@m1,2+$35?$5.5H15;3;1?$

>1.>-1$

•! G.521P2/3--FH0*,7$>7.2.;03>7+$+7.:*5;$15;3;14152$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$



S30=,*>352+$

•! e$>1.>-1$:*27$`0.,3’+$3>73+*3$$

–!]$43-1+$35?$^$9143-1+$

–!%c$2.$ef$F130+$.9$3;1$K!$n$b%Aaed$"#$n$'bA%eO$

–!Y.01$2735$]$4.527+$>.+2H+20.D1$K!$%$^&d$$

"#$n$%'AbO$

–!&'()*$!>73+*3$q/.=152$+,.01+$035;1?$90.4$$

'fA%$2.$abAe$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$



JP>10*41523-$U3+D+$

•! "*-152-F$013?$]$+2.0*1+M.51$*5$13,7$
1P>10*41523-$,.5?*=.5$K*A1AZ$5.$+/>>.02Z$
*+.-321?i5.5H15;3;1?$>7.2.;03>7+Z$.0$
15;3;1?$>7.2.;03>7+O$

•! I1+>.5?$2.$f$4/-=>-1$,7.*,1$,.4>01715+*.5$
T/1+=.5+$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$



G.4>01715+*.5$!,,/03,F$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$

+$n$A&ac$



`151<2+$.9$S7.2.;03>7*,$

"/>>-141523=.5$

•! !2$-13+2$+.41$+/@;0./>+$.9$>1.>-1$:*27$3>73+*3$
?14.5+20321$*4>0.81?$013?*5;$,.4>01715+*.5$
3,,/03,F$;*815$,.521P2/3--FH0*,7$>7.2.;03>7+$
?1>*,=5;$15;3;14152$

)*12RZ$#/PZ$Y,s1-81FZ$`1/D1-435Z$[$61*+-*5;Z$

%&&f$$



!,D5.:-1?;14152+$

•! U71$I173@*-*23=.5$J5;*5110*5;$I1+130,7$

G15210$.5$G.44/5*,3=.5$J5735,14152$

K!!GHIJIGO$*+$9/5?1?$/5?10$;0352$

�#']]J&c&&''$90.4$271$L3=.53-$E5+=2/21$.5$

)*+3@*-*2F$35?$I173@*-*23=.5$I1+130,7$KLE)IIO$

*5$271$NA"A$)1>3024152$.9$J?/,3=.5Ä+$Qo,1$

.9$">1,*3-$J?/,3=.5$35?$I173@*-*23=81$

"108*,1+$KQ"JI"OA$


