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Figure 4. Three possible graphical representation of the 

Gazemark concept a) flag, b) spotlight, c) focus area with 

gradient filter. 

We demonstrated the three different visual options on an 8” 

screen to 6 participants (1 female, 5 male, aged 21 to 32 

mean = 24.3) and let them vote which one they preferred 

and indicate why they liked or didn’t like the 

representations. After calibrating the eye tracker to their 

eyes, they were presented with a map (as shown in figure 

4). The task was simply to mark positions on the screen by 

looking at the display, looking away and looking at the 

display again. After looking back at the display the previous 

gaze position was marked either by the flag (see figure 4a), 

the spotlight (see figure 4b) or the focus area with gradient 

filter (see figure 4c). Each type of visual Gazemark was 

presented six times.  

Afterwards they filled out a questionnaire. In the first 

question they were asked to express a preference for the 

three Gazemark options from 1 (preferred option) to 3 (least 

preferred option). The results are shown in table 1. 
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voted as 
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rd

 

average 

flag 1 1 4 2.5 

spotlight 2 4 0 1.7 

focus area  3 1 2 1.8 

Table 1. Results of users’ preferences to the three visual 

representation (1=preferred option to 3=least preferred 

option). The number of votes as well as the average value is 

presented. 

They were also asked if they liked the representation or not 

and to provide an explanation. The flag was liked by 2 

participants, but they didn’t specify why this was the case. 4 

people didn’t like the flag representation. The main reason 

given was that detecting the flag was difficult because it 

was too small and not easy to distinguish from the map 

background. 5 participants liked the spotlight because it 

provides a larger focus area and therefore it was easier to 

find and they found it more accurate. Another advantage 

mentioned for the spotlight, was that it doesn’t hide 

information, in contrast to the flag representation. One 

participant didn’t like the spotlight because for him it was 

too vague. The focus area with gradient filter option was 

liked by 4 subjects, because the focus was clear, the 

representation guides the gaze automatically to the last gaze 

point and the gradient filter avoids sharp edges in the 

representation. 2 participants didn’t like this representation 

because they found the grayed out areas more distracting 

and they were concerned that if the position indicated for 

the last gaze was not correct it would be much harder to 

find information in these dark areas.  

The results of this study indicated that just marking a single 

point using a flag was less acceptable to users because it is 

more difficult to find, especially when the background is 

colorful. Marking a region around the last gaze position 

seems to be more promising. The last gaze position is easier 

to find and the users perceive this technique to be more 

accurate; it is more robust against minor deviations caused 

by the eye tracker. Taking the disadvantages of the focus 

area with gradient filter into account we decided to select 

the spotlight representation in our prototype 

implementation. Nevertheless, the focus area with gradient 

filter might also be an option, especially after adjusting the 

filter so that the farthest points away from the focus point 

are not darker than in the spotlight example.  

Taking on board the concern that finding information in 

dark areas might be harder if the last gaze was not correct, 

we decided that the Gazemark should be only visible for 3 

seconds at most and should disappear directly after finding 

the last gaze position again. 

IMPLEMENTATION 

We implemented a prototype of the Gazemarks concept to 

research if it might help users to reorient faster on a screen 

after switching attention. We chose a setting for our lab 

 

Figure 5. Experimental setup. Participant performs search 

tasks on the 8” display. The 42” display is used for providing 

questions to distract participant’s attention away from the 

search task. 

Design  

A within-subjects design was employed, with each subject 

performing the task in both conditions (in counterbalanced 

order). First of all the eye tracker had to be calibrated to the 

users’ eyes. Afterwards participants were introduced to the 

visual search task. The goal of the search task was to find 

letters on a map shown on the small display (as shown in 

figure 4). The participant was initially told to find one of 

the letters, tell the experimenter upon finding the letter and 

then look away from the small display at the 42” display 

where two questions were shown, one after the other. After 

answering both questions, an arrow appeared indicating one 

of eight directions. The subject had to look back at the 

small display, find the same letter again and tell the 

experimenter which number is shown in the indicated 

direction. This procedure was then repeated for each of the 

six letters before switching to the other condition. The 

experimenter asked for the six letters in counterbalanced 

order. The questions displayed on the 42” screen were 

selected from an IQ questionnaire, and were designed to be 

sufficiently challenging to fully engage the participants’ 

attention. Examples of questions asked included “What 

number completes the following series? 5 15 12 4 12 9?” 

and “Which one of these five choices complete the best 

analogy? Finger is to Hand as Leaf is to: a) Twig, b) Tree c) 

Branch, d) Blossom, e) Bark”. At the end, participants were 

given a questionnaire and asked to rate aspects of the 

Gazemark concept. Further open-text explanations for their 

statements were collected (e.g., advantages and 

disadvantages of the concept), as well as demographic data. 

The duration of the experiment was dependent on how 

quickly participants answered the question. It took between 

10 and 20 minutes. 

As a dependent variable we assessed search time by 

measuring the time between looking back at the navigation 

display and finding the requested letter again. The 

measurement was generated automatically by starting a 

timer in our software after recognizing the first gaze at the 

8” screen and stopping this timer as soon as a gaze was 

inside the area, which would match the highlighted area 

around the last gaze position in the spotlight condition. If 

the participant was not able to find the letter in 3000ms this 

value was counted for the search time indicating that the 

participant was not able to find the letter in time. 

Participants 

16 participants took part in the study: 3 female and 13 male, 

aged 23 to 52 (mean = 28.44).  

RESULTS 

In the following we present and discuss the quantitative as 

well as the qualitative findings of our user study. 

Analysis of search times 

As the participants’ search time had a ceiling value of 3000 

ms, search times in the two conditions were compared with 

a non-parametric Wilcoxon signed-rank test. The median 

was used as a measure of central tendency; effect size is 

reported as Pearson’s r. 

As predicted, participants were found to be considerably 

faster in searching for letters on the map with Gazemarks 

(Mdn = 625.75 ms) than without (Mdn = 1999.50), T = 1, 

p<0.001, r = -0.87.  

Analysis of questionnaire results 

The questionnaires asked participants to report whether 

they liked the spotlight representation. 15 of the 16 subjects 

liked the representation, explaining that this was because 

“the target was faster to find” (6 people); “focus leads the 

attention to the essential” (3 people), “it helps to orientate” 

(3 people) and “it reduces mental workload” (1 person). 

Only 1 participant didn’t like the spotlight. He said that he 

didn’t notice it or just ignored it.  

In the next question participants were asked to score how 

helpful the presented system was, indicating their 

preference by crossing a line on a continuous Likert scale. 

The distance along the line was then measured and 

translated into a scale ranging from 0 (not at all helpful) to 

5 (very helpful). The results showed that they typically 

found the spotlight helpful or very helpful (mean value: 

4.09, standard deviation: 1.0). Only one participant rated 

helpfulness as less than 3.6 (0.65). The accuracy was 

addressed in the following question. Participants had to 

score on a scale from 0 (very inaccurate) to 5 (very 

accurate) how accurate the highlighted region corresponded 

to their last gaze position. The mean value was 3.24 with a 

standard deviation of 1.06. The accuracy depends highly on 

the eye tracker calibration and the movement the user 

carries out during the experiment, which can lead to 

inaccurate behavior of the system. This result also confirms 

our assumption that highlighting a region is more useful 



)%&,+4#'34'3$H+4'3>D+7$#'"#'F*"7+H3*6+4#'$3'N++F'4+:+:>+4'$H+%4'*"#$',"5+'F3#%$%3&'>+)34+'
*33N%&,'"K"9L'T%$H'$H+#+'F*"7+H3*6+4#'$H+9'7"&')"#$+4'4+#2:+'$H+'%&$+442F$+6'$"#N'")$+4'
*33N%&,'>"7N'"$'$H+'F"F+4L'=%4#H'_=%4#H'SeeRc'"&6'<%J'+$'"*L'_<%J'+$'"*L'SeeSc'F4+#+&$'
73&7+F$#'$H"$'H+*F'$3'#$427$24+'$H+'+&8%43&:+&$'$3'>+'">*+'$3'N++F'$4"7N'3)':2*$%F*+'
"7$%8%$%+#'38+4'6%))+4+&$'$%:+#7"*+#L'T%$H'2#%&,'#%:F*+'"%6#-'$H+'F437+##'3)'#K%$7H%&,'
"$$+&$%3&'>+$K++&'6%#F*"9#'7"&'>+'#%:F*%)%+6'"&6'#F+6'2FL'
/&'73&$4"#$-'%&'$H+'7"4'F*"7+H3*6+4#')34'$H+'*"#$',"5+'F3#%$%3&'3&'$H+'#74++&'"4+'&++6+6'$3'
#F++6'2F'$H+'$"#NI4+#2:%&,'$%:+L'A3K+8+4-'#74++&#'"4+'$9F%7"**9'F3#%$%3&+6'"$'"'6%#$"&7+'
)43:'$H+'2#+4'%&'"'*"&6#7"F+'34%+&$"$%3&L'/&'$H%#'73&$+J$-'K+'F4+6%7$'$H"$'F+3F*+'K%**'>+'
*+##'*%N+*9'$3'2#+'FH9#%7"*'F43F#'34'$H+%4'H"&6#'"#'F*"7+H3*6+4#L'U24$H+4:34+-'6%,%$"*'
8%#2"*'F*"7+H3*6+4#'*%N+'2#%&,'$H+'724#34')34':"4N%&,'"'*%&+'3&'$H+'#74++&'"4+'&3$'
73::3&'%&'"2$3:3$%8+'2#+4'%&$+4)"7+#L''
T+'F43F3#+'$H+'73&7+F$'3)'!"#$%"&'(-'"'&+K'+9+I$4"7N%&,'$+7H&%M2+'$H"$'"2$3:"$%7"**9'
F438%6+#'8%#2"*'F*"7+H3*6+4#'$3'$H+'2#+4'_=+4&'+$'"*L'SeRecL'CH+'>"#%7'%6+"'%#'$3':"N+'2#+'
3)'$H+'2#+4^#',"5+'>+H"8%34'$3'6+$+4:%&+'KH+4+'"'F*"7+H3*6+4'732*6'>+'>+&+)%7%"*L'
@"5+:"4N#'#2FF34$#'$H+'&++6')34'%&$+442F$">%*%$9'3)'$"#N#'$H"$'%#'#$4+##+6'>9'"2$3:3$%8+'
,2%6+*%&+#'_GGE-'V03(cQ'G'64%8+4'#H32*6'"*K"9#'>+'">*+'$3'%&$+442F$'"&6'$3'73&$%&2+'"'
$"#N'KH+&+8+4'H+'K"&$#'$3L'A+'#H32*6'&+8+4'>+')347+6'$3'73:F*+$+'$"#NL'f&+',2%6+*%&+'
+8+&'#2,,+#$#'$H"$'")$+4'S'#+73&6#'$H+'64%8+4'#H32*6'4+6%4+7$'H%#'8%+K'$3'$H+'43"6'_GGEcL'
/&'"'2#+4'#$269'O6+#74%>+6'*"$+4P'K+')32&6'$H"$'4+#2:%&,'"'$"#N'O%&'324'7"#+')%&6%&,'"'
*37"$%3&'3&':"F'","%&P'")$+4'"&'%&$+442F$%3&'K%$H32$'"&9'F*"7+H3*6+4'73&#2:+#'"*:3#$'
$H+#+'$K3'#+73&6#'OE6&'R```Lbe:#PL''CH2#-'63%&,'"&9'"66%$%3&"*'$"#N'%:F*%+#'8%3*"$%&,'
$H+'gSI#+73&6#I42*+hL''
C3'38+473:+'$H%#'F43>*+:'K+'F43F3#+'$H+'@"5+:"4N#'73&7+F$L'@"5+%"&'()63&^$'4+M2%4+'
"7$%8+':"&%F2*"$%3&'"&6'7"&'$H+4+)34+'>+'73&$43**+6'%:F*%7%$*9'>9'$H+'64%8+4L'CH+'2#",+'
3)'"&'+9+'$4"7N+4'"**3K#'2#'$3'%:F*+:+&$'"'#9#$+:'$H"$'4+:+:>+4#'$H+'*"#$',"5+'F3#%$%3&'
3&'"'#74++&'")$+4'8%#2"*'"$$+&$%3&'H"#'>++&'#K%$7H+6'"K"9L';F3&'#K%$7H%&,'"$$+&$%3&'
>"7N'$3'$H+'#74++&-'$H+'#9#$+:'H%,H*%,H$#'$H+'*"#$',"5+'F3#%$%3&L''
C3'>+'">*+'$3'%:F*+:+&$'#27H'"'#9#$+:'%$'%#'%:F34$"&$'$3'73&#%6+4')%8+'+##+&$%"*'"#F+7$#'
$H"$'F*"9'"&'%:F34$"&$'43*+')34'$H+',"5+'F3#%$%3&Q'ORP'TH"$'%#'$H+'6+)%&%$%3&'3)'"',"5+'
)%J"$%3&i'OSP'A3K'*3&,'%#'$H+'*"#$'73&#7%32#',"5+')%J"$%3&i'OjP'A3K'7"&'#H3K%&,'"'8%#2"*'
F*"7+H3*6+4'>+'"83%6+6'")$+4'"'>*%&Ni'OkP'A3K'#H32*6'$H+'*"#$',"5+'F3#%$%3&'>+'
H%,H*%,H$+6i'ObP'TH+&'#H32*6'$H+'8%#2"*'F*"7+H3*6+4'6%#"FF+"4'","%&i''
'

ORP <+)%&%$%3&'3)',"5+')%J"$%3&Q'
CH+'H2:"&'+9+#'"4+'F+4:"&+&$*9'%&'"$'*+"#$'#*%,H$':3$%3&-'"&6'$H+4+)34+'"',"5+'7"&&3$'
>+'6+$+4:%&+6'"#'"')%J"$%3&'"$'"'#%&,*+'F%J+*'3&'"'#74++&L'/&#$+"6-'"',"5+'3&'"'#74++&'%#'
6+)%&+6'"#'"'#+$'3)',*"&7+#'"$'"'4+,%3&'K%$H'"'#F+7%)%7'4"6%2#'"432&6'$H+')%4#$',*"&7+L'CH"$'
:+"&#'$H+'&2:>+4'3)',*"&7+#'"$'$H%#'4+,%3&'%#'732&$+6'"&6'")$+4'4+"7H%&,'"'#+$'$H4+#H3*6'
$H+#+',*"&7+#'"4+'#"%6'$3')34:'"',"5+L'

*+, -"(.)/01(/203()4"#$)526".201)
CH+4+'"4+'$K3'6%))+4+&$'N%&6#'3)',"5+#Q'3&'$H+'3&+'H"&6-',"5+#'KH%7H'"4+'73&#7%32#*9'"$'"'
#F+7%)%7'*37"$%3&'"&6'3&'$H+'3$H+4-'2&73&#7%32#',"5+#'KH%7H'"4+'$33'#H34$')34'$H+'2#+4'$3'
4+"**9'4+73,&%5+'$H+'73&$+&$'"$'$H+'F3#%$%3&L'CH+'*"$$+4'N%&6'3)',"5+'37724#-')34'+J":F*+-'
KH+&'$H+'"$$+&$%3&'#K%$7H+#')43:'3&+'$"#N'$3'"&3$H+4'"&6'$H+'2#+4'*33N#'"K"9')43:'$H+'
6%#F*"9-'KH%7H'#H3K#'$H+'$"#N'H+'%#'7244+&$*9'K34N%&,'3&L'T+'F+4)34:+6'"'2#+4'#$269'
K%$H'Rj'F"4$%7%F"&$#-'"&6'K+')32&6'$H"$'$H+'*"#$'73&#7%32#',"5+'F3#%$%3&'H"#'$3'>+'
)372#+6'*3&,+4'$H"&'eLRj'#+73&6#L'E34+'%&)34:"$%3&'">32$'$H%#'#$269'7"&'>+')32&6'%&'
_=+4&'+$'"*L'SeRecL'

*7, 8921'214)



!*%&N%&,'%#'6+)%&+6'"#'$H+'4"F%6'7*3#%&,'"&6'3F+&%&,'3)'$H+'+9+*%6L'f&'"8+4",+-'"'>*%&N'
$"N+#'"FF43J%:"$+*9'eLj'$3'eLk'#+73&6#'_E3#+#'R`aRcL'A2:"&#'"4+'$9F%7"**9'2&"K"4+'3)'
$H+%4'3K&'>*%&N%&,'"&6'$H+4+)34+'%$'%#'&+7+##"49'$H"$'>*%&N#'"4+'%,&34+6'%&'$H+'@"5+:"4N#'
73&7+F$L'f$H+4K%#+-'")$+4'+"7H'>*%&N'$H+'*"#$',"5+'F3#%$%3&'K32*6'>+':"4N+6L'C3'"7H%+8+'
$H%#-'"'@"5+:"4N'%#'3&*9'#H3K&'K%$H'"'6+*"9'3)'eLl'#+73&6#'")$+4'$H+'*"#$',"5+'F3#%$%3&'
H"#'>++&'6+$+7$+6'3&'$H+'#74++&L'

*:, ;$<&$($1.".201)05).=$)>2(3"9)<9"/$=09?$&)
CH+4+'"4+':"&9'3F$%3&#'$3':"4N'$H+'*"#$',"5+'F3#%$%3&'3&'$H+'#74++&L'CH+'3F$%:"*'
4+F4+#+&$"$%3&'%#'F43>">*9'6+F+&6+&$'2F3&'$H+'$"#N'$H"$'$H+'2#+4'%#'F+4)34:%&,L'/&'"'
F%*3$'#$269'K%$H'l'F"4$%7%F"&$#'_=+4&'+$'"*L'SeRec'K+')32&6'$H"$')34'#+"47H%&,'3&'"&'
"4>%$4"49',4"FH%7"*'2#+4'%&$+4)"7+'O+L,L-'6%,%$"*':"FP':"4N%&,'$H+'4+,%3&'"432&6'$H+'*"#$'
,"5+'F3#%$%3&'#%:%*"4'$3'"'0F3$*%,H$'O#++'U%,24+'RP'%#'F43:%#%&,L'CH+4+)34+-'"'7%47*+'%#'
64"K&'"432&6'$H+'*"#$',"5+'F3#%$%3&'"&6'$H+'32$+4'"4+"'%#',4"9+6'32$L'CH+'*"#$',"5+'
F3#%$%3&'%#'+"#9'$3')%&6'"&6'$H+'2#+4#'F+47+%8+'$H%#'$+7H&%M2+'$3'>+'"7724"$+-'#%&7+'%$'%#'
43>2#$'","%&#$':%&34'6+8%"$%3&#'7"2#+6'>9'$H+'+9+'$4"7N+4L'T+'6+7%6+6'$3'#+*+7$'$H+'
#F3$*%,H$'4+F4+#+&$"$%3&'%&'324'F43$3$9F+'%:F*+:+&$"$%3&L'

ObP <%#"FF+"4%&,'3)'$H+'8%#2"*'F*"7+H3*6+4'
!"#+6'3&'73::+&$#'4+$4%+8+6'%&'324'F%*3$'#$269'K+'6+7%6+6'$H"$'$H+'8%#2"*'F*"7+H3*6+4'
#H32*6'>+'3&*9'8%#%>*+')34'j'#+73&6#'"$':3#$'"&6'#H32*6'6%#"FF+"4'6%4+7$*9'")$+4')%&6%&,'
"&6')%J"$%&,'$H+'*"#$',"5+'F3#%$%3&'","%&L'
'
T+'4"&'"'2#+4'#$269'K%$H'Rl'F"4$%7%F"&$#'$3'73:F"4+'$K3'73&6%$%3&#Q'"'73&$43*'73&6%$%3&'
3)'F+4)34:%&,'"'#+"47H'$"#N'3&'"'#74++&'K%$H32$'"&9'8%#2"*'F*"7+H3*6+4#'"&6'F+4)34:%&,'
"'#+"47H'$"#N'K%$H'!"#$%"&'(L'CH+'+JF+4%:+&$"*'#+$2F'%#'#H3K&'%&'U%,24+'SL'/&'$H%#'#$269'
K+'2#+6'&3'"7$2"*'64%8%&,'$"#NL'CH+'"$$+&$%3&'$3'$H+'43"6'K"#'#%:2*"$+6'>9'M2+#$%3&#'
F4+#+&$+6'3&'$H+'*"4,+'#74++&L'T+'"#N+6'F"4$%7%F"&$#'$3'F+4)34:'"&'"$$+&$%3&I#K%$7H%&,'
$"#N'K%$H'"'8%#2"*':"FI#+"47H%&,'$"#N'%:F*+:+&$+6'3&'$H+'#:"**'#74++&'"&6'$H+'$+J$2"*'
4+"#3&%&,'$"#N'F4+#+&$+6'3&'$H+'*"4,+'#74++&L'f&'$H+'#:"**'#74++&-'"':"F'K"#'#H3K&'
K%$H'#%J'*+$$+4#'4"&63:*9'F*"7+6'3&'$H+'#74++&L'G432&6'+"7H'*+$$+4-'+%,H$'&2:>+4#'K+4+'
+M2"**9'#F"7+6'%&'"'7%47*+'O#++'U%,24+'RPL'CK3'6%))+4+&$':"F#'K+4+'F4+F"4+6'$3'"##%,&'
$H+:'%&'732&$+4>"*"&7+6'346+4')34'$H+'$K3'73&6%$%3&#L'CH+'F"4$%7%F"&$'K"#'%&%$%"**9'$3*6'
$3')%&6'3&+'3)'$H+'*+$$+4#'3&'$H+'#:"**'#74++&'"&6'$+**'$H+'+JF+4%:+&$+4'2F3&')%&6%&,'$H+'
*+$$+4L'CH+'F"4$%7%F"&$'#H32*6'$H+&'6%4+7$'$H+'8%+K'$3'$H+'kSh'6%#F*"9'KH+4+'$K3'
M2+#$%3&#'K+4+'#H3K&-'3&+'")$+4'$H+'3$H+4L'G)$+4'"&#K+4%&,'>3$H'M2+#$%3&#-'"&'"443K'
"FF+"4+6'%&6%7"$%&,'3&+'3)'+%,H$'6%4+7$%3&#L'CH+'#2>D+7$'H"6'$3'*33N'>"7N'"$'$H+'#:"**'
6%#F*"9-')%&6'$H+'#":+'*+$$+4'","%&'"&6'$+**'$H+'+JF+4%:+&$+4'KH%7H'&2:>+4'%#'#H3K&'%&'
$H+'%&6%7"$+6'6%4+7$%3&L'CH%#'F437+624+'K"#'$H+&'4+F+"$+6')34'+"7H'3)'$H+'#%J'*+$$+4#'
>+)34+'#K%$7H%&,'$3'$H+'3$H+4'73&6%$%3&L'''
'
CH+'H9F3$H+#%#'$H"$'K+'$+#$+6'K"#'$H"$'2#+4#'K32*6'>+'">*+'$3'F+4)34:'"'#%:F*+'8%#2"*'
#+"47H'$"#N')"#$+4'KH+&'$H+'*"#$',"5+'F3#%$%3&'%#'H%,H*%,H$+6L'CH+'4+#2*$#'#H3K+6'"#'
F4+6%7$+6-'F"4$%7%F"&$#'K+4+')32&6'$3'>+'73&#%6+4">*9')"#$+4'%&'#+"47H%&,')34'*+$$+4#'3&'
$H+':"F'K%$H'@"5+:"4N#'OE6&mlSbLnb':#P'$H"&'K%$H32$'OE6&mR```Lbe':#P-'CmR-'
FoeLeeR-'4mIeLan'_=+4&'+$'"*L'SeRecL'CH%#'"**3K#'73&$%&2%&,'K%$H'"'$"#N'K%$H32$'>4+"N%&,'
$H+'SI#+73&6#I42*+L'/&'#2::"49-'$H+'@"5+:"4N#'73&7+F$'#H3K#'H%,H'F3$+&$%"*'$3'4+627+'
$H+'$%:+'&++6+6'$3'4+34%+&$'3&'"'#74++&'"&6'$H+4+)34+'4+627+'$H+'$%:+'*33N%&,'"K"9'
)43:'$H+'43"6L'



B/2")21$#0)GD);)6$51&+@*$%4)E1""-&'()H4""5)
f&+':"D34'M2+#$%3&'3)'"2$3:3$%8+'2#+4'%&$+4)"7+#'%#'$H+'*37"$%3&'3)'%&F2$'+*+:+&$#'
O4"&,%&,')43:'>2$$3&#'$3'%&$+4"7$%8+'#24)"7+#P'"&6'6%#F*"9#'"#'32$F2$'6+8%7+#L'
<+F+&6%&,'3&'$H+'F3#%$%3&-'$H+'+))34$'$3'*37"$+'"&'%&F2$'+*+:+&$'34'$3'6%4+7$'$H+'8%+K'$3'
$H+'#74++&'6%))+4#L'(3$+&$%"*'*37"$%3&#'K%$H'%&'64%8+4^#'4+"7H'"4+'$H+'6"#H>3"46-'$H+'
7+&$+4'#$"7N-'$H+'K%&6#74++&'OH+"6I2F'6%#F*"9P'"#'K+**'"#'$H+'#$++4%&,'KH++*'%$#+*)'_=+4&'
+$'"*L'See`cL'0%:%*"4*9-'$327H'%&$+4"7$%3&'7"&'$"N+'F*"7+'"$'6%))+4+&$'*37"$%3&#-'*%N+'$H+'
#$++4%&,'KH++*'_<3+4%&,'+$'"*L'SeRR-'@3&5"*+#'+$'"*L'Seen-'()*+,%&,'+$'"*L'SeRRc'"&6'$H+'
7+&$+4'73&#3*+L'TH%*+'$4"6%$%3&"*'73&$43*#'"4+':"%&*9'*37"$+6'"432&6'$H+'#$++4%&,'KH++*'
O7+&$+4'#$"7NP'"&6'3&'$H+'7+&$+4'#$"7N-'$H+'#$++4%&,'KH++*',"%&+6':34+'%:F34$"&7+'
K%$H%&'$H+'*"#$'732F*+'3)'9+"4#L'C36"9-'%$'%#':"%&*9'2#+6')34'"'732F*+'3)'>2$$3&#-'>2$'3)'
7324#+'$H+'F3$+&$%"*'&2:>+4'3)'>2$$3&#'3&'$H+'#$++4%&,'KH++*'%#'*%:%$+6'>9'$H+'#%5+'3)'$H+'
KH++*'%$#+*)L'/&'$H%#'#+7$%3&-'K+'$H+4+)34+'+JF*34+'F3##%>%*%$%+#-'H3K'$3'2#+'$H+'#$++4%&,'
KH++*'"#'"'$327HI+&">*+6'%&F2$'"&6'32$F2$'#F"7+L'
@"I1)7',$1)*')14")E1""-&'()H4""5)
/&'346+4'$3'2#+')+"$24+#'*%N+'&"8%,"$%3&'#+48%7+#-'K4%$%&,'$+J$':+##",+#-'*33N%&,'2F'
&":+#'%&'$H+'FH3&+>33N-'"&6'3$H+4'%&)3I'"&6'+&$+4$"%&:+&$')+"$24+#-'$+J$'%&F2$'%#'3&+'
:"D34'4+M2%4+:+&$L'G*$H32,H'$+J$'%&F2$'KH%*+'64%8%&,'%#'6%#7324",+6-'F+3F*+'2#+'$H+%4'
FH3&+#'$3'K4%$+':+##",+#'"&6'+&$+4'$H+%4'&"8%,"$%3&'6+#$%&"$%3&#'")$+4'$H+9'H"8+'#$"4$+6'
64%8%&,'_(4%8%*+,+/&#24"&7+'cL'p244+&$*9-'$+J$'%&F2$'%&'$H+'7"4'%#':"%&*9'63&+'>9'2#%&,'$H+'
)3**3K%&,'$+7H&3*3,%+#Q'ORP'$327HI>"#+6'6%4+7$'%&F2$'K%$H'3&I#74++&'N+9>3"46#-'OSP'
$"&,%>*+'73&$43*#'O%L+L-'$24&'"&6'F2#H'73&$43**+4#-'#*%6+4#-'>2$$3&#P'K%$H'"&'3&I#74++&'
N+9>3"46-'OjP'83%7+'4+73,&%$%3&-'34'OkP'H"&6K4%$%&,'4+73,&%$%3&'3&'$H+'7+&$+4'73&#3*+L'/&'
"'4+7+&$'#$269-'K+'*33N+6'"$'2#%&,'H"&6K4%$%&,'4+73,&%$%3&')34'$+J$'%&F2$L'T+'"664+##'
$H+')3**3K%&,'7+&$4"*'M2+#$%3&#'$H"$'"4%#+'KH+&'6+#%,&%&,'"'H"&6K4%$%&,'4+73,&%$%3&'
#9#$+:')34'2#+'KH%*+'64%8%&,Q'ORP'TH+4+'#H32*6'$H+'%&F2$'#24)"7+'>+'*37"$+6i'OSP'TH+4+'
#H32*6'$H+'8%#2"*')++6>"7N'>+'F4+#+&$+6i'OjP'A3K'63+#'$+J$'%&F2$'%:F"7$'64%8%&,'
>+H"8%34i'
V&7324",+6'>9'$H+'4+#2*$#'%&'_!24&+$$'+$'"*L'Seebc'KH%7H'#2,,+#$'$H"$'H"&6K4%$$+&'%&F2$'
%#')"#$+4'$H"&'%&$+4"7$%3&'K%$H'"&'3&I#74++&'N+9>3"46-'K+'6+#%,&+6'"'2#+4'#$269'$3'
+JF*34+'F3$+&$%"*'#+$2F#'%&'"'7"4'737NF%$L'U34'$H%#'#$269-'K+'74+"$+6')2&7$%3&"*'
F43$3$9F+#'$H"$'"**3K'$+J$'%&F2$'3&'$H+'#$++4%&,'KH++*'34'3&'$H+'7+&$4"*'73&#3*+'"&6'
F438%6+'8%#2"*'32$F2$'3&'$H+'#$++4%&,'KH++*-'$H+'6"#H>3"46-'34'$H+'7+&$4"*'73&#3*+L'T+'
73&627$+6'"'2#+4'#$269'$3'+JF*34+'$H+'%:F*%7"$%3&#'3)'$H+#+'73&6%$%3&#'"&6'%&'F"4$%72*"4'
$H+%4'%:F"7$'3&'64%8%&,'>+H"8%34L'
=++F%&,'!24&+$$'+$'"*L^#'_!24&+$$'+$'"*L'Seebc'73&7+4&#'4+,"46%&,'$+J$'%&F2$'3&'"'#$++4%&,'
KH++*'%&':%&6-'K+'&+8+4$H+*+##'6+7%6+6'$3'F%7N'2F'$H+%4'%6+"'3)'H"8%&,'"'$+J$'%&F2$'
%&$+4)"7+':32&$+6'3&'"'#$++4%&,'KH++*-'>+7"2#+'%$'%#'$H+':3#$'%&6+F+&6+&$'F3#%$%3&')34'
*+)$IH"&6+6'"&6'4%,H$IH"&6+6'64%8+4#'%&'>3$H'4%,H$IH"&6'"&6'*+)$IH"&6'64%8+'7"4#L'
Z3K"6"9#'%$'%#'8+49'73::3&'$3'H"8+'"':2*$%)2&7$%3&'73&$43**+4'N&3>'%&F2$'6+8%7+'%&'"'
7"4^#'7+&$+4'73&#3*+-'*%N+'!ET^#'%<4%8+'73&$43**+4'34'E+47+6+#'EE/'73&$43**+4L'/&'_@4")'
+$'"*L'Seeac'"#'K+**'"#'%&'#3:+'7244+&$'7"4#R-'$H+'7+&$+4'73&#3*+'H"#'"*4+"69'>++&'2#+6'
)34'H"&6K4%$%&,'4+73,&%$%3&')34'#+"47H'%&$+4)"7+#'%&'7"4#L'CH2#-'K+'6+7%6+6'$3'73:F"4+'
$H+'#$++4%&,'KH++*'$3'$H+'7+&$+4'73&#3*+'"#'$+J$'%&F2$'%&$+4)"7+#'2&6+4'6%))+4+&$')++6>"7N'
73&6%$%3&#'O)++6>"7N'3&'$H+'"7$%8+'%&F2$'%&$+4)"7+'8#L')++6>"7N'%&'$H+'6"#H>3"46'
6%#F*"9PL'!3$H'%&F2$'*37"$%3&#'K+4+'+"#%*9'4+"7H">*+')43:'$H+'64%8+4^#'#+"$L'T+'7H3#+'"'
K%$H%&I#2>D+7$'6+#%,&'K%$H'$K3'%&6+F+&6+&$'8"4%">*+#Q'$H+'F3#%$%3&'3)'$H+'%&F2$'#24)"7+'

''''''''''''''''''''''''''''''''''''''''''''''''''''''''
R'H$$FQqqKKKL"26%2#"L73:q2#q>4"&6q+&q:36+*#q"aq+JF*34+q"ad::%LH$:*'



"&6'$H+'F3#%$%3&'3)'$H+'8%#2"*')++6>"7NL'T+'+JF*34+6')324'6%))+4+&$'73&6%$%3&#'O%&F2$'
#24)"7+q8%#2"*')++6>"7NPQ'O"P'#$++4%&,'KH++*q#$++4%&,'KH++*'O#Kq#KP-'O>P'#$++4%&,'
KH++*q6"#H>3"46'O#Kq6>P-'O7P'7+&$4"*'73&#3*+q7+&$4"*'73&#3*+'O77q77P-'"&6'O6P'7+&$4"*'
73&#3*+q6"#H>3"46'O77q6>PL'CH+'4+#2*$#'3)'324'#$269'#H3K'$H"$'H"&6K4%$$+&'$+J$'%&F2$'
2#%&,')%&,+4#'3&'"'$327H#74++&':32&$+6'3&'$H+'#$++4%&,'KH++*'%#'K+**'"77+F$+6'>9'2#+4#'
"&6'*+"6#'$3'Sbr')+K+4'7344+7$%3&#'"&6'4+:"%&%&,'+4434#'73:F"4+6'$3'$+J$'%&F2$'%&'$H+'
7+&$+4'73&#3*+L'CH%#'#2,,+#$#'"'6+#%,&'KH+4+'$H+'%&F2$'#24)"7+'%#'3&'$H+'#$++4%&,'KH++*'
"&6'$H+'8%#2"*')++6>"7N'%#'F4+#+&$+6'%&'$H+'6"#H>3"46L'CH+'"68"&$",+'3)'$H%#'6+#%,&'%#'
$H"$'%$'732*6'#2%$'>3$H'*+)$I'"&6'4%,H$IH"&6+6'F+3F*+-'4+,"46*+##'3)'KH%7H'#%6+'$H+'
#$++4%&,'KH++*'%#L'G*$H32,H'$+J$'%&F2$'KH%*+'64%8%&,'K%**'%&+8%$">*9'%:F"7$'64%8%&,'
F+4)34:"&7+L'$H+'F+4)34:"&7+':+"#24+#')43:'324'64%8%&,'#%:2*"$34'#$269'#H3K'&3'
%&6%7"$%3&'$H"$'+&$+4%&,'$+J$'3&'$H+'#$++4%&,'KH++*'H%&6+4#'64%8+4#^'">%*%$%+#'%&'#$++4%&,L'

@*$%4)J"21$-"2)/2)/')7',$1)6*#/5&10)*')14")E1""-&'()H4""5)

':2*$%$327Hd#$++4%&,KH++*deRLDF,'
!"#$%&'F)'A0&'+":$/3.-%'+&.$,'"65/$1&+'.0&'9"%+.',%-.-.;,&'-9'3':$/."G.-$50'+.&&%"6#'H0&&/@'A0&'+.&&%"6#'H0&&/'
3//-H+':$/."G.-$50'#&+.$%3/'"6,$.'361'#%3,0"53/'-$.,$.'-6'.0&'H0-/&'+$%935&'-9'.0&'+.&&%"6#'H0&&/@'

E3#$'3)'$H+'*37"$%3&#'$3'%&F2$'6"$"'34'$3'#H3K'8%#2"*'32$F2$'%&'$H+'7"4'4+M2%4+'$H+'64%8+4'
$3':38+'H%#'H"&6#'"K"9')43:'$H+'#$++4%&,'KH++*'34'$3'*33N'"K"9')43:'$H+'43"6L'T+'
6+8+*3F+6'"'K34N%&,'F43$3$9F+'3)'"':2*$%I$327H'+&">*+6'#$++4%&,'KH++*'_<3+4%&,'+$'"*L'
SeRRc'$H"$'"**3K#':2*$%I$327H',+#$24"*'%&F2$'"#'K+**'"#',4"FH%7"*'32$F2$'3&'$H+'KH3*+'
#$++4%&,'KH++*'#24)"7+L'T+'%&$+,4"$+6'%$'%&$3'"'64%8%&,'#%:2*"$%3&'#+$2F'O#++'U%,24+'jPL'
T%$H'$H%#')%4#$'8+4#%3&'3)'$H+'F43$3$9F+-'K+'73&627$+6'$K3'2#+4'#$26%+#L'/&'$H+')%4#$'#$269-'
K+'6+8+*3F+6'"'2#+4I6+)%&+6'#$++4%&,'KH++*',+#$24+'#+$-'"&6'%&'$H+'#+73&6-'K+'"FF*%+6'
$H+'%6+&$%)%+6',+#$24+#'"&6'73:F"4+6'$H+%4'"FF*%7"$%3&'$3'73&8+&$%3&"*'2#+4'%&$+4"7$%3&'
K%$H'%&)3$"%&:+&$'#9#$+:#'%&'$+4:#'3)'8%#2"*'6%#$4"7$%3&L'/&'346+4'$3'%6+&$%)9'#2%$">*+'
,+#$24+'%&$+4"7$%3&#'K%$H'$H+'#$++4%&,'KH++*'"#'F"4$'3)'$H+')%4#$'#$269'K+'7H3#+'$K3'
+J+:F*"49'"FF*%7"$%3&#-'"':2#%7'F*"9+4'"&6'"'&"8%,"$%3&'#9#$+:-'"&6'F43F3#+6'Se'
"##37%"$+6'73::"&6#'O+L,L-'F*"9-'#$3F-'&+J$'#3&,s'533:':"F'%&-':38+':"F'*+)$P'$H"$'732*6'
>+'2#+)2*'$3'F+4)34:'6%4+7$*9'3&'$H+'#$++4%&,'KH++*L'CH+'#$269'6+#%,&')3**3K+6'$H+'
+JF*"&"$%3&'3)'T3>>437N'+$'"*L'3&'#$26%+#'3&'2#+4'6+)%&+6I,+#$24+'#+$#'_T3>>437N'
See`c-'%&'KH%7H'2#+4#'"4+'"#N+6'$3'73:+'2F'K%$H'"',+#$24+')34'"'7+4$"%&'73::"&6L'/&'324'
#+$2F-'$H+'2#+4#'H"6'$3'F+4)34:'$H+',+#$24+#'KH%*+'64%8%&,'%&'$H+'64%8%&,'#%:2*"$34L'/&'
$H%#'#+$$%&,-':"&9'F"4$%7%F"&$#'7H3#+'$3'2#+'3&*9'$H+'$H2:>#')34'%&$+4"7$%3&L'CH%#'
"**3K+6'$H+'64%8+4#'$3'*+"8+'$H+%4'H"&6#'"$'$H+'#$++4%&,'KH++*'KH%*+'%&$+4"7$%&,L'T+'
73**+7$+6'"'$3$"*'3)'Ske',+#$24+#'ORS'2#+4#'73&627$+6'Se',+#$24+#'+"7HP'"&6'%6+&$%)%+6'
$H+',+#$24+'K%$H'$H+'H%,H+#$'",4++:+&$')34'+"7H'73::"&6L'T+')32&6'$H"$'",4++:+&$'3&'
,+#$24+#'6%))+4+6-'6+F+&6%&,'3&'KH+$H+4',+#$24+#'732*6'>+'$4"&#)+44+6')43:'3$H+4'



6+8%7+#'O+L,L'533:%&,'"':"FP'34'H"6'$3'>+'%&8+&$+6'>9'$H+'2#+4#'O+L,L'#$3FF%&,'$H+':2#%7'
F*"9+4PL'CH+'4+#2*$%&,',+#$24+'#+$'73&$"%&+6'"'4"&,+'3)',+#$24+#'+:>4"7%&,'#9:>3*%7-'
FH9#%7"*-':+$"FH34%7"*'"&6'">#$4"7$',+#$24+#'O#++'U%,24+'k')34'$H+'%6+&$%)%+6',+#$24+'#+$'
)34':2#%7'F*"9+4'%&$+4"7$%3&PL'f8+4"**-'$H+'F"4$%7%F"&$#')+*$'73:)34$">*+'K%$H'F+4)34:%&,'
,+#$24"*'%&$+4"7$%3&#'3&'$H+'#$++4%&,'KH++*'KH%*+'64%8%&,L'/&'346+4'$3',"%&')24$H+4'
%&#%,H$#'%&$3'$H+'8%#2"*'6+:"&6'3)',+#$24"*'#$++4%&,'KH++*'%&$+4"7$%3&-'K+'73&627$+6'"'
#+73&6'#$269-'"66%&,'"&'+9+'$4"7N+4'$3'$H+'#+$2F'$H"$'7"F$24+6'$H+'64%8+4#t',*"&7+#'"$'$H+'
%&$+4)"7+L'/&'$H%#'#$269-'K+'73:F"4+6'$H+'%&$+4"7$%3&'K%$H'"'73&8+&$%3&"*'7+&$+4'#$"7N'
4"6%3'"&6'&"8%,"$%3&'#9#$+:'$3'$H+'%&$+4"7$%3&'K%$H'324'#$++4%&,'KH++*':2#%7'F*"9+4'"&6'
:"F'"FF*%7"$%3&L'T+'6+#%,&+6'"'K%$H%&I#2>D+7$'#$269'KH+4+'F"4$%7%F"&$#'H"6'$3'73&627$'
$K3'42&#'%&'+"7H'3)'$H+')324'73&6%$%3&#'Ou,+#$24+':2#%7'F*"9+4u-'u,+#$24+':"Fu-'u73&#3*+'
:2#%7'F*"9+4u-'"&6'u73&#3*+':"FuPL'Y+,"46%&,'8%#2"*'6+:"&6-'K+':+"#24+6'$H+'&2:>+4'
3)',*"&7+#'"$'$H+'%&$+4)"7+'"#'K+**'"#'$H+'$%:+'#F+&$'*33N%&,'"$'$H+'%&$+4)"7+'F+4'%&$+4)"7+'
73&6%$%3&L'f24'4+#2*$#'#H3K+6'$H"$'$H+'38+4"**'8%#2"*'6+:"&6')34',+#$24"*'%&$+4"7$%3&'3&'
$H+'#$++4%&,'KH++*'K"#':27H'*3K+4'$H"&'$H+'8%#2"*'6+:"&6')34'73&8+&$%3&"*'7+&$+4'
73&#3*+'6+8%7+#L'("4$%7%F"&$#'*33N+6'"$'$H+',+#$24"*'%&$+4)"7+'bar'$3'nnr'*+##'3)$+&'$H"&'
$H+9'*33N+6'"$'$H+'73&#3*+'"&6'#F+&$'3&'"8+4",+'b`r'$3'lnr'*+##'$%:+'*33N%&,'"$'$H+'
%&$+4)"7+'KH+&'2#%&,'$H+',+#$24"*'%&$+4)"7+'O6+F+&6%&,'3&'$H+'$"#NPL'CH+'4+#2*$#'3)'324'
#$26%+#'#2,,+#$'$H"$':2*$%I$327H'#$++4%&,'KH++*#'"4+'K+**'#2%$+6')34'64%8%&,'"#'2#+4#'
KH+4+'">*+'$3'4+:+:>+4'"&6'73&627$',+#$24+#'KH%*+'64%8%&,'"&6'$H"$'$H+9'H+*F'$3'
4+627+'8%#2"*'"$$+&$%3&L';#%&,'"':2*$%I$327H'#$++4%&,'KH++*-'$H+'64%8+4'7"&'%&$+4"7$'KH%*+'
#$%**'*+"8%&,'H+4'H"&6#'3&'$H+'#$++4%&,'KH++*L''

':2*$%$327Hd#$++4%&,KH++*debLF&,'
!"#$%&'D)'I$%'"1&6."9"&1'#&+.$%&'+&.'9-%':$+"5',/3;&%'"6.&%35."-6'-6'3':$/."G.-$50'+.&&%"6#'H0&&/@'

B*.:&'&'()E,""%4)/'#)@*$%4)J"21$-"2)*')14")E1""-&'()H4""5)1*)9/%&5&1/1")J"21$-")7',$1)
f&+'"#F+7$'K+'6%6'&3$')372#'3&'%&'$H+'+JF*"%&+6'#$26%+#'%#'$H+'#7"*">%*%$9'3)'73::"&6'
#+$#L'f24',+#$24+'#+$'K34N+6'K+**')34'$H+'#+$'3)'73::"&6#'K+'F43F3#+6-'>2$'"#'$H+'
&2:>+4'3)'%&)3$"%&:+&$'#9#$+:#'"&6'73:)34$')2&7$%3&#'%&'7"4#'%&74+"#+-'K+'"*#3'&++6'$3'
"664+##'*"4,+4'73::"&6'#+$#L'Z+8+4$H+*+##-'$H+':+:34">%*%$9'3)'*"4,+4',+#$24+'#+$#'%#'
6%))%72*$'"&6'$H+'6+#%,&'3)'%&$2%$%8+'"&6'#%:F*+',+#$24+#'K32*6'*+"6'$3'73&)*%7$#'34'$H+'
&++6')34':36+#L'CH%#'7H"**+&,+'7"&'>+'"664+##+6'>9'73:>%&%&,'6%))+4+&$':36"*%$%+#'$3'
+J$+&6'$H+'%&$+4"7$%3&'#F"7+L'0F++7H'%&F2$')34'+J":F*+-'%#'3&+'F3$+&$%"*'+JF4+##%8+'
7"&6%6"$+-'KH%7H'%#'"*4+"69'%&$+,4"$+6'%&$3'#+8+4"*'7"4#'>2$'#+*63:*9'2#+6'62+'$3'"'
H%,H+4'*+"4&%&,'7248+'3)'4+:+:>+4%&,'"8"%*">*+'73::"&6#'_(%7N+4%&,'+$'"*L'SeencL'/&'
346+4'$3')"7%*%$"$+'#F++7H'%&F2$'"&6'$3'+J$+&6'O$327HP',+#$24+'%&$+4"7$%3&-'K+'73&627$+6'
"'#$269'_()*+,%&,'+$'"*L'SeRRc'KH+4+'F"4$%7%F"&$#'732*6'ORP'"664+##'8%#%>*+'%&$+4"7$%3&'
3>D+7$#'>9'#"9%&,'$H+%4'&":+q6+#74%F$%3&'O+L,L-'g*+)$'+J$+4&"*':%4434hP'"&6'OSP'%&$+4"7$'
2#%&,'"'#2%$">*+',+#$24+'3&'$H+':2*$%I$327H'#$++4%&,'KH++*L'T+'7H3#+'"'#7+&"4%3'3)'
73&$43**%&,'Sl'#+73&6"49'"&6'$+4$%"49')2&7$%3&#'%&'"'7"4'O%L+L-'#")+$9'"&6'73:)34$'



)2&7$%3&#PL'G**'#+*+7$+6')2&7$%3&#'K+4+'#%:F*+'3&+I#$+F')2&7$%3&#-':"FF%&,'"'#%&,*+'
73::"&6'3&$3'"'#%&,*+'%&$+4"7$%3&'3>D+7$L'CH+'#+*+7$%3&'3)'$"#N#'"*#3'73&7+&$4"$+6'
"432&6'K+**IN&3K')2&7$%3&#'$H"$'#H32*6'>+'73::3&')34'$H+'"8+4",+'64%8+4'"#'K+**'"#'
$H+9'#H32*6'#3:+H3K'>+'8%#%>*+'$3'$H+'64%8+4L'/&$+4+#$%&,*9-')34'alLnr'3)'"**'+J+72$+6'
$"#N#-'$H+'#+$'3)'2#+4I6+)%&+6',+#$24+#'K"#'8+49'#%:%*"4'"&6'732*6'>+'4+627+6'$3'
6%4+7$%3&"*'$327H',+#$24+#'O:38%&,'"')%&,+4'2Fq*+)$q4%,H$q63K&-'#++'U%,24+'lPL'G$'$H+'
#":+'$%:+-'4+:+:>+4%&,'$H+'#F++7H'73::"&6#'OD2#$'#"9%&,'$H+'&":+'3)'$H+'%&$+4"7$%3&'
3>D+7$P'%#'+"#9'%&':"&9'7"#+#'"#'$H+'3>D+7$#'"4+'%&'$H+'64%8+4^#')%+*6'3)'8%+KL';#%&,'
6%4+7$%3&"*',+#$24+#'*%N+':38%&,'"')%&,+4'2Fq63K&'$3'7*3#+q3F+&'"'K%&63K'"*#3'"**3K#'
"&'+"#9'2&63'3)'"&'"7$%3&'"#'$H+')%&,+4'D2#$'H"#'$3'>+':38+6'$3'$H+'3$H+4'6%4+7$%3&'$3'
4+8+4$'$H+'"7$%3&'D2#$'63&+L'T+'73&627$+6'"'#%:2*"$34'#$269'K%$H'Rl'F"4$%7%F"&$#'
73:F"4%&,'$H+'F43F3#+6':2*$%I:36"*'"FF43"7H'"&6'"'#+$2F'2#%&,'$4"6%$%3&"*'73&$43*#L'
CH+'4+#2*$#'#H3K'$H"$'$H+':+"&'6%#$"&7+'$3'>"#+*%&+':+"#24+6'624%&,'"&']pC'$+#$'
_E"$$+#'Seejc'K"#'#*%,H$*9'>2$'&3$'#%,&%)%7"&$*9'H%,H+4L'G'<G]/'M2+#$%3&&"%4+'4+8+"*+6'
$H"$'$H+'64%8+4#'F+47+%8+'"'*3K+4'8%#2"*'6+:"&6'KH+&'2#%&,'$H+':2*$%:36"*'%&$+4)"7+L'G'
&+J$'#$+F'K%**'>+'$3'+8"*2"$+'64%8%&,'F+4)34:"&7+'"&6',"5+'>+H"8%34'%&'6+$"%*L'
G66%$%3&"**9-'K+'F*"&'$3'%&8+#$%,"$+'%)'"66%$%3&"*':36"*%$%+#'7"&')"7%*%$"$+'$H%#'"FF43"7H'
+8+&':34+L'f&+'%6+"'%#'$3'2#+'>369'F3#$24+'+#$%:"$%3&'O+L,L-'H+"6'F3#$24+P'%&'346+4'$3'
6+$+7$'$3K"46#'KH%7H'$H+'3>D+7$#'$H+'64%8+4^#'73::"&6#'"4+'"%:+6'"$L'

'#F++7Hd,+#$24+#d#+$2FLDF,'
!"#$%&'J)'*'+&5-61',%-.-.;,&'-9'3':$/."G.-$50'&63B/&1'+.&&%"6#'H0&&/'H3+'$+&1'.-'.&+.'.0&':$/.":-13/'
5-:B"63."-6'-9'#&+.$%&+'361'+,&&50@'

',+#$24+LDF,'
!"#$%&'K)'L0&6'5-:B"6"6#'+,&&50'361'.-$50'#&+.$%&+M'.0&'5-:,/&N".;'-9':36;'.-$50'#&+.$%&+'"+'%&1$5&1'.-'
1"%&5."-63/'9"6#&%':-2&:&6.+'-6'.0&'+5%&&6@'

B*'%5$2&*')A)9$1$-")F*-3)
]"$+#$')%,24+#'_;0'C4"))%7'SeRec'#H3K'$H"$'$H+'F+47+&$",+'3)'"77%6+&$#'7"2#+6'>9'
6%#$4"7$+6'64%8+4#'%&74+"#+6'>+$K++&'Seee'ORerP'"&6'See`'ORlrPL'G#'%&$+4"7$%8+'
#9#$+:#'%&'$H+'7"4'"4+'3&+'3)'$H+'F3$+&$%"*'4+"#3&#')34'64%8+4'6%#$4"7$%3&-'%$'%#'K34$H'



)%&6%&,'#3*2$%3&#'$H"$'4+627+'6%#$4"7$%3&'KH%*+'2#%&,'"2$3:3$%8+'2#+4'%&$+4)"7+#L'/&'
346+4'$3'N++F'$H+'"68"&$",+#'3)'7244+&$'%&$+4)"7+#'"$'$H+'#":+'$%:+-'K+'F4+#+&$+6'$K3'
$+7H&3*3,%+#'%&'$H%#'F"F+4'$H"$':%,H$'H+*F'$3'4+627+'64%8+4'6%#$4"7$%3&L'!9'2#%&,'+9+'
$4"7N%&,-'324'@"5+:"4N#'73&7+F$'"**3K#'$3'H%,H*%,H$'$H+'*"#$'73&#7%32#',"5+'F3#%$%3&'3&'"'
#74++&L'CH2#-'$H+'$%:+'$3'4+I34%+&$'3&+^#'8%+K'$3'"'#74++&'7"&'>+'4+627+6'KH%7H'%&'$24&'
7"&'4+627+'$H+'$%:+'>+)34+'$H+'64%8+4':38+#'H%#'8%+K'$3'$H+'43"6'","%&L'!9'2#%&,'"':2*$%I
$327H'#$++4%&,'KH++*-'K+'#++'$H"$'$+J$'+&$49'7"&'>+'%:F438+6'73:F"4+6'$3'$+J$I+&$49'3&'
$H+'7+&$+4'73&#3*+L'0%:%*"4*9-'+J+72$%&,',+#$24+#'3&'"':2*$%I$327H'#$++4%&,'KH++*'H+*F#'
$3'4+627+'$H+'8%#2"*'6+:"&6'3)'$H+'64%8+4'73:F"4+6'$3'$4"6%$%3&"*'73&$43*#L'CH+'&2:>+4'
3)'"8"%*">*+'73::"&6#'"*#3'73&$43*#'$H+'73:F*+J%$9'3)',+#$24+#L';#%&,'"&'"66%$%3&"*'
:36"*%$9'*%N+'#F++7H'%&F2$-'$H+'73:F*+J%$9'3)'$H+#+',+#$24+#'7"&'>+'4+627+6'"#'#H3K&'%&'
324':2*$%:36"*'F43$3$9F+L'G*#3-'$H+'8%#2"*'6+:"&6'%#'4+F34$+6'$3'>+'*3K+4L'
/&')2$24+'K34N-'K+'K32*6'*%N+'$3'#++'H3K'$H+'73:>%&"$%3&'3)',+#$24+#'"&6'#F++7H'7"&'>+'
+J$+&6+6'$3'73&$43*'">#$4"7$'3>D+7$#-'*%N+-'+L,L-'4"6%3'#$"$%3&'34'83*2:+L'G66%$%3&"**9-'K+'
K32*6'*%N+'$3'%&8+#$%,"$+'H3K'"66%$%3&"*':36"*%$%+#':%,H$'+8+&'"**3K'+"#%&,'$H+'
%&$+4"7$%3&'F437+##')24$H+4L'
'
'

!">"-"'%"2)
_GGEc'G**%"&7+'3)'G2$3:3>%*+'E"&2)"7$24+4#L'GGEQ'0$"$+:+&$'3)'(4%&7%F*+#-'p4%$+4%"'"&6'
.+4%)%7"$%3&'(437+624+#'3&'<4%8+4'/&$+4"7$%3&#'K%$H'G68"&7+6'%&I.+H%7*+'/&)34:"$%3&'
"&6'p3::2&%7"$%3&'09#$+:#L'G**%"&7+'3)'G2$3:3>%*+'E"&2)"7$24+4#Q'T"#H%&,$3&-'<LpL'
OSeelPL'H$$FQqqKKKL2:%7HL+62qv64%8%&,q6372:+&$#q<UI'CrSeK%$HrSeSeelrSeI
;F6"$+#IF43$L637L'
'
_!24&+$$'+$'"*L'Seebc'!24&+$$-'@LVL-']3:"#-'0L-'E"#3&-'!L-'(34$+4-'WLEL-'02::+4#N%**-'0LWL-'
T4%$%&,'"&6'64%8%&,Q'G&'"##+##:+&$'3)'H"&6K4%$%&,'4+73,&%$%3&'"#'"':+"&#'3)'
"*FH"&2:+4%7'6"$"'+&$49'%&'"'64%8%&,'73&$+J$L'G68"&7+#'%&'C4"&#F34$"$%3&'0$26%+#-'SeebL'
'
_V03(c'p3::%#%3&'3)'$H+'V243F+"&'p3::2&%$%+#Q'p3::%##%3&'Y+73::+&6"$%3&'3&'0")+'
"&6'V))%7%+&$'%&I.+H%7*+'/&)34:"$%3&'"&6'p3::2&%7"$%3&'09#$+:#Q';F6"$+'3)'$H+'
V243F+"&'0$"$+:+&$'3)'(4%&7%F*+#'3&'A2:"&'E"7H%&+'/&$+4)"7+L'!42+##+*#-'!+*,%2:Q'
V243F+"&';&%3&L'OSeenPL'
H$$FQqqKKKL2:%7HL+62qv64%8%&,q6372:+&$#qV;d,2%6+*%&+#dSeenLF6)L'
'
_<3+4%&,'+$'"*L'SeRRc'C"&D"'<B4%&,-'<",:"4'=+4&-'("2*'E"4#H"**-'E"J'()+%))+4-'W3H"&&+#'
07HB&%&,-'.3*N+4'@42H&-'"&6'G*>4+7H$'07H:%6$L'SeRRL'@+#$24"*'%&$+4"7$%3&'3&'$H+'
#$++4%&,'KH++*Q'4+627%&,'$H+'8%#2"*'6+:"&6L'/&'(437++6%&,#'3)'$H+'SeRR'"&&2"*'
73&)+4+&7+'3&'A2:"&')"7$34#'%&'73:F2$%&,'#9#$+:#'OpA/'tRRPL'GpE-'Z+K'w34N-'Zw-';0G-'
kajIk`SL'<f/mReLRRkbqR`na`kSLR`n`eRe'
H$$FQqq63%L"7:L34,qReLRRkbqR`na`kSLR`n`eRe'
'
_<%J'+$'"*L'SeeSc'GL'<%Js'<L'Y":62&9IV**%#s'WL'T%*N%&#3&Q'C4%,,+4'G&"*9#%#Q';&6+4#$"&6%&,'
!43N+&'C"#N#L'/&Q'<L'<%"F+4s'GL'0$"&$3&'O+6#PQ'@=$)A"1?B00')05)@"(')C1"9D(2()50&)A3%"1E
F0%<3.$&)G1.$&"/.201H)]"K4+&7+'V4*>"2:'G##37%"$+#-']3&63&L'OSeeSPL'
'
_@+%#+4'R`abc'G. Geiser. Man Machine Interaction in Vehicles. ATZ, 87:74–77, 1985  

'



'_@3&5"*+#'+$'"*L'Seenc'/L'VL'@3&5x*+5-'WL'fL'T3>>437N-'<L'AL'pH"2-'GL'U"2*4%&,-'"&6'!L'GL'
E9+4#L'V9+#'3&'$H+'43"6-'H"&6#'3&'$H+'KH++*Q'$H2:>I>"#+6'%&$+4"7$%3&'$+7H&%M2+#')34'
%&F2$'3&'#$++4%&,'KH++*#L'/&'I&0/$$?214()05)!&"<=2/()G1.$&5"/$)+JJK'O@/'tenPL'GpE-'Z+K'
w34N-'Zw-';0G-'`bIReSL'<f/mReLRRkbqRSlabRnLRSlabjb'
H$$FQqq63%L"7:L34,qReLRRkbqRSlabRnLRSlabjb''
'
0$+)"&'@4")-'T3*),"&,'0F%+##*-'G*>4+7H$'07H:%6$-'G&&+N+'T%&$+4-'"&6'@+4H"46'Y%,3**L'
SeeaL'/&I7"4'%&$+4"7$%3&'2#%&,'#+"47HI>"#+6'2#+4'%&$+4)"7+#L'/&'I&0/$$?214()05).=$).L$1.DE
(26.=)"113"9)MG!FAG)/015$&$1/$)01)A3%"1)5"/.0&()21)/0%<3.214)(D(.$%('OpA/'teaPL'GpE-'
Z+K'w34N-'Zw-';0G-'RlabIRlaaL'<f/mReLRRkbqRjbnebkLRjbnjRn'
H$$FQqq63%L"7:L34,qReLRRkbqRjbnebkLRjbnjRn'
'
_=+4&'+$'"*L'See`c'<",:"4'=+4&'"&6'G*>4+7H$'07H:%6$L'See`L'<+#%,&'#F"7+')34'64%8+4I
>"#+6'"2$3:3$%8+'2#+4'%&$+4)"7+#L'/&'I&0/$$?214()05).=$)N(.)G1.$&1".201"9)F015$&$1/$)01)
C3.0%0.2>$)O($&)G1.$&5"/$()"1?)G1.$&"/.2>$)P$=2/39"&)C<<92/".201('OG2$3:3$%8+;/'te`PL'
GpE-'Z+K'w34N-'Zw-';0G-'jIReL'<f/mReLRRkbqRlSebe`LRlSebRR'
H$$FQqq63%L"7:L34,qReLRRkbqRlSebe`LRlSebRRL'
'
_=+4&'+$'"*L'SeRec'<",:"4'=+4&-'("2*'E"4#H"**-'"&6'G*>4+7H$'07H:%6$L'SeReL'@"5+:"4N#Q'
,"5+I>"#+6'8%#2"*'F*"7+H3*6+4#'$3'+"#+'"$$+&$%3&'#K%$7H%&,L'/&'I&0/$$?214()05).=$)+Q.=)
21.$&1".201"9)/015$&$1/$)01)A3%"1)5"/.0&()21)/0%<3.214)(D(.$%('OpA/'tRePL'GpE-'Z+K'
w34N-'Zw-';0G-'Se`jISReSL'<f/mReLRRkbqRnbjjSlLRnbjlkl'
H$$FQqq63%L"7:L34,qReLRRkbqRnbjjSlLRnbjlkl'
'
'_=%4#H'SeeRc'<L'=%4#HQ'CH+'p3&$+J$'3)'T34NL'/&Q'A3%"1EF0%<3.$&)G1.$&"/.201RS).3*L'Rl-'
Z3L'S'OSeeRP-'jebIjSSL'
'
_E"$$+#'Seejc'0L'E"$$+#L'CH+']"&+IpH"&,+IC"#N'"#'"'C33*')34'<4%8+4'<%#$4"7$%3&'
V8"*2"$%3&L'/&Q'0$4"##+4-'ALs'=*2$H-'=Ls'Y"2#7H-'ALs'!2>>-'AL'OV6#LPQ'y2"*%$9'3)'T34N'"&6'
(43627$#'%&'V&$+4F4%#+#'3)'$H+'U2$24+L'0$2$$,"4$Q'+4,3&3:%"'.+4*",-'bnIleL'
'
_E3#+#'R`aRc'E3#+#'YGL'%&'G6*+4t#'(H9#%3*3,9'3)'$H+'+9+'7*%&%7"*'"FF*%7"$%3&-'Y3>+4$'GL'
E3#+#L-'V6L'OE3#>9-'R`aRP-'7H"FL'R-'FFL'RIRbL'
'
_()*+,%&,'+$'"*L'SeRRc'()*+,%&,-'!"#$%"&s'<B4%&,-'C"&D"s'=%+&"#$-'E%7H"+*s'07H:%6$-'
G*>4+7H$Q'0F++CQ'G'E2*$%:36"*'/&$+4"7$%3&'0$9*+'p3:>%&%&,'0F++7H'"&6'C327H'
/&$+4"7$%3&'%&'G2$3:3$%8+'V&8%43&:+&$#L'/&Q'C?T31/.)I&0/$$?214()05).=$)7&?)G1.$&1".201"9)
F015$&$1/$)01)C3.0%0.2>$)O($&)G1.$&5"/$()"1?)G1.$&"/.2>$)P$=2/39"&)C<<92/".201()
*G2$3:3$%8+;/^RRPL'SeRRL'
H$$FQqqKKKL"2$3I2%L34,qRRq637#qG;/SeRRd"6D2&7$F437++6%&,#LF6)'
'
_(%7N+4%&,'+$'"*L'Seenc'pL'(%7N+4%&,-'=L'!24&H":-'"&6'EL'Y%7H"46#3&L'G'4+8%+K'3)'
"2$3:3$%8+'H2:"&':"7H%&+'%&$+4)"7+'$+7H&3*3,%+#'"&6'$+7H&%M2+#'$3'4+627+'64%8+4'
6%#$4"7$%3&L'/&'S&6'/VC'p3&)L'3&'09#$+:'0")+$9-'FFL'SSj'1SSa-'SeenL''
'
'_(4%8%*+,+/&#24"&7+c'(4%8%*+,+'/&#24"&7+L';&#")+'2#+'3)'&"8%,"$%3&'+M2%F:+&$L'
H$$FQqqKKKLF4%8%*+,+L73:q">32$2#q;&#")+2#+&"8%,"$%3&LH$:'
'
_;0'C4"))%7'SeRec';L0L'Z"$%3&"*'A%,HK"9'C4"))%7'0")+$9'G6:%&%#$4"$%3&Q'<%#$4"7$+6'
<4%8%&,'See`'q';L0L'Z"$%3&"*'A%,HK"9'C4"))%7'0")+$9'G6:%&%#$4"$%3&L'SeReL'



'
_T3>>437N'+$'"*L'See`c'T3>>437N-'WL'fL-'E344%#-'EL'YL-'"&6'T%*#3&-'GL'<L'See`L';#+4I
6+)%&+6',+#$24+#')34'#24)"7+'73:F2$%&,L'/&'(437L'3)'pA/'te`L'GpE-'ReajIRe`S-'See`L'
'
'

;:*$1)14");$14*-2)

K/21&/')L>5"(&'()
!"#$%"&'()*+,%&,'%#'"'4+#+"47H'"##%#$"&$'"$'$H+'A2:"&Ip3:F2$+4'/&$+4"7$%3&'@432F'3)'$H+'
/&#$%$2$+')34'.%#2"*%5"$%3&'"&6'/&$+4"7$%8+'09#$+:#'O./0P'"$'$H+';&%8+4#%$9'3)'0$2$$,"4$-'
@+4:"&9L'A%#',+&+4"*'4+#+"47H'%&$+4+#$#'"4+':2*$%I:36"*'"&6'&"$24"*'2#+4'%&$+4)"7+#L'/&'
F"4$%72*"4-'H+'%#'%&$+4+#$+6'%&'H2:"&II 73:F2$+4'%&$+4"7$%3&'%&'$H+'"2$3:3$%8+'73&$+J$L'
A+'4+7+%8+6'"'E07'%&'p3:F2$+4'07%+&7+'O<%F*3:"P')43:'C;'<34$:2&6-'@+4:"&9'
OH$$FQqqKKKL$2I634$:2&6L6+PL'U43:'See`'$3'SeRR'H+'K"#'K34N%&,'"#'"'4+#+"47H'
"##%#$"&$'"$'$H+'(+48"#%8+'p3:F2$%&,'"&6';#+4'/&$+4)"7+'V&,%&++4%&,'@432F'
OH$$FQqqKKKLF+48"#%8+LK%K%L2&%I62+L6+q+&qP'"$'$H+';&%8+4#%$9'3)'<2%#>24,II V##+&-'
@+4:"&9'OH$$FQqqKKKL2&%I62+L6+PL'U43:'SeRe'$3'SeRR'H+'K"#'8%#%$%&,'$H+'!ET'
C+7H&3*3,9'f))%7+'%&'("*3'G*$3'q'E32&$"%&'.%+K-'pG-';0G'OH$$FQqqKKKL>:K,432FL73:PL'
A+'%#'"':+:>+4'3)'GpE-'@/'"&6'.</L'
'
p3&$"7$'%&)34:"$%3&Q'
<%F*LI/&)L'!"#$%"&'()*+,%&,'
A2:"&'p3:F2$+4'/&$+4"7$%3&'@432F'OEp/P'
/&#$%$2$+')34'.%#2"*%5"$%3&'"&6'/&$+4"7$%8+'09#$+:#'O./0P'
0$2$$,"4$'Y+#+"47H'p+&$4+')34'0%:2*"$%3&'C+7H&3*3,9'O0Yp'0%:C+7HP'
;&%8+4#%$9'3)'0$2$$,"4$'
()"))+&K"*64%&,'b"'
nebl`'0$2$$,"4$'
@+4:"&9'
(H3&+Q'zk`'OeP'nRR'labIleel`'
U"JQ'zk`'OeP'nRR'lab beel`'
V E"%*Q'>"#$%"&LF)*+,%&,{8%#L2&%I#$2$$,"4$L6+'
H$$FQqqKKKL8%#L2&%I#$2$$,"4$L6+'
'

M/(./-)N"-')
<",:"4'=+4&'K34N#'"#'"'AE/'6+8+*3F+4'"$'!+4$4"&6$'/&,+&%+24>?43'@:>H'"&6'4+7+&$*9'
%&'"'F43D+7$'"$'$H+'U346'E3$34'p3:F"&9'%&'p3*3,&+L'0H+'#$26%+6'E+6%"'/&)34:"$%7#'
O<%F*3:"P'"$'$H+';&%8+4#%$9'3)'E2&%7HL'/&'f7$3>+4'Seel'#H+'73:F*+$+6'H+4'6%F*3:"'
$H+#%#'"$'!ET'@432F'Y+#+"7H'|'<+8+*3F:+&$'%&'E2&%7HL'G)$+4'H+4'#$26%+#'#H+'K34N+6'
"#'"'4+#+"47H'"##37%"$+'"$'$H+'U4"2&H3)+4'/&#$%$2$+')34'/&$+**%,+&$'G&"*9#%#'"&6'
/&)34:"$%3&'09#$+:#'%&'0$L'G2,2#$%&L'U43:'f7$3>+4'Seen'$3'E"9'SeRR'#H+'K34N+6'"#'"'
4+#+"47H'"##37%"$+'"&6'(H<'#$26+&$'"$'$H+'pH"%4')34'(+48"#%8+'p3:F2$%&,'"&6';#+4'
/&$+4)"7+'V&,%&++4%&,'"$'$H+';&%8+4#%$9'3)'<2%#>24,IV##+&L'
'
p3&$"7$'%&)34:"$%3&Q'
<4L'<",:"4'=+4&'
!+4$4"&6$'/&,+&%+24>?43'@:>A'
f#N"4I07H%&6*+4I0$4"\+'Re'



benl`'=B*&'
@+4:"&9'
VIE"%*Q'6",:"4LN+4&{6+L>+4$4"&6$L73:'
KKKL>+4$4"&6$L73:''
'
@/'O/)MP-&'()
C"&D"'<B4%&,'H"#'"':"#$+4^#'6+,4++'%&'73:F2$+4'#7%+&7+')43:'$H+';&%8+4#%$9'3)'
A":>24,-'@+4:"&9L'U43:'GF4%*'Seea'$3'f7$3>+4'SeRR-'#H+'K"#'"'4+#+"47H'"##37%"$+'"$'
$H+';&%8+4#%$9'3)'<2%#>24,IV##+&L'0%&7+'Z38+:>+4'SeRR-'C"&D"'%#'"'4+#+"47H'"##37%"$+'%&'
$H+'<%,%$"*'E+6%"'@432F'"$'$H+';&%8+4#%$9'3)'!4+:+&L'A+4'4+#+"47H')372#+#'3&'&38+*'K"9#'
3)'H2:"&I73:F2$+4'%&$+4"7$%3&-'%&7*26%&,'$"&,%>*+'%&$+4"7$%3&'"&6':"$+4%"*%$9-',+#$24"*'
%&$+4"7$%3&-':3>%*+'%&$+4"7$%3&'"&6'%&$+4"7$%8+'#24)"7+#L''
'
p3&$"7$'%&)34:"$%3&Q'
<%F*LI/&)L'C"&D"'<B4%&,'
<%,%$"*'E+6%"'@432F'
;&%8+4#%$[$'!4+:+&'
!%>*%3$H+N#$4L'R'
Sajb`'!4+:+&'
(H3&+Q'zk`'OePkSR'SRaIlkkel'
U"JQ'zk`'OePkSR'SRaIlkke`'
VIE"%*Q'63+4%&,{$5%L6+''
H$$FQqq6:L$5%L6+q+&qF+3F*+q#$"))q$"&D"I63+4%&,q''
'
'

;5:-"%41)E%4.&#1)
G*>4+7H$'07H:%6$'%#'"'F43)+##34')34'A2:"&'p3:F2$+4'/&$+4"7$%3&'"$'$H+';&%8+4#%$9'3)'
0$2$$,"4$L'A+'#$26%+6'%&';*:-'E"&7H+#$+4-'"&6']"&7"#$+4-'KH+4+'H+'4+7+%8+6'H%#'(H<L'A%#'
$+"7H%&,'"&6'4+#+"47H'%&$+4+#$#'"4+'%&'H2:"&I73:F2$+4'%&$+4"7$%3&'>+93&6'$H+'6+#N$3FL'
G*>4+7H$'+&D39#'74+"$%&,'&+K'%&$+4"7$%3&'$+7H&%M2+#'"&6'%&$+4)"7+#'$+7H&3*3,%+#')34'
#F+7%)%7'+&8%43&:+&$#'#27H'"#'$H+'H3:+'34'$H+'7"4L'f8+4'4+7+&$'9+"4#'H+'34,"&%5+6'
#+8+4"*'K34N#H3F#'"&6'73&)+4+&7+#'"&6'#+48+6'%&'8"4%32#'73::%$$++#'%&'$H+'F+48"#%8+'
73:F2$%&,'73::2&%$9L'
'
p3&$"7$'%&)34:"$%3&Q'
(43)L'<4L'G*>4+7H$'07H:%6$'
A2:"&'p3:F2$+4'/&$+4"7$%3&'@432F'OEp/P'
/&#$%$2$+')34'.%#2"*%5"$%3&'"&6'/&$+4"7$%8+'09#$+:#'O./0P'
0$2$$,"4$'Y+#+"47H'p+&$4+')34'0%:2*"$%3&'C+7H&3*3,9'O0Yp'0%:C+7HP'
;&%8+4#%$9'3)'0$2$$,"4$'
()"))+&K"*64%&,'b"'
nebl`'0$2$$,"4$'
@+4:"&9'
(H3&+Q'zk`'OeP'nRR'labIleeka'
U"JQ'zk`'OeP'nRR'labIbeek`'
VIE"%*Q'"*>4+7H$L#7H:%6${73:F2$+4L34,''''
H$$FQqqKKKL8%#L2&%I#$2$$,"4$L6+'

View publication statsView publication stats

https://www.researchgate.net/publication/230709713

	Button2: 


