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Abstract 
 
The automation of business processes and deci-

sion-making has received major interest from 
practice and academia. As automation allows us to 
execute more processes (cases), monitoring automat-
ed decision-making is currently evolving into a big 
data analytics problem for companies. Thus, not only 
monitoring insights themselves, but also an effective 
use of such insights become important. In this con-
text, the speed and ability to interpret data is closely 
related to the visualization of metrics and data. While 
various approaches for quantitative insights on au-
tomated decision-making have been proposed, there 
is currently no evidence as to how the specific visual-
ization of such metrics helps companies to create 
more value from their data. In this report, we there-
fore present the results of an empirical experiment 
analyzing the cognitive effects of different visualiza-
tion techniques for quantitative insights on 
understanding inconsistencies in automated decision-
making data.   
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Figure 1. Exemplary business process and 

business rules 
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Example 1. Revisiting the business rules from Figure 1 
and a case input of 10.000€, this would mean that rule 3 
would have a C#-value of 2, as the conclusion of rule 3 
conflicts the two other rules. Respectively, rules 1 and 2 
would each have a C#-value of 1, as they both individually 
contradict rule 3. 
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Figure 2. Integrated visualization 
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Figure 3. Ranking-based visualization 
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RQ: How do visualization techniques for incon-

sistency metrics affect the capability to analyze and 
interpret inconsistencies in automated decision-
making? 
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4. Experiment 
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4.1. Experiment Design 
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Figure 4. Experiment design 
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4.2. Experiment Structure & Instrumentation 
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Figure 5. Exemplary task structure 
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7'!; ,*+$,7-+';!#C&)@!C-%+,E%'!+#7%'*>!Y&O'4'$I!+2'$'!
,*!#%*&!+2'!E&**,7,%,+5!&.!#!+#7%'!7',)@!,$$'%'4#)+!+&!+2'!
1-$$')+! ]-'*+,&)>! S-$+2'$C&$'I!+2'! E#$+,1,E#)+! O#*!
*2&O)!1#*'!;#+#I!O2,12!,*!)' ';';!+&!#)*O'$!+2'!]-'*9
+,&)*>! M2'! 1#*'! ;#+#! 1#)!',+2'$! 7'! ,CE%,';! 75! +2'!
]-'*+,&)!&$!%,*+';! ,)!+2'!1&$$'*E&);,)@!7&P!Q"U>!B'9
E');,)@!&)!+2'!1-$$')+!.#1+&$!%'4'%I!+2'!,)1&)*,*+')15!
4#%-'*!#$'!',+2'$!;,*E%#5';!+&!+2'!$,@2+!&.!+2'!$&O!(BI!
&$!,)!#!*'E#$#+'I!&$;'$';!$#)=,)@!QBU>!!

M2'$'!O'$'! .&-$!;,..'$')+ !+5E'*!&.!]-'*+,&)* c!
¥! p-'* +,&)*!+2#+!#*=';!#7&-+!+2'!'P,*+')1'!&.!,)1&)9

*,*+')1,'*! ,)! +2'! 1-$$')+! 1#*'! Q'>@>I! f (*! +2'$'! #)!
,)1&)*,*+')15!,) !q#C'*F!1#*'rgU!

¥! "&)+')+9$'%#+';! ]-'*+,&)*!Q'>@>I! f(*! +2'!E'$*&)! ,)!
+2,*! 1#*'!1&)+$#1+-#%%5!1#E#7%'rg U>!M2'! ]- '*+,&)*!
1&-%;!',+2'$!7'!#)*O'$';!O, +2!f +$-'gI!f .#%*'gI!&$!s!
,.!)&!1&)1%-*,&)!1&-%;!7'!C#;'!;-'!+&!#)!'P,*+,)@!
,)1&)*,*+')15!s!f -)1'$+#,) g>!!

¥! p -'*+,&)* !+2#+! #*='; ! .&$!+2'! $-%'!O,+2!+2'! 2,@29
'*+d%&O'*+!)-C7'$ ! &.! ,)1&)*,*+')1,'* ! Q'>@>I!
fR2,12!$-%'!,*!,)!1&).%,1+!O,+2!+2'!2,@2'*+!)-C7'$!
&.!&+2'$!$-%'*!.&$!+2,*!1#*'rgU>!!



!

!

¥! p-'*+,&)*! +2#+! #*='; ! .&$!#! )-C7'$! &.! $-%'*!+2#+!
1&)+$#;,1+!#! *E'1,.,1! )-C7'$!&.!&+2'$!$-%'* !Q'>@>I!
f Y&O!C#)5!$-%'*!#$'!,)!1&).%,1+!O,+2!ktX"M: l!
+2$''!&+2'$!$-%'*!,)!+2,*!1#*'rgU!

!
4.3. Measurements 
 

M&! +'*+! &-$!25E&+2'*'*I! O'! -*';! + 2$''! ;,..'$')+!
+5E'*!&.!C'#*-$'C')+*>! !

Understanding efficiency!O#*!C'#*-$';!-*,)@!+2'!
+,C'! .$&C! +2'! E&,)+! #! 1#*'! O#*! ;,*E%#5';!-)+,%! +2'!
E#$+,1,E#)+!1%,1='; !&)!#)!#)*O'$>!?'P+I!O'! -*';!+2'!
' 5' 9.,P#+,&)! ;-$#+,&)! +&! C'#*-$'! &7N'1+,4'!C')+#%!
'..&$+>! M2'!'5 ' 9.,P#+,&)! ;-$#+,&)! ,*! ;'. ,)';! #*! +2'!
E'$,&;!&.!+,C'!O2'$'!+2'! '5'*!#$'! .&1-*';!&)! #!*E'9
1,.,1!%&1#+,&)!#);!+2'$'.&$'!$'C#,)!*+,%%>!X*!4,*,&)! ,*!
*- EE$'**';! #*! *&&)! #*! +2'! '5'*! #$'! C&4';I! )' O!,)9
.&$C#+,&)!1#)!&)%5!7'!1#E+-$';!;-$,)@!.,P#+,&)!GJHL>!
M2-*I!.,P#+,&)!;-$#+,&)!,*!#)!,);,1#+,&)!.&$!+2'!+,C'!,+!
+#='*! #! E#$+,1,E#)+! +&!E$&1'**! +2'! $'*E'1+,4'! ,).&$9
C#+,&)>!()!+-$)I!#!2,@2'$!.,P#+,&)!;-$#+,&)!,);,1#+'*!#!
2,@2'$! &7N'1+,4'! C' #*-$'! .&$! C')+#%!'..&$+! GHaL>! ()!
#; ;,+,&)!+&!+2'!&7N'1+,4'!C'#*-$'*I!O'!#%*&!#*=';!+2'!
E#$+,1,E#)+*! O2,12! $-)I! ,>'>I! O2,12! 4,*-#%,8#+,&)!#E9
E$&#12! +2'5!.&-);! '#*,'$ ! +&! O&$=! O,+2I! ,)! &$;'$! +&!
C'#*-$'! +2'! E'$1',4 ' ;! C')+#%! '..&$+>! R'! #%*&! 1&)9
;-1+';! *'C, 9*+$-1+-$';! , )+'$4,'O*! O,+2! #%%!
E#$+,1,E#)+*! #.+'$!+2'! 'PE'$,C')+I!+&! @#,)!.-$+2'$! ,)9
*,@2+*!,)+&!+2'!$'#*&) *!7'2,);!+2',$!12&,1'*!#);!+2',$!
@')'$#%!,CE$'**,&)*>!!
!
4.4. Settings 
 

R'! -*';! +2'! 1%&-; 97#*';! '5' ! +$#1=,)@! *&.+O#$'!
klkb(Be!%#7 K!+&!1$'#+'!&-$!*+-;5>!R2,%'!+2'! ,)+$&9
;-1+&$5! *%,;'*! O'$'! #;;';! #* ! E;.! .,%'*I! O'!
,CE%'C')+';!+2'!+#*=*!#*!YMT:! .,%'*>!R'! #%*&!4'$,9
.,';!+2'! 1%'#$!4,*,7,%,+5!&.!#%%!+#*=!1&CE&)')+*!.$&C!#!
;, *+#)1' !&.!#+!%'#*+!ZW1C!;-$,)@!#!E$'9+'*+!Q1>.>!#!.-$9
+2'$!;'*1$,E+,&)!&.!+2'!E$'9+'*+!,)! *'1+,&)!a>K>U!!

X*!#%$'#;5!;'E,1+'; !,)! *'1+,&)!a>JI!+2'!*1$'')!O#*!
;,4,;';!,)+&!-E!+&!.&-$!E#$+*c!+2'!]-'*+,&)!#$'#!#+!+2'!
+&E!&.!+2'!*1$'')!#);!+2'!1&$$'*E&);,)@!1#*'! #*!O' %%!
#*! +2'! ,)1&)*,*+')15! C'+$,1*! 7'%&O>! X*! C&*+! 1#*'*!
1&)*,*+';! &.! C&$'! +2#)! &)'! +#7%'I! +2'!E#$+,1,E#)+*!
O'$'!#7%'!+&!1%,1=!&)!+2'!1&$$'*E&);,)@!+#7!+&!*O,+12!
7'+O'')!+#7%'*!O2') ! )'' ;';>! S-$+2'$C&$'I! *&C'!+#9
7%'*!$']-,$';! *1$&%%,)@! #*!+2',$! *,8'! E$'4')+';! +2'C!
.$&C!7', )@!;,*E%#5'; !,)!.-%%!*,8'>!!

R'!-* ' ;!#!myGaze n 30Hz!'5' !+$#1='$!,)!1&C7,9
)#+,&)!O,+2!#!JJ9,)12!*1$'')! #); !#!$'*&%-+,&)!&.!HZ`W!
P!HWKW>!M2'!'PE'$,C')+!O#*!1&);-1+';!,) !#)!(M!%#7!#+!

!
K!2++E*cddOOO>'5'4,;&>;'!

+2'!3),4'$*,+5!&.!6&7%')89:#);#- >!M&!=''E!+2'!%,@2+9
,)@! *,+-#+,&)! 1&)*,*+')+I! +2'! 7%,);*! O'$'! 1%&*';I!#);!
+2'!1',%,)@!%,@2+!O#*!+2'!&)%5!*&-$1'!&.!%,@2+>!
 
4.5. Participants 
 

()!&$;'$!+&!')*-$'!+2'!-);'$*+#);#7,%,+5!#);!$'#;9
#7,%,+5! &.! +2'! ,)+$&;-1+&$5! *%,;'*! #);! 'PE'$,C')+!
]-'*+,&)* I!O'!1&);-1+';!#!E$' 9+'*+!O,+2!`! A2>B>!*+-9
;' )+*!E$,&$!+&!+2'!#1+-#%!'PE'$,C')+>!B-$,) @!+2'!E$'9
+'*+I!O'!.&-); !+2#+!&)'!C#N&$!E$&7%'C!O#*!+2'!%#1=!&.!
+$-*+! ,)! +2'! ,)1&)*,*+')15!C'+$,1*I! #*! C#)5! E#$+,1,9
E#)+*!E$'.'$$';!+&!; &-7%'912'1=!+2'!,CE%,1#+,&)!&.!+2'!
]-#)+,+#+,4'!,)*,@2+*!C#)-#%%5>!X*!#!$'*-%+!&.!+2,*I!O'!
$'.,)';!+2'!,)+$ &;-1+&$5!*%,;'*!,)!&$;'$!+&!7-,%;!C&$'!
+$-*+!,)!+2'!4#%-'* I!#*!&-$!.&1-*!O#*!#)!,)4'*+,@#+,&)!
&.!!;,..'$')+!4,*-#%,8#+,&)!#EE$&#12'*I!#);! +2'!@')'$#%!
#;4#)+#@'!&.!+2'!4#%-'*!+2'C*'%4'*!2#*!#%$'#;5!7'')!
'4#%-#+';!,) !GHKL>!

X!+&+#%!&.!48!-);'$@$#;-#+'!#);! @$#;-#+'!*+-;') +*!
.$&C!+2'!*12&&%!&.!"&CE-+'$!/1,')1' !#+!+2'!3 ),4'$* ,9
+5!&.!6&7%')89:#);#-! E#$+,1,E#+';!,)!&-$!'PE'$,C')+>!
A%'#*'!&7*'$4'!+2#+!+2,*!*12&&%!;&'*!)&+!&)%5!,)1%-;'!
+$#;,+,&)#%! 1&CE-+'$! *1,')1'! 7-+! #%*&! ,)1%-;'*! ,)*+,9
+-+'*!.&1-*,)@! &)! 7-*,)' **! ,).&$C#+,1*! &$! 7-*,)'**!
#;C,),*+$#+,&)>! M2-*I! +2'! E#$+,1,E#)+*! $'E$'*')+'; !
;,4'$*' !.,'%;*>!X%+2&-@2!+2'!,)+$&;-1+&$5!1&4'$';!#%%!
$'%'4#)+! 1&)1'E+*I! #%%! E#$+,1,E#)+*! 2#;! #! @')'$#%!
=)&O%';@'!&.!7-*,)'**!E$&1'**!C#)#@'C')+ !7#*';!&)!
+2',$!*+-;5!E$&@$#C*>!

M2'! #**,@)C')+!&.! +2'!a`! *+-;')+ *! ,) +&! +2'! +O&!
@$&-E*! O#*!E'$.&$C';! #+! $#);&C>! S-$+2'$C&$'I!)&!
,)1')+,4'!O#*!&..'$';I!*&!E#$+,1,E#+,&)!O#*!4&%-)+#$5>!!
!
5. Results  
!

M&!+'*+! &-$! 25E&+2'*'*I! O'! #**'**';! +2'! 'PE'$,9
C')+!;#+#!O,+2!+2'!C' #*-$'*!;'*1$,7';!,)! *'1+,&)!a>V>!
n ,4')!+2#+!&-$! 'PE'$,C')+!O#*!*'+! -E!#*!#!7'+O'') 9
*-7N'1+!;'*,@)!'PE'$,C')+I! O'!*+#+,*+,1#%%5!1&CE#$';!
+2'! $'*E'1+,4'! C'#*-$'*! &. ! +2'! ,);,4,;-#%! @$&-E*>!
Y'$' I!O'!E$&1'';';!#*!.&%%&O*>!!

S,$*+I! O'! 12'1=';! ,.! '#12! ;'E') ;')+! 4#$,#7%'!
1&-%;! 7'! #**-C';! +&! 7 '! )&$C#%%5!;,*+$,7-+';I! -*,)@!
+2'! /2#E,$&9R,%1&P! +'*+! #+! #! *,@),.,1#)1'! %'4'%! &.!
W>WK>!M2')I! ,.!+2'! ;#+#!1&-%;!7'!#**-C';!+&!7'! )&$9
C#%%5!;,*+$,7-+';I!O'! 4'$,.,' ; !O2'+2'$!+2'!;'E');')+!
4#$,#7%'*!2#;!#)!']-#%!4#$,#)1'I!-*,)@!:'4')' F*!+'*+Z!
#+!#!*,@),.,1#)1'!%'4'%!&.!W>WK>!n,4')!#!)&$C#%!;,*+$,9
7-+,&)! #);! '] -#%! 4#$,#)1'I! O'! $#)!#)! ,);'E');')+ 9
*#CE%'! +9+'*+>! (.! ;#+#!1&-%;! )&+! 7'! #**-C';! +&! 7'!

!
Z!:'4')' F*!+'*+!,*!-*';!+&!#)#%58'!+2'!4#$,#)1'!.&$!#!4#$,#7%'!C'#*9
-$';! .&$!#+!%'#*+!+O&!@$&-E*!



!

!

)&$C#%%5! ;,*+$,7-+';I! O'!-*';! +2' ! R,%1&P&)9T#)) 9
R2,+)'5 !+'*+_>!S&$!#%%!1&CE#$,*&)!+'*+*I!O'! #**-C' ; !
+2'!1&CC&)%5!-*';!*,@),.,1#) 1'!%'4'%!&.!W>WK>!

S&$!Y5E&+2'*,*! HI! +2'! C'#*-$';! +,C'! ) '';';! +& !
#)*O'$! +2'! ]-'*+,&)*! O#*! )&$C#%%5! ;,*+$,7-+';! #);!
C'+!+2'!#**-CE+,&)!&.! ']-#%!4#$,#)1'!.&$!7&+2!C&;9
'%*>!R'! 1&)*']-')+%5! $#)! #)! ,);'E');')+ 9*#CE%'! +9
+'*+!7'+O'')!@$&-E*!H!#);! J! .&$!7&+2!C&;'%*I! -*,)@!
+2'!+,C'! )'';';! +&! #)*O'$!#%%!.&-$! ]-'*+,&)*! ,)!&)' !
$-) !#*!+2'!;'E');')+! 4#$,#7%'>!!

!
Table 1. Test of Hypothesis 1  

(understanding efficiency) 
 Run 1 Run 2 

n$&-E! H!Qintegrat-
edU!

J!
QrankedU!

H!QrU! J!QiU!

? ! Ja! Ja! Ja! Ja!
T'#) ! Va>Ka! J[>Wa! JV>W[! JK>WJ!
/B ! `>_H! HJ>`[! `>aZ! HZ>Ja!

E!QH9+#,%';)! 0.048 W>VW!
!
X*! 1#)! 7'! *'' ) ! ,)! M#7%'! HI! +2'! @$&-E! -*,)@! #!

$#)=';! &4'$4,'O! 2#; ! #! *,@),.,1#)+%5!7'++'$! -);'$9
*+#);,)@!'..,1,' )15!,)! $-) !HI!O2,12!E#$+,#%%5!*-EE&$+*!
&-$! 25E&+2'*'*>! S&$!$-) ! JI! +2'!;,..'$')1'! O# *! )&+!
*,@),.,1#)+I!5'+!+2'!@$&-E!-*,)@!+2'!$#)=';!4,*-#%,8#9
+,&)!O#*!*+,%%!7'++'$!&)!#4'$#@'>!

!
Conclusion 1:!S&$!+2'!C'#*-$';!;#+#I!#!$#)=,)@9

7#*';! 4,*-#%,8#+,&)! &.! ,)1&)*,*+')15! C'+$,1*! ,*!QE#$9
+,#%%5U! #**&1,#+';! O,+2! #!7'++'$! -);'$*+#);,)@!
'.. ,1,')15!1&CE#$';!+&!#)!,)+'@$#+';!4,*-#%,8#+,&)>!

!
S&$! Y5E&+2'*,*! J#I! +2'! '5' 9.,P#+,&)! ;-$#+,&)!

C'#*-$ ';! ;-$,)@! +2'! 'PE'$,C')+*!O#*!#%*&! )&$C#%%5!
;,*+$,7-+';!#);!C'+!+2'!#**-CE+,&)!&.!']-#%!4#$,#)1' !
.&$!7&+2!C&;'%*>!X11&$;,)@%5I!O'!$#)!#) !,);'E');')+!
*#CE%'!+9+'*+I!-*,) @!+2'! '5' 9.,P#+,&)! ;-$#+,&)!)'';' ;!
.&$! #)*O'$,)@! #%%!.&-$! ]-'*+,&)*! ,)! &)'! $-) ! #*! +2'!
;'E');')+! 4#$ ,#7%'>!S&$! Z! E#$+,1,E#)+*I!'5' 9+$#1=,)@!
;#+#!1&-%;!)&+!7'!+$#1=';!;-'!+&!#)!-)=)&O) !*5*+'C!
.#,%-$'I!+2-*!?!i!aJ!.&$!1&CE#$,)@!.,P#+,&)!;-$#+,&)>!

!
Table 2. Test of Hypothesis 2a  

(objective mental effort) 
 Run 1 Run 2 

n$&-E! H!QiU! J!QrU! H!QrU! J!QiU!
? ! JH! JH! JH! JH!

T'#) ! VW>[K! JJ>`Z! H[>K̀! H[>_!̀
/B ! HZ>JJ! JV>_V! HK>JJ! JZ>[_!

E!QH9+#,%';)! 0.004 W>a_!
!

!
_!M2'!R,%1&P&)9T#)) 9R2,+)'5!+'*+!,*!-*' ;!+&!1&CE#$'!+2'!; ,*+$,9
7-+,&)!;#+#!.$&C!+O&!*#CE%'*!

X*!; 'E,1+';!,)!M#7%'!JI!+2'!@$&-E!-*,)@!#!$#)=';!
&4'$4,'O!2#;!#!*,@),.,1#)+%5!%&O'$!'5' 9.,P#+,&)!;-$#9
+,&)!,)!C&;'%!HI!O2,12!E#$+,#%%5!*-EE&$+*!Y5E&+2'*,*!
J#>!S&$!C&;'%!JI!+2'!;,..'$')1'!O#*!#@#,)!)&+!*,@),.,9
1#)+I!5'+!+2'!'5' 9.,P#+,&)!;-$#+,&)!O#*!*+,%%!%&O'$!&)!
#4'$#@'!.&$!+2'!@$&-E!-*,)@!#!$#)=';!&4'$4,'O>!

!
Conclusion 2:!S&$!+2'!C'#*-$';!; #+#I!#!$#)=,)@9

7#*';! 4,*-#%,8#+,&)! &.! ,)1&)*,*+')15! C'+$,1*! ,*!QE#$9
+,#%%5U!#**&1,#+';! O,+2!%'**! &7N'1+,4'! C')+#%! '..&$+!
1&CE#$';!+&!#)!,)+'@$#+';!4,*-#%,8#+,&)>!

!
M#7%'!V!*2&O*!+2'!$'*-%+*!&.!+2'!E'$1',4';!C')+#%!

'..&$+I!#*!E$&4,;';! 75!+2'!E#$+,1,E#)+*>!!
!

Table 3. Perception of mental effort 
 Group 1 Group 2 Total 
0#)=,)@!,*!'#*,'$ ! Ha! HH! JK!QKJ^U!
()+'@$#+,&)!,*!
'#* ,'$!

K! [ ! Ha!QJ[^U!

k]-#%! K! a! [!QH`^U!
!
M&! $'1#%%I! 7&+2! @$&-E*! E'$.&$C';!+O&! $-)*! #);!

O'$'!'PE&*';!+&!7&+2!4,*-#%,8#+,&)!+'12),]-'* >!e4'$9
#%%I! +2' ! $#)=,)@97#*';! &4'$4,'O! O#*! E'$1',4';! #*!
'#*,'$!75!+2'!C#N&$,+5!&.!E#$+,1,E#)+*>!M&!*+#+,*+,1#%%5!
1&CE#$'! +2'! E'$1',4';! C ')+#%!'..&$+I! O'! 1&;';! +2'!
#)*O'$*!75!E#$+,1,E#)+*!#*! .&%%&O*c!(.!+2'!E#$+,1,E#)+!
*'%'1+';!+2#+!+2'!$#)=,)@!7#*';!4,*-#%,8#+,&)!O#*!'#*9
,'$I! +2'!$#)=,)@! 7#*';! 4,*-#%,8#+,&)! O#*! #**,@)';! J!
E&,)+*>!b,1'!4'$*#I!,.!+2'!E#$+,1,E#)+!*'%'1+';!+2#+!+2'!
,)+'@$#+';! 4,*-#%,8#+,&)! O#*! '#*,'$I! +2'! ,)+'@$#+';!
4,*-#%,8#+,&)! O#*! #**,@)';! J! E&,)+*>! (.! #! E#$+,1,E#)+!
,);,1#+' ; !+2#+!7&+2!4,*- #%,8#+,&)!+'12),]-'*!O'$ '! E'$9
1',4';! +&! $']-,$'! ']-# %! C')+#%! '..&$+I! 7&+2!+2'!
$#)=,)@97#*';! #);! ,)+'@$#+';! 4,*-#%,8#+,&)!O'$'! #*9
*,@)';! H! E&,)+>! R'! +2')! 1&CE#$';! +2'! #4'$#@'!
E'$1',4';!C')+#%!'..&$+!7'+O'')!+2'!+O&!4,*-#%,8#+,&)!
.&$C*>!X*!+2'!1&;';!;#+#!,*!&$;,)#%!Q,>'>I!E&**,7%'!#)9
*O' $*!O'$' !WI!H!&$!JUI!+2'!;#+#!1&-%;!)&+!7'!#**-C ' ;!
+&! 7'! )&$C#%%5! ;,*+$,7-+';>!/,)1'! .&$!+2'! E'$1',4';!
C')+#%!'..&$+! every! E#$+,1,E#)+! E$&4,;';! 2,*! &$! 2'$!
#)*O'$!7#*';!&)! both!C&;'%*I!O'!$#)!+2'!R,%1&P&)!
*,@)';9$#)=!+'*+̀ !.&$!+2'! ;,..'$')1'*! ,)! +2'!E'$1',4';!
C' )+#%!'..&$+!.&$!7&+2!4,*-#%,8#+,&)*>!

!
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Figure 6. Distribution of time and fixation du-

ration (units in seconds) 
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Figure 7. Heatmaps of gaze distribution for 

different visualization techniques 
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