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1 IntrodutionWithin the SmartKom projet di�erent groups of labellers ategorized and segmented (hene-forth summarized as 'labelling') utteranes, faial expressions and gestures in reorded man-mahine-dialogues using �xed sets of label ategories. To work out the interlabeller agreementand therewith the reliability of a labelling, a ertain amount of dialogues was labelled twie bydi�erent, non-overlapping groups of labellers. The auray and orretness values were alu-lated as well as the single label agreements. The results might give reason to either keep orneglet ertain ategories and subategories when labelling interative man-mahine-dialogues.1.1 Files and LabelsThe dialogues for the interlabeller agreement probe were hosen by hane. Four di�erent typesof labellings were investigated: holisti (USH), gesture (GES), mimi (USM), and prosody(USP).The USH-�les ontain faial expression labels that were assigned by the labellers whilst wath-ing and listening to a video of the dialogue situation (f. [1℄,[2℄).The labels of the GES-�les were annotated within the same irumstanes, marking any ges-ture ativity in the faial area or in the ube i area1 (f. [3℄,[5℄).The USM-�les ontain mimi labels whih were assigned by the labellers whilst merely wath-ing the dialogue video, without listening to the audio (f. [6℄). Therefore, the USM-labeller gota �ltered USH-�le version to start with, in whih all USH user-state labels were deleted, barringthe 'Neutral' ones. The USM-labellers were instruted to ignore the neutral segments and tobring in their own labels and new ratings only within the segments previously marked as userstates by the USH labellers. Consequently, USH-�les and USM-�les show a ertain dependeny.Still, USM-labellers had - and often used - the possibility to segment the neutral USH-segmentsanew.The USP-�les ontain prosodi labels, annotated into a (already provided) transription �lewhile listening to the audio signal only (f. [4℄,[6℄).Further information on ategories und subategories an be retrieved from [4℄,[5℄,[6℄, as well asinformation on whih ategories were based on former investigations or publiations and whihwere self-designed.1.2 LabelersThe �rst labelling was done in the years 2001 and 2002. It took plae during the normal pro-essing of the data of the Wizard-of-Oz reordings. The seond labelling was done espeiallyfor the alulation of the interlabeller agreement. It took plae in 2003.Eah session in the seond labelling was done by a di�erent labeller than in the �rst labelling.The time between the �rst and the seond labelling omprised several months. The �rst la-belling onsistes of three steps: �rst labelling, orretion and end-orretion (USH, GES andUSP) with the exeption of USM that onsisted only of two steps: �rst labelling and end-orretion.The seond labelling onsisted only of two steps: �rst labelling and orretion. This was done1The area above the display, where 2D hand gestures may be aptured by the SmartKom system.4



beause for eah group (USH, USM, USP, GES) there existed only one person for the end-orretion to maximize the onsisteny. The labellers in eah group were trained by one person(in most ases the same that did the end-orretion and/or developed the labelling system).All had a good labelling experiene, with exeption of some of the labellers in the seond la-belling that had only medium labelling experiene. The labellers were students with di�erentstudy subjets (only some were Phonetiians). None had had labelling experiene before beingtrained in SmartKom. All exept two were native Germans (one was Spanish, one Russian,both spoke uently German).During the �rst labelling labellers sometimes disussed diÆult ases. During the seond la-belling this was not allowed.�rst labelling seond labellingTime 2001-2002 2003number of steps(USH,USP,GES) 3 2number of steps(USM) 2 2
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2 AnalysisWithin eah ategory the labels of 20 �les (labelling A) had to be ompared to the labels oftheir 20 equivalent �les (labelling B). Corresponding labels had to be identi�ed and omparedto eah other. Therefore labels from the two �les were mathed in onsideration of their timerange, allowing insertions (i) and deletions (d), as well as two-fold labelling.Shematial label ourenes:file x - - - - - - - - time - - - - - - - - - - - ->labelling A: [ label ℄[ label ℄ [ longlabel ℄labelling B: [ label ℄ [ label ℄[ label ℄[ label ℄| | | || | | |mathed? math delet. insert. two-fold-mathA perl programm was written to read in a set of label �les and ompare them one by one withthe orresponding transription �les. The basi rule searhes for majority overlaps between thesegments of labelling A and B or deide if there is an insertion or deletion.Compare �leA vs �leB - short version of mathing ruleif jLabelstartAi � LabelstartBij < jLabelstartAi � LabelstartBi+1jand jLabelstartAi � LabelstartBij < jLabelstartBi � LabelstartAi+1jthen math LabelAi to LabelBielse if LabelstartAi < LabelstartBi then mark Ai as a deletion sine there's nomathing Bi,else if LabelstartAi > LabelstartBi then mark an insertion before Ai sine there'sno math to BiSine there was no lear referene �le during analysis, eah of the two orresponding �leswas one time lassi�ed as the referene �le and one time lassi�ed as the orresponding �le,resulting in two orretness values and two auray values for eah pair of �les. Following this,overall auray (EndA) resp. overall orretness (EndCorr) for one pair of �les was then thesum of both auray values resp. orretness values, devided by two.
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Figure 1: Example for a math of two �les, r = orret math, s = substitution, i = insertion,d = deletion (s.o. = still the same label as above)
Perentage of orretness is based on the number of orret labels devided by the totalnumber of labels, multiplied by hundred:orr = Nref � d� sNref 100% (1)Perentage of auray is based on the total number of labels minus substitutions, minusdeletions, minus insertions devided by the total number of labels and multiplied by hundred:a = Nref � d� s� iNref 100% (2)
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3 ResultsThe matries show the interlabeller analysis results for 2x20 USH-�les, 2x20 USM-�les, 2x20USP-�les and 2x20 GES-�les. For eah matrix, the labels of the �rst labelling are written abovehorizontally, the seond labelling's labels are written on the left vertially.'None' means either that no label was assigned at all, meaning that there's a pause whih anonly our within GES-�les. The meaning of 'none' an also be that no new label was assigned,with the preedent label expanding over the relating time setion (thus ausing a deletion orinsertion in the �nal ount).examples for 'none' in the B labelling:- - - - - - -time- - - - - ->A: [ label ℄ [label ℄[ label ℄[ longlabel ℄B: [ label ℄[ longlabel ℄[ label ℄| | | | | || | | | | |labelling B none label label none label none
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3.1 USHAn agreement between USH labelling is with an auray of 1.95% almost non existent, as-ribed to twie as muh insertions/deletions and substitutions as onordant labels. The lotof insertions/deletions is attributed to the fat that one label group set 763 labels in twentydialogues whereas the other group set only 494 labels to ategorize user states within the samedialogues. The �rst labelling (not rep.-�les) with the smaller amount of assigned labels showsless misses than the seond labelling and therewith a higher reliability.When mathing segmentally, more than a fourth of the segments are judged di�erently by thetwo labellings.Even the ategories 'Freude' (joy) and '�Uberlegen' (thinking) with the largest amount of on-ordant user state labels (barring 'Neutral') are not very authenti when related to the amountof their misses.Within the USH-�les there is a small amount of labels attributed with 'strong', desribinga ertain pereived strength of the labeled mimi. Mathed segment pairs ontaining at leastone label with the attribute 'strong' show an auray of 36.60%. This an be led bak onone hand to the more alike amount of labels on both sides, 37 vs 46 assigned labels (omparedto 494 vs 763 overall-USH-labels) and on the other hand to the higher amount of 'right' labelmathes related to substitutions/insertions/deletions.Again 'Freude' and '�Uberlegen' show the highest amount of onordane but only little relia-bility as the labellers' judgements diverse in at least half of the labels' ouranes.
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3.1.1 USH matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original USH files B-files = 20 rep. USH 20 filesLabels in A-Files = 494 Labels in B-Files = 763Label ombinations USHr = 273s = 123d = 98i = 367 Corret = 55.26 %Ref-labels = 494 Auray = -19.03 %B \ Ref| Freude |�Uberlegen| �Arger |�Uberrash| Ratlos | Rest | Neutral | none |------------------------------------------------------------------------------------------Freude| 47 | 1 | 2 | 0 | 2 | 2 | 4 | 43 |------------------------------------------------------------------------------------------�Uberlegen| 1 | 41 | 2 | 1 | 1 | 8 | 5 | 63 |------------------------------------------------------------------------------------------�Arger| 0 | 4 | 4 | 1 | 7 | 1 | 3 | 8 |------------------------------------------------------------------------------------------�Uberrash| 0 | 0 | 1 | 1 | 3 | 2 | 0 | 5 |------------------------------------------------------------------------------------------Ratlos| 0 | 1 | 0 | 2 | 2 | 0 | 1 | 2 |------------------------------------------------------------------------------------------Rest| 4 | 5 | 5 | 0 | 3 | 23 | 6 | 71 |------------------------------------------------------------------------------------------Neutral| 6 | 12 | 6 | 2 | 3 | 16 | 155 | 175 |------------------------------------------------------------------------------------------none| 3 | 16 | 9 | 5 | 1 | 17 | 47 | |------------------------------------------------------------------------------------------CHANGE OF REFERENCE FILEB-files = 20 original USH files Ref.-files/A-files = 20 rep. USH filesLabels in B-Files = 494 Labels in A-Files = 763Label ombinations USHr = 273s = 123d = 367i = 98 Corret = 35.78 %Ref-labels = 763 Auray = 22.94 %------------------------------------------------------------------------------------------# # # # # # # # # # ## USH ## EndCorr 45.52% ## EndA 1.95% ## # # # # # # # # # #
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3.1.2 USH 'strong' matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original USH files B-files = 20 rep. USH 20 filesLabels in A-Files = 494 Labels in B-Files = 763Label ombinations USH withr = 21 at least one 'strong' label in A or Bs = 15d = 1i = 10 Corret = 56.76 %Ref-Labels = 37 Auray = 29.73 %B \ Ref| Freude |�Uberlegen| �Arger |�Uberrash| Ratlos | Rest | Neutral | none |------------------------------------------------------------------------------------------Freude| 7 | 0 | 0 | 0 | 1 | 0 | 0 | 3 |------------------------------------------------------------------------------------------�Uberlegen| 0 | 12 | 1 | 1 | 0 | 0 | 2 | 6 |------------------------------------------------------------------------------------------�Arger| 0 | 0 | 2 | 0 | 3 | 0 | 0 | 0 |------------------------------------------------------------------------------------------�Uberrash| 0 | 0 | 0 | 0 | 3 | 0 | 0 | 0 |------------------------------------------------------------------------------------------Ratlos| 0 | 1 | 0 | 0 | 0 | 0 | 1 | 1 |------------------------------------------------------------------------------------------Rest| 1 | 1 | 0 | 0 | 0 | 0 | 0 | 0 |------------------------------------------------------------------------------------------Neutral| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |------------------------------------------------------------------------------------------none| 0 | 1 | 0 | 0 | 0 | 0 | 0 | |------------------------------------------------------------------------------------------CHANGE OF REFERENCE FILEB-files = 20 original USH files Ref.-files/A-files = 20 rep. USH filesLabel insg. in B-Files = 494 Labels in A-Files = 763Labelombinations USH withr = 21 at least one 'strong' labels = 15d = 10i = 1 Corret = 45.65 %Ref-Labels = 46 Auray = 43.48 %------------------------------------------------------------------------------------------# # # # # # # # # # ## USH 'strong' ## EndCorr 51.20% ## EndA 36.60% ## # # # # # # # # # #
11



3.2 USMThe agreement between USM labellers leads to an auray of 45.42%. This alulation doesnot inlude the onordant labelling of 'Neutral' segments as these are in large parts pre-determined by the USH-labellers. Still it should be mentioned that the USH-groups labelled221 resp. 375 times 'Neutral' whereas the USM-groups labeled 221 resp. 233 times 'Neutral'.Barring 'Freude', the variane is overall fairly high.The segment mathes inluding at least one 'strong' label show an auray of 64.87% andfairly reliable hit results regarding the labels 'Freude' and '�Uberlegen'. The labelling of 'Ratlos'shows the highest spreading and therewith the worst reliability.
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3.2.1 USM matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original USM files B-files = 20 rep. USM filesLabels in A-Files = 474 Labels in B-Files = 493Label ombinations USMr = 155 (barring 'Neutral'-onordane)s = 85d = 22i = 41 Corret = 59.16 %Ref-Labels = 262 Auray = 43.51 %B \ Ref| Freude |�Uberlegen| �Arger |�Uberrash| Ratlos | Rest | Neutral | none |------------------------------------------------------------------------------------------Freude| 47 | 1 | 2 | 0 | 1 | 1 | 1 | 4 |------------------------------------------------------------------------------------------�Uberlegen| 3 | 61 | 3 | 0 | 11 | 9 | 1 | 14 |------------------------------------------------------------------------------------------�Arger| 0 | 2 | 10 | 0 | 3 | 1 | 0 | 1 |------------------------------------------------------------------------------------------�Uberrash| 0 | 0 | 0 | 4 | 7 | 0 | 0 | 1 |------------------------------------------------------------------------------------------Ratlos| 3 | 3 | 10 | 4 | 17 | 4 | 1 | 1 |------------------------------------------------------------------------------------------Rest| 1 | 6 | 0 | 0 | 4 | 16 | 0 | 2 |------------------------------------------------------------------------------------------Neutral| 0 | 1 | 0 | 0 | 0 | 2 | (212) | 18 |------------------------------------------------------------------------------------------none| 1 | 5 | 0 | 1 | 4 | 3 | 8 | |------------------------------------------------------------------------------------------CHANGE OF REFERENCE FILERef.-files/A-files = 20 rep. USM files B-files = 20 original USM filesLabels in A-Files = 493 Labels in B-Files = 474Label ombinations USMr = 155 (barring 'Neutral'-onordane)s = 85d = 41i = 22 Corret = 55.16 %Ref-Labels = 281 Auray = 47.33 %------------------------------------------------------------------------------------------# # # # # # # # # # ## USM ## EndCorr 57.16% ## EndA 45.42% ## # # # # # # # # # #
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3.2.2 USM 'strong' matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original USM files B-files = 20 rep. USM filesLabels in A-Files = 474 Labels in B-Files = 493Label ombinations USM withr = 64 at least one 'strong' label in A or Bs = 27d = 1i = 5 Corret = 69.57 %Ref-Labels = 92 Auray = 64.13 %B \ Ref| Freude |�Uberlegen| �Arger |�Uberrash| Ratlos | Rest | Neutral | none |------------------------------------------------------------------------------------------Freude| 14 | 0 | 0 | 0 | 0 | 0 | 0 | 1 |------------------------------------------------------------------------------------------�Uberlegen| 0 | 36 | 0 | 0 | 5 | 0 | 0 | 3 |------------------------------------------------------------------------------------------�Arger| 0 | 1 | 7 | 0 | 3 | 0 | 0 | 1 |------------------------------------------------------------------------------------------�Uberrash| 0 | 0 | 0 | 1 | 3 | 0 | 0 | 0 |------------------------------------------------------------------------------------------Ratlos| 2 | 2 | 8 | 0 | 6 | 1 | 1 | 0 |------------------------------------------------------------------------------------------Rest| 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0 |------------------------------------------------------------------------------------------Neutral| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |------------------------------------------------------------------------------------------none| 0 | 0 | 0 | 0 | 1 | 0 | 0 | |------------------------------------------------------------------------------------------CHANGE OF REFERENCE FILERef.-files/A-files = 20 rep. USM files B-files = 20 original USM filesLabels in A-Files = 493 Labels in B-Files = 474Label ombinations USM withr = 64 at least one 'strong' label in A or Bs = 27d = 5 Corret = 66.67 %i = 1 Auray = 65.62 %Ref-Labels = 96------------------------------------------------------------------------------------------# # # # # # # # # # ## USM 'strong' ## EndCorr 68.12% ## EndA 64.87% ## # # # # # # # # # #
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3.3 USPThe main reason for the negative auray within the USP-�les is the huge overall amount ofinsertions/deletions. The label 'Length-Syllable' shows the best - still poor - reliability with 45mathed pairs and 15 resp. 52 other (mis-paired) single ouranes.3.3.1 USP matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original USP files B-files = 20 rep. USP filesLabels in A-Files = 373 Labels in B-Files = 299Label ombinations USPr = 129s = 17d = 206i = 133 Corret = 36.65 %Ref-Label = 352 Auray = -1.14 %B \ Ref | CLEAR_ART | EMPHASIS | LAUGHTER |LENGTH_SYLL|PAUSE_PHRAS| PAUSE_WORD|STRONG_EMPH| none |------------------------------------------------------------------------------------------------------------CLEAR_ART| 16 | 0 | 0 | 0 | 0 | 0 | 0 | 17 |------------------------------------------------------------------------------------------------------------EMPHASIS| 13 | 52 | 0 | 2 | 0 | 0 | 4 | 56 |------------------------------------------------------------------------------------------------------------LAUGHTER| 0 | 0 | 3 | 0 | 0 | 0 | 0 | 3 |------------------------------------------------------------------------------------------------------------LENGTH_SYLL| 6 | 1 | 0 | 45 | 0 | 0 | 0 | 37 |------------------------------------------------------------------------------------------------------------PAUSE_PHRAS| 0 | 0 | 0 | 0 | 5 | 4 | 0 | 7 |------------------------------------------------------------------------------------------------------------PAUSE_WORD| 0 | 0 | 0 | 0 | 6 | 8 | 0 | 13 |------------------------------------------------------------------------------------------------------------STRONG_EMPH| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |------------------------------------------------------------------------------------------------------------none| 81 | 95 | 1 | 13 | 14 | 2 | 0 | |------------------------------------------------------------------------------------------------------------CHANGE OF REFERENCE FILERef.-files/A-files = 20 rep. USP files B-files = 20 original USP filesLabels in A-Files = 299 Labels in B-Files = 373Labelombinations USPr = 129s = 17d = 133i = 206 Corret = 46.24 %Ref-Label = 279 Auray = -27.60 %EndCorr damit: 41.44%EndA damit: -14.37%------------------------------------------------------------------------------------------# # # # # # # # # # ## USP ## EndCorr 41.44% ## EndA -14.37% ## # # # # # # # # # #15



3.4 GESWithin an overall auray of 52.32%, the most reliable label is 'I-Geste'. The �rst labellergroup (not-rep.-�les) had less misses, setting less labels than the seond labeller group.GES4 labels are further spei�ed with the labels of subategory GES5. If label pairs areonordant in ategory GES4, ategory GES5 labelling will be onordant in 90% of the asesas well. Auray for ategory GES4 inluding onordane in GES5 is therewith only littleworse with 45.14%.3.4.1 GES 4 matrix------------------------------------------------------------------------------------------Ref.-files/A-files = 20 original GES files B-files = 20 rep. GES filesLabels in A-Files = 171 Labels in B-Files = 227Label ombinations gesture ategory 4r = 142s = 21d = 8i = 64 Corret = 83.04 %Ref-Labels = 171 Auray = 45.61 %B \ Ref| I-Geste | R-Geste | U-Geste | none |--------------------------------------------------I-Geste| 78 | 3 | 3 | 19 |--------------------------------------------------R-Geste| 1 | 50 | 0 | 41 |--------------------------------------------------U-Geste| 3 | 11 | 14 | 4 |--------------------------------------------------none| 3 | 3 | 2 | |--------------------------------------------------CHANGE OF REFERENCE FILERef.-files/A-files = 20 rep. GES files B-files = 20 original GES filesLabels in A-Files = 227 Labels in B-Files = 171Label ombinations gesture ategory 4r = 142s = 21d = 64i = 8 Corret = 62.56 %Ref-Labels = 227 Auray = 59.03 %------------------------------------------------------------------------------------------# # # # # # # # # # ## GES4 ## EndCorr 72.80% ## EndA 52.32% ## # # # # # # # # # #16



3.4.2 GES5, GES 4+5 matrix------------------------------------------------------------------------------------------Label gesture subategory 5---------------------------r = 128s = 14d = 0i = 0agreeing labels from preeding (rougher) ategory = 142I-Geste agreement = 78thereof agreeing in subategory = 69R-Geste agreement = 50thereof agreeing in subategory = 47U-Geste agreement = 14thereof agreeing in subategory = 12Rough labels with subategori label mathes:| I-deut | I-frei | I-kreis | I-tipp | R-emot | R-UFO | U-les-k | U-les-p | U-suh-k|U-�uberl-k|U-�uberl-p| U-z�ahl-k| n erkbar|-------------------------------------------------------------------------------------------------------------------------------------------I-Geste| 7 | 1 | 4 | 57 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |-------------------------------------------------------------------------------------------------------------------------------------------R-Geste| 0 | 0 | 0 | 0 | 11 | 36 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |-------------------------------------------------------------------------------------------------------------------------------------------U-Geste| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 6 | 6 | 0 | 0 | 0 |-------------------------------------------------------------------------------------------------------------------------------------------
# # # # # # # # # # ## GES5 ## EndCorr 90.14% ## # # # # # # # # # ## # # # # # # # # # ## GES4+5 ## EndCorr 65.61% ## EndA 45.14% ## # # # # # # # # # #
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