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Abstract	
  

Experimental	
  Se2ng	
  
!  16 participants (adult German native speakers) performed 

the map task in groups of two 
!  4 maps with eight to twelve landmarks, labelled in German 
 
!  Each participant executed a standard initial model training 

with the ASR system 
!  Participants were separated in two different rooms with a 

computer and the respective maps 
!  ASR as input for instructor’s directions into a chat field (no 

further editing possible), follower could talk back freely 
!  Experiment was audio recorded and transcribed 
!  After the follower reached the goal, roles were swapped 

and the experiment was repeated with another map 

Data	
  Analysis	
  
!  WER was calculated and several extrinsic factors were 

measured, e.g. time to task completion and task success 
(correctness of path) 

!  Analysing the transcripts showed that many errors were of 
low relevance for human understanding, e.g. compounding 
mistakes	
  

	
  

From our results we see that WER is not a good indicator of time to task completion or route drawing accuracy.  
However, we could not show a significantly higher correlation with the extrinsic results for the three alternative 
measures, i.e. syllable, character and sound error rate 
	
  
	
  
	
  

Human	
  conversa-on	
  is	
  full	
  of	
  errors,	
  ill-­‐formed	
  sentences,	
  false	
  starts	
  and	
  hesita-ons.	
  This	
  complicates	
  ma9ers	
  for	
  NLP	
  components,	
  
whereas	
  humans	
  are	
  well	
  able	
  to	
  filter	
  out	
  the	
  relevant	
  content.	
  The	
  way	
  WER	
  is	
  calculated	
  does	
  not	
  take	
  into	
  account	
  the	
  ability	
  of	
  a	
  
human	
  listener	
  to	
  compensate	
  for	
  small	
  mistakes.	
  We	
  collected	
  sixteen	
  ASR	
  mediated	
  dialogues	
  using	
  a	
  map	
  task	
  scenario.	
  The	
  material	
  
was	
  assessed	
  extrinsically	
  through	
  measures	
  like	
  -me	
  to	
  task	
  comple-on	
  and	
  intrinsically	
  through	
  WER.	
  We	
  discovered	
  a	
  lack	
  of	
  
correla-on	
  between	
  extrinsic	
  and	
  intrinsic	
  measures.	
  However,	
  more	
  forgiving	
  metrics	
  based	
  on	
  phonemes	
  and	
  syllables	
  do	
  not	
  seem	
  to	
  
correlate	
  be9er	
  with	
  human	
  performance.	
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Figure	
  1:	
  Example	
  of	
  instructor	
  and	
  follower	
  map	
  	
  

!  Character	
  error	
  rate,	
  one	
  version	
  considering	
  word	
  
boundaries	
  (CER)	
  and	
  one	
  not	
  (CER2)	
  

!   Sound	
  error	
  rate,	
  based	
  on	
  phoneme-­‐classes	
  determined	
  by	
  a	
  
German	
  Soundex	
  variant,	
  considering	
  word	
  boundaries	
  (SER)	
  
or	
  not	
  (SER2)	
  

!   Syllable	
  error	
  rate	
  (SylER),	
  similar	
  to	
  WER,	
  based	
  on	
  
automa-cally	
  segmented	
  syllables	
  	
  

Alterna9ves	
  to	
  WER	
  
SylER CER CER2 SER SER2

Time �0.09 (0.72) �0.18 (0.49) �0.20 (0.45) 0.02 (0.94) �0.19 (0.43)
Task �0.26 (0.33) �0.30 (0.24) �0.28 (0.28) �0.17 (0.53) �0.27 (0.26)
WER 0.95 (< 0.01) 0.85 (< 0.01) 0.84 (< 0.01) 0.99 (< 0.01) 0.86 (< 0.01)

Table 3. Overview of the Pearson coefficient for the correlation of the intrinsic
evaluation methods (SylER, CER, CER2, SER, and SER2) with time to task comple-
tion (time) and task success (task). P-values in brackets.

Another approach would be to match homophone units, which show minor
di↵erences in spelling. We utilized a German version of the Soundex algorithm,
which was initially developed to index names by sound, by encoding homophones
to the same representation [17], the so called Kölner Phonetik [13, 2]. Our imple-
mentation of the sound error rate (SER) is based on an encoding scheme, which
maps letter combinations representing similar sounds onto the same numerical
code, mostly ignoring vowels and repeated letters. Again we implemented two
variants, one comparing the codes for whole words (SER), and one treating the
encoded input as a continuous string of numbers, calculating the edit distance
for swapped numbers (SER2). Similar to CER2, we believe SER2 better matches
human comprehension, since word segmentation is not essential for comprehen-
sion. Table 2 shows a summary of CER, SylER, SER and SER2 results.

6 Discussion and Conclusion

From our results we see that WER is not a good indicator of time to task
completion or route drawing accuracy. The resulting five sets of new error rate
results (i.e. SylER, CER, CER2, SER and SER2) have been used to compare
the correlation with the extrinsic measures, however, we could not show a sig-
nificantly higher correlation than WER had with the extrinsic results. Table 3
shows an overview for Pearson correlation coe�cient and p-values between the
new intrinsic error rates and WER, time to task completion, and task success.
In summary we can say that the extrinsic measures used in this experiment do
not correlate well with the intrinsic evaluation and that our new intrinsic error
rates have a very high correlation with each other and with WER.

The human ability to process languages is still unmatched by technology.
Human conversation is full of errors, ill-formed sentences, false starts and hes-
itations. These complicate matters for NLP components, however, if humans
are faced with them they are well able to filter out the relevant content, some-
times even without recognising the mistakes. The way WER is calculated does
not take into account the ability of a human listener to compensate for small
mistakes. This possibly explains the lack of correlation between WER and task
performance observed in our experiment. However, more forgiving metrics based
on phonemes and syllables do not seem to correlate better with human per-
formance in the map task, despite being more robust towards other distortions
such as miss-recognised compounds. A finer-grained intrinsic metric thus re-
mains elusive. The low correlation between these intrinsic metrics and time to

Table	
  2:	
  Overview	
  of	
  the	
  Pearson	
  coefficient	
  for	
  the	
  correla-on	
  of	
  the	
  intrinsic	
  evalua-on	
  
methods	
  (SylER,	
  CER,	
  CER2,	
  SER,	
  and	
  SER2)	
  with	
  -me	
  to	
  task	
  comple-on	
  (-me)	
  and	
  task	
  success	
  
(task).	
  P-­‐values	
  in	
  brackets.	
  

presented in Table 2. We calculated the correlation between the WER results
and the extrinsic measure, hypothesising that a bad word error rate would be re-
flected in low extrinsic measures. However, we were unable to identify significant
correlations between the data sets. For example, the Pearson correlation coe�-
cient [14] between WER and the time to task completion is r = 0.04 (p = 0.88)
and between WER and task success it is r = �0.15 (p = 0.57).

reference word ASR output
Compound mistakes

geschlossenen Ko↵er Geschlossenenko↵er
Richtung Saloon Richtungssalon
Richtung Katze Richtungskatze
Richtung Kaktus Richtungskaktus

Decomposition mistakes
Indianerzelt Indianer Zelt
Linksbogen links Bogen
Vorderbeinen vorder Beinen

Other
Forstfahrzeug vors Fahrzeug
nordöstlich nordwestlich
Start Staat

Table 1. Selection of frequent ASR mistakes.

In order to understand why this is the case a deeper inspection of the tran-
scripts of the reference and the ASR output was performed, focussing on the
error types that could be found in the ASR output. A selection of the most fre-
quent mistakes can be found in Table 1. Looking at the most frequent mistakes
it can be observed that compounding mistakes occur regularly. Compounds are
words that contain more than one stem (e.g. darkroom or bittersweet), and are
frequent in the German language. In the experiment an instructor told his fol-
lower to walk into the direction of the cat (‘Richtung Katze’ ), the ASR system,
however, compounded direction and cat to a new word (Richtungskatze), which
is not a meaningful word. Another very frequent type of error was the decompo-
sition of German compounds into their stems. For example the German word for
tepee (Indianerzelt), which can be literally translated to ‘indian’s tent’ was al-
ways split into the two words (Indianer, Zelt for indian and tent). Furthermore,
misrecognition often resulted in words that only di↵er by a small number of
characters from the original uttered word (e.g. Nordlicht and nördlich). While
these mistakes have a considerable impact on WER, their e↵ect on our other
metrics (see Sect. 5 below) seem to be less pronounced. Their influence on hu-
man comprehension might be negligible. Hence, we assume that such mistakes
are not captured by the extrinsic measures.

Table	
  1:	
  Selection of frequent ASR errors. 	
  


