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ABSTRACT

The difficulty of detecting errors in one’s own reports
may be the bottleneck in enabling a widespread applica-
tion of automatic speech recognition (ASR). Although
quite a lot of research concerning correction procedures
has been conducted, detection strategies have received
little attention. As ASR systems still produce errors a lot
depends on the detectability of errors especially in the
medical environment, as reports have to be error-free.
This paper presents the results of an experiment which
investigated error detection performance during a diag-
nostic task. No differences in detection performance
could be found between auditory or visual feedback
except for the detection of substituted words. For this cat-
egory of errors, visual feedback proved to be better.

1. INTRODUCTION

In many diagnostic departments specialists such as pa-
thologists and radiologists dictate their findings during
their examination of a microscopic section or x-ray. Legal
regulations demand authorized reports and therefore these
recordings are typed out by secretaries and signed by the
specialist responsible. Large laboratories can be confront-
ed with more than a thousand examination requests a day.
Departments have to get the reports to the requesters on
time to enable them to start treatment and so need quite a
few (expensive) secretaries to manage this number of re-
cordings.

Application of Automatic Speech Recognition (ASR)
appears to be a good and ‘cheap’ alternative. Unfortunate-
ly ASR systems still produce quite a lot of errors. Espe-
cially in the medical environment it is important for re-
ports to be error-free. Medical specialists therefore need
to correct each report thoroughly. An advantage of ASR is
that it will enable the specialists to correct their reports
sooner. The specialists would remember their dictation
better. In a previous experiment [7], this hypothesis was
tested. Pathologists were asked to correct reports which
they had dictated the same day and reports which they had
dictated the day before. Simulated speech recognition er-
rors were deliberately put in the pathologists’ reports. The
hypothesis was rejected but what the experiment did show
is that it is very difficult for pathologists to detect speech
recognition errors. Two-thirds of the errors remained un-
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corrected.

An explanation for this finding is that the pathologists
fail to remember their dictation or the details of the medi-
cal image. It could also be the case that the problems are
caused by the fact that the reports are dictated (spoken)
whereas the pathologists have to correct written text. The
written words may be an insufficient cue to allow recol-
lection of what had been dictated or what had been exam-
ined. A third reason has to do with the similarity of the
material that the pathologists are confronted with. In the
time between dictation and verification of the report, pa-
thologists examine and report on other, often similar cas-
es. The cases probably interfere.

At this moment the exact reason for the pathologists’
inability to correct these ASR errors is still unclear. Pre-
senting the speech recognition results directly to the pa-
thologist might be a good solution. The modality of the
feedback may also be of influence. There seems to be a
controversy between Schurick et al. [6] who conclude that
visual, word-to-word feedback with history seems most
optimal and Frankish & Noyes [3] who suggest better per-
formance with auditory, feedback. Baber et al. [1] wisely
conclude that a determining factor in the use of feedback
is its function in the task and that different tasks have dif-
ferent optimal feedback media. The present experiment
will make it possible to re-examine both the Schurick et al.

~ and Frankish & Noyes findings in the light of the diagnos-

tic tasks of pathologists.
2. HYPOTHESES

It is thought that a number of factors influence the detecta-
bility of the simulated speech recognition errors. The mo-
dality in which the feedback is presented is of importance.
As previously mentioned, visual feedback of the dictated
text may not be an effective cue for the pathologists to re-
call what they dictated. It is believed that auditory feed-
back is more similar to the dictation and that detection
performance should therefore be better in the case of au-
ditory presentation.

Another factor that influences the detectability of er-
rors is the complexity of the microscopic sections that the
pathologists need to diagnose. The more complex the sec-
tions the more the pathologists will have to devote their at-
tention to them and the less they can concentrate on de-
tecting errors.

A third factor that seems interesting to investigate is the
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level of experience of the pathologists. For trainee pathol-
ogists the information they see and the words they dictate
are much less familiar than for the pathologists, who are
experts. It is because of this that trainee-pathologists are
expected to detect more errors than the more experienced
pathologists. To test these hypotheses the following ex-
perimental setup was designed.

3.METHOD

3.1 Subjects

Five pathologists and three trainee-pathologists of an aca-
demic hospital in the Netherlands participated in the ex-
periment. All subjects had some experience with comput-
ers and some had seen demonstrations of speech recogni-
tion equipment but none had worked with it. The subjects
were asked to examine microscopic sections and to dictate
a report containing their findings. After each utterance the
recognized utterance was reported back to them. The ex-
periment took approximately one hour.

3.2 Material
Eight microscopic sections were used: four cases of liver
excidum and four naevus (skin) cases. The cases were se-
lected from the bospital archive based on their age (all
were approximately one year old) and on the similarity of
the diagnostic reports that had been made about them.
Three types of errors were introduced into the reports:
deletions, substitutions and inversions as a special case of
substitutions!. Due to the fact that the pathologists were
free as to what they dictated, the number and type of mod-
ifications could nqt be determined beforehand. It was de-
cided to change specific words with a certain probability
in such a way that the resulting ‘recognized’ report con-
tained a number of errors similar to those produced by
ASR systems. The type of words was extracted from [4]
and [5].
3.3 Set-up
The experiment was setup in one of the offices of the pa-
thology department of the hospital. A computer contain-
ing a videocard and a speech synthesis card was connected
to a PC in a neighbouring room via an RS-232 cable. In
this room a typist was seated who had been trained to type
the relevant medical terms. He typed out what the subjects
dictated.

3.4 Design of conditions
Last but not least the details of the two feedback condi-

1. Although the most common categorization of ASR
errors is in deletions, substitutions and insertions, inser-
tions often co-occur with a substitution. A relatively
large word is substituted by two small words. For this
reason these types of errors are merely counted as sub-
stitutions in this research. An example from the experi-
ment is the change of “worden” into “wordt een”. This
is counted as one substitution instead of one substitution
and one insertion.
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tions must be mentioned. The visual feedback was pre-
sented on a computer monitor. The computer contained a
Video Blaster card and corresponding software to enable
the projection of the microscopic image onto the monitor
screen via a camera in the microscope. The subjects could
use the handles on the microscope to scan through the sec-
tions. The visual feedback was displayed in a bar at the
bottom of the screen, resembling the way subtitling is dis-
played on television. A maximum of two lines could be
displayed, the letters were 24 points large and remained
on the screen for 6 seconds corresponding to a subtitling
situation (see e.g. [8]). The monitor was located at a dis-
tance of approximately 1.5 metres from the subject. This
made it possible for the subjects to look at both the display
of the section and the text simultaneously, as these were
located in the same visual field.

In the auditory condition subjects looked at the same
computer monitor and could scan through the section in
the same way as in the visual condition. Instead of pre-
senting the recognition result in a bar on the screen the
‘recognized’ utterance was reported back to the subject by
the Polyglot diphone speech synthesis system. The lexi-
con was extended with 140 medical terms from liver and
naevus reports. The length of the utterance reported back
to the subject was similar to what was reported in the vis-
ual condition but the time between dictation and feedback
was somewhat longer (a mean difference of 1.5 seconds)
due to the fact that the synthesis program had to start up
again for each utterance.

In both conditions the subjects responded to errors by
pressing a key on the keyboard and by saying out loud
what the error was exactly. Logfiles were made of the text
before the error generation and after the errors were put in,
and of the subjects keypresses. Auditory tape recordings
were made as well.

3.5 Preparatory analysis of speech synthesis

A small experiment was designed to test whether the syn-
thetic speech was sufficiently good to detect errors at all.
Four subjects were each given six reports. A number of
changes had been made in the reports that were spoken by
the Polyglot system. The subjects’ task was to check the
synthesis and to mark all differences in the text. The re-
sults are presented in table 1. The bottom row are the

Table 1: Results preparatory analysis

Subject DEL SUB INV Total
1 11 11 3 25
2 9 7 3 19
3 9 15 3 27
4 8 10 3 21
Entered 11 20 3 34
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Figure 1. Generated and detected errors in each condition.

number of errors entered. For each subject the number of
detected errors is given per error-type. The total number
of detected errors per subject is presented in the column
on the right.

4. PROCEDURE

A repeated measures experimental design was employed,
with subjects working through the two feedback condi-
tions in the same experimental session. The order of con-
ditions and reports was counterbalanced across subjects.

Subjects were first given brief instructions mentioning
the goal and procedure of the experiment. The way they
should react to errors and what was to be counted as an er-
ror was made clear to them. Each condition was practised
just before the subject experienced the condition for the
first time. During this practise session the experimentator
pointed out the errors and reminded subjects how to react.

Each subject received two complex cases (liver exci-
dum) and two easy cases (naevus) randomly selected
from the eight available microscopic sections. The se-
quence was either Auditory (A)-Visual (V)-Visual-Audi-
tory or V-A-A-V.

5. RESULTS

As previously mentioned, errors were randomly intro-
duced into the reports. The resulting numbers of generated
" errors are displayed in figure 1. For both conditions the
numbers of generated errors of each type are displayed;
this is represented by the bars at the back (the second)
row. The same figure also shows the number of detected
errors across the subjects. The bars in the front show the
number of detected errors for both conditions (two groups
of three) and for each error-type. A t-test for independent
samples indicated that there was no significant difference
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between the number of errors entered in each condition,
t(25)=.57, p>.05 for the deletions, t(11)=.80, p>.05 for the
inversions and t(22)=.53, p>.05 for the substitutions.
These results indicated that the conditions were compara-
ble in terms of error generation. :

In total, subjects corrected 23 of 49 errors in the audi-
tory condition and 52 of 75 errors in the visual condition,
equalling 47% and 69% respectively. No statistically sig-
nificant difference was found between the detection per-
formance in the auditory and visual condition. When each
error-type was tested separately, however, it was found
that detection performance for substitutions did differ be-
tween the conditions. A t-test, with LOG transformations
in order to be able to handle proportions, revealed
t(21)=4.02, p=.001. With respect to substitutions it can be
concluded that the modality of the feedback influences
that detection performance. Subjects are better able to cor-
rect substitutions when these are presented to them visu-
ally.

Regarding the complexity of the reports and the de-
tectability of errors, no significant difference could be
found. For the inversions it was very close to significance,
t(7)=2.16, p=.06 but the number of cases was very small.
It seems that there is a trend towards less detection when
the reports become more difficult but more research is
necessary to confirm this.

Learning effects or effects due to fatigue were not
found. There was no significant difference between the er-
rors detected in the first two reports and the errors detect-
ed in the last two reports.

Finally the detection performance in the auditory con-
dition was compared to the results in the preparatory anal-
ysis. For deletions and inversions there was no significant
difference but for the detection performance of substitu-
tions there was, t(9)=4.18, p=.05. Detection performance
for substitutions differed for the two groups.
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6. DISCUSSION

It was found that the modality of feedback influenced
how well subjects were able to detect substitutions in their
own text. The overall tendency was that subjects detected
more errors in the visual condition but the difference was
not significant.

For substitutions a difference between the two condi-
tions is found and one can imagine that the quality of the
speech synthesis is the reason for this finding. Deletions
become apparent in a similar way for both conditions:
there is a word missing. The situation is similar for inver-
sions. The subjects know that when they dictate these
words that they have to pay attention. The subjects may
not be able to understand the speech synthesis completely
and could have given the computer the benefit of the
doubt: they may have presumed that the feedback was cor-
rect.

With respect to this quality issue the prepatory analy-
sis was performed. As mentioned in the results, statistical
analysis revealed a significant difference between detec-
tion performance of substitutions in the prepatory analysis
and in the auditory condition of the experiment. Finding
could be attributed to the fact that the subjects were mere-
ly more strict but it could also be the case that they were
able to concentrate better on the task. In the experiment
subjects received feedback which they had to check dur-
ing their examination of microscopic sections. Because of
this they had to divide their attention which could have
caused their lesser performance.

Another explanation regarding this finding has to do
with the subjects’ familiarity with the text. In the prepato-
ry set-up subjects received a text which was not their own.
In the experiment the subjects were asked to compose
their own reports. Daneman and Stainton [2] have shown
that extreme familiarity with text (like one’s own text) is
likely to result in less corrected errors. This could explain
why subjects miss the errors in the experiment. On the
other hand one would expect that also more deletions and
inversions would then be missed in the experiment and
this is not the case.

As pointed out in the introduction the subjects’ failure
to detect errors could be caused by memory problems. Re-
call of the exact structure of a sentence is very short and
the time between dictation of an utterance by the subject
and presentation to the subject may have been to long and
could explain the overall low performance. Inversions are
content related changes and should according to this ex-
planation have been detected better than the other two cat-
egories. This was not the case. .

It was expected that the complexity of the microscopic
sections would also influence detection performance and
especially when the attention explanation is true this
should be the case. No significant difference was found
but it is possible that the subjects did not take their task of
examining the sections seriously as they knew it was an
experiment. -
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7. CONCLUSIONS

Regarding the stated hypotheses the following can be con-
cluded. Not auditory presentation but visual presentation
seems to be better to detect errors, especially for substitu-
tion errors. The complexity of the microscopic sections
did not significantly influence the detection performance
and also the level of experience of the subject made no dif-
ference. For the time being it is believed that the detection
difficulty lies in the fact that the subjects have to divide
their attention between checking the auditory feedback
and visually inspecting the microscopic section. This
dual-task situation could be the reason for the poorer per-
formance in detecting substitution errors.

From this finding it can be concluded that visual feed-
back should be given when the main, most attention de-
manding task is a visual one. Future research should focus
on the question if the level of attention is of importance
and it would be interesting to see if the opposite is also
true: is auditory feedback is better when the main task is
auditory in nature? '
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