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ABSTRACT The SCAN GUI was designed to support local navigation within
) _ ) _ speech documents, as well as document retrieval. Based upon
We examine how differences in the accuracy of Automatic Spee@mpirical studies of search in the voicemail domain [4], we pro-
Recc_)gnltlon transcrlpts affect users’ ability to use these in taslpsed a new paradigm for speech retrieval interfaces: “what you
requiring the retrieval of speech “documents”. We compare pegee is (almost) what you hear” (WYSIAWYH) [3], a multimodal
formance measures, processing strategies, and preference d_&ltfaﬁfroach exemplified in Figure 1. WYSIAWYH is based on the
subjects using transcripts and speech data to perform a serieshghothesis that humans will findasual analogue to the speech

relevance judgment and summary tasks on transcripts with diffefecording useful in search and browsing. To this end, we employ
ent levels of accuracy. Results show effects for transcript quality

on solution accuracy, time to solution, amount of speech played for _ T ——
the task, likelihood of subjects abandoning use of a transcript, anC: g & & =
subject perceptions of task difficulty, transcript utility, readability, Ao e e B

T [ .!'lw--i-l A e fre i e
and comprehensibility.
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Research on Automatic Speech Recognition (ASR) generally as:
sumes perfect transcription accuracy to be its holy grail. The more
accurately a system can transcribe an utterance, the better that sy
tem performs (modulo time factors) Recently this assumption is
being challenged, however. Different metrics are being discussec
in the context of new applications for ASR technologies, such as
spoken dialogue systems and speech retrieval systems. Shou
metrics such as concept accuracy (for dialogue systems) or systei
performance on certain classes of words (for speech retrieval sys
tems) be preferred in training a recognizer for these tasks? So fal
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however, these questions have primarily been asked when the trar| | L e e e i
scriptis being usedystem internally, for example by the dialogue - gy i v g | o
manager in an interactive system or the information retrieval com- | [ o L o o L L LT

ponent of a speech browser. Little research has been done on tt P -
effects of transcription accuracy on humans using the transcripts |“***" e ——

to carry out real world tasks. This paper addresses this issue ir| [5f 7 - o s me s o me e e i
the context of a speech retrieval systed;AN, Spoken Content- [Sp—
Based Audio Navigator. ETTT
Ilumhl [ annake | passs | le
2. THE SCAN SYSTEM AND ITSUSER P e oy T
INTERFACE

Figure 1: WYSIAWYH Browser

SCAN operates on the NIST TREC SDR corpus, a subset of the . .
DARPA HUB-4 Broadcast News corpus, which includes newdvell-understood tex_t formatting conventions (such as head_ers and
broadcasts from the major networks and CNN, hand-segmentBgr@draphs) to provide useful analogues for speech browsing.

by NIST labelers into news stories. SCAN uses ASR technique’sE
b

to produce an errorful transcript of each story, operating on spee ers to input their queries, at the top of the browser. Search re-

segmented into audio paragraphs PARATONES Stories relevant sults are depicted in theE®uLTSpanel immediately below, which

to a text query are retrieved by an information retrieval (IR) sys- : : S
) o ) resents a relevance-ranked list of 10 audio documents, with infor-
tem — in SCAN, a modified version of the SMART system [2, 1] P

Results of th i d retrieval st th ('ﬂation on program name and story number, date, relevance score,
esu S ot the recognition and retrieval stages are then passe eRgth (in seconds), and total hits (number of instances of query
SCAN'sgraphical user interface (GUI).

words in document). The MUAL OVERVIEW component pro-
vides high-level information about the current document. Each

e SCAN GUI includes a SARCH COMPONENT which allows



query term is color coded, and each paratone represented by a ¢mls AND LISTENING, where subjects listened to a given paragraph
umn in a matrix, where column width shows the relative lengthvhile scanning nearby paragraphs for contextual information re-
of that paratone in the story. If a query term occurs in a paratorating to what they were playing. In these experiments, the mean
then the matrix cell corresponding to term and paratone is depictaerd accuracy over all audio “documents” was 67%, ranging from
in the relevant color (in Figure 1 the query term “princess” is dea maximum of 88% to a minimum of 35%. According to our
picted in cells representing the first, second and fourth paratonesybjects, the choice and efficacy of transcript-based strategies was
The ASR TRANSCRIPTprovides detailed (if sometimes inaccu- highly dependent on the accuracy of the transcript. Direct reading
rate) information about the contents of a story. Query terms in theas only possible with accurate transcripts, while visual scanning
transcript are highlighted and color-coded, using the same codiagd concurrent playback tended to be used for transcripts judged
scheme used in the Visual Overview. Users can play a given pata-be comprehensible but errorful, where the audio could be used
tone by clicking on the corresponding column in the Overview oto check the transcript accuracy.

paragraph in the Transcript. Finally, a simpleA? BAR repre-

sents a single story, which users can access randomly within tHéhen we examined the effect of differences in transcript recogni-
bar, plus start and stop buttons to control play for this componefien accuracy explicitly, we found some effect on quality of solu-

and others. tion and users’ perception of task difficulty, but, surprisingly, no
effect on amount of speech played or on time to completion of
2.1. Evaluating the GUI task. There were also task-specific effects. For fact-finding, bet-

ter quality ASR led to higher quality solutions (r(22)0.42, p<
In evaluating the SCAN GUI we compared it with a simpler ver-0.05), and there was a trend towards lower perceived task difficulty
sion which contained only the Results panel and the Play contrd€22) = 0.35, p< 0.07). User comments also suggested that, with
— i.e. with neither overview nor ASR transcript. We found thathigher quality transcripts, users were able to extract more informa-
users generally performed better with the WYSIAWYH browseition from the transcript alone, reducing the amount of speech they
in terms of time to solution, solution quality, perceived task dif-needed to play, and allowing them to be more precise about what
ficulty, and users’ rating of browser usefulness, for document rethey played. Where transcript quality was poor, they were forced
evance judgments (subjects were asked to determine which ofcado more listening: “I wanted to scan the transcript but | found
set of five retrieved documents is most relevant to a given queng,massive number of errors in the speech recognition, so | decided
and fact-finding (subjects were asked to find the (factual) answi listen.” However, we could find no objective evidence for re-
to a specific question). However, when the task was to summéuction in playing time with more accurate ASR (r(22)0.25, p
rize a given document, there was no difference between the WY St 0.05), nor were users faster to solve the task (r&2®).05, p>
AWYH browser and the simple browser. 0.05). There were also no effects of ASR quality on any measure
for the summary task. This is consistent with our earlier finding —
A central concern in our experiments was the role of the ASR tranhat in general the SCAN Ul did not help with the summary task.
script in supporting browsing. As noted above, the transcript (the
same used for IR) is intended to support information extractioVWhy did transcript quality fail to affect outcome and process mea-
providing detailed information about the contents of a story. Theures more directly, and why did we find task specific effects for
transcript panel displays a transcript of the selected story. Sinseme of our measures? One possibility is that transcript quality
the overall ASR word accuracy on the corpus in this example wagas confounded with story, since we had only one transcript per
69% on this corpus, transcripts usually contain errors (in paragrapisk. To control for this and to better understand the effects of
2 of the transcript in Figure 1, “in a tizzy” is transcribed as “in a totranscript quality, we conducted a second experiment.
Z"). So, transcripts may be more or less helpful. In regions where
itis mostly accurate, it is intended that users find relevantinforma3. EFFECTS OF TRANSCRIPT QUALITY
tion simply by reading — without the time burden of listening to the
audio. Where itis less accurate, it should at least enable rapidly \3.1. Experimental Design
sual scanning to find relevant regions to play in the audio. The tran-
script also should provide local contextual information: users calm the previous study, transcript quality was confounded with story.
decide whether to play a particular paratone by reading surrounider our new experiment, we controlled for this by choosing tran-
ing paragraphs to determine its likely relevance. Finally, overaficripts from the output of eight different ASR systems with dif-
transcript quality should help users assess the likely accuracy fefent degrees of accuracy. The overall word accuracy levels of
all the transcript, search and overview information. For exampléhese systems ranged from 10% correct to 99.2% correct. So, for
bizarre phrases like “buster and those ties and assess state....” (Eigeh story used in our experiment, we obtained four different levels
ure 1, paragraph 2) indicate the transcript is inaccurate. They mafword accuracy — 100% correct (human transcript), 84%, 69%,
thus also suggest that query terms in the overview may have beg®P6. We could therefore compare users performing the same tasks
misrecognized, and, thus, that the overall retrieval of relevant dobut with different levels of word accuracy in the materials they
uments may be flawed. used. Eight users performed four instances of both the summariza-
tion and relevance judgment tasks described for the previous study.
Subject’s comments and our observations indicated 3 main usesTafsks and transcript quality were randomized within subject. In
the transcript: (apIRECT READING without accessing the under- this experiment, subjects saw only the search, results, transcript,
lying audio; (b)VISUAL SCANNING to relevant regions and then and play components of the GUI, not the overview.
playing these for accurate information; (CDNCURRENT PLAY



For each question we collective objective data, including time t3.3. Analysisand Results

solution and quality of solution (as assessed by two independent

judges), as well as number, type, and duration of browsing arye conducted multiple separate ANOVAs with the following in-
play operations. We also observed subjects to identify differefiependent variables: subjects, transcript quality (with two levels:
strategies they were using to carry out the task (e.g. reading onfiigh” for word error rates above 84%, and “low” for error rates
playing only, scanning and playing, etc.). We collected subjedelow 70%), task type (relevance judgments versus summariza-
tive data via having subjects “think aloud” during the experimention), and order (whether this was the first or second time that a
and recording their statements, and via brief post-task questiopHbject had encountered a transcript of this quality). The depen-
naires (task difficulty, usefulness of the player, utility of the trandent measures were: solution quality (as evaluated by two indepen-
script, overall transcript readability and comprehensibility and crident judges), time to solution, total amount of time spent playing

teria people used for judging transcript quality). speech for the task, total amount of time spent reading, perceived
difficulty, and the likelihood of a subject abandoning use of the
3.2. Hypothes&s transcript, to rely solely on playing. We report interactions and

post hoc tests where these are relevant to the hypotheses.
The experiment was designed to test three aspects of the possible
effect of transcript quality (measured in word accuracy) on user be-

havior and perception: Whether subjeet formance would differ Table1: Effects of ASR quality on processing
(H1 and H2); whether the way subjegtsocess documents would Measure High ASR | Low ASR | Hyp
differ (H3a, H3b, and H4); and whether subjects wosiithj ec- Quality Quality
tively per ceive their tasks differently (H5 and H6). These were the| Time to Solution 335s 390s | Conf
hypotheses tested: Norm'd Solution Quality 0.22 0.19 | Conf
Am't Played 37.9s 52.4s| Conf
1. High quality transcripts, i.e. those with higher word accuracy, Reading Time 297s 337s| Conf
afford ease of accessing information by scanning and readingProb. Abandoning
without the need for playing the story. Subjects should bg Transcript 0 0.16 | Conf
faster to generate solutions when transcripts are more accp-Perc’'d Task Diff 2.32 3.12 | Conf
rate. Perc’'d Transcript Utility 2.78 4.34 | Conf
2. Subjects should therefore produce higher quality solutions
with high accuracy transcripts for similar reasons. Table 1 shows the results. Analysis of the effect of word accuracy

3. (a) More accurate transcripts allow straightforward accedlifferences on performance shows that higher quality transcripts

by scanning and reading. So, subjects should play leQuly affect time to solution, not solution quality. Hypothesis H1,
of the story when transcript quality is high. that higher word accuracy should lead to faster solutions was con-

. ) firmed. People answered questions more quickly with high quality
(b) More accurate transcripts allow straightforward accesganscripts (F(1,163 7.34, p< 0.02). Post-hoc tests showed that
to information by scanning and reading, while infor-yis 5 qyantage for transcript quality only occurred with the rele-
mation extraction is harder with low quality transcripts.,ance task however. Hypothesis H2, that higher quality transcripts
Subjects should therefore spend less time reading stgpqy19 produce produce higher quality solutions by providing eas-
ries when transcript quality is high. ier access to information was not confirmed (F(1,46).60, ns).

4. Given the difficulty of extracting information from a low One possible reason for the failure to find effects is that there
quality transcript, subjects should be more likely to abandowere individual differences in strategy, with more diligent subjects
use of the transcript when transcript quality is poor, relyingspending more time trying to optimize solutions. We therefore nor-
exclusively on playback. malized solution quality scores by dividing them by the time to

SLpmplete the task. The resulting analysis showed that high qual-

ity transcripts produced better solutions faster, but that this effect

] ) ] ) . was limited to the first instance of where a subject was presented

6. Subjects shoul_d perceive high quality transcr_lpts to be MOLGith that quality of transcript (F(1,16¥ 26.98, p< 0.0001). One
useful for carrying out the tasks than low quality transcripts;nerpretation is that subjects evolved strategies for dealing with

low quality transcripts, when they received them later in the exper-
In addition, we investigated which aspects of the transcript led subment.
jects to question its accuracy, by gathering subjective ratings of
perceived comprehensibility and readability of the transcript. Wénalysis of how transcript differences affected subjects’ process-
also examined how perceptions of various lexical, syntactic and seg strategies revealed that indeed subjects play less recorded
mantic characteristics of the transcripts were related to these. Fageech when the quality of the transcript is high (Hypothesis H3a);
example we asked users whether they felt that “bizarre syntax#(1,16)= 11.67, p< 0.002. In addition, people spent less time
“odd terms”, “incomprehensible words” or “strange proper nameseading high quality transcripts (Hypothesis 3b); F(1,£63.98,
had contributed to their perceived comprehensibility or readabilitg < 0.05). However, post-hoc tests again showed that transcript
of the transcripts. These questions and descriptors were basedogmality reduced reading time only for relevance judgments but not
an analysis of subjects’ characterizations of transcript errors in osummaries. Finally, we found that subjects indeed did abandon
previous studies. transcripts more quickly when transcript quality was poor (Hy-

5. Subjects should perceive the task to be easier when tr
scripts have higher word accuracy.



pothesis 4), relying simply on play commands. Our first measure 0.0001, for comprehensibility®> = 20.06, df= 4, p < 0.001).
was based on the likelihood that people would stop using the tran-
script in the first paragraph. As predicted, people were much less 4. DISCUSSION
likely to stop using high quality transcripts in the first paragraph.
(F(1,16)= 8.33, p= 0.001). We also looked at the likelihood that Our study of how ASR transcript quality affects people’s ability to
users would abandon using the transcript at any point (not just ifse these transcripts in relevance ranking and summarization tasks
the first paragraph), and these results are shown below. Transcispows the following major findings: Overall, people completed
tasks more rapidly with high quality transcripts. ASR quality was
. ) ) an important determinant of solution quality — but only the first
Table2: Abandonment of Transcript by Quality of Transcript  ime people encountered a transcript at a given quality level (con-

Transcript Quality] No | Yes trolling for time to solution). People played less speech with high
perfect 14 2 quality transcripts. They were more likely to stop using low quality
good 13 3 transcripts. People found tasks easier and transcripts more useful
moderate 3 13 with high quality transcripts. High quality transcripts were also
low 6 10 seen to be more readable and more comprehensible. While most

) of the effects we found were restricted to the relevance judgment
accuracy was a strong predictor of whether or not people woutgsk, this may be because people tended to rely upon playing rather
persist with useX” = 21.84, 2df, p< 0.0001). than reading the transcript for the summary task.

Analysis of the effect of word accuracy differences on subject®dur findings must of course be interpreted relative to several pos-
perception of the task and of the utility of the transcript also consible limitations of our approach. The transcripts used in the study
firmed our hypotheses H5 and H6. Subjects did perceive tasks\re generated by different recognizers, so their error patterns may
be easier with high quality transcripts (Hypothesis H5); F(1,16have been different — both in distribution and in type of errors.
= 11.66, p< 0.002). And subjects did perceive that high qualityThe overall word accuracy of entire documents may be too crude a
transcripts were more useful for carrying out the task (Hypothesigay to define ASR quality for a task. If different portions of a doc-
6); F(1,16)= 65.70, p< 0.00001). ument have different error rates, this may have different effects on
. . . user performance; for example, if the transcript at the beginning
We also looked at subjects’ perceptions of transcript accuracy. Oge 5 qocument is accurate, the user may gain useful information
very striking observation is that subjects’ ratings of perfect trangp ¢ the document as a whole, even if the overall transcript qual-
scripts are low. Only half the subjects thought that perfect trang is jow, Early transcript accuracy might also motivate users to
scripts were “very readable”, and 57% thought they were “Very,nine using the transcript, as opposed to switching to listening

comprehensible”. When asked about this, our subjects noted e story directly. These possibilities will be considered in sub-
conversational nature of the transcribed speech, which 'nd“dggquent experimentation.

hesitations, incomplete sentences, and grammatical errors not nor-
mally found in written text. So, it could be that subjects werene must also consider the question of whether there is a thresh-
holding a spoken genre to a written standard in their evaluationgid at which improvement in transcript accuracy ceases to facili-
Despite this lack of absolute accuracy, however, subjects’ relativgte performance; our finding that subjects are rather poor at dis-
judgments of perceived readability and comprehensibility of traninguishing between accurate and somewhat inaccurate transcripts
scripts were highly correlated with objective quality. That is transyggests this may be true.
scripts with higher word accuracy were rated as higher quality than
those with lower accuracy (for comprehensibility r(62)0.75, p 5. REFERENCES
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