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Abstract—Initial work towards processing Afrikaans spoken
lectures in a resource-scarce emvironment is presented. Two
approaches to acoustic modeling for eventual alignment are
compared: (a) using a well-trained target-language acoustic
model and (b) using an acoustic model from another language, in
this case American English. We show that while target-language
acoustic models are preferable, similar performance can be
achieved by repeatedly bootstrapping with the American English
model, segmenting and then adapting or training new models
using the segmented spoken lectures. The eventual systems
perform quite well, aligning more than 90% of a selected set
of target words successfully.

I. INTRODUCTION

The use of speech recognition in lecture rooms has long
been understood as a potentially rewarding endeavour [1].
Such systems could be used to generate real-time captions,
or multimedia transcripts of lectures, and would clearly be of
major value to students with hearing disabilities, or students
who are not fluent in the language of the lecture. An aware-
ness of these benefits has prompted significant research and
development efforts, and research groups in the USA, Italy,
Japan, Canada and the United Kingdom have all demonstrated
promising systems (for an updated list of relevant publications,
see http:/liberatedlearning.com).

In the developing world, the benefits of systems for lecture
transcription are potentially even greater, given the lower
literacy levels and greater multilingualism that are generally
prevalent. However, resource constraints have to date limited
lecture-transcription systems to the languages of the developed
world, and it is clear that developing such systems with
the limited resources of the developing world will require
substantial innovations. In the current paper, we propose a
few steps in that direction.

In particular, we investigate ways to employ speech-
processing tools in order to utilize such resources as may rea-
sonably be expected to exist in less-resourced environments,
such as audio recordings of variable quality and (potentially
inaccurate) transcriptions of some of those recordings. Our
focus is on two processing steps that are basic building blocks
in the processing of spoken lectures, namely alignment and
term detection. These processes support further stages of
lecture transcription (such as speaker adaptation) and are also
useful for purposes such as the production of multimedia
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transcripts or the development of tools for searching through
recordings.

The main contributions of this work are

o the definition and evaluation of a process for the align-

ment of recordings and transcriptions, which is applicable
in under-resourced environments, and

« a report on the first results achieved on a new Afrikaans

corpus of recorded university lectures.

In Section II below, we provide background on several
topics related to our research, and Section III describes the
approach we followed for the alignment and indexing tasks.
Our results are reported in Section IV, and in Section V we
summarize our findings and provide context on the additional
work that is required to develop practically useful lecture-
transcription systems in under-resourced languages.

II. BACKGROUND

Speech processing for under-resourced languages has been
receiving increasing attention in recent years, as awareness
of the potential role of speech technology in addressing
developmental challenges has grown [2]-[4]. The approaches
that have been followed can be arranged on a continuum
from systems that lean heavily on systems developed for
well-resourced languages ( [5], for example, uses an English
speech-recognition system to recognize speech in ten different
languages through phone mappings) to those that assemble all
the resources to develop independent systems in the targeted
under-resourced language. Van Heerden et al. [6] demonstrated
significant benefits in accuracy achievable with the latter class
of approaches for small-vocabulary speech recognition — but,
of course, at the cost of requiring all the necessary resources.

As mentioned in Section I, most work on lecture transcrip-
tion to date has been quite resource intensive. For example,
the system for American English described in [7] used an
acoustic model that had been trained on 121 hours of speech
and language models trained with more than 6 million words
of speech; more than 200 hours of transcribed lectures were
then used for the refinement and evaluation of that system.
Impressive results have been achieved in such efforts: the
MIT team reported word error rates as low as 17% for a
complete recognition task in [7], and have demonstrated that
very useful applications can be developed around a recognizer
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the good quality alignments as possible for further retraining.
This was accomplished by following an approach described
in [10], which is based on a dynamic-programming (DP)
phone string alignment procedure. It compares the result
of a forced alignment with that of a free decode, using a
variable cost matrix, and subsequently identifies accurately
transcribed sections of audio and corresponding text. These
accurate portions were then in turn used to adapt the NCHLT
model on a per-lecture basis, using MAP adaptation, followed
by another round of alignment. MAP adaptation was only
performed where a lecture was at Jeast 15 minutes in duration
(and in those cases we adapted on approximately half of the
available speech, retaining the other half for evaluation).

2) WSJ models: In resource-scare environments, large cor-
pora such as the NCHLT Afrikaans corpus are generally not
available. While we know that a model trained on data from
the target-language is likely to produce better alignments, it
is interesting to determine how closely one can approximate
the language-specific results when using a well-trained model
from a different language.

For this reason, we trained an American English acoustic
model using the WSJ corpus and the CMU pronunciation
dictionary, using the same parameters as for the NCHLT
Afrikaans model. We followed an iterative approach, where
the first iteration required remapping of phones from both
languages to come up with a common phone set. We employed
linguistic knowledge to generate such a mapping. As the
transcription conventions used in the CMU dictionary do
not model the schwa (/ax/) separately (it is modelled as
an unstressed variant of the other vowels that are marked
explicitly in the dictionary), we first employed an interpolated
phoneme mapping to identify likely occurrences of schwas.
Specifically (using ARPABET notation) all the /eh 1/, /uh 1/,
faw t/, fih 1/, /iy 1/ and /er/ samples were mapped to /eh ax 1/,
/uh ax t/, fuw ax 1/, /ih ax t/, /iy ax t/ and /ax 1/ respectively
and the unstressed /ah/ mapped to /ax/ (retaining stressed /ah/
as /ah/). Once the dictionary was reformatted, each phoneme
(or combination of phonemes) was mapped directly to their
closest Afrikaans counterparts. 18 of the phonemes could be
mapped directly, the remainder are listed in Table I. Only two
English phonemes - /dh/ and /th/ - were not used.

This model was then used to align the lectures (again
inserting a garbage model between words), followed by the
DP alignment procedure described above and corpus segmen-
tation. MAP adaptation was then performed on a per-lecture
basis (where enough data was available), and globally for use
with those lectures with less than 15 minutes of audio — the
same training and test segments as for the NCHLT corpus were
employed. The process of alignment and corpus segmentation
was repeated using the MAP adapted model. The segmented
corpus resulting from this second iteration was then used to
train a new Afrikaans model from scratch, using the original
Afrikaans phone set. These models were again MAP adapted
on a per lecture basis.

3) Alignment durations: The direct alignment of long lec-
tures can be computationally very expensive. In order to get

TABLE I
Source models for Afrikaans where direct mappings were not available.

English Afrikaans Example
(ARPABET) | (SAMPA) English  Afrikaans
1y ax; th ax i@ peer geen
uw ax; uh ax u@ poor boom
ih; iy i kin, keen sien
iy ax; ih ax 2: peer museum
ax 9 (SAE) this put
ih; iy y kin, keen vuur
hh X hand gaan
aw au allow gauteng
ay ai abide baie
ch tS choke tjalie
oy Oi ahoy boikot
jh dZ joke jazz

an intuition of the relationship between audio length and
alignment duration — and thus, to decide whether a pre-
segmentation step is justified — we aligned various lengths
of segmented lectures.

IV. ANALYSIS AND RESULTS

Several experiments were conducted to determine to what
degree lectures can be processed in resource scarce environ-
ments. We discuss the implications of lecture duration and
the corresponding computational cost of alignment in Section
IV-B. Different approaches to improving alignment accuracy
are discussed in Section IV-C and the implications of speaker
adaptation on alignment accuracy is described in Section 1V-D.

A. Experimental setup

From an acoustic modeling perspective, two different ap-
proaches were followed; a well trained Afrikaans model (de-
scribed in section III-B1) was used to align Afrikaans lectures,
and a bootstrapping approach was followed whereby a well
trained American English model (see section I1I-B2) was used
for alignment of the same set of lectures. The reason for
the two different approaches is to firstly test the feasibility
of lecture transcription in resource-scarce environments where
no data in the target language is available, and secondly to
determine how detrimental the lack of target-language acoustic
models is at various stages in the processing chain,

In order to quantify the quality of our bootstrapped model,
as well as alignment accuracy, a time aligned, accurate
evaluation set is required. Since the audio in our corpus
is only accompanied by approximate transcriptions, word or
phone recognition — which would have been the standard
way of evaluating our bootstrapped model — is infeasible.
The transcriptions are also not time aligned, complicating the
evaluation of our alignment accuracy.

Davel et al. [10] used 3 measures to quantify corpus and
mode] improvement while processing internet harvested cor-
pora accompanied by approximate transcriptions; (a) amount
of audio absorbed by the garbage model, (b) average frame
log likelihood and (c) average DP score. These measures
were found to correlate well with each other, as well as with
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TABLE II
Duration independent overlap rate when using different models for
alignment.

[ model 1 50 words | 100 words |
WSJ 66.94 61.62
WSJ + MAP/spk 77.79 -

‘WSJ no gin 80.54 73.63

NCHLT no gm 83.65 76.84

ASL 85.80 -

ASL + MAP/spk 86.64 -

NCHLT 88.53 82.76

NCHLT + MAP/spk 93.37 -
TABLE III

Improvements observed during model refinement and alignment, reported on
the evaluation set.

[ model [ Avg DPS | log P [ non-speech (%) |
WSJ no gm -0.270 -91.79 36.37
WSJ -0.130 -88.46 58.60
NCHLT no gm -0.076 -84.28 27.68
WSJ + MAP/spk -0.063 -84.56 45.74
NCHLT -0.016 -84.05 46.29
ASL 0.163 -77.46 42.17
ASL + MAP/spk 0.217 -76.77 41.67
NCHLT + MAP/spk 0.236 -81.42 42.53

D. The effect of speaker adaptation

As expected, speaker adaptation seems to be beneficial to
the process of alignment. This is most obvious from the
difference between the system trained on segmented ASL data,
compared to the ASL system which was MAP adapted to
particular speakers.

The spoken lecture domain is different from general ASR
corpora, in that one can expect to receive substantial amounts
of data from a particular speaker who is lecturing a course. Our
hope is thus that as the corpus grows, enough data will become
available to train speaker specific models instead of having to
adapt from a larger model. The amount of data at which this
transition occurs (i.e. where a speaker-specific model is more
accurate than a general, adapted model) will be investigated
in future work.

E. The effect of garbage modeling

The garbage model we employed was very effective when
used with the NCHLT meodel, as can be seen from Table III.
All measurements (except the percentage of non-speech audio,
which is not easy to interpret without knowledge of how much
real speech is present) agree that garbage modeling is very
beneficial to the process.

On the WSJ model, the picture looks quite different, though.
From the amount of non-speech, it seems that our garbage
model is too greedy. The exact reason why it misbehaves with
WSJ as opposed to NCHLT is an interesting and important
research question that needs to be answered for this technique
to be completely robust. Our hypothesis is that language differ-
ences (between the model being employed and the audio being
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Fig. 2. DET curves displaying the result of an initial STD system. Results

are displayed when using average frame log-likelihoods and DP scores
respectively.

aligned) can lead to predictable failures of the garbage-model
approach. In particular, if the triphone models do not model
the target language well, the more general garbage model
(which has a large variance) becomes a better match than the
closest matching phone. One easy remedy may be to use fewer
mixtures with the triphone models, or to explicitly penalize the
garbage model based on language distance measures, such as
the Levenstein distance.

F. Initial indexing results

Initial spoken term detection (STD, or indexing) results
are displayed in figure 2. STD was performed by using a
grammar which allows any number (including zero) of the
specific term being searched for to be detected in a single file.
As an alternative, a garbage-silence hybrid model is allowed
in parallel and between terms.

DP scoring using a flat confidence matrix, as used in [10],
is clearly the superior confidence measure when compared
to average frame log-likelihoods. Future work will entail
evaluating indexing on accurately transcribed lectures and
using ecither linguistically motivated or data-driven scoring
matrices for DP scoring.

V. CONCLUSION

Initial work towards processing spoken lectures in resource-
scarce environments has been presented. It has been shown
that having target-language acoustic models is beneficial to the
processing of these lectures in general. However, the results
from using a well-trained model from a different language in a
recursive bootstrapping procedure are encouraging. We will in
future evaluate how these results correlate with actual lecture
transcription word error rates. The WSJ results also seem to
suggest (in line with observations in [10]) that with only a
couple of hours of approximately transcribed lectures, one
should be able to erase the initial difference observed between

142



el

'8900 Joded “BE6T ‘dTSOI 204d
m Ssjuswdos opne Suo] A10A jo juswudie paoio] oy 10) wyiode
SAISINOAI Y, ‘UBUDII[D) ‘O pue ‘Buoy], uep W-T ‘B1oor *D ‘oudto d [61]
"$00g ‘10funds :Bxoqiaplay] / UIag
‘Buissasol aSonSup [panjoy Ul Saoupapy ‘eXdANQ T pue omed ‘S [81]
'600T YoIBN b€ UOISISA JLH 10j) j00oq HLH YL,
‘pue[poop, d PUe ‘ASYMNBA ‘A ‘Kaa0d " ‘uose[|O " AP0 [ 100 ‘D
T X CMERSIY @ WeH L ‘S[ee W ‘muentaAg o ‘Gunox g [L1]
"6L1E-9L1¢E 'dd "TT0Z
1sndny ‘Aje)] ‘eounio[] ‘yoaads.iauy sSuipaasolg ul | ‘pliom Suidojasap
a Ul woRYS[[ed elep YSV JoJ uuopje[d somos-uado Uy - B[AZJAOM,,
‘[eep 9p "V PuUE ‘prewteq g ‘Pae( ‘H ‘W ‘ISI0qUspeg ‘[ ‘SOUA 3p [ N [91]
"1061-8681 "dd
‘0107 “1deg ‘meder ‘Ueqniely ‘yosadsiajuy doig UL | SISATEUE 1DIPUOD
Suisn soueuonorp uoyerounuoxd Sutkjuap,, 99 9p d pue jpaed W [S1]
'8002 20
‘eee—pLe dd ‘7z "[oa ‘a8pnSupT puv yoeads samdwo) | ouyay@iney
- ynm uonesrpaxd uomeunuory, ‘prewreg ‘g pue [paed W [vi]
"8977—597Z = seded ‘110
= 1esk “dag = yuow K[e)] ‘@oudIol ‘yoaadsiau] I0.g Ul UOCLRIYIS
-se[7) pue monejuasaiday 1uaUo) olpny Jof s103dLIosa( W[ JUSNOYY
jo Swureoy pesiasedusupy,, ‘fey g pue ‘eyareH W ‘tmypneq) 'S [¢1]
'9691-£691 = safed ‘1107 = 1eak “dog = yjuwow
‘Aey] ‘souslo]] ‘yosadsiapy d0dd W SS[apour susnodse juspuadopur
1oyeads Jo Sururen pasialadnstn spremol,, ‘Yomy) Y pue uasuer 'y [z1]
‘8pIE—syl€ = seBed ‘1107
= Ieaf “dog = yyuow ‘Ajey] ‘eouniofq ‘yrasds.opuy doig ul Bumurel],
pasiaradnsun) [enSuljniy uo paseq safenSue] paomosay-Iapu[) 10§
woisks YSV we Jo Suipping pidey,, ‘Znyos I, pue ‘snery J ‘A LN [11]
‘9516—¢51¢ "dd ‘1107 1sndny “Ajey] ‘asuaro(] ‘yosadsiaiuy
s8upazaodd Wl NSV 991895-32IN0SAI 10§ OIpNE DU Jo Funsaatey
JUSTOLY,, “pIRWIRg " pue ‘sueyukery "N ‘[uspisey uea ) ‘Paed ‘H W [01]
"T00T ‘6T1-S11 "dd ‘9T Toa
‘a8pnSup puv yooeads samdwoy Bunmrel], [apoJ ousnosy pasiated
-nsup) pue pasiatadng APYSIT, ‘ePPY D pue ‘ureanen “1-7 ‘Puwey T [6]
"0T07 12qUIaAON ‘UBMIEL, ‘U], ‘J7OSO] SSupasoold mr  fsuon
-en[eAs WasAs [ear pue yoeoidde ojqeureisns Y - $2IMI03] WOOISSED
pue sfupsew Lrejuewerred jo uonduosuen onewony,, ‘eleyemey 'L [8]
9557557 "dd ‘L00z Wog ‘wniBjeg ‘diomiuy ‘yosadsiad] “doid Ul
Joalorg Suissasorg smyos uavedg LT o un ssoxford jueoay,, K|
-izleg Y PUe ‘YUANH " ‘A0ImOI[EIN T ‘s1oudAD) *§ ‘ezel] 'f 'L ‘sse[D °r [L]

"900€-€00¢ "dd

‘600z 1928 NN ‘uowBug ‘yosadsiapup 204g ur Ssanoperp uayods 1oy
worpuSooal yosads oiseq,, [sAe( N pue ‘piewiegq ' ‘Gepiady uea D [9]

6007 “AIsIoATU) TO[[a]y 21faurer) “uountedaq

souatog Iondwo) ‘voneuassip ‘qyd prom Buidopessp sy ur siesn
21BI0)1[-MO] AQ SS900E UOT)BULIOJUI 10] 20BJIAJUI Uodadg,, ‘meatays 1 [g]

"¢1-8 "dd ‘010z ydel VD ‘0N O[ed ‘T -1af [y 1o

wmsodul{s JyFy Ul JAPMS 9589 UBOLJY YINOS B 1SS239Y UONBWLIOJU]
105 AGojouyas], Yoaads,, ‘usyssAny uea 0y pue ‘Jae(] "W ‘piewreq g [¢]

"L00T ‘98—69 "dd | ou ‘p "joA ‘mowdojanag

[pronDUIIM] pup sa18ojoulsa] nojpuLofu] | ‘K30[0UYd3) ToNEULIOITI 0}
$$900€ 2jqeinbe oy sacepraiur yoosadg,, ‘KwesefenN ‘N pue syoneld W [g]

"6€1-1¢1 "dd ‘L00T 92 ‘erpu ‘azo[edueq ‘qLON

uo Jueny wup FII 0044 Ul SIS eIN]-MO[ AQ uonBULIOU] Yl[esH

0] $s200Y poseq-yosadg :owijesly, ‘ployussoy Y pue ‘erSuol Y
‘wuey W ‘TOWL A ‘Bumed VBN S UV N ‘Tuemieys T (2]

"961-61 "dd

‘2007 ‘DY 'S2180]01if23} BANSISSY 10 30UBI3[U0D OV [DUOIINLIBI

Yifif ays fo sBuipaasorg w | osf01d Sulules pajelaqr] :SWOOISSE[D
Aysteanun) w1 uonmuBoody yoeads,, ‘pres W pue ‘uosseq g ‘uteg Y} [1]

SHONTYHITY

*SONJISIOAIUN PUB S[OOYDS [BNJUI[I[NU UI SIOIAISS
ons Jo uoneoridde [eonseid ay) FuredNssAul 0} pIemIo] 0o
OS[e 0IOJOIOY} 9M — S90INOSAI payul Yum safenSue] Iof
pajeaIo aq ued AdBINOJE I[GeSn B YUM S0TAI0S uondirosuen
-oI09] JBY) JUSPUUOD oI M ‘2)BD O) PIASIIOR QABY oM
1e) symsa1 oy uaArn) -‘yoeordde Bururensi-pssiaradnsun pue
uontuSooar-pIom 2AISINOAI € Fuisn ‘papusixs aq ued sndiod
[EIIUL INO JUAIXS JByM 0] 995 0] FUNSAINUI aq OS[E [[I4 I]
"AJusA 0} Sunsazaul
aq M 1 ‘punoy 2q uwed sfurddew suoyd o[qeuosear ArAUM
safenJue] 901895-09IN0SAI 110 0] J[oM 9ZI[BISUST 0} anbiuyoa)
s1g1 j0edxa om 9[TAL "28enSue| JUAILYIP ® WO [dpoul B 0]
pasoddo se ‘[opow a3en3uel-1a51e) © YIm ssaoo0ld 211 Sunies



