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Abstract

Spoken dialog systems are slowly becoming
and integral part of the human experience due
to their various advantages over textual inter-
faces. Spoken language understanding (SLU)
systems are fundamental building blocks of
spoken dialog systems. But creating SLU sys-
tems for low resourced languages is still a chal-
lenge. In a large number of low resourced lan-
guage, we don’t have access to enough data
to build automatic speech recognition (ASR)
technologies, which are fundamental to any
SLU system. Also, ASR based SLU systems
do not generalize to unwritten languages. In
this paper, we present a series of experiments
to explore extremely low-resourced settings
where we perform intent classification with
systems trained on as low as one data-point
per intent and with only one speaker in the
dataset. We also work in a low-resourced set-
ting where we do not use language specific
ASR systems to transcribe input speech, which
compounds the challenge of building SLU sys-
tems to simulate a true low-resourced setting.
We test our system on Belgian Dutch (Flem-
ish) and English and find that using phonetic
transcriptions to make intent classification sys-
tems in such low-resourced setting performs
significantly better than using speech features.
Specifically, when using a phonetic transcrip-
tion based system over a feature based system,
we see average improvements of 12.37% and
13.08% for binary and four-class classification
problems respectively, when averaged over 49
different experimental settings.

1 Introduction

Spoken Language Understanding (SLU) systems
form an integral part of any spoken dialog system.
A traditional SLU pipeline is made up of two mod-
ules (Figure 1) - a speech to text module which
converts input audio into textual transcripts, and
a natural language understanding (NLU) module
which aims to understand the semantic content in
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the user utterance from the textual transcripts (Tur
and De Mori, 2011; Lugosch et al., 2019). The
conventional two-module SLU pipeline is prone to
making speech recognition errors which propagate
through the system. To minimize these errors, a
lot of recent research has been focused on creating
end-to-end spoken language understanding (E2E-
SLU) systems (Qian et al., 2017; Serdyuk et al.,
2018).

Building E2E-SLU systems requires an even
larger amount of task-specific annotated data when
compared to the two-module split SLU pipelines
(Lugosch et al., 2019; Bastianelli et al., 2020; Wu
et al., 2020). While high resourced languages like
English are moving towards E2E-SLU, the chal-
lenges presented by low resourced languages are
very different. Low resourced languages operate in
a regime where we have access to only tens or hun-
dreds of labelled utterances, which are not enough
to build robust E2E-SLU systems. Creating robust
automatic speech recognition (ASR) systems for
low resourced languages is itself a challenge as
these require large amounts of manual annotation.
For many low resourced languages, we might not
even have ASR technologies. Creating ASR tech-
nologies for unwritten languages or languages that
have only a few hundred or a few thousand speak-
ers alive is not even a viable option. But can we
create spoken dialog systems for such languages?

‘Low-resourced-ness’ of a particular language is
a very broad term often used loosely to describe var-
ious types of inadequacies when creating language
technologies. It affects creating speech technolo-
gies in mainly two ways. For the purpose of this pa-
per, we explicitly define and differentiate between
these two scenarios. The first scenario is what we
call language-specific low-resourced-ness, where
we do not have enough resources to create robust,
language specific speech recognition technologies.
Speech recognition systems are fundamental to cre-
ating various kinds of speech technologies includ-
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Figure 1: A traditional spoken language understanding system consisting of a speech-to-text system followed by a

natural language understanding module.

ing dialog systems, speech emotion recognition
systems, keyword spotting systems, speaker recog-
nition and diarization systems. When creating di-
alog systems, ASR systems allow us to convert
input speech to text, after which text based lan-
guage models like BERT (Devlin et al., 2018) can
be used to understand the content of speech and
build NLU modules. This allows us to create SLU
systems with smaller amounts of task-specific an-
notated data. But in settings where we do not have
access to speech recognition systems, it becomes
important to have enough annotated task-specific
data to compensate for the lack of ASR systems
and text-based language models. This introduces
the second source of ‘low-resourced-ness’, which
we call rask-specific low-resourced-ness - where
we do not have enough annotated data for a particu-
lar task. Two challenges occur in this scenario - one
where we do not have enough speakers to create a
task-sepcific speech corpus, and another where we
do not have enough recordings per speaker. Not
having enough annotated data for a particular task,
when combined with lack of speech recognition
technologies compounds the problem of creating
speech technologies for such languages. We work
in this compounded low-resource setting, where
we assume language specific and task-specific low-
resourced-ness.

In this paper, we present a series of experiments
to empirically re-create language-specific and task-
specific low-resourced-ness scenarios and work in
the compounded setting where we tackle both chal-
lenges at the same time. As we assume language
specific low-resourced-ness, we work in a setting
where we don’t have access to language specific
ASR systems. One way to tackle this setting is to
use an ASR system built for a higher resourced
language and use the transcriptions generated to
perform downstream tasks as used in (Buddhika
et al., 2018; Karunanayake et al., 2019b,a). It was
later shown in (Gupta et al., 2021; Yadav et al.,
2021) that using language and speaker indepen-
dent systems trained on many languages to ex-

tract speech features works much better than using
ASR systems built for a different language, as a
different language usually contains a different set
of phonemes with a different phone to phoneme
set mapping. When this setting is compounded
by task-specific low-resourced-ness, we are at an
extremely low resourced setting where each data
point becomes valuable. To simulate this setting,
we pose an I-class intent classification problem
(I = 2,4) where we have a varying number speak-
ers (S) available for recording training data. Each
speaker provides only k-utterances per intent for
training. In this k-shot setting, we evaluate our sys-
tem in a granular manner for very small values of
S and k. Specifically, we evaluate our system for
S =1,2,3,4,5,6,7 number of speakers, where
each speaker records £ = 1,2,3,4,5,6,7 utter-
ances per intent. We evaluate our SLU system on
robust test sets containing hundreds of utterances
collected from multiple speakers which are not
present in the training set.

We find that using language independent or mul-
tilingual speech recognition systems performs sig-
nificantly better in such low-resourced settings.
Furthermore, what works even better is to generate
a language independent symbolic representation
of input speech and create NLU systems for this
symbolic representation. This hints that creating
SLU systems for even extremely low-resourced
settings is likely trace conventional SLU pipelines
where we represent input speech symbolically in
the form of text and then build NLU blocks on
top of this. The symbolic representation of speech
used here is the phonetic transcription. We find
that using a phonetic transcription based system
is significantly better than using speech features
for classification for low-resourced settings. We
see average improvements of 12.37% and 13.08%
for binary and four-class classification problems
respectively, when averaged over 49 different ex-
perimental settings, for Belgian Dutch (Flemish)
language.



2 Related Work

English has been the most widely studied language
for creating SLU systems. Various datasets have
been released to aid this development (Hemphill
etal., 1990; Saade et al., 2018; Lugosch et al., 2019;
Bastianelli et al., 2020). There have been many
previous works on creating SLU systems in a two-
module split fashion (Gorin et al., 1997; Mesnil
etal., 2014). A typical SLU pipeline, as shown in
Figure 1, consists of an ASR system that converts
input speech to text and an NLU module that pro-
cesses the input text to understand the user query.
As with any system composed of multiple modules,
errors that occur in one part of the system propa-
gate through the system. To prevent this, a large
amount of recent work has been focused on creat-
ing E2E-SLU systems (Qian et al., 2017; Serdyuk
et al., 2018; Chen et al., 2018). The caveat with
making such systems to work is that they require
an even larger amount of task-specific annotated
data, which is usually not a luxury available to
low-resourced languages.

Apart from English, there are many other spo-
ken dialog datasets available for various languages
including French (Devillers et al., 2004; Saade
et al., 2018), Dutch (Tessema et al., 2013; Ons
et al., 2014; Renkens et al., 2014), Chinese Man-
darin (Zhu et al., 2019; Guo et al., 2021), Sinhala
and Tamil (Karunanayake et al., 2019b), and cross-
lingual SLU datasets exist for English, Spanish
and Thai (Schuster et al., 2019). In this paper, we
work with two languages - Belgian Dutch (Flemish)
(Tessema et al., 2013; Ons et al., 2014; Renkens
et al., 2014) and English (Lugosch et al., 2019).

One of the major bottlenecks in creating SLU
systems for low-resourced languages is the creation
of ASR systems in such low data scenario. This
scenario is what we refer to as a language-specific
low-resourced setting. Previous works have tried to
use English-based ASR systems for languages like
Tamil and Sinhala. In these sytems, input speech
in Sinhala/Tamil is converted into English script
using an English speech recognition system that
is then processed by an NLU system (Buddhika
et al., 2018; Karunanayake et al., 2019b,a). We
use a similar idea as baseline and use Wav2Vec
(Schneider et al., 2019; Baevski et al., 2020) to
extract speech features for Flemish. Wav2Vec is a
self-supervised speech recognition system trained
on large amounts of unlabelled speech data which
boasts to learn superior language representations

for English. In this work, we use Wav2Vec 2.0
(Baevski et al., 2020) to extract speech features.

A series of recent works (Gupta et al., 2020b,a,
2021; Yadav et al., 2021) replace the ASR module
in the SLU pipeline by a universal phone recog-
nition system called Allosaurus (Li et al., 2020).
Allosaurus is a universal phonetic transcription
system that creates language and speaker indepen-
dent representations of input speech. Allosaurus
is trained to recognize and transcribe input speech
into a series of phones contained in the utterance,
providing superior representations of input audio
which can also be used for languages linguistically
distant from high resourced languages like English.
(Yadav et al., 2021) show that using embeddings
generated from Allosaurus to encode speech con-
tent outperforms previous state-of-the-art methods
for Sinhala and Tamil by large margins, while main-
taining high performance on high resourced lan-
guages like English (99.08% classification accu-
racy for a 31-class intent classification problem).
But the performance drops as the dataset size de-
creases and is not optimal for the task-specific low
resourced settings that we are dealing with in this
paper. To tackle this, we convert input speech into
phonetic transcriptions using Allosaurus as pro-
posed in (Gupta et al., 2020a) for our compounded
low resourced setting.

In our paper, we explore a novel and rather un-
explored language-specific low-resourced setting
compounded with task-specific low-resourced-ness.
Our aim it to push the limits and demonstrate
performance of using existing technologies in ex-
tremely low resourced settings, where each data
point becomes crucial.

3 Dataset

In our paper, we work with two languages - Bel-
gian Dutch (Flemish) and English. We use two
popular SLU datasets for our experiments - the
Fluent Speech Commands (FSC) dataset (Lugosch
etal., 2019) for the English language and the Grabo
dataset (Tessema et al., 2013; Ons et al., 2014,
Renkens et al., 2014) for Flemish.

The primary reason behind the choice of the
datasets was that each utterance in the two datasets
had clear speaker identities associated with each
utterance. Our aim is to test true low resourced set-
tings where getting speaker recordings is extremely
hard. Intent recognition datasets in other languages
like French (Devillers et al., 2004; Saade et al.,
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Figure 2: A generic SLU system for language-specific low-resourced setting where we do not have access to speech

recognition technologies.

Dataset Number of Chosen Intents Speakers in Utterances in | Speakersin | Utterances
Intents Validation Set | Validation Set Test Set in Test Set

FSC (English) 2 ‘bring newspaper’, ‘activate 10 194 10 232

washroom lights’
FSC (English) 4 ‘bring newspaper’, ‘activate 10 519 10 634
washroom lights’, ‘change
language to German’, ‘decrease
volume’
Grabo (Flemish) 2 approach’, ‘lift’ 2 106 2 108
Grabo (Flemish) 4 approach’, ‘lift’, ‘point’, ‘grab’ 2 212 2 216

Table 1: Validation and Test Set statistics for chosen intents for the FSC and Grabo dataset.

2018), Chinese Mandarin (Zhu et al., 2019; Guo
et al., 2021), Sinhala and Tamil (Karunanayake
et al., 2019b) do not maintain speaker identities
and hence were not suitable for our work. Main-
taining a mapping of (anonymized) speaker iden-
tities allowed us to create validation and test sets
with no speaker overlap with the training set. This
allows us to do the most robust evaluation of our
systems. Moreover, these datasets also allow us to
create large test sets such that the results are robust
enough to evaluate the system performance and yet
have no overlapping speakers with the training set.
We choose Flemish as our low-resourced language
since Flemish is not used to train Allosaurus or
Wav2Vec 2.0.

FSC is a large and well maintained SLU dataset
for the English language. The dataset contains 19
hours of speech data collected from 97 different
speakers. The dataset contains commands suitable
for a smart home system. An example command
would be asking the system to ‘change language to
Chinese’ or to ‘turn off the lights in the kitchen’.
Each utterance has a clear, anonymized speaker
identity associated with it. This allows us to cre-
ate large validation and test sets with no speakers
overlap with the training set. The intents chosen
for our experiments and the corresponding number
of samples in the validation and test sets are shown
in Table 1.

The Grabo dataset contains 11 speakers and is
much smaller than FSC. The dataset consists of
commands given to a robot such as ‘moving right’
or ‘drive backwards fast’. We use speaker IDs 2-

8 to create the training set, speakers 9 and 10 for
the validation set, and speakers 11 and 12 for the
test set. Thus there is no speaker overlap between
the training, validation and test sets. The chosen
intents and the validation and test set statistics are
shown in Table 1.

4 System and Model

To simulate a language-specific low-resourced set-
ting, we do not use a language specific ASR sys-
tem. We tackle this challenge by exploring two
experimental settings. First we use a generic SLU
pipeline as shown in Figure 2. The first step in
this pipeline is to extract speech features. We use
Wav2Vec 2.0 to extract speech features for Flem-
ish, which represents using a speech recognition
system built for a different language. Then, we use
the SLU system proposed in (Gupta et al., 2020a)
as shown in Figure 3. It replaces a language spe-
cific ASR system with Allosaurus (Li et al., 2020),
which is a universal phonetic transcription system.
We use Allosaurus to convert input speech to pho-
netic transcriptions. We then build an NLU system
from these phonetic transcriptions to perform intent
recognition.

The model used in this work is very similar to the
model used in (Gupta et al., 2020a) which is a char-
acter level model built for a sequence of phones
generated by Allosaurus. The model creates its
own embeddings using the annotated task-specific
dataset and uses Convolutional Neural Networks
(CNN) (LeCun et al., 1998) to extract contextual
information from phonetic input, and a Long-Short
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Figure 3: Phonetic transcription based SLU system as proposed in (Gupta et al., 2020a).

Term Memory (LSTM) (Hochreiter and Schmidhu-
ber, 1997) network to make utterance level decision
and account for sequential information. This model
achieved state-of-the-art intent classification per-
formance for low-resourced languages like Tamil
and Sinhala when used without language specific
ASR. We keep the model used across experiments
constant to identify difference in performance oc-
curring due to difference in feature extraction meth-
ods.

We reduce the model size to account for the
scarcity of data. We use a 256-dimensional embed-
ding layer with just one CNN layer of kernel size 3
and one or two LSTM layers of hidden dimension
256 depending on the dataset size. For the case
of the generic SLU, the embeddings are removed
and input feature dimension is dependent on the
features extracted. For Wav2Vec 2.0, the feature di-
mensions are 768. A detailed description of model
architecture is provided in the appendix A. Batch
normalization (Ioffe and Szegedy, 2015) layer is
removed because there are scenarios where we are
working with a training set of as low as 2 samples,
which are not enough to learn batch statistics and
give unstable performance.

5 Experiments

In this paper, we try to emulate a real world low-
resourced data collection scenario. A challenging
aspect of building SLU systems for low resourced
languages is having access to language specific
ASR systems. To tackle this, we experiment with
two alternatives. We first use a speech recognition
systems created for a higher resourced language
(English) to extract speech features and use those
features for intent recognition on Flemish data (Sec-
tion 5.1). Then, we create an intent recognition
system using a phonetic transcription generated
by Allosaurus (Section 5.2). The input audio is
converted to language independent phonetic tran-
scriptions, and intent classification is done using
the phonetic transcriptions generated.

Data collection is expensive and difficult, even
more so in extremely low resourced languages.

For example, Canadian Indigenious languages like
Inuktitut or Siksika have only a few thousand living
speakers. Native speakers of such languages are
hard to catch hold of for data collection process.
This makes every data point collected crucial. This
task-specific low-resourced setting compounds the
difficulty in making speech technologies for low-
resourced languages.

We pose two I-class intent classification prob-
lems, where I = 2,4. The columns of each of the
Tables 2-9 in the following sections show results for
different values of &, where k is the number of utter-
ances recorded by a speaker per intent. This means
that if £ = 3, each speaker provided 3 recordings
for each intent, which amounts to a total of 3 x
recordings per speaker. In general, each speaker
records k x I audios, where k is the number of au-
dios recorded by a speaker per intent, and [ is the
number of intents. The rows for each of the tables
represent the number of speakers (S) involved in
creating the dataset. The total training dataset size
is S x k x I. All data points in all the following
tables represent an average classification accuracy
over 3 different random selections of dataset and
training the model from scratch on top of it.

5.1 Experiments with Wav2Vec Features

First, we use Wav2Vec 2.0 (Baevski et al., 2020)
to extract representations of input speech and use
those to perform intent classification on Flemish
data. The results for the binary classification set-
ting are shown in Table 2 and for the four-class
classification setting is shown in Table 3.

One obvious trend to notice here is that increas-
ing the number of total training samples in general
increases the accuracy of the models. This trend
is consistently seen in the four-class classification
results ( Table 3). We also notice a saturation in per-
formance on increasing the number of utterances
per speaker. This usually occurs around k£ = 4, 5.
For each value of .S, we see that adding number of
recordings for the same speaker increases the per-
formance significantly, but the rate of this increase
starts to reduce when we have 4 — 5 utterances per



k=1|k=2 k=3 |k=4|k=5|k=6|k=7 k=1|k=2 k=3 |k=4|k=5|k=6|k=7
S=11 7253 | 74.69 | 69.44 | 72.83 | 74.07 | 74.38 | 74.07 S =11 7530 | 81.17 | 73.45 | 79.93 | 76.23 | 82.40 | 78.39
S=21 6975 | 74.69 | 67.90 | 63.27 | 78.70 | 67.59 | 69.13 S =2 8487 | 8549 | 93.82 | 89.81 | 87.65 | 91.35 | 89.50
S =31 68.20 | 76.85 | 82.40 | 80.86 | 76.85 | 74.38 | 72.83 S =31 7994 | 95.37 | 87.65 | 92.90 | 90.12 | 94.75 | 92.59
S =41 7839 | 6450 | 69.13 | 71.60 | 75.92 | 76.85 | 75.30 S =4 | 83.33 | 90.74 | 93.20 | 95.06 | 88.58 | 95.37 | 92.28
S =251 7098 | 74.07 | 75.92 | 78.39 | 82.09 | 78.70 | 76.23 S =51 86.11 | 92.59 | 92.90 | 91.35 | 96.29 | 94.75 | 97.83
S =61 79.62 | 75.61 | 87.03 | 83.95 | 84.56 | 83.33 | 93.82 S =6 | 91.04 | 91.97 | 92.28 | 94.13 | 96.91 | 91.97 | 92.28
S =71 75.00 | 76.85 | 89.19 | 85.49 | 91.66 | 91.97 | 94.44 S =171 8580 | 90.74 | 90.74 | 90.43 | 94.44 | 91.66 | 95.06

Table 2: Two class classification results for the Grabo Table 4: Two class classification results for the

dataset with 768 dimensional features from Wav2Vec
2.0.

GRABO (Flemish) dataset using phonetic transcrip-
tions.

k=1|k=2|k=3|k=4|k=5|k=6|k=17 k=1|k=2|k=3|k=4|k=5|k=6|k=7
S =1 | 3549 | 37.03 | 37.19 | 37.80 | 39.96 | 40.12 | 42.28 S =1 | 47.83 | 50.61 | 50.92 | 53.85 | 50.77 | 52.31 | 50.00
S=2139.19 | 4521 | 4521 | 45.83 | 48.76 | 49.69 | 53.08 S =2 5648 | 6450 | 66.82 | 65.89 | 67.74 | 72.22 | 68.82
S =31 4182|4783 [ 5370 | 61.57 | 55.55 | 63.88 | 67.59 S =359.87 | 63.58 | 68.36 | 69.90 | 69.75 | 72.22 | 70.52
S=414922 | 45.06 | 51.23 | 52.93 | 60.80 | 65.27 | 64.50 S =4 6388 | 64.19 | 6836 | 67.43 | 72.22 | 71.75 | 73.76
S=5 | 4459 | 5339 | 56.32 | 66.04 | 64.96 | 70.83 | 66.82 S =5 64.66 | 67.28 | 69.44 | 74.84 | 7222 | 77.31 | 76.69
S =6 | 48.14 | 52.77 | 58.64 | 71.91 | 74.07 | 74.69 | 75.30 S=6 | 66.51 | 69.59 | 77.93 | 77.46 | 79.62 | 80.55 | 82.56
S=7 15277 | 56.66 | 67.12 | 72.83 | 79.62 | 80.09 | 76.69 S =7 6851 | 80.55 | 81.01 | 82.09 | 85.33 | 85.64 | 88.73

Table 3: Four class classification results for the Grabo Table 5: Four class classification results for the

datasetwith 768 dimensional features from Wav2Vec
2.0.

speaker.

5.2 Experiments with Phonetic
Transcriptions using Allosaurus

The performance in the compounded low-resourced
intent classification setting using Wav2Vec features
as seen in the previous was encouraging. In this sec-
tion, we use Allosaurus to generate phonetic tran-
scriptions of user audio, using the pipeline shown
in Figure 3. We then build intent classification
systems on top of these phonetic transcriptions.
The results for the binary classification setting are
shown in Table 4 and for the four-class classifica-
tion setting in Table 5.

We consistently see better classification perfor-
mances for almost all experiments when using pho-
netic transcriptions. We see an average improve-
ment of 12.37% for the binary classification prob-
lem and 13.08% for the four-class classification
problem, when averaged over 49 different experi-
ments performed in each I-class classification prob-
lem. Each experiment represents a accuracy av-
eraged over 3 different random selections of the
dataset. Note that the test sets in all the experiments
for the binary classification problem are exactly the
same with no speaker overlap with the training or
the validation set, irrespective of the size of the
training set. The same is true for the four-class
classification problem.

For the binary classification in Flemish, we see
that the improvement in performance when using

GRABO (Flemish) dataset using phonetic transcrip-
tions.

phonetic transcription becomes more significant
as the dataset size reduces. This can be observed
when we look at the first 3 columns of Table 4 when
compared to Table 2. For example, when S = 7
and k € [5,7], the performance of the Wav2Vec
system is comparable to the phonetic transcription
based system. In all other experiments, the pho-
netic transcription based system outperforms the
Wav2Vec feature based system. Table 4 also shows
that using just 2-3 speakers are enough to learn
generalizable speaker independent features when
using Allosaurus phonetic transcription, which al-
lows the classification performance on the test set
to be in the 90’s. A similar performance requires 6-
7 speakers when using Wav2Vec features as shown
in Table 2. This can be seen if we look at a system
developed with 3 speakers recording 4 utterances
each using phonetic transcriptions in Table 4, it
is comparable to a 7 speaker system where each
speaker records 7 utterances per intent when using
Wav2Vec features (Table 2) . We attribute this ef-
fect to Allosaurus that creates speaker independent
embeddings of input audio. These embeddings
when projected to the space of a universal set of
phones is more robust to speaker variations.

The performance improvement observed for
Flemish when using phonetic transcriptions gets
amplified in the four-class classification problem.
We see significant improvements when using pho-
netic transcriptions for all experiments. We see an
average improvement of 13.08% over the 49 exper-



k=1 k=2 |k=3|k=4 k=5 |k=6|k=7 k=1 k=2 |k=3|k=4 k=5 |k=6|k=7
S=11] 7284 | 8232 | 84.48 | 86.20 | 79.45 | 83.90 | 86.78 S=11 9198 | 93.27 | 95.56 | 95.27 | 95.85 | 96.71 | 96.56
S =21 8405 | 89.79 | 91.23 | 86.20 | 94.10 | 94.10 | 95.11 S=21 9513 | 97.99 | 97.99 | 98.56 | 98.56 | 98.14 | 97.28
S=3| 7729 | 87.78 | 93.82 | 9540 | 98.27 | 96.55 | 97.98 S =31 9585|9828 | 97.85 | 97.65 | 99.14 | 99.71 | 99.28
S =41 8433 | 89.51 | 93.10 | 94.97 | 98.41 | 98.85 | 98.13 S=41 9728 | 9842 | 98.14 | 98.88 | 98.99 | 98.85 | 98.71
S =5 86.20 | 89.65 | 95.25 | 97.27 | 98.13 | 98.70 | 98.27 S=51 9856 | 97.56 | 98.99 | 98.71 | 99.28 | 98.85 | 99.28
S=6| 86.06 | 9525 | 96.55 | 98.56 | 98.70 | 97.70 | 99.13 S=61 9671 | 97.85 | 98.42 | 98.56 | 98.56 | 98.71 | 99.58
S=71 96.69 | 9597 | 96.26 | 98.70 | 99.13 | 98.85 | 98.85 S=7T71 9742 | 99.57 | 99.42 | 99.71 | 99.85 | 99.57 | 99.42

Table 6: Two class classification results for the FSC

(English) Dataset using speech features extracted from
Wav2Vec 2.0.

k=17
62.19
84.01
92.74
96.89
96.31
97.05
94.79

k=4
58.41

64.30
85.80
87.22
91.48
95.58
94.21

k=5
59.20
75.23
81.65
89.53
95.58
95.58
95.26

k=6
56.15

77.97
81.80
94.00
96.79
95.58
97.21

k=1
38.53
46.58
48.63
51.84
77.86
72.02
65.87

k=2
42.79
53.73
58.25
76.39
81.59
90.37
85.06

k=3
50.36
62.56
75.44
77.70
86.33
81.75
92.32
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Table 7: Four class classification results for the FSC
(English) Dataset using speech features extracted from
Wav2Vec 2.0.

iments when using phonetic transcriptions. This
improvement is large when the amount of data is
small which we can check by comparing the first
three columns of Tables 3 and 5. If we calculate the
improvement when S < 3 and k£ < 3, which we
call the 3 x 3 matrix of the tables, we get an average
improvement of 16.25% over the 9 experimental
settings. But we also see significant improvement
when the amount of data is larger. For example,
phonetic transcription based system performs sig-
nificant better for 7 speakers and 7 recording per
speaker when compared to the Wav2Vec features
based system. Thus, as the task complexity in-
creases, we see that using phonetic transcriptions
is a significantly better option when compared to
features from speech-to-text systems created for a
different language.

The pipeline proposed in Figure 3 is analo-
gous to the traditional SLU pipline as shown in
1. High resourced languages allows the use of
ASR systems which project speech, which is a
very long sequence of high dimensional input
into a much shorter, 1-dimensional sequence of
characters. Thus, ASR systems try to give a
I-dimensional symbolic representation to input
speech. This sequence of characters is usually
grouped into words or sub-words, which we re-
fer to as tokens in general, and are then projected
back into a higher dimensional space as word-
embeddings, encoding meaning and context. This
is usually done using pre-trained models like BERT

Table 8: Two class classification results for the FSC
(English) using phonetic transcriptions.

k=1|k=2|k=3|k=4|k=5|k=6|k=7
S=11 6106 | 62.06 | 62.79 | 70.59 | 69.75 | 72.29 | 72.21
S =21 6504 | 63.99 | 72.05 | 77.18 | 80.06 | 78.64 | 81.84
S=31 6713 | 7472 | 7535 | 7791 | 83.72 | 85.55 | 85.29
S=41 6860 | 79.74 | 77.18 | 84.66 | 84.51 | 88.54 | 87.75
S=51 7205 | 79.59 | 80.58 | 87.85 | 88.27 | 91.57 | 92.67
S =6 70.80 | 82.20 | 83.41 | 90.16 | 89.84 | 91.05 | 92.83
S =71 7556 | 80.48 | 86.65 | 89.48 | 91.10 | 90.99 | 93.98

Table 9: Four class classification results for the FSC
(English) dataset using phonetic transcriptions.

(Devlin et al., 2018), where the different layers of
the model encode and understand various possible
meanings and contexts in which a token can be
used (Tenney et al., 2019). Thus, these pre-trained
models can be seen as functions that map an input
token into vectors that encode all possible ways
the token has been used in the dataset the model is
trained on.

The projection by ASR systems into a lower
dimensional space of characters causes loss of in-
formation and results in errors which is not always
compensated by the re-projection of words into the
space of word-embeddings, which is why recent
research in high resourced languages is moving
towards creating E2E models. But this process
of projecting high-dimensional and long speech
input into a much smaller transcription of sym-
bols, and then re-projecting into the space of word-
embeddings encoding meaning and context allows
us to create SLU systems with a very small amount
of annotated task-specific data.

Our experiments show that the analogous pro-
cess of projecting down speech into a symbolic
transcription of phones and then re-projecting the
symbols into a vector space of symbolic embed-
dings created from the phonetic transcription data
performs significantly better than using high dimen-
sional feature representations of input speech, as
done with Wav2Vec in section 5.1. The large size
of Wav2Vec vectors (768) requires a larger amount
of task-specific data to infer content and meaning
of input utterances when compared to using pho-
netic transcription. Using phonetic transcriptions



also allow us to create our own vector spaces of
symbolic embeddings which are very specific to
our dataset and encode the meaning and context
in which each phone has been used for the partic-
ular task. This is why the pipeline that uses pho-
netic transcriptions outperforms Wav2Vec based
embeddings. (Yadav et al., 2021) show that this is
true even when Allosaurus embeddings are com-
pared to phonetic transcriptions generated by Al-
losaurus. As the amount of available data decreases,
intent classification systems built using phonetic
transcriptions begin to outperform systems based
on Allosaurus embeddings, thus showing that pro-
jecting input speech into phonetic transcriptions is
the most exhaustive way to use the scarce amount
of labelled data in the compounded low-resourced
settings.

We verify this by performing the same set of
experiment on the English dataset (FSC). We first
use Wav2Vec features to extract input speech. The
binary classification, the results are shown in Table
6 and for the four-class classification problem, the
results are shown in Table 7. Note that Wav2Vec
is specifically trained on large amounts of English
speech data and thus the features extracted from
Wav2Vec are likely to perform much better for
English than they worked for Flemish. This experi-
mental setting is thus not a language-specific low-
resourced setting anymore, and only a task-specific
low-resourced setting. We then create an intent
classification system using phonetic transcriptions,
as shown in Table 8 and 9. We see an average
improvement of 5.42% for the binary classifica-
tion problem and 2.09% for the four-class classi-
fication problem, when averaged over 49 experi-
ments. These improvements are amplified when
we compare the 3 x 3 matrices (when S < 3 and
k < 3,) for the two classification problems be-
tween Wav2Vec based and phonetic transcription
based methods. We find an average improvement
of 11.14% for the binary classification problem and
an average improvement of 14.15% for the four-
class classification problem, when averaged over
9 experiments. This shows that a phonetic tran-
scription based SLU pipeline outperforms a speech
feature-based pipeline in the low-resourced sce-
narios, especially when we lack language specific
speech recognition technologies.

6 Conclusion

In this paper, we provide a series of experiments
to empirically recreate a real-world, low-resourced,
SLU system building scenario. We work in
the compounded setting of language-specific low-
resourced-ness and task-specific low-resourced-
ness. The challenge posed by a language-specific
low-resourced setting is the absence speech recog-
nition technologies. We bypass this in two ways -
firstly, we use a speech recognition system built for
a different higher resourced language. Secondly,
we use a universal phone recognition system to
convert input speech to phonetic transcriptions. To
simulate the task-specific low-resource scenario,
we present intent classification results at a gran-
ularity where we see the effects of changing the
number of speakers and the utterances recorded
by each speaker. We simulate these settings for
Belgian Dutch (Flemish) and English.

We find that using Allosaurus, a universal
phone recognition system that creates language
and speaker independent representations of in-
put speech, performs better than using Wav2Vec
for Flemish dataset. When using Allosaurus, we
convert input speech into phonetic transcriptions
and use these transcriptions to build NLU mod-
els. We find that using phonetic transcription based
model performs better than using Wav2Vec fea-
tures. For Flemish, we see an average improvement
of 12.37% for a binary classification problem and
an average improvement of 13.08% for a four-class
classification over using Wav2Vec features, when
averaged over 49 different experimental settings.
All results are calculated on a large test set con-
taining hundreds of utterances that has no speaker
overlap with the training or validation set. Also,
we find that as the dataset size decreases, phonetic
transcription based method consistently outperform
Wav2Vec feature based methods. Phonetic tran-
scription based models also need fewer speakers to
generalize to a test set with no speaker overlap.

Finally, we recommend converting input speech
into phonetic transcriptions as an intermediate step
for creating SLU systems in such low resourced
settings. Doing such conversion allows us to create
a task-specific embedding space that uses the small
annotated dataset most efficiently.

Disclaimer. This paper was prepared for infor-
mational purposes by the Artificial Intelligence Re-
search group of JPMorgan Chase Co and its af-
filiates (“JP Morgan”), and is not a product of the



Research Department of JP Morgan. JP Morgan
makes no representation and warranty whatsoever
and disclaims all liability, for the completeness, ac-
curacy or reliability of the information contained
herein. This document is not intended as invest-
ment research or investment advice, or a recom-
mendation, offer or solicitation for the purchase
or sale of any security, financial instrument, finan-
cial product or service, or to be used in any way
for evaluating the merits of participating in any
transaction, and shall not constitute a solicitation
under any jurisdiction or to any person, if such so-
licitation under such jurisdiction or to such person
would be unlawful.
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References

Alexei Baevski, Yuhao Zhou, Abdelrahman Mohamed,
and Michael Auli. 2020. wav2vec 2.0: A frame-
work for self-supervised learning of speech represen-

tations. Advances in Neural Information Processing
Systems, 33:12449-12460.

Emanuele Bastianelli, Andrea Vanzo, Pawel Swietojan-
ski, and Verena Rieser. 2020. SLURP: A spoken lan-
guage understanding resource package. In Proceed-
ings of the 2020 Conference on Empirical Methods
in Natural Language Processing (EMNLP), pages
7252-7262, Online. Association for Computational
Linguistics.

Darshana Buddhika, Ranula Liyadipita, Sudeepa
Nadeeshan, Hasini Witharana, Sanath Javasena, and
Uthayasanker Thayasivam. 2018. Domain specific
intent classification of sinhala speech data. In 2018
International Conference on Asian Language Pro-
cessing (IALP), pages 197-202. IEEE.

Yuan-Ping Chen, Ryan Price, and Srinivas Banga-
lore. 2018. Spoken language understanding with-
out speech recognition. In 2018 IEEE International
Conference on Acoustics, Speech and Signal Pro-

cessing (ICASSP), pages 6189-6193. IEEE.

Laurence Devillers, Hélene Maynard, Sophie Rosset,
Patrick Paroubek, Kevin McTait, Djamel Mostefa,
Khalid Choukri, Laurent Charnay, Caroline Bous-
quet, Nadine Vigouroux, et al. 2004. The french me-
dia/evalda project: the evaluation of the understand-
ing capability of spoken language dialogue systems.
In LREC. Citeseer.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and
Kristina Toutanova. 2018. Bert: Pre-training of deep
bidirectional transformers for language understand-
ing. arXiv preprint arXiv:1810.04805.

Allen L Gorin, Giuseppe Riccardi, and Jeremy H
Wright. 1997. How may 1 help you? Speech com-
munication, 23(1-2):113-127.

Zhiyuan Guo, Yuexin Li, Guo Chen, Xingyu Chen, and
Akshat Gupta. 2021. Word-free spoken language
understanding for mandarin-chinese. arXiv preprint
arXiv:2107.00186.

Akshat Gupta, Olivia Deng, Akruti Kushwaha, Saloni
Mittal, William Zeng, Sai Krishna Rallabandi, and
Alan W Black. 2021. Intent recognition and unsu-
pervised slot identification for low resourced spoken
dialog systems. arXiv preprint arXiv:2104.01287.

Akshat Gupta, Xinjian Li, Sai Krishna Rallabandi,
and Alan W Black. 2020a. Acoustics based in-
tent recognition using discovered phonetic units
for low resource languages. arXiv preprint
arXiv:2011.03646.

Akshat Gupta, Sai Krishna Rallabandi, and Alan W
Black. 2020b. Mere account mein kitna bal-
ance hai?-on building voice enabled banking ser-

vices for multilingual communities. arXiv preprint
arXiv:2010.16411.

Charles T Hemphill, John J Godfrey, and George R
Doddington. 1990. The atis spoken language sys-
tems pilot corpus. In Speech and Natural Language:
Proceedings of a Workshop Held at Hidden Valley,
Pennsylvania, June 24-27, 1990.

Sepp Hochreiter and Jirgen Schmidhuber. 1997.
Long short-term memory.  Neural computation,
9(8):1735-1780.

Sergey loffe and Christian Szegedy. 2015. Batch nor-
malization: Accelerating deep network training by
reducing internal covariate shift. In International
conference on machine learning, pages 448-456.
PMLR.

Yohan Karunanayake, Uthayasanker Thayasivam, and
Surangika Ranathunga. 2019a. Sinhala and tamil
speech intent identification from english phoneme
based asr. In 2019 International Conference on
Asian Language Processing (IALP), pages 234-239.
IEEE.

Yohan Karunanayake, Uthayasanker Thayasivam, and
Surangika Ranathunga. 2019b. Transfer learning
based free-form speech command classification for
low-resource languages. In Proceedings of the
57th Annual Meeting of the Association for Com-
putational Linguistics: Student Research Workshop,
pages 288-294.

Yann LeCun, Léon Bottou, Yoshua Bengio, and Patrick
Haffner. 1998. Gradient-based learning applied to
document recognition. Proceedings of the IEEE,
86(11):2278-2324.

Xinjian Li, Siddharth Dalmia, Juncheng Li, Matthew
Lee, Patrick Littell, Jiali Yao, Antonios Anasta-
sopoulos, David R Mortensen, Graham Neubig,
Alan W Black, et al. 2020. Universal phone
recognition with a multilingual allophone system.
In ICASSP 2020-2020 IEEE International Confer-
ence on Acoustics, Speech and Signal Processing

(ICASSP), pages 8249-8253. IEEE.


https://doi.org/10.18653/v1/2020.emnlp-main.588
https://doi.org/10.18653/v1/2020.emnlp-main.588

Loren Lugosch, Mirco Ravanelli, Patrick Ignoto,
Vikrant Singh Tomar, and Yoshua Bengio. 2019.
Speech model pre-training for end-to-end spo-
ken language understanding. arXiv preprint
arXiv:1904.03670.

Grégoire Mesnil, Yann Dauphin, Kaisheng Yao,
Yoshua Bengio, Li Deng, Dilek Hakkani-Tur, Xi-
aodong He, Larry Heck, Gokhan Tur, Dong Yu, et al.
2014. Using recurrent neural networks for slot fill-
ing in spoken language understanding. /EEE/ACM
Transactions on Audio, Speech, and Language Pro-
cessing, 23(3):530-539.

Bart Ons, Jort F Gemmeke, et al. 2014. The self-taught
vocal interface. EURASIP Journal on Audio, Speech,
and Music Processing, 2014(1):43.

Yao Qian, Rutuja Ubale, Vikram Ramanaryanan,
Patrick Lange, David Suendermann-Oeft, Keelan
Evanini, and Eugene Tsuprun. 2017. Exploring asr-
free end-to-end modeling to improve spoken lan-
guage understanding in a cloud-based dialog system.
In 2017 IEEE Automatic Speech Recognition and
Understanding Workshop (ASRU), pages 569-576.
IEEE.

Vincent Renkens, Steven Janssens, Bart Ons, Jort F
Gemmeke, et al. 2014. Acquisition of ordinal words
using weakly supervised nmf. In 2014 IEEE Spoken
Language Technology Workshop (SLT), pages 30-35.
IEEE.

Alaa Saade, Alice Coucke, Alexandre Caulier, Joseph
Dureau, Adrien Ball, Théodore Bluche, David
Leroy, Clément Doumouro, Thibault Gisselbrecht,
Francesco Caltagirone, et al. 2018. Spoken lan-
guage understanding on the edge. arXiv preprint
arXiv:1810.12735.

Steffen Schneider, Alexei Baevski, Ronan Collobert,
and Michael Auli. 2019. wav2vec: Unsupervised
pre-training for speech recognition. arXiv preprint
arXiv:1904.05862.

Sebastian Schuster, Sonal Gupta, Rushin Shah, and
Mike Lewis. 2019. Cross-lingual transfer learning
for multilingual task oriented dialog. In Proceed-
ings of the 2019 Conference of the North American
Chapter of the Association for Computational Lin-
guistics: Human Language Technologies, Volume 1
(Long and Short Papers), pages 3795-3805, Min-
neapolis, Minnesota. Association for Computational
Linguistics.

Dmitriy Serdyuk, Yongqgiang Wang, Christian Fue-
gen, Anuj Kumar, Baiyang Liu, and Yoshua Bengio.
2018. Towards end-to-end spoken language under-
standing. In 2018 IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP),
pages 5754-5758. IEEE.

Ian Tenney, Dipanjan Das, and Ellie Pavlick. 2019.
BERT rediscovers the classical NLP pipeline. In

10

Proceedings of the 57th Annual Meeting of the Asso-
ciation for Computational Linguistics, pages 4593—
4601, Florence, Italy. Association for Computational
Linguistics.

Netsanet Merawi Tessema, Bart Ons, Janneke van de
Loo, Jort Gemmeke, Guy De Pauw, Walter Daele-
mans, et al. 2013. Metadata for corpora patcor and
domotica-2. Technical report KUL/ESAT/PSI/1303,
KU Leuven, ESAT, Leuven, Belgium.

Gokhan Tur and Renato De Mori. 2011. Spoken lan-
guage understanding: Systems for extracting seman-
tic information from speech. John Wiley & Sons.

Mike Wu, Jonathan Nafziger, Anthony Scodary, and
Andrew Maas. 2020. Harpervalleybank: A domain-
specific spoken dialog corpus. arXiv preprint
arXiv:2010.13929.

Hemant Yadav, Akshat Gupta, Sai Krishna Ral-
labandi, Alan W Black, and Rajiv Ratn Shah.
2021. Intent classification using pre-trained embed-

dings for low resource languages. arXiv preprint
arXiv:2110.09264.

Su Zhu, Zijian Zhao, Tiejun Zhao, Chengqing Zong,
and Kai Yu. 2019. Catslu: The 1st chinese audio-
textual spoken language understanding challenge.
In 2019 International Conference on Multimodal In-
teraction, pages 521-525.

A Implementation Details

All models are trained using the NVIDIA GeForce
GTX 1070 GPU using python3.7. The training is
very quick due to the small dataset sizes, with each
epoch taking 1-2 seconds. For each experiment, a
validation set identical to the test set was used. For
the FSC dataset, the validation set had 10 speakers
with no speaker overlap with the training or the test
set. Similarly for the GRABO dataset, the valida-
tion set had 2 speakers that were not present in the
training or the test set. Each experiment in Tables
2-9 was repeated 3 times with a different training
set and the average accuracy has been reported.

As mentioned in section 4, we use a
CNN+LSTM architecture, as proposed in (Gupta
et al., 2020a). We performed a grid search over
various parameters of the architecture. The best
performing models varied slightly for each experi-
ment. The exact model parameters for the results
reported in Tables 2-9 are shown in Table 10. For
larger amounts of utterances recorded per speaker,
we found better results with 2 LSTM layers instead
of one.
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Model Parameters Value
Embedding Size 256
CNN kernel size 3

No. of CNN filters 256

No. of LSTM layers 1 (or2)

LSTM hidden size 256

Batch Normalization False

Table 10: Model Parameters
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