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Abstract
ELSA’s Speech Analyzer is a recently released AI-powered En-
glish tool that listens to the learner’s spontaneous speech and
provides them with immediate feedback on their pronunciation,
fluency, grammar, and vocabulary. It also predicts what score
they would obtain in major English speaking exams. The tool is
available on mobile devices and via web browsers. In this paper,
we give an overview of the technology that powers Speech Ana-
lyzer and show results from our research comparing Speech An-
alyzer’s predicted IELTS test scores of 50 Youtube mock IELTS
speaking tests with manually rated grades.
Index Terms: speech recognition, language assessment, CALL

1. Introduction
Globalization and the rapid expansion of remote work have in-
creased the need for professionals to learn how to communi-
cate effectively in English. Not everyone has access to tradi-
tional English schools, and good native conversation teachers
(in-person or remote) are rare and expensive.

At ELSA, we recognized this trend in 2015 and created
a mobile app for users to improve their English pronuncia-
tion, with high-quality assessment and consistent feedback. The
ELSA Speak app [1] has been downloaded more than 50 million
times at the time of this writing. It initially focused on scripted
speech English assessment, asking the user to read words, sen-
tences, or paragraphs, assessing their reading quality, and offer-
ing detailed feedback on how to improve it. This learning ap-
proach can take students far, but it lacks the spontaneity and on-
the-fly thinking that spontaneous speech and person-to-person
communication bring, which was not initially addressed by the
ELSA Speak App.

For this reason, we recently developed Speech An-
alyzer (https://speechanalyzer.elsaspeak.com)
as a desktop browser-based tool and a component in the ELSA
Speak app, to be used as a personal English assessment tool
for spontaneous speech. Speech Analyzer allows users to per-
form various spontaneous speech training activities (like inter-
views or presentations), practice for spoken tests (like EIKEN,
IELTS, TOEIC, or TOEFL), and record multi-party meetings
done via Zoom, Google Meet, Microsoft Teams, or others. For
all of these activities, the user receives personalized AI-driven
English communication assessment and feedback.

To assess spontaneous English of non-native speakers, we
built an ASR (Automatic Speech Recognition) engine with very
low word error rates on non-native speech. We also built a
speaker identification module to filter out other participants’
speech in multi-party recordings (e.g., from online meetings).
Furthermore, English speech assessment technology available
in the ELSA Speak app was adapted to spontaneous speech,

and new vocabulary and grammar analyses were developed to
assess the content of the recordings and give feedback on how
the user can improve it.

In the rest of this paper, we describe the overall architecture
of the technology behind Speech Analyzer, give an overview of
each of the main components, and show some test results that
demonstrate the validity of the automated analysis of speech on
a database of mock IELTS spoken exams.

2. System Description
The Speech Analyzer tool, designed for scalability, has a ’thin’
client interface accessible via modern browsers and the ELSA
Speak App. It connects to processing servers through a web-
socket connection, deployed in geographically dispersed data
centers within a Kubernetes infrastructure for optimal horizon-
tal scalability and user proximity. While recording, audio is
streamed to the closest server and analyzed in real time by
speech and NLP algorithms. When the user finishes the record-
ing an overall report is generated, returned to the user and stored
in a database for future access. The following sections detail the
main modules of the Speech Analyzer tool.

2.1. Automatic Speech Recognition
For the assessment of unscripted speech, ELSA Speech An-
alyzer must provide high-quality automatic transcripts even
for non-native, low-proficiency speakers. Even state-of-the-art
ASR systems struggle with such a challenging task, so we built
our own ASR engine following an end-to-end architecture [2].
First, we collected more than 100 hours of real-life interactions
from our mobile app and website, and manually transcribed
them based on a set of guidelines we developed specifically for
this task. The resulting transcripts were used to fine-tune a pre-
trained, open-source, end-to-end speech recognition system. By
using our own data, we achieved a 40% relative word error rate
reduction on our in-house benchmarks, significantly improving
the quality of the assessment of non-native language learners.

2.2. Speaker Identification
For speech recordings involving multiple people (like meet-
ings or classroom settings), Speech Analyzer uses speaker ID
technology to extract the parts of the audio that correspond
to the user’s speech and to exclude other people’s utterances,
preserving their privacy. The user’s voice is recorded during
the sign-up process to obtain a robust voice embedding rep-
resentation. For a multi-speaker audio input, we first apply a
segmentation-based clustering algorithm (similar to those ap-
plied in the speaker diarization task [3]) to separate one person’s
speech from the others. We then match the collected speech seg-
ments to the user’s voice embedding and discard other users’
speech from further processing.
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2.3. Multidimensional Analysis of Speech
At the end of a user’s recording, we provide an overall ELSA
speaking score and approximate placements on the scales of
spoken English exams such as IELTS and TOEFL. This over-
all score is the weighted combination of several measured di-
mensions of the user’s communication, for which we give de-
tailed feedback - pronunciation, prosody (intonation and flu-
ency), grammar, and vocabulary.
2.3.1. Pronunciation Analysis
The pronunciation score is based on how accurately the English
phonetic sounds were pronounced in each word recognized by
the system [4]. We use ELSA’s ASR technology to first ob-
tain a transcript of what the user said, We then compare this
transcript to the input audio to detect phonetic deviations from
typical native speech, focusing on those that affect intelligibil-
ity. We provide feedback on how to improve for each detected
mispronunciation; the amount and severity of each mispronun-
ciation contribute to the final score.
2.3.2. Intonation Analysis
To evaluate a user’s use of intonation, we consider several fac-
tors based on pitch, energy, and word prominence. Pitch and
energy contours are examined for excessive or insufficient vari-
ation. To assess word prominence (the correct word emphasis
within a sentence), we first estimate the expected prominence
distribution of each spoken segment in the transcription. The
spoken prominence is then calculated from a range of acous-
tic features around the detected word nuclei. Over- or under-
emphasized words are detected and used to build a prominence
score.
2.3.3. Fluency Analysis
Fluency scoring comprises pacing, pausing, and use of hesita-
tions. Pacing score depends on the speaker’s average number
of words per minute and its variation. Pausing score compares
estimated optional and mandatory pauses in the transcript with
detected pauses. Hesitations score is based on frequency and
nature of hesitations detected. These sub-components are com-
bined in a weighted average to fit human evaluations. In ad-
dition to the overall fluency score, users receive feedback on
fillers, repetitions, speech rate and pause usage.
2.3.4. Grammar Analysis
The Speech Analyzer calculates the grammar score by evalu-
ating both grammatical accuracy and grammatical range, and
then combining these two sub-scores. To compute the gram-
matical accuracy, we trained a neural grammatical error detec-
tion system, similar to [5], using a variety of public domain data
as well as data annotated by ELSA’s linguistic team from user
recordings with the Speech Analyzer. Annotating new data was
necessary to adapt the system to the features of spontaneous
speech. The grammatical range sub-score measures the ability
to use a variety of different language structures and is obtained
by summing the weights of the K most advanced grammatical
structures identified by our proprietary grammar pattern match-
ing system. Both sub-scores are combined using two sets of
weights to better reflect different scenarios: the exam setting
and the ”casual” setting.
2.3.5. Vocabulary Analysis
The vocabulary score is based on the vocabulary used during
the recording, extrapolating from the CEFR level of individual
words and phrases. The Speech Analyzer also provides sug-
gestions to users to employ more formal phrases or advanced
alternatives of used words. These synonym recommendations
are obtained using an in-house model that predicts the substi-
tutes that best fit the context where words appear based on their

Figure 1: Correlation between ELSA score and IELTS grade on
a dataset of Youtube mock exam recordings.
embedding similarity.

3. System Validation
The validity of the multidimensional analysis of Speech Ana-
lyzer technology was assessed by comparing the ELSA over-
all score (0-100) with manual IELTS assessments (3.5-9) on a
database of 50 mock IELTS speaking exams from Youtube (un-
der CreativeCommons license). The videos were selected from
various IELTS bands and the scores reported in the video were
verified. The Speech Analyzer tool evaluated only the intervie-
wee part of the videos and obtained a Pearson correlation of
0.897 with manual IELTS scores (see Figure 1). Furthermore,
Speech Analyzer is able to predict the exact IELTS score in 35%
of the recordings, 81% if we allow an error of up to 0.5 points,
and 94% if we allow an error of up to 1 point. These results
indicate that the Speech Analyzer can help users practice spon-
taneous English speaking and provide accurate score estimates.

4. Conclusions
In this paper, we introduce the Speech Analyzer, a new tool that
allows English students to receive feedback on their communi-
cation skills in English. The Speech Analyzer runs on a website
on the user’s computer or as a module inside the ELSA Speak
App and allows the user to perform predefined or free practice
exercises. It can also be used for recording online meetings
where a speaker identification module is used to focus the feed-
back on the registered user’s speech alone. In this paper, we
provide an overview of the system’s architecture and the various
processing algorithms within it. We conclude with results on a
comparison of the measurements obtained with the tool versus
manual annotations, demonstrating the validity of the Speech
Analyzer’s automatic assessment of spoken English level.
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