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Abstract
This doctoral thesis investigates the interactions between students and teachers by analyzing audio from
classroom sessions through multi-modal learning analytics. The objective is to enhance professional
development opportunities for teachers by leveraging a variety of features extracted from classroom
audio recordings. The research aims to provide insights such as teaching profiles, interaction statistics,
automatic classification, and speech analysis. To achieve this, we are developing a software solution
that processes audio recordings to extract various features, including signal-related attributes, speaker
diarization, and transcriptions, utilizing state-of-the-art technologies. We hypothesize that combining
these features in a multi-modal approach will help identify new types of features, enabling us to design
experiences that address our research questions.
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1. Introduction

1.1. Background and Research Problems

Teachers require reliable feedback to enhance their teaching methods and assess their classroom
approaches. However, monitoring the dynamics of classroom activities during instruction poses
a significant challenge. The traditional path to expertise, which involves extensive practice
under a mentor’s guidance, is impractical due to the substantial time required to train mentors
and the logistical difficulties in observing and analyzing classroom interactions.

Automated solutions powered by Artificial Intelligence (AI) offer a viable alternative, provid-
ing consistency, affordability, and the ability to uncover novel data correlations that can deliver
actionable feedback to teachers, thereby improving their pedagogical techniques and supporting
student success. Nevertheless, it is crucial to define what constitutes “meaningful feedback.”
Current machine learning algorithms are adept at identifying patterns and classifying data,
but their “black box” nature renders the insights they generate opaque to both engineers and
non-technical users.

To address these challenges, we propose the development of a unified software platform
that delivers clear, practical feedback to educators in an easily understandable format using
classroom audio recordings. By ’clear and practical feedback’, we mean information that is
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directly applicable to teaching practices, specific enough to guide actionable changes, and
presented in a way that teachers can quickly grasp and implement without requiring technical
expertise. Our objective is to design experiments that elucidate the impact of teacher feedback
on the teaching experience.

1.2. Research Goals and questions

The research aims to develop a comprehensive software solution capable of processing audio to
perform diarization, transcribe text, and identify audio features. Additionally, it seeks to design
experiments to evaluate the software’s usefulness for educators. By utilizing this platform, the
system will analyze these characteristics to offer insights to teachers, categorize the teaching
methods observed in the audio recordings using machine learning techniques, provide profiles
for both teachers and learners, and enable teachers to focus on improving specific aspects of
their performance. The software will also visualize this information in multiple formats tailored
to teachers’ needs.

With this advanced software platform, we plan to developmultiple experiments or experiences
in collaboration with educators and teaching experts to understand what works for teachers
and how they approach classes using this tool. This research can be summarized into three
main questions:

• RQ1: Is it possible to extract useful features for teachers to improve their teaching from
audio recordings?

• RQ2: Can these extracted features, after being processed with state-of-the-art techniques
such as machine learning, provide feedback to teachers?

• RQ3: How might this feedback influence teachers’ instructional strategies?

2. Current knowledge and existing solutions

In recent years, numerous studies have analyzed classroom environments [1]. While recording
classroom sessions is not a new practice, the shift toward automatic analysis of these recordings
has gained momentum recently [2]. Most current proposals employ classical machine learning
or deep neural network techniques to examine various teaching practices and styles or to
measure the overall classroom climate [3].

Regarding teacher classroom discourse, several research teams have developed and validated
automated systems for classifying teaching practices. For instance, [4] trained supervised
machine learning models to classify audio recordings. Other studies, based on automatic speech
recognition, have focused on segmenting classroom speech between teachers and students [5],
leveraging low-level acoustic features. These proposals pay particular attention to the teacher’s
role [6] in classifying active learning tasks [7, 8, 9].

However, it is important to acknowledge that while these efforts aim for high classification
accuracy [8, 10], they often neglect defining discourse features that could provide descriptive
and informative data. Advances in discourse technology, such as diarization techniques, should
be applied in this field [11]. Informative data are essential for capturing the nuances of teaching
practices and providing meaningful insights.



Currently, there are commercial products available, such as the start-up TeachFX1, which
primarily focuses on quantifying the proportion of teacher and student speech by providing
graphs related to participation and interaction. However, their approach is limited in terms of
the number of analyzed features, hindering a detailed and comprehensive temporal analysis.

In addition to the non-verbal approach, traditional methods of automated teacher discourse
analysis have relied on automatic speech recognition (ASR) transcripts. This widely adopted
method involves extracting high-level linguistic features that span words, sentences, and dis-
course levels. Some studies have employed deep learning techniques to identify specific dialogic
strategies within mathematics classrooms [12] or to measure how teachers consider students’
contributions and engagement [13]. We are currently developing a hybrid system for classroom
analysis based on non-verbal features and Natural Language Processing (NLP) techniques,
although this work is still in progress.

In alignment with the hybrid approach concept, our methodology fits within the Multi-Modal
Learning Analytics (MMLA) framework, as we intend to utilize various data sources to deliver
feedback to educators. Recent studies in MMLA predominantly emphasize student collaboration,
employing video and audio data as primary information sources [14, 15]. Our research will
concentrate on diverse audio processing techniques to extract multiple forms of information,
which will be integrated to provide actionable feedback for teachers.

3. Proposed Solution’s Novelty

The proposed solution is distinguished by its foundation on a unified multi-modal software
platform, which aims to offer educators feedback through straightforward methods and easy to
understand metrics, such as the percentage of participation of students, the amount of silence
in class or the words per minute of the teacher. The application of these metrics to categorize
teaching methodologies within specific intervals demonstrates the potential for accurately
identifying teaching strategies based on teacher-student interactions. This capability not only
aids in gaining deeper insights into the unique dynamic characteristics of each method but also
significantly enhances the quality of feedback. This improvement stems from the feedback being
more than just statistical data about the class; it includes contextualized insights tailored to the
adopted teaching approach and customized by the educator’s desired areas of improvements.

Recently, we have integrated audio signal features, such as tone, to assess speech monotony
and enhance the accuracy of previously extracted metrics, such as speaking time for each
identified speaker. Additionally, natural language processing (NLP) capabilities have been
incorporated through state-of-the-art audio transcription tools. This supplementary information
allows for the analysis of speech content and its association with tone and existing speaker
diarization features, enabling the identification of filler words, sentiment analysis, and the
evaluation of vocabulary complexity, among other aspects.

With these features extracted, the plan is to combine them in various ways and propose
novel approaches using MMLA. These include identifying teaching profiles and providing
constructive feedback for teachers aspiring to adopt those profiles, automatically identifying
learning strategies within teaching methods, and examining how ongoing feedback influences

1https://teachfx.com

https://teachfx.com


Quantitative Approach

Software Platform
(Extracts signal, diarization,

and NLP data)

Quantitative Approach

Machine Learning Models
- Detect Teaching Methods

Wooclap Analysis
- Compare Competitive vs.

Non-Competitive Engagement

Quantitative/Qualitative
Approach

Focus Groups
- Teacher Opinions on Feedback

Interviews
- Pre and Post-Feedback

Insights

Figure 1: Methodology schema followed in this research with examples.

the dynamics of teachers over time. By using these features collectively in a multi-modal
fashion, there is potential to improve both teachers’ abilities and students’ results. All of this is
achieved using exclusively audio information processed with different techniques that extracts
the different kinds of information previously mentioned.

This approach has significant implications for the affordability and practicality of the system,
making it easier to integrate into classrooms compared to systems that rely on more complex
data types such as images or video. Audio data requires less computational power to process,
which reduces the overall cost and technical barriers associated with implementation. Moreover,
the reliance on audio alone simplifies the setup and minimizes the need for additional equipment,
making it a scalable solution for diverse educational settings. The simplicity of audio-based
analysis ensures that the system can be easily adopted by educational institutions without
requiring significant changes to existing classroom infrastructure. This ease of use, combined
with the robust analytical capabilities of the platform, positions it as an accessible and effective
tool for enhancing educational practices across a wide range of environments.

While the primary focus is on enhancing teaching practices, this tool holds promise for broader
applications across diverse settings. Considering that the features extracted can originate from
any audio source and are not limited to academic contexts, the tool could be beneficial for
providing feedback in oral presentations, meetings, or interviews. However, this is out of scope
of this thesis.

4. Research Methodology

The research methodology of this doctoral thesis focuses on the design of both qualitative and
quantitative experiments, with software serving as a key tool. Initially, the emphasis was on
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Figure 2: Diagram of the designed experiences and their related publications (blue) with examples of
potential future experiences (red).

extracting features from audio diarization to provide meaningful feedback and classify teaching
methodologies within specific time frames—an objective that has been achieved. Recently,
additional features, such as audio signal properties and transcriptions, have been integrated to
enhance the tool’s capabilities.

Each new set of features added to the software will be explored for their impact on various
dimensions. This exploration aims to understand the diversity of language used by different
educators across various teaching methods within the same subject. It will also involve perform-
ing verbal analyses, which are valuable both independently and in generating teaching profiles
from the extracted features. Furthermore, this approach aims to provide targeted feedback to
assist teachers in aligning with established, desired teaching profiles. Through this multifaceted
approach, the utility of each newly integrated group of features in enhancing educational
effectiveness can be evaluated.

The research will focus on both qualitative and quantitative experience design, as both
approaches are beneficial. In the quantitative approach, machine learning models could be
used to automatically classify teaching methodologies or compare engagement differences
between competitive and non-competitive response systems. A mixed-methods approach could
involve creating focus groups to gather teachers’ opinions on the feedback. Different disciplines



Audio Diarization

Audio

Audio
Preprocessing

Audio
Transcription

Multimodal
Fusion

Diarization Features

Participation Ratio,

Number of utterances,

Mumble Ratio, ...

Signal features

Semitones,

Pitch Duration,

Decibels, ...

Transcription Features

Sentences,

WPM, Filler Words,

Technicity, Subjectivity, ...

Teaching Profiles

Teaching
Methods

Classification

Data Visualization

Learner Profiles

Figure 3: Schema of the software platform development. Blue boxes indicate already developedmodules,
orange boxes represent planned modules, and green boxes denote the software’s capabilities. Examples
of extracted features to be processed are shown next to their corresponding sources.

might require different formats or emphasize different aspects of the features provided, needing
direct collaboration with teachers. An example of this methodology could involve designing an
experiment where teachers are first asked for their opinions about feedback on their activities.
After a semester of providing feedback, the teachers could be interviewed again to determine if
they changed their approach to class preparation and performance. This qualitative data could
then be compared with the quantitative data collected for feedback, offering a comprehensive
view of how feedback affects teaching. This more mixed approach would greatly benefit from
the assistance of teachers and education experts that could provide a new point of view more
focused on the pedagogical part of this work. A visual representation of this methodology is
shown in Figure 1, while a visual representation of the experiences already developed and their
respective publications is available in Figure 2.

All recordings used for the development and testing of the software strictly adhere to current
data protection regulations, ensuring that all participants have provided informed consent for
their participation in this research.

5. Current Status and Research

The software developed is now fully functional, as illustrated in Figure 3. Blue boxes indicate
the modules already developed, with examples of features that can be extracted using these
methods. The planned but not fully developed multi-modal fusion model is shown in orange,
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Figure 4: Extract of the information provided by the dashboard for a specific recording.

while the software’s capabilities are marked in green. Using this data, we can compile and
present a concise feedback report, as demonstrated in Figure 4. This report visually encapsulates
various features, including a projection of the teaching methodology for each segment, layered
over temporal graphics. The methodology’s prediction leverages the collective suite of features
extracted from the diarization process. Future versions will incorporate information extracted
from natural language processing and signal analysis to further improve the results and enrich
the presented information. Additionally, features extracted from these sources will be displayed
in customizable graphs, allowing each teacher to focus on specific areas for improvement. It
should be noted that this design is subject to significant changes. While visualization is a
highly effective tool for teachers to understand their students’ progress [16], its design must be
carefully considered to ensure it is also beneficial from a learning perspective [17]. Therefore,
the development of dashboards will be approached with caution and in consultation with



teachers and education experts to maximize their utility and effectiveness.
Our research objectives, detailed in subsection 1.2, are well-defined, and we possess a robust

dataset for ongoing development and testing. We plan to continue augmenting this dataset
with a broader variety of examples and scenarios. Additionally, and perhaps most crucially, we
have delineated use cases for this research, which, while predominantly focused on academic
settings, are not exclusively confined to such environments.

This thesis project has resulted in the publication of two papers [18, 19], with two more under
development. The first of these focused on the classification of teaching methods based on
diarization features, achieving nearly 0.94 F1 (0.97 in more recent versions). Notably, this study
received the TALE Best Paper Award [18]. The second one explores how teacher’s language
differs using the Wooclaps methodology in competitive versus non-competitive settings, finding
out that in a competitive environment, the teacher tends to take more time on the gamification
part, commenting on the student’s scores and the fights for the firsts positions in the ranking.
However, on non-competitive wooclaps, muchmore time is dedicated to explainning the answers
to the questions and making sure everyone understands the content. Moreover, a paper detailing
the developed feedback system has been accepted for publication, including an analysis of the
designed feedback reports (a fragment is shown in Figure 4, including data about participation
ratio).

Our current work involves analyzing the transcriptions to derive new features that will be
helpful in generating teaching and learner profiles. This process includes utilizing advanced
natural language processing (NLP) techniques to explore the linguistic aspects of classroom
interactions. Specifically, we are employing BERT-like models to classify the language used in
different learning scenarios. These models, known for their ability to understand and generate
human language, allow us to delve deeper into the contextual and semantic nuances of the
transcriptions. By applying BERT-like models, we can identify patterns and categories in
the language that correspond to various teaching methods and student engagement levels.
Additionally, we are preparing a systematic review focused on the usage of audio in learning
analytics. This review will concentrate on the diverse features extracted from audio data
and the innovative approaches applied in recent studies. Our goal is to compile and analyze
the state-of-the-art techniques in audio-based learning analytics to inform and enhance our
own methodologies. By integrating insights from this systematic review, we aim to refine our
approach and ensure that our tool remains at the forefront of educational technology innovation.
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