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Background

Authors: Both authors are affiliated with the Georgia 
Institute of Technology and contribute significantly to 

the Human-Computer Interaction (HCI) field, 
particularly in artificial intelligence (AI), and natural 

language processing

Publication Details: This paper was presented at CHI 
2024, a prominent conference on Human Factors in 

Computing Systems during May 11–16, 2024, in 
Honolulu, Hawaii 



Main Objectives: The paper introduces VAL (Verbal 
Apprentice Learner), a hybrid AI system that integrates 

GPT-based large language models (LLMs) with 
traditional learning algorithms to circumvent the 

limitations of interactive task learning (ITL) systems.

Contributions: The following key contributions are 
made in this paper:

1)  It is a neuro-symbolic hybrid approach to ITL 
where natural dialogue is used.

2) The development of a VAL system which 
mitigates “cascading errors” by the use of 

confirmation and undo operations.
3) Is evaluated by a user study.

Abstract

Findings: User studies showed that participants could 
successfully teach VAL to execute tasks using natural 

language. This approach mitigates brittleness in 
language parsing while allowing for task reusability .
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Methodology

Research Approach: Experimental design - usability 
study.

Experimental Design: The authors designed user studies 
using the Overcooked-AI game environment, where 

participants taught VAL to perform cooking tasks. They 
monitored user interactions, focusing on how effectively 

VAL learned tasks through clarification dialogs. 



Methodology

Data Collection: Objective performance metrics, such as 
success rates of GPT subroutines, use of confirmatory 
dialogs, and performance of different GPT models were 

collected while the experiment was conducted. The 
performance of the environment was also monitored.

Subjective responses from participants regarding ease of 
use were also collected from a survey at the conclusion of 

the experiment. 



Results
Key Findings:  Most users could teach VAL effectively, although some tasks required frequent clarification.  VAL 
demonstrated a high success rate in understanding and executing user commands, with some GPT subroutines 
achieving success rates up to 97%. Performance was better when GPT-4 was used instead of GPT-3.5
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Discussion

Implications for HCI: 
● VAL addresses key challenges in ITL by improving the flexibility and usability of task-learning systems 

for non-technical users. 
● Its integration of LLMs allows for more natural language instruction while ensuring that the knowledge it 

acquires remains understandable and easy to interpret.

Limitations:
●  Limited in current state to only text input whereas other models can use gestures to help clarify 

misinterpretations. 
● Moreover, VAL's reliance on a proprietary LLM (GPT) raises ethical concerns as it is uncertain how 

exactly they work. These limitations may impact the system’s scalability . 



Conclusion

Main Takeaways: VAL is a neuro-symbolic AI system that leverages GPT for natural language parsing, having 
the ability to learn reusable, interpretable task knowledge from just a few examples. This contrasts with 

traditional machine learning systems that often require large datasets. 

Relevance and Impact: The VAL system is a significant step toward making interactive task learning more 
accessible to non-technical users by means of natural language interactions. The study shows that VAL has the 

potential to bridge the gap between human users and AI.
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Abstract

Objective: To create a system that allows users to focus on the target speaker in noisy 
environments without prior knowledge of how the speaker sounds. The system must capture a 
single, short, highly noisy audio clip to be used for speech extraction and enrollment.



Design and compare two 
enrollment methods 
(beamforming and 
knowledge distillation)
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Contributions

Implementing speech 
hearing neural networks 
to run in real-time on 
embedded CPU

Using synthetic data to 
train the system’s ability 
to locate the target 
speaker in the real world

Fine tuning mechanisms 
which consider the user’s 
head movements and 
target speaker movement

Training neural networks 
to create generalizations 
for indoor and outdoor 
environments

Development of an end to 
end hardware system



Findings
-Signal quality improvement of 7.01 dB using less 
than 5 seconds of noisy enrollment audio.
-Processing of 8 ms audio chunks in 6.24 ms on an 
embedded CPU.
-No performance degradation compared to clean 
enrollment audio examples.



Mixed-Method Research Methodology

Quantitative Qualitative
● Finding average target 

speaker’s signal quality 
improvement in terms of scale 
invariant signal-to-noise ratio 
improvement (SI-SNRi) for 
different scenarios.

● Average runtime over 1000 
forward passes

● 21 participants to take our 
survey and give their opinion 
to obtain a mean opinion score 
(MOS).

● System Usability Scale (SUS) 
questionnaire

● Determining acceptable 
enrollment time



Users prefer lower enrollment times with 2.5 
seconds or less being the most desirable

User preferred 
enrollment time 



Knowledge distillation was found 
to be the preferred method by 
users.
A low p value confirms the validity 
of the results

Quantitative 
comparison of 
enrollment 
method 
effectiveness



System Usability Survey 
Prerequisite knowledge was needed, user confidence was high, the system 
was cumbersome, inconsistent results, good integration of functions, 
technical support was needed, the system was easy to use, the system was 
unnecessarily complex and users would like to use the system again



d-vector used to show similarity.
Higher d-vector is better
Higher SI-SNRi is better

System Performance 



Higher SI-SNRi is better

Results of Fine Tuning



Discussion

Implications Limitations

The system was highly 
successful in using noisy 
enrollment which can 
improve future hearable 
technology

● Limited user group
● Inefficient use of hardware
● Single speaker 

environments



Conclusion

Presented a system that allows users to focus on the target 
speaker in noisy environments without prior knowledge of 
how the speaker sounds using neural networks

This research showcases a method to vastly improve human 
auditory perception through smart hearing devices.

Applicable scenarios include loud cities, lectures, social 
events and public spaces.
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