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VAL: Interactive Task Learning with GPT

Authored by Lane Lawley and Christopher J. MacLellan

VAL is a neuro-symbolic Al 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.

Background

e Lane Lawley
e Aformer postdoctoral researcher in
Georgia Institute of Technology.

e Contributed Al related research to the
field of HCI

e Christopher J. MacLellan

e An assistant professor in the Georgia
Institute of Technology.

e Contributed Al related and natural
language research to the field of HCI

Results

Subjective Results: Most users thought that they could teach VAL
effectively and shared positive views on the experience.
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VAL was able to correctly perform what | asked it to

| found the display of VAL's current knowledge easy to understand
VAL processed my explanations quickly

| found the display of VAL's current knowledge useful in guiding the interaction

| found it easy to learn to use VAL

| didn't have to significantly re-phrase what | said to VAL

| found my entire experience teaching VAL to be straightforward

| felt VAL understood what | said to it

VAL learned the task without me needing to correct it often — \
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Objective Results: 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

GPT Subroutine Success Rate
segmentGPT 93% user approval
mapGPT 82% user approval (gpt-3.5-turbo)
97% user approval (gpt-4)
groundGPT 88% user approval
genGPT 81% user approval

79% true positive rate

verbalizeGPT + paraphraseGPT .
e 99% true negative rate

ﬁ Methodology

e Research Approach:
Experimental design - usability
study.

e Experimental Design: Used the
Overcooked-Al game environment,
where participants taught VAL to
perform cooking tasks

e Data Collection: Subjective -
Survey prior to experiment on
ease of use. Objective - Success
rates of GPT subroutines, use of
confirmatory dialogues and
performance of environment

ﬁ Discussion

e Implications for HCI: VAL
addresses key challenges in ITL
by improving 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 does
not deviate from the required
syntax of ITL systems.

e Limitations: The study identified
some challenges, including the
limited modality of VAL, which
would be expanded in future
iterations. Moreover, VAL's
reliance on a proprietary LLM
(GPT) raises ethical concerns as it
IS uncertain how exactly they
work.

ﬁ Conclusion

VAL is a neuro-symbolic Al 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.
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 Al.
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Mixed-Method Research Methodology

® Finding average target

® /1 participants to take our

speaker’s signal quality survey and give their opinion

improvement 1n terms of to obtain a mean opinion
score (MQS).
e System Usability Scale (SUS)

questionnaire

scale 1nvariant
signal-to-noise ratio
improvement (SI-SNRi) for
different scenarios. e Determining acceptable

enrollment time

® Average runtime over 1000

Quantitative Results

forward passes
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Enrollment duration (s) regardless of the neural network

architecture used.

Table 1: Benchmarking results on the generated test set. Proposed noisy enrollment methods are evaluated with 3 different

audio/speech processing architectures. Performance with clean enrollments is also provided for reference.

Enrollment d-vector Real-time SI-SNRi (dB) Params (M) MACs (GMAC)
network similarity TSH backbone
Clean 1.0 Streaming TFGridNet 7.40 2.04 4.63
Waveformer 4.94 1.6 2.43
DCCRN 6.71 5.54 6.6
Beamformer 0.74 Streaming TFGridNet 4.53
Waveformer 2.34
DCCRN 4.34
Knowledge distillation 0.85 Streaming TFGridNet 7.01
Waveformer 4.63
DCCRN 6.16
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Figure 13: Comparison with and without fine-tuning, when
relative motion and enrollment angle error is present.
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Tuochao Chen

distillation is superior to beam forming

Researcher in: Speech Recognition, Speech
Enhancement, Speaker Diarization,
Machine Learning

Shyamnath Gollakota

Users prefer lower
enrollment time for the
target speaker with 89% of
users deeming 5 seconds to
be acceptable.
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Discussion

The research showed that neural networks could be successfully trained and

implemented in real time environments for the purposes of smart hearing devices.
Existing neural networks can be effectively utilized on embedded systems.

The implementations of these neural networks, however, did not utilize the neural
processing unit (NPU)which is present on the embedded system used. No clear reason is
outlined for this decision.

Users determined that the system had usability issues but performance was such that
they would want to use it again. However, the sample size was relatively small for the
qgualitative research.

Future applications discusses in the paper indicate use cases for hearing aids, lectures,
muting individuals, and improving social events for wearers.

Conclusion

Researchers presented a novel solution on an end to end hardware solution that

effectively allows a wearer to look in the general direction of a speaker for 5 seconds and
then look away while the system suppresses background noises and enhances the target
speaker’s voice.

This system is novel and one of the very firsts of its kind. The synthetic data used to train
the models successfully created generalizations for indoor and outdoor environments.

This research provides a suitable starting point for future smart hearing devices and can
contribute greatly to the field of HCI by improving the human auditory experience in a
multitude of scenarios.
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Usabillity study:

Data collection techniques: A study between 3 groups of users, gauging their

Methodology ﬁ) C Player Suryey based on PUBG:Online Questior?na.ire performance and how well they adapted to using the

(Sojump) distributed among users to collect qualitative  controls during gameplay.
Research methods- To construct the auxiliary tool Camtroller, both data
qualitative and quantitative research methods were used. The qualitative ¢ Motion Selection and Analysis: Mapping human
aspect involved collecting user experiences and common avatar actions,
while the quantitative aspect included statistical analysis of data sourced
through natural mapping and motion tracking. |

Experimental design

Accuracy Evaluation Test: Given that MediaPipe’s
estimations for the head orientation angles were based
on newly collected data, its accuracy requires validation

Group 1: Basic- beginners with little to no experience in
the game

Group 2: Professional player's operation (pro)- high
level of gaming experience

Group 3: Camtroller- 20 minutes training sessions for
users and activities to ensure user is familiar with the
equipment.

gestures and features (MediaPipe) using a webcam and
mouse/keystroke emulator to map quantitative data through
machine learning software.

e Observation Activity: Direct observation of volunteers
who were instructed to perform avatar actions

Basic CamTroller
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Figure 2: Avatar motions in the physical world and corre-

sponding detectable features illustration for (a) crouching, Figure 7: Landmarks of MediaPipe for (a) hand solution and

b) neutral position, (¢) peeking, (d) takin ills, (e) taking a . s i R . X )
fir)ink’ i (5} injectiflé piy £ (@ g pills, () £ (b) pose solution. Figure 11: An illustration of boost items in three different approaches

Res UItS @ (b) QUESI Inturtiveness - Peeking task Summary table from the accuracy evaluation test:

Equipment:

-Mock head model installed on a tripod with two
degrees of freedom (DOF) (CIMAPRO LD-2R) to
simulate the motion of a human head.

-Webcam (Rapoo C270AF) as an image-capturing
device connected to a laptop (Zephyrus G14 2022)
where the program is running.

Quantitative data collected through motion tracking and 5 I I | Real- time actions were reflected through in-game
mapping to create Calculgtlons. These Calculgtions are then 4 avatar successfully with low margin of error/lag
translated through machine learning to the in-game avatar = S 4 . . . Ly
. 5 i time. Users found their motions fluid in-game and
to perform the action. Camtroller uses the processed data ‘Q ' l i it . _
for its technical implementation and calibration for gesture Y B = P corresponded to the trigger movements/ common
control. gz | | gestures.
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Bending DZ; '\ “" Bending i — N 4 A
A. Aways CCuracC
) oo Tt O 0 B | * ok ok ok k ok y
w Mean Sub ective Percenved Perceuved Perceived

Veloc |t,/ Zone T~ VelocityZone
Trigger Right Trigger Left
Peeking When Peeking When

el i T 0,2\ SRR Y12 thre m test
@ /I M\ Il

User study data

QUESI  mental achievement effort  Familiarity ~ error
scores  workload ofgoals of learning rate Table 2: The success rate of motions in feasibility validation

Velocity Zone
Release Right Peeking

comparin each (c) Performance - Peeking task .
paring 2 Motion Success Rate
Table 1: Criteria for Different Motions group’s  performance
for  certain  tasks. | I Head Moving Up for jumping 100%
Mokian Criteria Camtroller performed **" 2. 1N Head Moving Down for crouching 96.3%
N WL ' O . -
— o - significantly better than S8 £ Head Left Bending for left peeking 100%
Left Peeking 0L < =Oppye & g < =Upz ; _ | Pro g - . . o .
Release Left Peeking (U; B> U,h“ é\( ~0pz) or (B3 > =0p7) nOﬂ-PrO e§S|ona S 8 Head nght Bendmg for right peekmg 100%
Right Peeking “1 B> Ophre & O > Oz (Bas.lc) without the tool  CamTroller 15 ‘ Head Left Rotation for free looking left 100%
Release Right Peeking OL8 < ~Othre & 'us > Upz) or (B < Opz) to aid them an.d close Head Right Rotation for free looking right 100%
I hing Wnose > Ythre & ’kum- X Lsan, < Lsan < Kpz X Lsan,) of (Ls2n < Kepre X Ls2n,) to pro, proving its ease 1 Basic Pro CamTroller Head Flexion for free looking down 100%
Release Crouching  (Unose < =Uthre & Kihre X Ls2n, < Lsan < kpz X Lson,) 0F (Lson > kpz X Ls2n, ) of use for controls. , , |
- S Head Extension for free looking up 100%
Jumping YUshouldery, < YDZ & Unose < =Uthre . .
Drinking Energy Drink dhom < Ddgpre & Oproj > @pgrge Drink Energy Drink 100%

Drinking Painkiller Pills dpom < Adypye & ,,,(,, < Agmall ol Take Painkiller 96.3%
Injecting Adrenaline s < My & Oproj > @100 * * * * * * * Usa bl I Ity Inject Adrenaline 100%

e e T Discussion [P-----——ommmmm
How it affects HCI

‘Enhanced Intuitiveness: CamTroller’'s natural motion mapping reduces
the mental workload on the user, making interactions more familiar and
error-free.

Limitations of paper
While CamTroller has demonstrated its potential to assist players in a
more efficient and intuitive game experience, it is unable to determine

.Improved Performance: In complex gaming scenarios, CamTroller whether the motion is being initiated correctly or not. The approach
enhances player performance by easing cognitive load. proposed by Yu-Hsin Lin et al. for detecting video game events solves

-Generalizability: CamTroller (NUI) concept can be applied to various this issue by monitoring the video, audio, and controller I/O.
one-to-one avatar mapping PC games, enhancing the gaming experience
across different genres.

Conclusion

To conclude, Camtroller expands the limits of traditional PC gameplay through natural mapping techniques. Popular Esports platforms
such as PUBG becomes more user friendly for players and lowers the learning curve, especially for beginners. A webcam, coupled with
machine learning algorithms accurately translates in-game avatar movements demonstrating a more intuitive playstyle versus the

previous gameplay of memorizing key binds. This concept is a significant step towards Computer Aided Designs and can be extended to

ST. AUGUSTINE CAMPUS other areas.
TRINIDAD & TOBAGO, WEST INDIES




