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Traditional methods of evaluating pain in healthcare settings have largely 
depended on patients' self-reported experiences [1]. This subjective 
approach to pain assessment is critical for determining accurate 
diagnoses and treatment plans. Yet, the reliability of this method comes 
into question for patients with communication challenges. Individuals 
such as young children, those confronting language barriers, or persons 
affected by conditions like stroke, learning disabilities, or autism may 
struggle to express their pain accurately. This communication gap can 
lead to inadequate care from healthcare professionals. Consequently, 
there is a pressing need for the development of an objective and non-
invasive technique to assess pain levels among these vulnerable groups. 
Such an innovation would be instrumental in providing them with the 
precise and empathetic medical attention they require.

We aim to develop and evaluate a proof-of-concept trustworthy algorithm 
capable of distinguishing between different levels of pain based on 
bioacoustic markers. Our goal is to therefore empower patients with a 
communication barrier through an objective pain-detecting method that 
will ultimately minimize potential medical harm [2].

This two-phase study design was initiated with a subject study design to collect 
data for the development of the system, followed by a second part that will 
assess the level of trust that medical professionals have in the system.

1. Data collection: Participants read aloud provided statements on a computer 
screen in two separate conditions, a) no-pain condition in which their hand was 
submerged in warm water, and b) induced pain condition where their hand was 
submerged in cold water (CPT). They were also prompted to rank their 
perceived pain level using the Wong-Baker Faces Pain Rating Scale (1-10) [3]. 
The duration of their participation was audio recorded, and the set-up is shown 
in Figure 1.

2. Modeling: We will use
the self reported pain levels as
ground truths for comparison 
against the model’s predicted
levels of pain. We will then 
evaluate medial professionals’ 
trust in the algorithm’s predictions 
by presenting them with the audio
recordings of participants 
experiencing pain coupled with the
algorithm’s classification.

Table 2: Classifier performance on two tasks (binary and three-class), reporting 
normalized F1 scores, for utterances that were female-only as well as mixed male 
and female. Dark purple is best performance, light purple is second-best 
performance.
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Figure 1: Set up of data collection process, with the pain induced (cold 
water) condition on the left, no-pain condition (warm water) on the right, 
microphone in the middle, and computer screen prompting participants’ 
speech. 

Table 1: Frequency of data collection results from the U.S. and the U.K.

Several machine learning 
algorithms (SVM, Logit, MLP) 
were explored with hyper-
parameter tuning, and the 
performances of the systems 
are represented by F1 scores in 
Table 1. All algorithms were able 
formulate a prediction for both 
tasks that is consistently greater 
in accuracy than the baseline 
Random prediction, with the 
SVM model performing the best, 
followed by MLP. However, a 
separate train/test split 
uncovered that these models 
don’t generalize well to unseen 
speakers.

For binary pain labels, reports of 1-3 was considered as no pain and 4-10 as 
pain. For the three-class, 1-3 was treated as mild, 4-6 as moderate, and 7-10 
as severe [4]. These conditions are represented in Figure 2.

Data Collection:

The U.K.’s data collection from 15 participants yielded an English speech 
dataset in which we were able to identify key acoustic features for pain 
detection and show that our SVM and MLP classifiers performed well on both 
binary and three-class tasks. However, the small sample size and gender 
imbalance of participants in the U.K. places limitations on these results.

To address these limitations, the data collection process in the U.S. 
encompassed a larger dataset from more participants (n=51), featuring a 
closer gender balance. This will allow for an increased validity and deeper 
investigation into bioacoustic markers’ association with pain detection.

Furthermore, we are interested in developing a more specific pain 
identification technique that can classify pain levels beyond a three-class 
task. This will direct us to our ultimate goal of developing a low-cost tool for 
medical use that can accurately assess pain through speech.

Ethics
Automatic pain discrimination has the potential to be misused outside of the 
medical domain (e.g., using pain levels for torture or abuse) while it can also 
provide decision support tools to legitimate health professionals. Our data 
collection and research activities aligned with a Responsible Research and 
Innovation (RRI) approach called the AREA (Anticipate, Reflect, Engage, Act) 
framework to guide our ethics application and to determine whether this work 
should be undertaken. We followed the ethical guidelines of our institution 
precisely and we adhere to all applicable regulations regarding data sharing.

The U.S. received IRB approval from the University of Texas at Austin, adhering 
to the ethical approaches described above (IRB number: STUDY00004954).

Country Date 
Completed

Number 
of 
Particip
ants

Average 
Age of 
Particip
ants

Number 
of 
Females

Number 
of Males

Number 
of Non-
binary

Number 
of 
Collected 
Audio 
Samples

U.K. October 
2023

15 18.73 12 3 0 1,947

U.S. February 
2024 

51 21.33 26 22 3 ~7,000

Figure 2: Distribution of utterances labeled for pain in the binary and three-class discrimination tasks, indicating distribution of male and female 
utterances

Table 1: Details of data collection results for the U.K. and the U.S.

Results:

Since the completion of data collection in the U.S. is relatively recent, it has yet to be 
processed for analysis. The following results are from the U.K.’s data.


