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Abstract

For orally administered drugs, palatability is key in ensuring patient acceptability and treat-
ment compliance. Therefore, understanding children’s taste sensitivity and preferences can
support formulators in making paediatric medicines more acceptable. Presently, we explore
if the application of computer-vision techniques to videos of children’s reaction to gustatory
taste strips can provide an objective assessment of palatability. Children aged 4 to 11 years
old tasted four different flavoured strips: no taste, bitter, sweet, and sour. Data was collected
at home, under the supervision of a guardian, with responses recorded using the Aparito
Atom app and smartphone camera. Participants scored each strip on a 5-point hedonic
scale. Facial landmarks were identified in the videos, and quantitative measures, such as
changes around the eyes, nose, and mouth, were extracted to train models to classify strip
taste and score. We received 197 videos and 256 self-reported scores from 64 participants.
The hedonic scale elicited expected results: children like sweetness, dislike bitterness and
have varying opinions for sourness. The findings revealed the complexity and variability of
facial reactions and highlighted specific measures, such as eyebrow and mouth corner ele-
vations, as significant indicators of palatability. This study capturing children’s objective
reactions to taste sensations holds promise in identifying palatable drug formulations and
assessing patient acceptability of paediatric medicines. Moreover, collecting data in the
home setting allows for natural behaviour, with minimal burden for participants.

Author summary

When formulating medicines for children, understanding the taste profile is crucial to
ensure they are not excessively unpleasant. In this study, we assessed if facial reactions in
response to taste stimuli can be used to easily measure children’s feelings about the taste.
We recorded videos of children trying four different taste strips and analysed their facial
expressions in response to each one. The strips had different flavours: bitter, sweet, sour,
and no taste. We also asked the children to rate each strip on a scale from 1 to 5. We
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collected data from 64 children. The results confirmed that children generally like sweet
tastes and do not like bitter ones. Their opinions on sour taste varied. Moreover, we found
that specific facial reactions, like changes in their eyebrows and mouth corners were good
indicators of taste perceptions. The analysis of facial expressions can help formulators
make medicines for children taste better. By objectively measuring how children feel
about the taste of medicines, we can create more acceptable medicines for them. The col-
lection of this data at home ensured children were in their comfortable environment,
making it easier for them to take part in the study.

Introduction

The concept of patient acceptability is gaining progressive relevance in the development of
paediatric dosage forms. Acceptability is defined as the overall ability and willingness of the
patient and caregiver to use a medicinal product as intended or authorised and it is determined
by characteristics of the user (age, ability, disease type) and of a medicinal product (e.g. palat-
ability, swallowability, appearance) [1].

Thus, acceptability can have a significant impact on the patient’s adherence and conse-
quently on the safety and efficacy of a product. For this reason, the European Medicines
Agency (EMA) has repeatedly emphasised the importance and incentive to assess the accept-
ability of formulations for paediatric use, including in its 2006 Reflection Paper [2] and 2014
guideline on pharmaceutical development of medicinal products for children [1]. Conse-
quently, in recent years, there has been an increased emphasis on conducting studies examin-
ing factors affecting the acceptability of medicine in children.

For orally administered drugs, palatability is key in determining patient acceptability and
treatment compliance [1]. Palatability is defined as the overall appreciation of a medicinal
product in relation to its smell, taste, aftertaste, and texture (i.e. feeling in the mouth) [1]. Spe-
cifically, taste is frequently reported to be a common reason for non-compliance among chil-
dren [3]. Thus, regulatory agencies strongly encourage the inclusion of acceptability testing,
including palatability assessment, as an integral part of the product development and embed-
ded within clinical programs in the target patient population [3].

Several methodologies for palatability assessment in children are available, and they have
been largely reviewed [3-7]. These methodologies should be age-appropriate and, depending
on the age of the child, may involve collecting data from patients and/or caregivers [4]. The
selection of appropriate taste assessment methodologies is determined by the cognitive capac-
ity of the child, and until now, there is no methodology validated for accuracy and reliability
with any particular age group [3,6]. The facial hedonic scale is considered the gold standard
for drug palatability testing in children [8]; however, this scale cannot be used in very young
children or in those with communication issues, cognitive impairments, and/or developmental
delays.

The EMA reflection paper defines four key criteria for palatability assessment in children:
1) the test should be short, 2) the test must be intrinsically motivating and “fun” to do, 3) the
procedure should be as easy as possible, 4) the number of variants to be tested should be lim-
ited to a maximum of four. However, the reflection paper does not aim to provide any scien-
tific, technical, or regulatory guidance [2]. This suggests the opportunity for the development
of more objective quantitative technological advancements such as the use of high throughput
systems [https://www.opertechbio.com/technology], facial electromyography [9], electrogus-
tometry [10], or facial recognition technology [8,11] in palatability assessment [3].
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Observation of children’s facial reactions after exposure to a taste stimulus is not new.
Some of the earliest investigations on taste in children consisted of videotaping infants and
then characterising their oromotor reflexes when taste stimuli were placed on the tongue or in
the oral cavity [12-15]. In 1988, Oster and Rosenstein [15] developed a method for describing
orofacial responses by using the Ekman and Friesen’s [16] anatomically based Facial Action
Coding System (FACS). FACS virtually decomposes any facial expression into its constituent
action units (AUs). Video records are analysed in slow motion to quantify the actual number
of affective reactions infants express to a taste stimulus, as a measure of valence and intensity
[7,17]. The advantage of using this method is that it can be used in non-verbal children such as
infants. However, the analysis of video images requires trained individuals to establish reliabil-
ity across scores and it can be subjective [18]. Moreover, this method is time-consuming and
costly [7].

The recent and rapid advent of artificial intelligence (AI) and machine learning (ML) tech-
niques in our daily lives has enabled computers to perform automatic facial expression recog-
nition (FER) accurately and efficiently. This has resulted in the establishment of human-
computer interaction systems with good intelligence and interaction performance [19]. Cur-
rently, FER can be executed via two methods: traditional machine learning or deep learning
[19]. The traditional machine learning method involves image pre-processing, feature extrac-
tion, and classification, whereas the deep neural network method omits the manual feature
extraction step and utilises the convolution operation for feature extraction [19,20]. However,
deep learning methods typically require a significantly larger training data set than traditional
ML techniques.

FER has attracted the attention of numerous researchers, showing potential for application
in a wide range of fields [20], including healthcare, education, personal identification verifica-
tion, public safety, human-computer interaction, and retailing [19,20].

In the medical field, FER has been utilised for various applications, such as pain detection
[21,22], studying mental disorders like autism [23,24], attention-deficit/hyperactivity disorder
(ADHD) [25], schizophrenia, or depression [26]. Other studies have explored foetal facial
expressions in relation to brain development [27], or changes in FER associated with diseases
like Parkinson’s [28,29].

In recent years, FER has been increasingly used to assess consumer preferences and accep-
tance of food and drinks [30], yielding promising results [31-37]. The human face can convey
appreciation or dislike while eating and drinking [32] serving as a cue to determine whether
someone likes a particular taste or not, as it provides rich and spontaneous data in terms of
facial expressions [32].

Despite similarity between this field of investigation and the assessment of the taste of med-
icines, only a few previous studies have attempted to apply FER in the context of medication
palatability. Moreover, a study investigating children’s emotion recognition using various
deep-learning models with explainable Al has underscored the differences in facial construc-
tion between children and adults [38]. It has been noted that children exhibit emotions in
unique ways that do not always align with the standardised facial expressions observed in
adults [38]. Consequently, there is a growing recognition of the necessity to conduct special-
ised studies focusing on children.

Kearns et al. [39] undertook a prospective, pilot study to assess the feasibility of using facial
recognition technology to assess drug palatability in 10 children aged between 7 to 17 years.
Although the qualitative assessment of the facial recognition data demonstrated the ability to
discriminate between bitter and sweet tastants, their facial recognition software (Noldus
FaceReader 7) and approach showed some limitations in discriminating taste profiles and
highlighted that further refinement was required before this methodology can be applied more
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widely [8]. The Noldus FaceReader 7 software measures the intensities of a predefined set of
emotions e.g., happy, angry, disgusted etc., on a frame-by-frame basis.

Similarly, Peng et al.[40], used the same software to compare the palatability of two prepara-
tions of carbocysteine among healthy children aged 2 to 12 years. The palatability assessed by
emotional valences was performed using a facial action coding system by FaceReader, which
reflected the quantification of emotions; a positive value represents a positive emotion, and a
negative value represents a negative emotion [40].

Presently, we refine the work of Kearns’ group [39], to explore if the application of com-
puter-vision techniques to videos of primary school children’s reaction to gustatory taste strips
can provide an objective assessment of taste. Our methodology uses pose estimation for facial
recognition analysis, which allows access to the raw movements of facial features, rather than
through the lens of emotional reactions.

In tasting, facial expressions may not always directly reflect inner emotional states but
rather serve as a spontaneous motor response to flavours or tastes. Therefore, facial analysis
for emotion classification (e.g., Action Units) may not be directly applicable to taste liking. For
example, a person may display facial Action Units (AU) corresponding to disgust expression
(e.g., lip corner depressor, or nose wrinkle) when tasting lemon juice, yet, this does not neces-
sarily indicate that he/she dislikes the taste. Additionally, beside the appearance of taste-
induced facial expressions, subtle dynamic information hidden in such expressions is impor-
tant [32].

Finally, our study was conducted in a domiciliary setting to allow for natural behaviour,
with minimal burden for participants.

Materials and methods
Participants

Participants were children aged between 4 to 11 years old recruited from a primary school in
London, United Kingdom, and their adult caregiver. Prior to the study, all participants
received an information sheet with the study details. Participants and their caregivers signed
informed consent and assent forms respectively if they were willing to participate in the study.
The study was approved by the UCL research ethics committee (REC) 4612/029.

As this was an exploratory study, no formal requirements were put on sample size. All
pupils at a school of 840 were invited to join the study.

Study design and procedures

This study was a single blind taste assessment. After consent, all participants were provided
with a study pack for the taste evaluation to be completed at home. The pack contained the
study instructions, four taste strips and instructions on how to download the Aparito app
(Atomb5) on their smartphone. Atom5 is a secure, encrypted and password protected platform
(ISO 13845, ISO 27001, Cyber Essential Plus, CREST tested and ePrivacyApp awarded by ePri-
vacyseal GmbH) designed to collect digital endpoint data. It has been used for remote moni-
toring across a wide range of adult and paediatric disease areas. Commercially available
Burghart (or ODOFIN) taste strips (MediSense, Groningen, The Netherlands) were used in
this study. The taste strips are made of filter paper impregnated with different solutions con-
taining substances found in food and drinks. They are used in clinical and research contexts as
a validated procedure to investigate taste ability/gustatory sensitivity in both children and
adults [41]. One of the strips was blank with no tastant, one strip was bitter (0.006 g/mL of qui-
nine hydrochloride), one was sweet (0.4 g/mL of sucrose), and one sour (0.3 g/mL of citric
acid). Each taste strip was individually repackaged into coloured Mylar foil bags for blinding
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Fig 1. A 5-point hedonic smiley face scale that was used in the study.

https://doi.org/10.1371/journal.pdig.0000340.9001

purposes: blank in a white coloured foil bag, bitter in yellow, sweet in green and sour in
purple.

After receiving the study pack, participants were asked to input their age and sex on the
app. Then, instructions guided the participants through each step of the study. Children were
instructed to place one strip on the middle of their tongue, close their mouth and test the sam-
ple for 10 seconds before removing the strip. The adult caregiver used their smartphone video
to record the facial reaction of the child as they tasted the strip. After removing each strip, the
children were asked to rate the sample on a 5-point hedonic smiley face scale, where 1 corre-
sponded to a sad face, indicative of dislike and 5 to a happy face indicating the liking of the
taste of the strip, Fig 1. Finally, children were invited to provide their feedback about the tast-
ing experience through an open response question.

Instructions indicated to test the blank control strip first so that participants could practise
the correct use of the strip, the video recording, and how to record their responses in the app.
The other three taste strips were tested in three different sequences as indicated by the foil bag
colour (sweet, sour, bitter—sour, bitter, sweet—Dbitter, sweet, sour) and children were ran-
domly assigned to one of the three sequences by the app. To avoid any anticipation and bias in
their responses, participants were blinded to the taste of the strip they were tasting and were
instructed to taste each strip sequentially from each coloured foil bag. Children were invited to
take some water to help remove any residual taste between each sample.

All data recorded within the app was transferred onto the Atom5 software platform and
stored securely on Microsoft Azure. All data were collected and stored in accordance with the
Data Protection Legislation 2018 and General Data Protection Regulation (GDPR) 2018.

Statistical analysis

For each taste strip, the rank rating of the hedonic scale was analysed to see if any difference
could be appraised between different age groups, sex, and order of strip testing. Also, differ-
ences in rank rating between different tastes were assessed. The Kruskal-Wallis H test was
used for the analysis and the IBM SPSS Statistics software platform (IBM Corp. Released 2021.
IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp) was used with the
limit of statistical significance set at o = 0.05.

Machine learning for pose estimation

Pose estimation framework. We used a CNN (Convolutional Neural Network) based,
open-source machine learning (ML) framework, MediaPipe [42]. MediaPipe is a perception
pipeline builder that offers different pose estimation components, including face detection,
face landmarks, hands, body, and object tracking. In this study, we used the Face-Landmark-
vl component. This component is based on the BlazeFace model [43] for face detection, and
estimates 368 3D face landmarks per frame. Kartynnik et al.[44] reported an accuracy of 3.96%
of the full Face-Landmark model, calculated as the mean absolute distance between the predic-
tions and the ground truth vertex locations, normalised by interocular distance.
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Fig 2. Landmarks identified to be included in the analysis (red) plotted against all landmarks estimated by
MediaPipe (grey).

https://doi.org/10.1371/journal.pdig.0000340.g002

Data pre-processing. The video data were filtered on two levels: frame level and facial
landmark level.

First, for each individual video, we identified which frames to include in the analysis. We
defined the tasting task as the sequence of frames per video from when the taste strip was
inserted in the subject’s mouth, until just before the action of removing said strip. The cleaning
process included reviewing the videos and manually identifying the beginning and end times
of the tasting task. Importantly, we noticed that some subjects reacted after the taste strip was
removed from the mouth. Therefore, we also identified a post-tasting section that started from
the moment after the strip was removed from the mouth, until the end of the video or until the
subject was distracted by something else (e.g., if the child starts talking to someone else in the
room or turns away and moves out of the frame).

Secondly, we identified 53 key facial landmarks out of the 368 landmarks extracted by Med-
iaPipe. These landmarks were carefully selected to outline the main visible facial features, as
illustrated in Fig 2. The geometric calculations involving these landmarks are presented in the
subsequent section. By focusing our analysis on these critical regions, we aimed to capture the
most relevant facial characteristics while minimising extraneous data and noise. Data used in
this study are available at: https://git.aparito.tech/rabiaa/tasty_public_dataset.

Facial feature aggregation. The extracted landmarks were aggregated into the following
measures:

« Eyebrow elevation: left and right variants calculated as the Euclidean distance between the
median of the eyebrow landmarks and the nose tip landmark.

« Eyebrow tilt: left and right variants computed as the angle between the fitted line through
the five eyebrow landmarks and the line connecting the inner eye corners.

« Eyebrow shape: left and right variants determined by the angle between the lines connecting
the middle eyebrow landmark with the left and right eyebrow endpoints.
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o Palpebral aperture: left and right variants representing the surface area delineating the eye
region.

o Lip elevation: upper and lower variants measured as the Euclidean distance between the
middle lip landmark and the nose tip.

« Mouth corner: left and right variants calculated as the Euclidean distance between the
mouth corner landmark and the nose tip.

These measures are a subset of those used in a study applying similar ML techniques to
assess facial bradykinesia in patients with Parkinson’s disease [29]. The measures provide a
practical means to transfer the facial areas of interest into quantifiable inputs to a ML model. A
number of measures used in Novotny et al., 2022 [29] were specific to the patient population,
disease and symptoms studied (e.g. cheek surface variability and jaw elevation/depression) and
considered not relevant to the current study. Therefore, these were omitted. The subset
included was selected as related to the facial features most often used in studies linking facial
expressions with taste, i.e. eyes, eyebrows and mouth [45-47]. While MediaPipe can estimate
pupil location, it does not provide data on pupil size, so we were unable to include pupillary
response. Aside from lip elevation, all measures were calculated for the left and right side of
the face independently as asymmetry in facial expressions has been reported broadly across
studies into emotional response [48-50]. The description of left and right is from the point of
view of the observer of the video. To account for variations in the landmark coordinates caused
by factors other than facial reactions (e.g., the distance and angle of the camera changes over
time as the person moves their head), all distance measures were scaled using a reference: the
Euclidean distance between the right inner eye corner and the nose tip.

The above measured features were applied on each frame, irrespective of whether the facial
expression represented a baseline (neutral), a semi-altered (transitioning) or most altered
(peak state). This comprehensive approach was adopted because identifying the frame with the
most altered expression can be challenging, as facial expressions evolve over time and may not
manifest simultaneously across all facial regions. By including all frames, we aimed to capture
the dynamic nature of facial expressions and ensure that no relevant information was
overlooked.

Results
Data description and participants’ demographics

A total of 250 participants agreed to take part in the study and received a study pack at home.
Of these, 40 participants completed all the hedonic ratings and video recordings, and 24 partic-
ipants completed all the hedonic scales but did not record one or more videos. Thus, the data
analysis was performed with data from 64 participants; Table 1 reports the number of hedonic
scales and videos recorded per taste strip.

Table 1. Total number of hedonic scale ratings and videos analysed per each taste.

Taste of the strip No. of hedonic scales No. of videos
Neutral 64 51

Sour 64 46

Sweet 64 54

Bitter 64 46

Total 256 197

https://doi.org/10.1371/journal.pdig.0000340.1001
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Table 2. Age distribution of the children participating in the study.

Age (years) Frequency (%)
5 1 (2%)

6 3 (5%)

7 10 (16%)

8 18 (28%)

9 13 (20%)

10 11 (17%)

11 8 (13%)

https://doi.org/10.1371/journal.pdig.0000340.t002

Children in the study were aged between 5 to 11 years, with a median age of 8.5 years (SD
1.46), Table 2, and there were slightly more females (n = 36) than males (n = 28).

Hedonic scale results

The ratings of the hedonic scale for each taste strip were analysed by sex, age, and randomisa-
tion order of the strips to assess if any difference between groups existed. The analysis by sex
showed that there were no significant differences between boys and girls in terms of hedonic
responses to the taste of each strip (}2(2) = 0.46, p = 0.50 for the blank (control) strip, ¥2(2) =
1.50, p = 0.23 for the sour strip, ¥2(2) = 2.32, p = 0.13 for the sweet strip, and x2(2) = 2.30,

p = 0.13 for the bitter strip). Different ages also showed similar ranking scores for each taste
strip (%2(2) = 2.04, p = 0.92 for the control strip, ¥2(2) = 4.19, p = 0.65 for the sour strip, ¥2(2)
=3.92, p = 0.69 for the sweet strip, ¥2(2) = 1.99, p = 0.92 for the bitter strip). Similarly, chang-
ing the order of how the taste strips were assessed did not alter the rating of each taste strip (2
(2) = 0.64, p = 0.73 for the sour strip, x2(2) = 0.41, p = 0.82 for the sweet strip, ¥2(2) = 0.80,

p = 0.67 for the bitter strip).

Instead, a statistically significant difference in ratings emerged across the different tastes
(x2(2) = 124.62, and p = 0.001), with the following predominant scores observed for each taste
strip: 3 for the blank control strip, 1 for the bitter strip, 5 for the sweet strip, and various scores
for the sour strip. These results indicate that the hedonic scale elicited expected results: chil-
dren like sweetness, dislike bitterness and have varying opinions for sourness, Fig 3.

Facial measures

Facial landmark coordinates were extracted for each frame captured during or after the tasting
task. A total of 97.4% of frames (accounting for 95,561 total frames) were successfully pro-
cessed using the MediaPipe framework. Failures to process some frames were due to subjects
turning away from the camera or covering their face. Fig 4 shows the distribution of processed
frames per video, during and after the tasting, grouped by taste.

Using the extracted coordinates, we aggregated the landmarks into facial feature measures.
A sample data of two subjects (four videos per subject: one for each taste) is depicted in Fig 5
in a 5-frame moving average of three measures: the elevation of the left brow, the elevation of
the lower lip, and the palpebral aperture of the right eye.

For each subject the following measures are presented: left eyebrow elevation, lower lip ele-
vation, right palpebral aperture. The Figure shows the variation of the measures over time
(represented by the x-axis and measured in frame number) per tasting (including both during
and post tasting sections).

An ANOVA analysis was conducted to examine the effects of the taste categories (control,
sweet, sour, bitter) and hedonic scores (ratings of the liking), on each of the measured variables
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Fig 3. Participants’ hedonic scale rating for each taste strip, where 1 corresponds to not liking the taste (sad face),
and 5 corresponds to liking the taste of the strip (happy face).

https://doi.org/10.1371/journal.pdig.0000340.9003

(eyebrow elevation, mouth corner, etc.). The ANOVA results revealed statistically significant
main effects of the taste and hedonic scores on the dependent measures (p < 0.05), indicating
that the variability in these measures was significantly different across the different taste cate-
gories and levels of hedonic ratings.
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control sweet sour bitter

Fig 4. Number of frames processed with MediaPipe per taste and section: during the tasting (SI) and post tasting
(SID).

https://doi.org/10.1371/journal.pdig.0000340.9004
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We then calculated the standard deviation of the rescaled measures for all subjects, includ-

ing all their videos that passed quality checks. We plotted this, grouped per taste and hedonic
score, in Figs 6 and 7.

Moreover, we ran an analysis that determines which facial measure(s) were most predictive

of palatability. We used an Extra-Trees classifier, which was trained with 200 trees in the forest,
using the square root of the total number of features for splitting, a minimum of 5 samples for

splitting internal nodes, and a minimum of 2 samples per leaf node, to rank the importance of
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each measure. The "Right eyebrow elevation" measure was found to be the most important, fol-
lowed by the “Left eyebrow elevation” and the “Left/Right mouth corner”, Fig 8. To test the sta-
bility of the rankings, we also performed Principal Component Analysis (PCA) on the facial
measures. While the rankings from PCA were slightly different, with "Left eyebrow elevation”
being the most important followed by "Right eyebrow elevation” and "Upper lip elevation”, the
top-ranked features were generally consistent with the Extra-Trees classifier results, indicating
the robustness of the findings.

Discussion

The present study sought to investigate facial reactions to different tastes in children, with the
aim of identifying key indicators of palatability perceptions. While this methodology may be
particularly useful for assessing taste reactions in populations unable to self-report their reac-
tions, such as very young children or those with communication or cognitive impairments,
this study was conducted in ‘verbal children’. This was necessary to pilot and test the approach
in a population capable of self-reporting their taste perceptions. This step is essential for cali-
brating and validating the new method. Only after refining and successfully validating this
method in self-reporting children we may be able to proceed to test it in other populations.

Two previous studies have assessed the use of facial recognition technology to evaluate pal-
atability in the context of medicinal products in children [39,40]. However, the main differ-
ences of our study compared to the previous studies are as follows. Firstly, our study was
conducted in a domiciliary setting rather than in a standardised laboratory environment.
While this approach can lead to reduced video quality and compliance with the instructions,
our study showed that it is feasible, with the advantage of posing a minimal burden for
participants.

Secondly, the methodology applied in our study differed from that of Kearns’ and Peng’s
study [39,40] as we applied pose estimation for facial reaction analysis, assessing the raw move-
ments of facial features rather than classifying the facial expressions in emotional reactions.
This allowed us to specifically and directly assess reactions to taste stimuli without the need to
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Fig 8. Ranking of the importance of the facial measures using an Extra-Trees classifier.
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translate them into emotions which can be biased by aspects other than the taste. Moreover,
Kearns’ study further grouped reactions into positive and negative, based on the labels
assigned to the reactions. In this current study we were interested to see whether using the raw
facial features could elicit improved results.

Finally, taste strips were used instead of liquids to measure the palatability. The advantage
of using taste strips rather than solutions is that the latter pose inherent quality and safety
related challenges to taste testing, given their bulkiness and thus difficulty of storage and trans-
port, as well as their swallowing risk, particularly if used by children [51]. This taste strip meth-
odology has also been successfully implemented in this age group in another recent study [52].

This study showed that taste strips were easy to use and results from the hedonic scale
showed that expected results were elicited: children like sweetness, dislike bitterness and have
varying opinions for sourness. Previous studies have reported that children’s liking of sweet
and disliking of bitter reflect their basic biology [53]. The appreciation for sourness seems to
be influenced by children’s food habits and there are various experiential factors that can influ-
ence flavour preferences during childhood [54,55].

In the 197 videos available, the relative proportions of frames per taste were as follows:
28.29% control, 26.15% sweet, 24.40% sour, and 21.16% bitter. The lower value for bitter was
due to less adherence to the 10 seconds minimal duration of the video.
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This balanced distribution of processed frames across the different tastes enabled a compre-
hensive evaluation of facial reactions.

Overall, our findings demonstrate a clear signal of a reaction to taste, but also highlight the
complexity and variability of facial reactions in response to different tastes.

For instance, Fig 5 illustrates how the bitter taste resulted in a higher lower lip elevation,
while the sweet taste elicited a higher left eyebrow in both subjects. However, these signals
were not consistent across all measures and subjects, indicating the complex nature of taste
perception. Moreover, our results suggest the existence of an inter-individual variability in
time and type of reactions to the same taste stimulus. We suppose that these different reactions
may be classifiable into specific groups; however, such classification would require a larger
sample size.

Our study considered a range of measures, and we found that right eyebrow elevation, left
eyebrow elevation, and left mouth corner were the three most significant indicators of chil-
dren’s taste perceptions, ranked in decreasing order of importance. Asymmetry in facial reac-
tions has been observed elsewhere when considering emotional responses [48-50], and
previous studies have found that the left side of the face expresses greater emotion than the
right [49,50]. It should be noted that in our study the description of left and right is from the
point of view of the observer of the videos, so our finding of the right eyebrow elevation as the
most significant measure correlates with the left side of the child’s face showing a greater
response. However, we also observed that many measures exhibited symmetry between their
left and right variants.

Previous studies have also found the eyebrow lifting or lowering [45] and the mouth cor-
ners [45,46] to be present in response to bitter, sweet, and sour tastes. Wendin et al. [46] also
identified frowning, wrinkled nose and eyes widening or squinting as present in sampling of
bitter tastes. As our analysis considers variability of the facial measures, rather than absolute
values, and given the black-box nature of the machine learning methods used, it is difficult to
assign a single, specific facial reaction to any of the tastes. However, previous studies have
reported that there is much overlap between responses, and it is indeed the combination of
numerous factors that are associated with different tastes, rather than any individual change.
For example, Wendin et al. [46] found that while sour elicited a greater response than bitter
and sweet, frowning, wrinkling the nose, eye-widening and eye-diminishing were observed
with both bitter and sour tastes. A study looking at the responses to different tastes in new-
borns found that the measures in the top and middle part of the face were similar across the
tastes, while they differed in the lower component [15]. Future studies could therefore be
improved by increasing the number and variety of facial measures included. For example,
incorporating nose and forehead.

Eyebrow elevation was also slightly more variable in the tasting of strips that children rated
with a low hedonic score compared to those that they rated more positively (Fig 7). Lower lip
elevation showed a similar trend. Upper lip elevation has previously been found to be indica-
tive of unpleasant taste [45] and in this current study, while showing less of a downward trend,
did have a greater variability for the lowest scoring taste compared to the highest scoring. Wei-
land et al. [45] also found depression of the lip corners and lowering of the brow to be indica-
tors of unpleasant tastes, which is supported here by the increase in variability of the
corresponding measures as the hedonic score decreases. The results from the hedonic scale rat-
ings support the methodology as the current gold standard for use with this age and ability
group. However, further insight may be possible by analysing the facial reactions in relation to
the hedonic ratings, for example, considering separately the reactions of those who liked and
disliked the sour taste.
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One limitation of this study is that the sample size obtained was smaller than what initially
expected, although slightly larger than that of Kearns’ and Peng’s [39,40]. This can partly be
explained by the fact that the study required proactive commitment from the caregiver’s side
and the fact that several parents were not willing to provide video records of the face of their
children, although clear explanation about privacy and data confidentiality were provided in
the participant information sheet.

As discussed above, a second limitation of this study was that only selected facial expres-
sions were considered. To generalise the findings, larger sample size and more diverse facial
expression should be examined in future studies.

The results of this study provide new insights into the dynamics of facial expressions in
response to taste stimuli. The study generated meaningful results, despite the relative lack of
consistency and standardisation inherent in data gathered from a home setting, supporting the
potential use of a decentralised approach. Further investigations could be conducted to explore
other non-verbal cues to provide a more comprehensive understanding of the factors that
influence taste perception in children. For instance, voice patterns may reveal vocal cues that
indicate preferences or aversions. Besides that, body movement and hand gesture analysis can
also offer valuable information on the emotional and cognitive responses to taste stimuli.

Conclusion

Our study provides valuable insights into the complex nature of taste perception in children.
Ensuring that orally administered medications are palatable is crucial for ensuring patients’
willingness to take them and comply with treatment. Despite limitations such as a smaller-
than-expected sample size and the focus on selected facial expressions, our study provides
valuable insights into taste perception dynamics in children. Capturing children’s objective
responses to taste has important potential applications in supporting drug product develop-
ment and measuring the acceptance of orally administered medications as part of clinical trials
and longer-term adherence studies. While our methodology focused on verbal children, it lays
the groundwork for future applications in populations unable to self-report their perceptions.
The taste strips were easy to use and elicited expected results on the hedonic scale, reflecting
children’s biological preferences for sweetness and aversion to bitterness. These findings may
be used to develop interventions that enhance the understanding and acceptability of medica-
tions in children, ultimately to improve their overall health outcomes.
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