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Abstract. Newborns (NBs) feel pain and the more premature they are, the more
immature are their pain attenuation system. Facial expression recognition is
a non-invasive method to identify and evaluate their feelings, since it provides
relevant information about pain and the NB’s emotional state, allowing dis-
crimination with non-painful stimuli. In this context, this study proposes to
use Kendall’s correlation coefficient to quantitatively compare the relevance
between the facial areas reported in literature to evaluate the NB’s pain with
the facial areas observed by health professionals and lay people, through eye-
tracking, when performing the visual pain assessment task on the NBs’ facial
images. The results showed that the visual perception of adults does not agree
with the facial areas proposed by the literature for pain analysis. In addition,
the results suggest that health professionals present a distinct perception when
compared to the perception presented by non-health professionals. We believe
that such results might help to improve pain assessment carried out clinically.

1. Introduction

Newborns (NBs) feel pain and the more premature they are, the more immature are their
pain attenuation system. It means that, in response to repeated painful stimuli, the prema-
ture NB can present an increase of pain sensation [Vinall et al. 2012, Gimenez 2018].
Consequently, the prolonged exposure to pain during the first days of birth, may re-
sult in emotional, behavioural, and lifelong changes in those NBs [Anand et al. 1999,
Vinall et al. 2012]. Pain can bring many comorbidities to the NB hospitalised at a
Neonatal Intensive Care Unit (NICU), thus pain identification methods (e.g. cry, mo-
tor activity and facial expression) have been implemented and applied in the clini-
cal practice [Grunau et al. 1998, Guinsburg 1999, Caetano et al. 2013, Cong et al. 2013,
Maxwell et al. 2019, Bueno et al. 2020]. Firstly, even though crying is the NB’s main
communication, it could be triggered by non-painful stimuli, such as hunger and/or other
discomfort. Thus, it must be evaluated along with physiological and behavioural charac-
teristics. The same criteria must be applied for motor activity since it may occur through
painful and/or unpleasant stimuli, and therefore, it is possible to misjudge pain with dis-
comfort by their reaction. On the other hand, facial expression is a good resource to
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identify pain in NBs, since it is a non-invasive method that provides relevant information
about pain and the NB’s emotional state, allowing discrimination between non-painful
stimuli [Heiderich 2013].

In [Carlini et al. 2020], the authors presented novel results on human visual per-
ception regarding neonatal pain assessment through facial expression. Their results
showed that there is no statistical difference on the number and time fixation at hu-
man visual perception between all groups of volunteers when holistically comparing
facial regions described by the Neonatal Facial Pain Scale Coding System (NFCS)
[Grunau and Craig 1987], whether they were health professionals or not. Consequently,
these findings suggest that all sample groups looked statistically at the same areas of in-
terest (AOIs) and it is reasonable to assume that visual analysis was equal for all groups
studied. More recently, [Carlini et al. 2021] showed qualitative results suggesting that
adults visual perception agree with the same specific facial features proposed by the liter-
ature, like the regions of the eyes, mouth and forehead; showing a representative number
and time of fixations.

In this present study, we extended these experimental results to perform a quan-
titative and comparative analysis between the importance of NBs facial characteristics
proposed by the literature and the volunteers’ visual perception by using Kendall’s cor-
relation coefficient [Kendall 1938]. We believe that these findings might provide new
insights to help the health professional to evaluate and classify the NB’s pain, as well as
support the clinical decision.

2. Materials and Methods

In this section, we describe the methodology applied to analyse facial features re-
lated to human visual perception and the computational framework proposed initially
in [Carlini et al. 2019, Carlini et al. 2020]. In the end of this section, we explain how to
identify the areas of interest and its importance to the results.

2.1. Literature review

We have searched on Google Scholar, Semantic Scholar, Research Gate, Web of Sci-
ence, Europe PMC and publishers of books and journals, such as Elsevier, PubMed
and Scielo, using the following keywords: neonatal pain scale, newborn pain scale,
and neonatal facial scale, from April to December 2020, without considering the pa-
per publication date. In total, 150 studies that included facial scales for neona-
tal pain assessment were found, but only 52 explained the origin and/or process
of clinical validation of these scales. However, 39 scales described the pain phe-
nomenon as a holistic facial feature defined mainly as grimace or composed of gen-
eral facial expression changes. Consequently, 13 scales that didn’t present this fea-
ture were analysed in this work: NFCS [Grunau and Craig 1987], Modified NFCS (M-
NFCS) [Rushforth and Levene 1994], McGrath Facial Affective Scale (MCGRATH or
FAS) [McGrath 1985], Nepean Neonatal Intensive Care Unit Pain Assessment Tool
(NNICUPAT) [Marceau 2003], Modified infant pain scale (MIPS) [Buchholz et al. 1998],
Partial MIPS (P-MIPS) [Buchholz et al. 1998], Premature Infant Pain Profile (PIPP)
[Stevens et al. 1996], PIPP Revisited (PIPP-R) [Stevens et al. 2014], Evaluation Enfant
Douleur (EVENDOL) [Fournier-Charriere et al. 2012], Liverpool Infant Distress Scale



(LIDS) [Horgan and Choonara 1996], Acute Pain Scale (APN) [Carbajal et al. 1997],
Pain Assessment scale for Preterm Infants (PASPI) [Liaw et al. 2012] and Behavioral In-
dicators of Infant Pain (BIIP) [Holsti and Grunau 2007].

Table 1. Relationship between scales and facial features

Facial Features Clinical Scales
NFCS | M-NFCS | MCGRATH | NNICUPAT | MIPS | P-MIPS | PIPP | PIPP-R | EVENDOL | APN | LIDS | PASPI | BIIP | Total | Percentage Total
Right Eye (REye) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 14.29%
Left Eye (LEye) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 14.29%
Region between Eyebrows (RBEb) 1 1 1 1 1 1 1 1 1 0 1 1 1 12 13.19%
Forehead 1 1 1 1 1 1 1 1 1 0 1 1 1 12 13.19%
Mouth 1 1 1 1 1 1 0 0 1 0 1 1 1 10 10.99%
Right Nasolabial Groove (RNG) 1 1 1 1 1 1 1 1 0 1 0 1 1 11 12.09%
Left Nasolabial Groove (LNG) 1 1 1 1 1 1 1 1 0 1 0 1 1 11 12.09%
Chin 1 0 1 0 1 1 0 0 0 0 1 0 0 5 5.49%
Right Eyebrow (REb) 0 0 0 0 0 0 0 0 0 1 1 0 0 2 2.2%
Left Eyebrow (LEb) 0 0 0 0 0 0 0 0 0 1 1 0 0 2 2.2%
Nose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%
Right Cheek (RC) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%
Left Cheek (LC) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%
Other regions face (ORF) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%
Total 8 7 8 7 8 8 6 6 5 7 8 7 7 92 100.00%

According to the literature review there are 14 AOIs (Table 1), but firstly we
considered the following 6 facial regions (Figure 1): 1) Right and Left Eye (1R/1L)
(Eye squeeze; Frown; Eyes tense; Distressed look); 2) Region between Eyebrows; 3)
Forehead (Furrowed forehead; Furrowed brow; Brow bulge); 4) Mouth (Open mouth;
Tense mouth; Horizontal mouth stretch; Vertical mouth stretch; Lip purse; Open lips; Taut
tongue; Tongue protrusion); 5) Right and Left Nasolabial Groove (SR/5L) (Nasolabial
furrow); 6) Chin (Chin quiver). Additionally, we considered more AOIs that were not
described by the literature: 7) Right and Left Eyebrow (7R/7L); 8) Nose; 9) Right and
Left Cheek (9R/9L) and 10) Other regions face (ORF) that the adult could observe, but
was not described in any of the previous regions. However, it is important to understand
that, since we consider Left (L) and Right (R) as distinct facial regions, we analysed (in
total) 14 AOIs.

2.2. Computational framework

The proposed framework, described in more details in [Carlini et al. 2020], is a series of
computational experiments carried out from March 15 through April 17 of 2019. In to-
tal, 143 volunteers of the Sao Paulo Hospital (university-affiliated hospital of the Federal
University of Sdo Paulo - Brazil); performed pain assessment on twenty (20) NBs frontal
face images of ten (10) different neonates. Each pair of images consists of one image of
the neonate at rest and another image after a painful procedure routinely and clinically
performed (Figure 2), evaluating each one using a numerical scale ranging from 0 (no
pain) to 10 (extreme pain). This image dataset was developed by health professionals and
researchers [Heiderich 2013, Heiderich et al. 2015] and approved by the Ethics Commit-
tee for Research of the Federal University of Sdo Paulo (1299/09, 3.116.151, 3.116.146
and 3.201.307).

The volunteers were divided into four groups of study:

* 44 physicians: 4 paediatricians and 40 neonatologists;

* 40 health professionals (HPs): 17 nursing assistants, 10 nurses, 5 physiotherapists
and 8 speech therapists;

* 29 newborn’s parents;

* 30 others (lay people: non-physicians, non-health professionals, and non parents
of newborn).



Figure 1. NB facial features.
*Author (The image was created from a hypothetical NBs face designed by
[Heiderich 2013, Heiderich et al. 2015]).

The experimental procedure [Carlini et al. 2020], illustrated in Figure 3, is com-
posed of the following 3 main steps: (1) an instruction screen is shown to the subject;
(2) presentation of two evaluation trials, so that the subjects can learn and comprehend
the experiment; and (3) the beginning of the experimental procedure itself. Each neonatal
face image to be evaluated is non-centralised located on the screen and is shown ran-
domly to the volunteer for seven seconds. Subsequently, the participant had three seconds
to answer verbally the score (0 to 10) for the displayed image, as being 0 no pain face
and 10 the extreme pain. The total time to perform the experiment was approximately 5
minutes for each volunteer. In each session of the procedure, information regarding the
ocular evaluation strategy of each volunteer was recorded by the Tobii TX300 eye track-
ing equipment. Exclusion criteria was applied to volunteers with diagnoses of epilepsy
(seizure) and/or severe ocular problems.

2.3. Eye-tracking acquisition and processing

Using Tobii Studio software, we have manually drawn each facial regions accordingly to
table 1. Such features are known in the eye-tracking literature as Areas of Interest (AOIs)
and an example is shown on Figure 4.

In order to compare the visual perception of distinct sample groups and its cor-
responding relationships, we evaluated Kendall’s correlation coefficient [Kendall 1938].
This is a non-parametric hypothesis test for statistical dependence on populations that take
on a ranked order. Since we want to identify the agreement of the most preferred AOIs



(a) No Pain. (b) Pain.

Figure 2. Example of two images presented in the UNIFESP dataset.

Teste conclido Mt abrgado pelasua paicpacso,

Nual o nota?

Experiment
direction

Figure 3. Eye-tracking study.

between distinct sample groups, Kendall’s correlation provides the measurement of the
agreement between them. Consequently, correlations commonly used like Spearman’s
and Pearson’s correlation can’t be considered.

We have calculated Kendall’s correlation coefficient [Kendall 1938,
Santiago 2016, Agresti 1984] using Python software with Pandas, Seaborn and
Matplotlib libraries on three situations: 1) all images (ten images of pain and ten images
without pain), 2) pain images only (ten images) and 3) without pain images only (ten
images). This correlation indicates that values above or near to 0.7 show that groups are
applying the same pattern when observing facial regions [Santiago 2016].

Prior to evaluating Kendall’s correlation coefficient, we have normalised (for each
sample group) the total time and fixation amount data for each AOI by the corresponding
values of the entire face, as shown on Table 2.



Figure 4. Example of visual perception on each AOI.

Table 2. Fixation and Duration amount percentage for each AOI.

AOIs | Literature HPs PHYSICIANS OTHERS PARENTS

FIX | TIME | FIX | TIME | FIX | TIME | FIX | TIME
REye 14.29 693 | 600 | 664 | 586 | 878 | 818 | 8.64 | 6.66
LEye 14.29 925 | 805 | 884 | 739 | 9.15 | 7.64 | 9.84 | 8381
RBEb 13.19 7.22 9.8 628 | 7.68 | 816 | 932 | 694 | 6.99

Forehead 13.19 9.87 | 6.67 54 425 | 1371 892 | 122 | 5.28
Mouth 10.99 14.81 | 14.06 | 16.42 | 1597 | 11.50 | 8.72 | 14.37 | 13.97
RNG 12.09 344 | 326 | 3.11 | 257 | 298 | 296 | 3.66 | 2.65
LNG 12.09 361 | 301 | 499 | 516 | 352 | 361 | 295 | 295

Chin 5.49 271 | 145 | 2.66 1.8 1.53 | 031 | 1.41 | 1.09
REb 2.2 2,12 | 211 | 141 1.25 | 231 | 234 | 3.01 | 2.03
LEb 2.2 278 | 257 | 216 | 194 | 3.14 | 243 | 2,12 | 195
Nose 0 22.47 | 29.52 | 22.46 | 2891 | 24.21 | 32.89 | 21.91 | 32.18
RC 0 148 | 0.82 | 1.21 | 0.63 1.61 | 0.94 1.9 1.16
LC 0 306 | 1.58 | 3.69 | 222 | 3.16 | 1.66 | 2.85 | 1.38
ORF 0 10.25 | 11.08 | 14.72 | 1438 | 6.23 | 10.09 | 8.19 | 1291

Caption: FIX(fixation); AOI (areas of interest); HPs (Other Health professionals);
REye (Right Eye); LEye (Left Eye); RBEb (Region between Eyebrows); RNG
(Right Nasolabial Groove); LNG (Left Nasolabial Groove); REb (Right Eye-
brow); LEb (Left Eyebrow); RC (Right Cheek); LC (Left Cheek); ORF (Other
regions face)

3. Experimental Results

The results shown on Table 3 describe the relationship between fixation amount and its
duration for "Face” and “non-Face” image regions of each group of volunteers. Compar-
ing the number of fixation of all sample groups, Physicians and HP’s looked more at the



face of NBs, regardless of the scenario analysed. On the other hand, HP’s and Parents
showed the highest number of fixation at ”Out of the Face” regions. Analysing the time
of fixation, Physicians and HP’s looked for a longer time than others sample groups at out
of the face regions.

Table 3. Values of fixation and duration amount images (all, pain and without
pain), in both cases: Face and out of Face.

Indicators All images
Parents | Physicians | Others HP
Face Fixation Total 5518 8934 5538 7783
Out of Face Fixation Total 4823 4239 3379 5238

Face Duration Total (seconds) 2808.91 | 4430.19 | 2862.59 | 3680.69
Out of Face Duration Total (seconds) | 792.79 965.85 684.86 | 1138.59

Indicators Pain
Parents | Physicians | Others HP
Face Fixation Total 2811 4445 2745 3855
Out of Face Fixation Total 2290 2022 1723 2538

Face Duration Total (seconds) 1426.32 | 2179.90 | 1404.82 | 1839.20
Out of Face Duration Total (seconds) | 365.43 448.64 345.93 | 559.16

Indicators No Pain
Parents | Physicians | Others HP
Face Fixation Total 2707 4489 2793 3928
Out of Face Fixation Total 2533 2217 1656 2700

Face Duration Total (seconds) 1382.59 | 2250.28 | 1457.77 | 1841.50
Out of Face Duration Total (seconds) | 427.36 517.21 338.93 | 579.43

Table 4 shows that NBs facial features described by pain scales are not correlated
with eye-tracking findings. In other words, AOIs found on literature pain scales do not
have the same relevance as the visual perception of adults when assessing pain (e.g. nose,
cheek and other regions of face).

Table 4. Kendall’s correlation between sample groups and proposed AOls by the

literature.
Category of images Fixation
Parents | Physicians | Others HP
All 0.2912 0.3145 | 0.2912 | 0.2446
Pain 0.1980 0.1980 | 0.2446 | 0.2213
No Pain 0.2679 0.1980 | 0.2446 | 0.2446
Category of images Time
Parents | Physicians | Others HP
All 0.2912 0.2446 | 0.2446 | 0.2679
Pain 0.2213 0.1640 | 0.2213 | 0.2679
No Pain 0.2679 0.2213 | 0.3378 | 0.2446




Table 5. Kendall’s correlation within sample groups when observing "no pain”

images.
No pain images Fixation
Parents | Physicians | Others HP
Parents 1 0.5824 | 0.8022 | 0.7363
Physicians 0.5824 1 0.6484 | 0.8462
Others 0.8022 0.6484 1 0.7143
HP 0.7363 0.8462 | 0.7143 1
No pain images Time
Parents | Physicians | Others HP
Parents 1 0.8462 | 0.7363 | 0.8901
Physicians 0.8462 1 0.7582 | 0.8681
Others 0.7363 0.7582 1 0.8022
HP 0.8901 0.8681 0.8022 1

Table 6. Kendall’s correlation within sample groups when observing ”pain” im-

ages.
Pain images Fixation
Parents | Physicians | Others HP
Parents 1 0.7582 | 0.8681 | 0.8462
Physicians | 0.7582 1 0.7582 | 0.9121
Others 0.8681 0.7582 1 0.8462
HP 0.8461 0.9121 0.8462 1
Pain images Time
Parents | Physicians | Others HP
Parents 1 0.7956 | 0.8681 | 0.8681
Physicians | 0.7956 1 0.7514 | 0.8398
Others 0.8681 0.7514 1 0.8681
HP 0.8681 0.8398 | 0.8681 1

Table 7. Kendall’s correlation within sample groups when observing all images.

All images Fixation
Parents | Physicians | Others HP
Parents 1 0.6923 0.8242 | 0.7802
Physicians | 0.6923 1 0.7363 | 0.8681
Others 0.8242 0.7363 1 0.7802
HP 0.7802 0.8681 0.7802 1
All images Time
Parents | Physicians | Others HP
Parents 1 0.8462 | 0.8242 | 0.8901
Physicians | 0.8462 1 0.7582 | 0.8681
Others 0.8242 0.7582 1 0.8462
HP 0.8901 0.8681 0.8462 1




When we have analysed eye-tracking Kendall’s correlation coefficient of “no
pain” images (Table 5), we observed that, in both scenarios (Fixation and Time), Physi-
cians had the highest correlation with HP, but a lower Fixation correlation when we com-
pared with remaining groups, especially with Parents Fixation. However, when we anal-
ysed “pain” images (Table 6), all groups had a higher correlation in both scenarios (Fix-
ation and Time), especially for the fixation amount of the Physicians with HPs and the
fixation of Parents with Others. Lastly, when we analysed all images (Table 7), all groups
presented a high correlation in both scenarios (Fixation and Time), except the Fixation
correlation between Parents and Physicians that was inferior to 0.7.

4. Conclusion

This paper shows human visual perception results on neonatal pain assessment of face
images that might help to improve the understanding of relevant facial features to perform
such assessment, either automatically or clinically.

When we compared the literature with the human visual perception, it is notewor-
thy that Kendall’s correlation coefficient for all cases is low (<0.7), especially for experts
(physicians and health professionals). These results suggest that facial features observed
by adults when assessing pain don’t agree with the ones described by the literature. Later,
when comparing the agreement between distinct sample groups, we observed that physi-
cians are more correlated with the health professionals groups, presenting a lower corre-
lation with parents and others. It seems that physicians and health professionals have a
distinct facial perception when assessing pain in newborns when comparing to non-health
professionals (parents and others). These results are expected since physicians and health
professionals have been trained to assess pain clinically.

As future works, we intend to develop a pain classification system based on the
most relevant NBs facial characteristics observed by visual perception and the literature
scales. We believe that such system might help to improve pain assessment carried out
clinically.
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