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Abstract

Although still-face effects are well-studied, little is known
about the degree to which the Face-to-Face/Still-Face
(FESF) is associated with the production of intense affective
displays. Duchenne smiling expresses more intense posi-
tive affect than non-Duchenne smiling, while Duchenne
cry-faces express more intense negative affect than
non-Duchenne cry-faces. Forty 4-month-old infants and
their mothers completed the FFSF, and key affect-indexing
facial Action Units (AUs) were coded by expert Facial
Action Coding System coders for the first 30 s of each
FFSF episode. Computer vision software, automated facial
affect recognition (AFAR), identified AUs for the entire
2-min episodes. Expert coding and AFAR produced simi-
lar infant and mother Duchenne and non-Duchenne FFSF
effects, highlighting the convergent validity of automated
measurement. Substantive AFAR analyses indicated
that both infant Duchenne and non-Duchenne smiling
declined from the FF to the SF, but only Duchenne smiling
increased from the SF to the RE. In similar fashion, the
magnitude of mother Duchenne smiling changes over the
FFSF were 2—4 times greater than non-Duchenne smiling
changes. Duchenne expressions appear to be a sensitive
index of intense infant and mother affective valence that
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are accessible to automated measurement and may be a

target for future FFSF research.

1 | INTRODUCTION

The Face-to-Face/Still-Face (FFSF) assesses infant responses to parent unresponsiveness, an
age-appropriate stressor. Although still-face effects are well-studied, little is known about the degree
to which the FFSF is associated with the production of intense affective displays, such as Duchenne
smiles and Duchenne cry-faces that involve pronounced eye constriction. Duchenne smiles appear
to express more intense positive affect than non-Duchenne smiles, while Duchenne cry-faces appear
to express more intense negative affect than non-Duchenne cry-faces. The current study investigated
whether levels of Duchenne and non-Duchenne smiling and cry-faces differ across FF, SF, and RE
episodes, using computer vision-based automated measurement.

The Face-to-Face/Still-Face (FFSF; Tronick et al., 1978) has been used to examine how infants
and parents communicate during naturalistic face-to-face interaction (Cohn & Tronick, 1987), how
infants respond to parent emotional unavailability (Ekas et al., 2013), and how infant-parent dyads
repair their interaction after the still-face (Feldman et al., 2010). In the FFSF, the parent is instructed
to play with the infant normally (face-to-face) and to then stop responding to the infant and hold
a neutral expression (i.e., “poker face”) while maintaining eye contact (still-face), and to resume
interaction with the infant (reunion). The FFSF is typically conducted in a laboratory context with
the infant seated in an infant seat and the parent seated facing the infant. The prototypical still-face
effect is characterized by reduced infant positive affect and gaze at the parent and increased negative
affect during the still-face episode from the previous face-to-face episode (Mesman et al., 2009).
The still-face effect tends to be followed by a partial carry-over effect into the reunion episode
consisting of decreased levels of positive and increased levels of negative affect compared to the
face-to-face.

The FFSF assesses infant response to the unresponsiveness, cessation of facial cues, and absence
of contingent interaction in the still-face, and addresses whether infants return to positive interac-
tion after the still-face, an index of self-regulation (Mesman et al., 2009; Tronick et al., 1978). The
FFSF has been used to investigate developmental trajectories of infants' emotional regulation (Yato
et al., 2008), episodic memory (Montirosso et al., 2013, 2014), physiological reactivity (Provenzi
et al., 2017), genetic differences in infant self-regulation (Montirosso et al., 2016), self-regulation in
infants of depressed and anxious mothers (Reck et al., 2013; Weinberg et al., 2006), and associations
of early self-regulation with later externalizing and internalizing behaviors (Ekas et al., 2013; Moore
et al., 2001). The still-face effect is robust to procedural variations (Mesman et al., 2009) and is asso-
ciated with later attachment security (Ekas, et al., 2013).

FFSF research typically relies on manual coding of infants' positive (e.g., smiling, joy, positive
vocalizations) and negative affect (e.g., frowning, crying, anger, sadness, fussing, protesting), as
well as mothers' positive affect (e.g., smiling). The laborious quality of manual coding represents
a limitation to sample sizes and the detail with which facial expressions are characterized (Cohn &
Kanade, 2007; Messinger et al., 2012; Mitsven et al., 2020). Automated measurement approaches
have the potential to address these limitations. The current study examined patterns of infant and
mother Duchenne and non-Duchenne expressions in the FFSF and ascertained the convergent validity
of expert coding and automated measurement of those patterns.
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1.1 | Automated measurement

A growing body of research on emotional facial expressions has employed automated measurement using
computer vision approaches, based on the Facial Action Coding System (FACS; Ekman et al., 2002) and
its application to infants (BabyFACS; Oster, 2006). FACS is a comprehensive manual system for record-
ing anatomically based appearance changes in the form of facial action units (AUs; Lucey et al., 2007),
which has been used to intense positive affect and negative affect (Bolzani-Dinehart et al., 2005; Mattson,
Cohn, et al., 2013; Messinger et al., 2009, 2012). Smiling (indexed by AU12) is the prototypical expres-
sion of positive emotion. Smiling combined with eye constriction (AU6; with associated raising of the
cheeks), which is known as Duchenne smiling, indexes intense joy in adults (Ekman et al., 1990) and
infants (Fox & Davidson, 1988). The cry-face (indexed by AU20), on the other hand, is the prototypical
expression of negative emotion in infants (but not adults). Infant cry-faces involving stronger eye constric-
tion, referred to as Duchenne cry-faces, are perceived to be more affectively negative than cry-faces with
lower levels of eye constriction (Bolzani-Dinehart et al., 2005; Messinger, 2002; Oster, 2003).

A small body of research has examined infant Duchenne expression in the FFSF. Messinger
et al. (2012) found that automated measurement of eye constriction (AU6; the Duchenne marker)
indexed both the positive emotional intensity of smiling (AU12) and the negative emotional intensity
of cry-faces (AU20) in twelve 6-month-olds. In the same sample, Mattson, Cohn, et al. (2013) showed
that the proportion of smiling accompanied by eye constriction was higher during the positive-emotion
eliciting face-to-face episode of the FFSF than during the still-face, and the proportion of cry-faces
with eye constriction (stronger cry-faces) was higher during the negative-emotion eliciting still-
face episode than during the face-to-face. These findings indicate that smiling with eye constriction
(Duchenne smiling) indexes strong positive emotion in 6-month-old infants while cry-faces with eye
constriction (Duchenne cry-faces) index strong negative emotion.

It remains unclear, however, whether infant Duchenne expressions are especially impacted by the
FFSF procedure. One possibility, for example, is that the FFSF is associated with changes in levels
of infant Duchenne expressions but has little or no bearing on non-Duchenne expressions. We are
not aware of investigations of studies of mothers' Duchenne smiles in the FESF. In adults, Duchenne
smiles are perceived as intensified positive affective state and more genuine than non-Duchenne
smiles, especially if they are naturally elicited, rather than posed (Gunnery & Ruben, 2016). It is
unknown, however, whether mother Duchenne smiling is especially impacted by the FFSF in compar-
ison with non-Duchenne smiling. To our knowledge, the current study is the first to document mother
Duchenne smiling in the FFSF.

Automated detection of early facial expressions has yielded insights into the objective meas-
urement of emotion expression during naturalistic interactions (Messinger et al., 2009, 2012). To
date, however, the few applications to automated measurement to infant face-to-face interaction have
used relatively small sample sizes. Moreover, no studies have reported convergent validity in which
two measurements show the same changes in facial expressions in a specific standardized protocol.
Assessing convergent validity of automated measurement of Duchenne and non-Duchenne expressions
during the standardized FFSF protocol is a step toward reducing the human resource burden involved
in making precise measurements of facial expressions in a large number of infants and mothers.

1.2 | Current study

The current study examined whether Duchenne and non-Duchenne expressions in 4-month-old
infants are differentially distributed in the face-to-face, reunion, and still-face episodes of the FFSF.
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We investigated whether expert manual coding and automated measurement (using computer vision
approach) showed concordant changes in infant Duchenne and non-Duchenne smiling (AU12 with
and without AU6, respectively) and in infant Duchenne and non-Duchenne cry-faces (AU44+-AU20
with and without AUG6, respectively) during the FFSF. Likewise, we examined whether expert
coding and automated measurement of mother Duchenne and non-Duchenne smiling produce iden-
tical patterns of changes between the face-to-face and the reunion episodes. Finally, we assessed
whether automated measurement of infant and mother Duchenne and non-Duchenne smiling—
and infant Duchenne and non-Duchenne cry-faces—differed across the face-to-face, still-face, and
reunion episodes. A pattern of results of particular interest would suggest that Duchenne smil-
ing and Duchenne cry-faces are more sensitive indices of affective reactions to the FFSF than are
non-Duchenne expressions.

2 | METHODS
2.1 | Participants

Forty 4-month-old (M, = 4.07 months, SD = 0.31) full-term infants and their mothers
(M, = 29.38 years, SD = 5.15) participated in the study. Twenty-two infants (55%) were male, and
27 infants (68%) were Hispanic/Latinx. Infants' racial distribution composed of 28 White (70%), 7
Black/African American (17.5%), 4 multiracial (10%), and 1 unknown (2.5%). Twenty-three mothers
(57.5%) were Hispanic/Latinx. Mothers' racial distribution consisted of 27 White (67.5%), 7 Black/
African American (17.5%), 1 multiracial (2.5%), and 5 unknown (12.5%). Sample demographics are
reported in Table 1. Data were collected between 2011 and 2014.

The present study was conducted according to guidelines laid down in the Declaration of Helsinki,
with written informed consent obtained from a parent or guardian for each child before any assessment
or data collection. All procedures involving human subjects in this study were approved by the Insti-
tutional Review Board at the University of Miami and conducted in accordance with the ethical stand-
ards of the American Psychological Association. Families were compensated for their participation.

2.2 | Procedure

Infants and their mothers completed the Face-to-Face/Still-Face (FFSF), which consisted of a 2-min
face-to-face (FF), a 2-min still-face (SF), and a 2-min reunion (RE). Infants were placed in an elevated
infant seat designed in-house, and mothers sat facing the infants. Mothers received instructions for
each episode before the procedure (“This will be a 6 min activity, where you play with your baby for
2 min, put on a still-face and not interact with your baby for 2 min, then play with your baby again
for 2 min”). They were instructed not to move out of the seat, to touch the infant's face, to lift infant
up from the chair, or to shake infant from side to side or back and forth. They were informed that there
will be audio prompting each episode.

The FF episode began with an audio recording, Please play with your baby now, followed by a
2-s tone. After 2 min, an audio recording, Please stop interacting with your baby now, and a 2-s tone
prompted the SF episode. After 2 min, mothers heard another audio recording, Please resume playing
with your baby now, followed by a 2-s tone, which indicated the beginning of RE episode. The inter-
action was recorded with one video camera directed at the infant's face and another at the mother's face
and upper torso. Infant and mother videos were synchronized with a common time code.
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TABLE 1

Infant age (in months)

Infant sex
Male
Female

Infant ethnicity
Hispanic/Latinx
Other

Infant race
White
Black/African-American
Multiracial
Unknown

Mother age (in years)

Mother ethnicity
Hispanic/Latinx
Other

Mother race
White
Black/African-American
Multiracial
Unknown

Mother education
High school
Some college
2-year college
4-year college

Advanced/professional degree

Unknown
2.3 | Measures
2.3.1 | Manual coding

{INFAI

Demographics of infants and mothers.
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N (%)
M =4.07,SD = 0.31, Range = 3.4-4.7

22 (55%)
18 (45%)

27 (68%)
13 (32%)

28 (70%)

7 (17.5%)

4 (10%)

1 (2.5%)

M =129.38, SD = 5.15, Range = 18-41

23 (57.5%)
17 (42.5%)

27 (67.5%)
7 (17.5%)
1 (2.5%)
5(12.5%)

7(17.5%)
5(12.5%)
11 (27.5%)
10 (25%)
6 (15%)

1 (2.5%)

The Facial Action Coding System (FACS; Ekman et al., 2002) is an anatomically-based gold
standard for measuring facial action units that has been adapted for use with infants (BabyFACS;

Oster, 2006). Frame-by-frame anatomically based coding of mother and infant facial movement

was conducted independently by one of three FACS-certified, Baby-FACS-trained coders. Smiling
was indexed by the action of zygomaticus major (AU12), which pulls the lip corners laterally and
upward; cry-faces were indexed by the combination of the action of risorius (AU20), which pulls

the lip corners laterally, and the actions of depressor glabellae, depressor supercilia, and corrugator

supercilli (AU4), which lowers the eyebrows. Eye constriction was indexed by the action of orbicularis

85U807 SUOWIWOD 3AERID 3|qeal|dde 8y} Aq peuncb s S9oILe YO ‘@SN JO S3|NJ 0} ARIq1T 8UIUO AB]I/M UO (SUORIPUOD-PUR-SLLBIALI0DA8 | IM"Ae1q1[BU [UO//:SdRY) SUORIPUOD Pue Swie | 8U188s *[£202/20/6T] Uo AriqiTauluo AB|iM ‘Ssieidi IWeIN JO A1seAIUN AQ 95SZT BJUI/TTTT OT/I0p/w00 A3 Im Areiqipuuo//sdiy woiy papeojumoq ‘0 ‘8L0LZEST



6 THE OFFICIAL JOURNAL OF THE AHN ET AL.
Wl LEY_m I r \I r' | | R NPANT STUDIES
TABLE 2 Free-margin kappas (S-scores).
AU4 AU6 AU12 AU20

Expert-expert infant 0.94 0.80 0.85 0.88
Expert-expert mother 0.82 0.92
Expert-automated infant 0.88 0.75 0.77 0.81
Expert-automated mother 0.63 0.84

Note: Overall free-margin kappas (S-scores) assessing reliability between expert FACS coders' manual coding (expert-expert) and
between manual coding and automated measurement (expert-automated). Statistics were calculated over the first 30 s of FFSF
episodes. N = 40.

oculi, pars orbitalis (AU6), which draws the cheeks and skin around the temples toward the eyes.
Duchenne smiling involved the presence of both AU6 and AU12. Duchenne cry-faces involved the
presence of AU4, AU6, and AU20. The individual AUs were coded as O (absent) or 1 (present).
Duchenne smiling (AU6+AU12), non-Duchenne smiling (AU12 without AU6), Duchenne cry-faces
(AU4+AU6+AU20), non-Duchenne cry-faces (AU4+AU20 without AU6) were coded as 1 (present)
when all of their respective AUs were coded as 1.

Frame-by-frame expert coding of infant Duchenne and non-Duchenne smiling, and Duchenne
and non-Duchenne cry-faces was obtained for the first 900 frames (30 s) of each episode (FF, SF,
and RE). Expert coding of mother Duchenne and non-Duchenne smiling was obtained for the first
900 frames (30 s) of the FF and RE episodes. Expert coding of mother smiling was not obtained for
the SF episode, based on the parental instructions to maintain a neutral facial expression during the
SF. Sixteen infant videos (16 episodes) and 7 mother videos (7 episodes) were randomly selected
to be coded by the other two FACS-certified, BabyFACS-trained coders. Intercoder reliability was
examined using free-margin kappa (Brennan & Prediger, 1981) for each AU (AU4, AU6, AU12, and
AU20). The mean free-margin kappa for infant AUs (k.. = 0.85) were reported in Onal Ertugrul
et al. (2022). All free-margin kappas were above 0.80 (see first two rows of Table 2).

2.3.2 | Automated measurements

Infants' and mothers' synchronized video-recordings were submitted to the Automated Facial Affect
Recognition (AFAR; Onal Ertugrul, Cohn, et al., 2019, Onal Ertugrul, Jeni, et al., 2019, 2022)
computer vision software, an automated tool for detecting FACS AUs in the infant and mother faces.
First, the Zface module (Jeni et al., 2017) of AFAR toolbox was used for automatic face tracking
and registration. Zface used a fast-cascade regression framework to accomplish dense 3D registra-
tion of the face from the 2D video without person-specific training. The tracked facial images were
normalized and centered in regard to rotation and scale to the inter-ocular distance (IOD) of 80 pixels,
yielding 224 x 224 pixel images of faces with 80 pixels IOD. Mothers' facial images were then input
to the Adult AFAR network, which is a convolutional neural network that was trained on adult faces
(Onal Ertugrul, Jeni, et al., 2019). Infants' facial images were input to the Infant AFAR network that
was trained on infant faces (Onal Ertugrul et al., 2022). The AFAR network output the probability
of the facial AUs (i.e., AU4, AU6, AU12, AU20) for each video frame. A probability score of 0.5 or
higher indicated the presence of an AU (recoded as 1). Using 25% of the frame-by-frame data (the first
30 s of each episode for each dyad), we obtained free-margin kappas above 0.63 for all reported infant
and mother AUs between objective AFAR measurement and expert coding (see the last two rows of
Table 2). These represent a moderate level of agreement corrected for chance. The kappa values of
infant AUs were reported in Onal Ertugrul et al. (2022).
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In analyses, the proportions of expert-coded Duchenne and non-Duchenne smiling and Duchenne
and non-Duchenne cry-faces in the first 30 s of each episode were compared to AFAR (automated)
measurement. The proportions were computed as the number of frames of facial expression in the
first 30 s of an episode divided by 900 frames, where facial expression was either Duchenne smiling
(AU6+AU12), non-Duchenne smiling (AU12 without AU6), Duchenne cry-face (AU4+AU6+AU20),
or non-Duchenne cry-face (AU4+AU20 without AU6).

For analyses of automated measurement data from the full 2-min episodes, the proportions were
computed as the number of frames of facial expression in each episode divided by the total number
of frames in each episode, where facial expression was either Duchenne smiling (AU6+AU12),
non-Duchenne smiling (AU12 without AU6), Duchenne cry-face (AU4+AU6+AU20), or
non-Duchenne cry-face (AU4+AU20 without AU6).

2.4 | Analytic approach

Analyses were conducted in IBM SPSS Statistics version 26.0.0 on a Windows computer. Using data
from the first 30-s of each episode, we conducted a series of repeated measures analysis of vari-
ances (ANOVAS) to assess the validity of automated measurement. The patterns of changes in expert
coding and automated measurement of infant Duchenne and non-Duchenne smiling, Duchenne and
non-Duchenne cry-faces, and mother Duchenne and non-Duchenne smiling were compared. Follow-
ing comparisons of expert and automated coding, we used repeated measures ANOVAs to assess the
changes in the proportions of Duchenne and non-Duchenne smiling using the automated measurement
in the full FFSF (i.e., 2-min FF, 2-min SF, and 2-min RE) and to compare those changes in Duchenne
and non-Duchenne smiling across episodes. Identical ANOVA models were used for comparing infant
Duchenne and non-Duchenne cry-faces and comparing mother Duchenne and non-Duchenne smiling.

3 | RESULTS
3.1 | Convergent validity of automated measurement

Missing data were comparable for expert coding and automated measurement. Data for infants
included the first 30 s of the FF, SF, and RE episodes while data for mothers included only the FF
and RE. Experts used an un-codable category for 30,523 frames (28.3%) of infant videos and 2699
frames (3.7%) of mother videos, due to occlusion (e.g., the infant or mother's hands blocked a view
of their faces). In the same reliability sample, the automated Zface approach did not identify the face
(and hence could not identify facial actions) in a total of 18,283 frames (16.9%) of infant videos and
1099 frames (1.5%) of mother videos. See Table S1 in Supplementary Materials S1 for missing data
information for the full FFSF.

Table 3 includes descriptive statistics of the proportions of infant Duchenne and non-Duchenne
smiling and cry-faces and mother Duchenne and non-Duchenne smiling, obtained by expert coding
and automated measurement during the first 30 s of each episode of the FFSF. To assess the conver-
gent validity of automated measurement, we conducted a series of 3 (Episode: FF, SF, RE) x 2
(Coding: Expert, Automated) mixed-model ANOVAs. Expert coding and automated measurement
were compared in the changes in mean proportions of infant Duchenne and non-Duchenne smiling
and Duchenne and non-Duchenne cry-faces across episodes (the first 30 s). These were followed by
pairwise comparisons between episodes. The Least Significant Difference comparisons are reported

85U807 SUOWIWOD 3AERID 3|qeal|dde 8y} Aq peuncb s S9oILe YO ‘@SN JO S3|NJ 0} ARIq1T 8UIUO AB]I/M UO (SUORIPUOD-PUR-SLLBIALI0DA8 | IM"Ae1q1[BU [UO//:SdRY) SUORIPUOD Pue Swie | 8U188s *[£202/20/6T] Uo AriqiTauluo AB|iM ‘Ssieidi IWeIN JO A1seAIUN AQ 95SZT BJUI/TTTT OT/I0p/w00 A3 Im Areiqipuuo//sdiy woiy papeojumoq ‘0 ‘8L0LZEST



THE OFFICIAL JOURNAL OF THE AHN ET AL.

8
P L WILEY-RINFANCY s

TABLE 3 Proportions of infant and mother Duchenne and non-Duchenne expressions.

FF SF RE
Expert Automated Expert Automated Expert Automated
Infant; mean (SD)
Duchenne smiling 0.18 (0.18) 0.22(0.20)  0.07 (0.08) 0.09 (0.09) 0.14 (0.15)  0.20(0.19)
Non-Duchenne smiling  0.06 (0.07) 0.07 (0.08)  0.03 (0.06) 0.03 (0.06) 0.05 (0.09)  0.05 (0.06)
Duchenne cry-face 0.01 (0.02) 0.01(0.04) 0.02(0.08) 0.03(0.11) 0.08 (0.18)  0.09 (0.20)

Non-Duchenne cry-face  0.00 (0.00) 0.03 (0.06)  0.01(0.03) 0.06(0.13)  0.005(0.01) 0.13(0.21)
Mother; Mean (SD)

Duchenne smiling 0.63 (0.23) 0.67 (0.22) - 0.11 (0.16) 0.47 (0.29)  0.51 (0.26)

Non-Duchenne smiling ~ 0.26 (0.20) 0.22 (0.18) - 0.18 (0.21) 0.27 (0.23)  0.27 (0.19)

Note: Means and (standard deviations) of the proportions of infant Duchenne and non-Duchenne smiling and cry-faces and mother
Duchenne and non-Duchenne smiling during the first 30 s of each episode of the FFSF. N = 40.

in Supplementary Materials S1 (Tables S2 and S3). Results were identical when Bonferroni correc-
tions were applied.

3.1.1 | Infant smiling

There were Episode effects for infant Duchenne, F (1.73, 67.63) = 12.06, p < 0.001, 71p2 = 0.24, and
non-Duchenne smiling, F (2, 78) = 5.94, p = 0.004, npz = (.13 (see Table 4). For Duchenne smiling,
there was a Coding effect that indicated a greater proportion of automated measure of Duchenne
smiling than expert-coded Duchenne smiling, F (1, 39) = 13.22, p = 0.001, 111,2 = 0.25. There was
no Coding effect for non-Duchenne smiling, F (1, 39) = 0.001, p = 0.98, ;7,,2 < 0.001. There were no
interactions between Episode and Coding for either Duchenne smiling, F (2, 78) = 1.51, p = 0.23,
171)2 = 0.04, or non-Duchenne smiling, F (2, 78) = 0.09, p = 0.92, 171)2 =0.002.

Follow-up Least Significant Difference post-hoc comparisons indicated that expert coding and
automated measurement both showed declines in Duchenne and non-Duchenne smiling from the FF
to the SF (ps < 0.05). Both expert coding and automated measurement indicated a rise in Duchenne
smiling from the SF to the RE (ps < 0.01). Neither expert coding nor automated measurement indi-
cated mean difference in the proportions of non-Duchenne smiling between the SF and RE episodes
(see Table S2). That is, expert coding and automated measurement yielded identical significant infant
still-face effects involving Duchenne and non-Duchenne smiling (see Figure 1).

3.1.2 | Infant cry-faces

There was an Episode effect for infant Duchenne cry-faces, F (1.41, 54.96) = 6.34, p = 0.01,
171)2 = (.14, and non-Duchenne cry-faces, F (1.81, 70.65) = 5.59, p = 0.01, 171)2 =0.13 (Table 4). There
was no Coding effect for Duchenne cry-faces, F (1, 39) = 3.32, p = 0.08, npz = 0.08. However, there
was a Coding effect for non-Duchenne cry-faces, F (1, 39) = 19.84, p < 0.001, ’7,,2 = 0.34, such that
there was a greater proportion of automated measure of non-Duchenne cry-faces than expert-coded
non-Duchenne cry-faces. There was no interaction between Episode and Coding for infant Duchenne
cry-faces, F (1.70, 66.34) = 0.17, p = 0.81, ’7,,2 = 0.004. However, there was a significant interaction
between Episode and Coding for non-Duchenne cry-faces, F (1.73, 67.53) = 6.07, p =0.01, npz =0.13.

For both expert coding and automated measurement, post-hoc pairwise comparisons indicated
that the proportion of Duchenne cry-faces did not differ between the FF and the SF (p = 0.27) but

85U807 SUOWIWOD 3AERID 3|qeal|dde 8y} Aq peuncb s S9oILe YO ‘@SN JO S3|NJ 0} ARIq1T 8UIUO AB]I/M UO (SUORIPUOD-PUR-SLLBIALI0DA8 | IM"Ae1q1[BU [UO//:SdRY) SUORIPUOD Pue Swie | 8U188s *[£202/20/6T] Uo AriqiTauluo AB|iM ‘Ssieidi IWeIN JO A1seAIUN AQ 95SZT BJUI/TTTT OT/I0p/w00 A3 Im Areiqipuuo//sdiy woiy papeojumoq ‘0 ‘8L0LZEST



15327078, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/infa. 12556 by University Of Miami Libraries, Wiley Online Library on [19/07/2023]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

PN
H (senunuo)))
-
— LOO 1000 88°0 6¢ I 700  Surpod X aposidyg
EWT 88°0 900 Tro 6¢ I 85T SuIpo)
00T  LEO  1000> 6€ I YT oposidg Surprws suusyon(g
W W W SoINSLaW ISYIOJA
00T €10 100 €529 €LT L09  Supod X dposidyg (L8°0 = 3) UONYA1I00 IP[oJ-YuAny 100=4d°05'8=(7) &
00T €0  10000> 6¢ I $861 Surpo)
- 00T €10 100 S90L 18T 6S°¢ opostdg (16°0 = 3) UONPAII0 IPPJ-YUANH  $0'0 =d ‘CT9 = (7) X  998J-K10 duueydN-UON
Q Tr0  $00°0 180 #€99 OLT LI'0  Supod X aposidyg (68°0 = 3) UONYALI00 IP[af-YuAny 100=4d9t'6=(0) &
< 660 800 80°0 6¢ I €e Surpo)
n 00T ¥I°0 100  96%S I¥1 €9 oposidg  (QL'0 = 2) UONOALIOD IASSIdD-asnoYuaaln)  [00°0 > d ‘$9'07 = (7) X 90e}-A10 SUULYIN
Z 60°0 2000 760 8L T 600  Surpod X oposidyg (860 = 3) pawmnsse Ayoroydg €90=dv6'0=(0) &
= S0'0 1000> 860 6¢ I 1000 Suipo)
00T €10 %000 8L T 6§ sposidg (26°0 = 3) pawmnsse Kyoroydg 0C0=dcTe=(0) & Suiuus suuaydong-uoN
6L0 %00 €20 8L T IST  Supod X oposidg (L6°0 = 3) pawmsse Kyrorioydg 190=d101=(0) A
00T  STO 1000 6€ I TTel Surpo)
00T  +T0  1000> €949 €LT 90Tl opostdg (L8°0 = 3) UONYA1I00 Ip[oJ-YuAny 100=d T8 =(0) X Surprs suuayonq
saInseauwl juejuy
(‘qoad NNS d ap 1P A 19313 [9A9] 3 pue poyjaur judunsnipy Aypraayds Jo 359, SQINSEBIA
J0JI9
g-1)
Jomod

"(ASHH) 298 ]-[[1S/298,]-0)-908,] 9} IOA0 JUSWAINSEIUW pajewrone pue Surpod 31adxa Jo suostredwod (VAQNY) 90UBLIBA JO SISAlRUY 1AV L

AHN ET AL.



15327078, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/infa. 12556 by University Of Miami Libraries, Wiley Online Library on [19/07/2023]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

AHN ET AL.

‘pazenbs ©19 [ened = ;4 *$)[NSa1 JUSLIND S} UO Paseq SOY) O} [BO1UIP! SUOISN[OUOD PIP[IIL

SOSATEUR $109JJO-POXIW JeaUI ']°¢ JoMOJ D Sursn pauriojrad sem sisA[eue 1omod 90y-1S0q "UOI0AII0D IP[]-YuANH € Suisn pajoariod dIe WOpPAdIJ JO SA2ISap SII Uaym PIId)[e JOU ST SadeJ-£I10 auuayon(y
JuRJUI J0J I[NSAI J99JJ2 apostdy YL, (€107 ‘PIOLI) SL°0 UBY) SSI] SI 3 JI UONILIOD JOSSION-ISNOYUIID) B PUB G/ () ULY) J)eaIS SI 3 JT UOTIALI0D IP[-YUANH B SUISN PAJOa1Iod 2I9M WOPIJ JO SISp
A, 's908J-£15 2UUAYIN(J-UOU PUL dUUAYIN JUBJUI UO SUIPOI Aq 9posIda JO 193JJ9 UOTIORIAIUI ) SE [[M SE ‘S908J-K10 QUUAYINJ-UOU PUL dUUYIN( ‘SUI[IS dUUAYIN JUBJUI U0 dposIda Jo 109))0 urewr
Ay 10§ paejola sem Ayorrayds jo uondwnsse oy, ‘Surpo)) Aq aposidg Jo 109J)2 uonorraul :3uIpo) X Aposidy (pajewoine pue 119dxa) SUrpod Jo 19913 urew :JuIpo)) (sIoylow 10§ gy ‘4 SIuejul 10§ Y
‘IS ‘dd) apostda Jo 109530 urewr :oposidy ‘IS4 2y) Jo aposide yoes Jo s (¢ 1s11J ay) Surmp suorssaidxa [eroey Jeyjow pue juejur jo suoniodoid ay) Jo suostredwod (WAQNY) 2OUBLIBA JO SISA[RUY :2J0N

180 SO0  LIO 66 1 S61  Buipod x aposidg
WWW ¥co0 100 050 6¢ I 970 SuIpo)
m m : IL0  +0°0 00 6¢ I OLT oposidg SuI[Iws auudYONJ-UoN
£= (-qoad Na: d ap 1p A 199131 [9A9] 3 pue poyjau judunsnipy Ayp1aayds Jo 3s9, SAINSBIIA]
JOLID
g-1
JIMO

(ponunuo)d) ATAVL

WILEY-{INFANC Y

10



AHN ET AL. THE OFFICIAL JOURNAL OF THE 11
r INTERNATIONAL CONGRESS—
ml r \l rd ' OF INFANT STUDIES Wl LEY
Infant Duchenne Smiling Infant Non-Duchenne Smiling
30 10
o 25 @
E E 08
& 20 a
s 5 06
é 15 §
=
2 S o
2 10 2
o o
02
05
FF SF RE FF SF RE
Episode Episode
Infant Duchenne Cry-Face Infant Non-Duchenne Cry-Face
20
15
@ @
B B 15
2 2
& A &
s S g
s s Coding
Tt £
s 05 =| s — Expert
3 g 05 —
o [ Automated
) SR . S
00
FF SF RE FF SF RE
Episode Episode
Mother Duchenne Smiling Mother Non-Duchenne Smiling
80 35
| 1 3
o ° 30
2 2
o o
w w
S 60 ‘s
s s>
s T
2 5 2
s 3
L . 2
40
FF RE FF RE
Episode Episode

FIGURE 1 Expert coding and automated measurement of infant and mother Duchenne and non-Duchenne
expressions in the first 30 s of each episode. Line plots contain estimated marginal means of the proportions of infant
Duchenne and non-Duchenne smiling (first row), infant Duchenne and non-Duchenne cry-faces (second row), and
mother Duchenne and non-Duchenne smiling (third row). The first column shows the Duchenne expressions, and the
second column shows the non-Duchenne expressions. The x-axes indicate the Face-to-Face/Still-Face (FFSF) episodes
(FF, SF, and RE for infants; FF and RE for mothers). The y-axes indicate mean proportions. The blue line represents
automated facial affect recognition (AFAR) coding, and the red line represents expert FACS coding. Error bars
indicate 95% confidence intervals.

increased from the SF to the RE (p = 0.02). Non-Duchenne cry-faces did not differ between the FF
and the SF for either expert coding or automated measurement (ps > 0.05). Automated measurement,
but not expert coding, yielded a significant rise in non-Duchenne cry-faces from the SF to the RE
(p = 0.04). Post-hoc pairwise comparisons are reported in Table S2.

3.1.3 | Mother smiling

For mothers, 2 (Episode: FF, RE) x 2 (Coding: Expert, Automated) ANOVAs were used to compare
the changes from the FF to RE in expert coding and automated measurement of Duchenne and
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non-Duchenne smiling. There was an Episode effect for mother Duchenne smiling, F (1, 39) = 22.47,
p < 0.001, 17],2 = (.37, but not for non-Duchenne smiling, F (1, 39) = 1.70, p = 0.20, ;11,2 = 0.04.
Specifically, for both expert coding and automated measurement, there was a decline in mother
Duchenne smiling, but not in non-Duchenne smiling, from the FF to the RE (Figure 1). There was
no Coding effect for Duchenne, F (1, 39) = 2.58, p = 0.12, npz = 0.06, and non-Duchenne smiling,
F (1, 39) = 0.46, p = 0.50, npz = 0.01. There were no interactions between Episode and Coding for
Duchenne, F (1, 39) = 0.02, p = 0.88, npz = 0.001, and non-Duchenne smiling, F (1, 39) = 1.95,
p=0.17, npz = 0.005.

3.1.4 | Associations between infant and mother smiling

We examined associations between levels of infant and mother Duchenne and non-Duchenne smiling
in the first 30 s of the FF and RE episodes to ascertain whether expert and automated coding produced
similar associations. Levels of infant Duchenne and non-Duchenne smiling were, respectively, not
associated with mother Duchenne and non-Duchenne smiling in the first 30 s of the FF and RE
episodes. The absence of significant associations was observed for both automated measurement and
expert coding (automated Duchenne smiling: 7 [78] = 0.09, p = 0.43; expert-coded Duchenne smiling:
r [78] = 0.13, p = 0.24; automated non-Duchenne smiling: r [78] = —0.16, p = 0.17; expert-coded
non-Duchenne smiling: r [78] = —0.11, p = 0.31).

3.2 | Full automated measurement of FFSF effects

Table 5 includes means and standard deviations of the proportions of infant smiling and cry-faces, as
well as mother smiling, during each of the full 2-min episodes of the FESF, which were obtained via
automated measurement. A series of 3 (Episode: FF, SF, RE) x 2 (Type: Duchenne, non-Duchenne)
mixed-model ANOVAs were conducted.

3.2.1 | Infant smiling

There was an Episode effect for infant smiling, F (2, 78) = 22.46, p < 0.001, npz = 0.37, which indi-
cated that there was an overall change in total smiling (Duchenne and non-Duchenne) across episodes.
There was a Type effect for infant smiling, F (1, 39) = 44.43, p < 0.001, 171,2 =0.53, which indicated a
greater proportion of Duchenne smiling than non-Duchenne smiling across episodes. Moreover, there
was a significant interaction between Episode and Type, F (2, 78) = 11.19, p < 0.001, npz =0.22,
which indicated that the pattern of changes across the FFSF episodes differed between Duchenne and
non-Duchenne smiling (Figure 2).

Pairwise comparisons indicated that total smiling declined from the FF to the SF (p < 0.001)
and increased from the SF to the RE (p < 0.001). Both infant Duchenne and non-Duchenne smiling
declined from the FF to the SF (ps < 0.001), but only Duchenne smiling rose significantly from the SF
to the RE (p < 0.001). Post-hoc pairwise comparisons are reported in Table S3.
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3.2.2 | Infantcry-faces

There was an Episode effect for infant cry-faces (Duchenne and non-Duchenne), F (2, 78) = 6.15,
p = 0.003, np2 = 0.14. There was no Type effect for cry-faces, which indicated that the proportions
of infant Duchenne and non-Duchenne cry-faces did not differ across episodes, F (1, 39) = 1.56,
p=0.22, ’1,,2 = 0.04. There was a significant interaction between Episode and Type for infant cry-faces,

TABLE 5 Analysis of variance (ANOVA) and descriptive statistics of automated facial affect recognition
(AFAR)-identified facial expressions over the entire Face-to-Face/Still-Face (FFSF).

Power
a-p
error
Measures Effect M SD F dft df2 p np2 prob.)
Infant smiling ~ Episode FF 0.12 0.13 2246 2 78 <0.001 0.37 1.00
SF 0.06 0.09
RE 0.10 0.12
Type Duchenne 0.15 0.14 4443 1 39 <0.001 0.53 1.00
Non-Duchenne 0.04 0.05
Episode FF Duchenne 020 0.15 11.19 2 78 <0.001 0.22 1.00
X type FF non-Duchenne  0.05 0.06
SF Duchenne 0.09 0.11
SF non-Duchenne  0.02 0.04
RE Duchenne 0.17 0.14
RE non-Duchenne 0.03 0.04
Infant cry-faces Episode FF 0.02 0.05 6.15 2 78 0.003 0.14 1.00
SF 0.05 0.13
RE 0.06 0.13
Type Duchenne 0.06 0.14 1.56 1 39 0.219 0.04 0.80
Non-Duchenne 0.03 0.07
Episode FF Duchenne 0.01 0.03 5.00 2 78 0.009 0.11 1.00
Xitype FF non-Duchenne  0.03 0.06
SF Duchenne 0.07 0.17
SF non-Duchenne 0.04 0.07
RE Duchenne 0.10 0.17
RE non-Duchenne 0.03 0.06
Mother smiling Episode® FF 042 0.26 167.10 1.44 56.28 <0.001 0.81 1.00
SF 0.10 0.15
RE 0.36 0.22
Type Duchenne 0.36 030 1220 1 39 0.001 0.24 1.00

Non-Duchenne 0.22 0.18

(Continues)
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TABLE 5 (Continued)
Power
a-p
error
Measures Effect M SD F dflt df2 p ,lpz prob.)
Episode FF Duchenne 0.58 023 3136 2 78 <0.001 045 1.00
X type FF non-Duchenne  0.25 0.17
SF Duchenne 0.06 0.09
SF non-Duchenne 0.14 0.18
RE Duchenne 045 024

RE non-Duchenne 0.28 0.16

Note: Statistics were computed using the proportions of infant smiling and cry-faces and mother smiling during the full 2-min episodes
of the FFSF. Raw means and standard deviations are reported. Episode: main effect of episode (FF vs. SF vs. RE); Type: main effect
of type of expression (Duchenne vs. Non-Duchenne expressions); Episode X Type: interaction effect of episode by type of expression.
Post-hoc power analysis was performed using G*Power 3.1. npz = Partial eta squared.

2As the assumption of sphericity was violated for the main effect of episode on mother smiling (Mauchly's W = 0.61, p < 0.001),
degrees of freedom were corrected using a Greenhouse-Geisser correction (¢ = 0.72). Assumption of sphericity was met for the main
effects and interaction effect on infant smiling and cry-faces, and for the interaction effect on mother smiling (Mauchly's Ws > 0.90,

ps > 0.05). Linear mixed-effects analyses yielded conclusions identical to those based on the current results.

Infant Smiling Infant Cry-Faces Mother Smiling

A5/
A0

Proportion of Episode

Proportion of Episode
s
Proportion of Episode
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= Non-Duchenne
05 j&:‘}}/{ 05 = 20
i
00 00 00
2a SF RE FF SF RE FF SF RE
Episode Episode Episode

FIGURE 2 Full-episode automated measurement over the full Face-to-Face/Still-Face (FFSF). Estimated
marginal means of the proportions of automated facial affect recognition (AFAR)-identified infant Duchenne and
non-Duchenne smiling (first plot), infant Duchenne and non-Duchenne cry-faces (second plot), and mother Duchenne
and non-Duchenne smiling (third plot) in each full 2-min episode of the FFSF. Time in infant smiling, infant
cry-faces, and mother smiling as a proportion of time in each episode of the FFSF. The blue line represents Duchenne
expressions, and the red line represents non-Duchenne expressions. The first plot demonstrates significant declines in
both infant Duchenne and non-Duchenne smiling from the FF to the SF, and a rise in infant Duchenne smiling from
the SF to the RE. The second plot illustrates a significant rise in infant Duchenne cry-faces from the FF to the SF and
no change from the SF to the RE. There was no difference in infant non-Duchenne cry-faces between the episodes.
The third plot shows significant declines in mother Duchenne and non-Duchenne smiling from the FF to the SF, and
arise from the SF to the RE. Error bars indicate 95% confidence intervals. Note that the y-axis scales are different for
infant smiling, infant cry-faces, and mother smiling.

F (2,78) =5.00, p = 0.01, np2 = 0.11, which indicated that the pattern of changes across the FFSF
episodes differed between Duchenne and non-Duchenne cry-faces (Figure 2).

Pairwise comparisons indicated that total cry-faces (Duchenne and non-Duchenne) increased from
the FF to the SF (p = 0.02) but did not change significantly between the SF and RE (p = 0.40), which
appears to be driven by Duchenne cry-faces, as Duchenne cry-faces increased from the FF to the
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SF (p = 0.03) and did not change between the SF and the RE (p = 0.27; Table S3). Non-Duchenne
cry-faces did not change significantly between the FF and the SF (p = 0.28), or between the SF and
the RE (p = 0.19).

3.2.3 | Mother smiling

There was an Episode effect for mother smiling (Duchenne and non-Duchenne), F (1.44,
56.28) = 167.10, p < 0.001, np2 = 0.81. Similar to infant smiling, there was a Type effect, F (1,
39) = 12.20, p = 0.001, np2 = 0.24, which indicated a greater proportion of Duchenne smiling than
non-Duchenne smiling across episodes. Moreover, there was a significant interaction between Episode
and Type, F (2,78) =31.36, p < 0.001, npz = (0.45, which indicated that the pattern of changes across
the episodes differed between Duchenne smiling and non-Duchenne smiling (Figure 2).

Pairwise comparisons indicated that total smiling (Duchenne and non-Duchenne) declined from
the FF to the SF (p < 0.001), then rose from the SF to the RE (p < 0.001). Both Duchenne and
non-Duchenne smiling significantly declined from the FF to the SF (p < 0.001 and p = 0.002, respec-
tively) and rose from the SF to the RE (ps < 0.001). However, the mean differences between the
episodes were 2—4 times greater for Duchenne smiling than for non-Duchenne smiling (see Table S3).

4 | DISCUSSION

The FFSF is widely used to examine infant affective responses to parental unresponsiveness. However,
we have little understanding of the role of Duchenne expressions, which index strong affective states,
in infants and parents during the FFSF. This may be due to the resources required for manual coding
of facial AUs such as AUG6 (cheek raising or eye constriction) that characterizes Duchenne expres-
sions. The current study examined infant and mother Duchenne and non-Duchenne expressions in the
FFSF, using both manual expert coding and an automated measurement procedure based on machine
learning detection to detect AUs. Expert coding and automated measurement of FACS AUs yielded
similar patterns of change in infant and mother Duchenne and non-Duchenne expressions across the
FFSF. These results highlight the convergent validity of automated measurement of facial expressions,
particularly smiling, in the FFSF.

Full-episode AFAR data indicated that both infants and mothers demonstrated more Duchenne
smiling during the interactive FF and RE episodes than the SF episode. Infants demonstrated more
Duchenne cry-faces during the SF than the interactive FF and RE episodes. However, these patterns
were not evident for infant non-Duchenne cry-faces. These findings suggest that Duchenne expres-
sions may be an especially sensitive index of infant and mother affective valence during the FFSF. It
is possible, then, that standard finding of reductions of infant smiling and increases in cry-faces during
the FFSF are specifically dependent on changes in the Duchenne forms of these expressions.

4.1 | Expert coding and automated measurement

We ascertained the convergent validity of infant and mother Duchenne and non-Duchenne smiling—
and infant Duchenne and non-Duchenne cry-faces—by testing for differences between expert and
automated (AFAR) levels of these expressions (main effects of measurement approach). There were
no differences between expert coding and AFAR in the overall proportion of infant non-Duchenne
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smiling and Duchenne cry-faces, which suggests convergent validity for these expressions. However,
AFAR detected more infant Duchenne smiling and non-Duchenne cry-faces than did expert coders.
In fact, expert coding indicated almost no non-Duchenne cry-faces in the FESF. It is noteworthy,
however, that there was substantial agreement between expert coding and AFAR at an individual
AU level (Kappas above 0.75). One possibility is that AFAR over-detects AU6 during smiles and
under-detects the absence of AU6 during cry-faces. This suggests AFAR does not reliably detect all
facial expressions formed by different AU combinations. It may be that data augmentation of training
data for machine learning is necessary to more accurately measure rarely occurring combinations
of AUs, such as those involved in the non-Duchenne cry-face. AU6, termed cheek raiser in FACS,
constricts the eyes, which may be a relatively subtle change in infants who have relatively high levels
of subcutaneous fat. Another possibility is that AFAR is more accurate at detecting these changes
than human coders. Further investigation employing automated measurement appropriately trained on
combinations of AUs is warranted.

We also examined patterns of change in infant and mother Duchenne and non-Duchenne expres-
sions across FFSF episodes (the interaction between measurement approach and episode). The conver-
gent validity of AFAR automated measurement was supported by non-significant interaction effects
for infant Duchenne and non-Duchenne smiling, and Duchenne cry-faces. This suggests that expert
coding and automated measurement yielded substantively identical FFSF effects for these infant
expressions. However, a significant interaction effect for infant non-Duchenne cry-faces indicated
that while automated measurement indicated an increase in infant non-Duchenne cry-faces from the
SF to the RE, expert coding indicated no change between the two episodes. A conservative interpreta-
tion suggests caution in interpreting FFSF effects based on automated measurement of non-Duchenne
cry-faces.

For mothers, there were no overall differences in the levels of Duchenne and non-Duchenne smil-
ing between expert coding and AFAR. In addition, interaction effects were not significant. Reliability
between expert and AFAR coding for mother facial expressions were somewhat variable (x = 0.63
for AU6 and x = 0.84 for AU12). Nevertheless, results from both expert coding and AFAR indi-
cated declines in Duchenne smiling in the RE compared to the FF for expert coding and automated
measurement. For both expert coding and automated measurement, mother non-Duchenne smiling
did not differ between the FF and the RE. This suggests a concordance between expert coding and
automated measurement for mother smiling in the FFSF. Levels of infant and mother Duchenne and
non-Duchenne smiling were not associated during the first 30 s of the FFSF. Although this find-
ing may reflect the brief sample window examined, it was consistent between experts and AFAR.
It appears that expert coding and automated measurement may produce broadly comparable results
when applied to one of the most common interactive protocols used in early infancy.

4.2 | Automated Duchenne and non-Duchenne expression
4.2.1 | Infant smiling

Here we report on substantive results from automated facial expression detection (AFAR) in the full
FFSF episodes. Infant total smiling (Duchenne and non-Duchenne) declined from the FF to the SF.
This finding is consistent with reports of declines in overall infant smiling from the FF to the SF (Ekas
et al., 2013; Mattson, Cohn, et al., 2013, Mattson, Ekas, et al., 2013) and with more general reports
of declines in of positive affect indicators from the FF to the SF (Mesman et al., 2009; Stockdale
et al., 2020; Yaari et al., 2018). We found that both infant Duchenne smiling and non-Duchenne
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smiling declined from the FF to the SF, which is consistent with Mattson, Cohn, et al. (2013) report on
12 infants. However, Mattson et al. reported on Duchenne smiling as a proportion of overall smiling,
while we examined Duchenne smiling as a proportion of the overall episode. We believe the overall
proportion to be a relatively convenient, well-validated metric of infant positive affect, which is well
suited to the exploration of individual differences in the FFSF.

Automated measurement of the FF, SF, and RE episodes indicated accentuated patterns of changes
across episodes for infant Duchenne expressions. Only Duchenne smiling (not non-Duchenne smiling)
increased from the SF to the RE. Thus, infants demonstrated more Duchenne smiling in the interac-
tive FF and RE episodes than in the SF. In other words, when infants interacted with their parents,
infant smiles were more emotionally positive than when reacting to a still-faced parent. In addition,
a significant interaction effect indicated that there was a steeper decline in Duchenne smiling than in
non-Duchenne smiling from the FF to the SF and a steeper increase from the SF to the RE. The results
suggest that infant Duchenne smiling is an especially sensitive metric of response to the cessation and
resumption of playful interaction with the parent. To index infant positive affect in the FFSF future
studies might efficiently focus on Duchenne smiling—rather than all infant smiling.

4.2.2 | Infant cry-faces

The current study extended Mattson, Cohn, et al. (2013) investigation of infant Duchenne and
non-Duchenne cry-faces in the FF and SF to the RE episode. Automated measurement indicated a rise
in infant Duchenne cry-faces, but not non-Duchenne cry-faces, from the FF to the SF. This is consist-
ent with Mattson, Cohn, et al. (2013) reports of greater levels of the Duchenne marker in cry-faces
in the negative affect-eliciting SF episode than the positive affect-eliciting play (FF) episode, as well
as with more general reports of increases in infant cry-faces from the FF to the SF (Ekas et al., 2013;
Mattson, Cohn, et al., 2013, Mattson, Ekas, et al., 2013). Infant Duchenne cry-faces persisted into the
RE episode of the current FFSF. In the RE episode, infants typically show a partial reduction in affec-
tively negative behaviors from the previous SF episode (Mesman et al., 2009). These results suggest
that the infant Duchenne cry-face is a particularly sensitive metric of the impact of the cessation of
playful interaction with the parent on subsequent interaction. Future research might focus on Duchenne
cry-faces—rather than all infant cry-faces—to index infant negative facial affect in the FFSF.

4.2.3 | Mother smiling

Validating adherence to instructions to hold a still-face, we found both greater mother Duchenne and
non-Duchenne smiling in the FF and the RE than in the SF. Following up on a significant interac-
tion effect, mothers showed proportionally more Duchenne smiling than non-Duchenne smiling in
the FF and the RE than the SF. Naturally-elicited Duchenne smiling appears to index more intense
positive affect than non-Duchenne smiling in adults (Gunnery & Ruben, 2016). The current find-
ings of accentuated levels of mother Duchenne smiling during the interactive episodes of the FFSF
suggest that Duchenne smiling may function as a primary expression of positive affect for mothers in
infant-mother face-to-face interaction (Messinger et al., 2009).

4.3 | Limitations and future directions

The current study compared expert and automated approaches to investigate infant and mother
Duchenne and non-Duchenne expressions in a standard interaction protocol. Accentuated patterns
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of changes in Duchenne expressions over the FFSF suggest that still-face effects may be driven by
Duchenne expressions that index intense positive and negative affect for both infants and mothers
in infant-mother face-to-face affective communication. While the Duchenne marker was coded as
present or absent, it is also a continuous action produced by the muscle encircling the eye (Messinger
et al., 2009, 2012). Future investigations employing continuous measurements of the intensity of the
Duchenne marker and other facial actions may further our understanding of facial expressions during
infant-mother face-to-face interactions and dynamic changes within episodes of the FFSF (Ekas
et al., 2013).

We used experts who were trained in and employed the comprehensive, anatomically-based FACS
to code facial actions (Ekman et al., 2002). Based on that standard, we conducted reliable, automated
measurement of facial expressions in the largest FFSF sample to date. Levels of missing data in which
facial actions could not be coded were comparable for the expert and automated approaches. For both
approaches, missing data levels were higher for infants who exhibit high levels of head and hand
movement—than for mothers. Nevertheless, there are limitations to the current study's automated
measurement approach.

Although automated measurement reliably measured facial expressions, the machine learning
algorithms required expert coders' manual measurement for training, which may replicate subjectivity
and biases involved in manual coding. Moreover, limitations in manually coded training data may
constrain the performance and function of automated measurement when applied to different samples
in different contexts. For example, mothers, but not fathers or other caregivers, were participants
in the current study. Likewise, the FFSF physically constrains the infant and mother, and toys were
not permitted. Thus, the current results may differ from those in which infants and parents play on
the floor, or play with objects. The development of automated measurement methods trained with
diverse samples in diverse settings is imperative for improving the objectivity and generalizability of
automated measurement methods. Potential applications include infant temperament assessments and
clinical protocols for assessing behavioral indicators of disorders such as autism spectrum disorder
(Ahn et al., 2023; Carpenter et al., 2021).

In sum, the current study united research on intense affective valence communicated by
Duchenne expressions with research on the widely used FFSF assessment of socioemotional func-
tioning competence (Granat et al., 2017; Mitsven et al., 2020). Results highlight the potential of
computer vision approaches to enable objective understanding of early interactive facial expressions.
They suggest that affective changes produced by the FFSF may be uniquely reflected in infant and
mother Duchenne expressions, and that these expressions are indices of intense positive and negative
emotion.
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