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Abstract

Background: Oster’s (2005) ontogenetic perspective on the development of emotional expressions in infants holds that infants’ facial and vocal expressions evolved to serve crucial communicative functions in infancy and contribute to infants’ survival. Infants’ facial expressions should be contextualized by their own developmental stage rather than presuppositions from verbal populations. The overall aim of this paper was to examine age differences in the temporal patterning of elucidated facial expressions in the first minute following vaccination injections. Methods: One hundred infants were videotaped longitudinally (2-, 4-, 6-, and 12- months) during their routine vaccination appointment over the first year of life and 5 major negative facial configurations were identified using BabyFACS. In the current study, facial configurations were graphed in 5-second epochs for 1-minute post-vaccination and subsequently analyzed for facial expression by time effects using Repeated Measures ANOVAs at each age. Results: Clear differences in temporal patterns were displayed as infants aged. ANOVA analyses indicated significant facial expression by time interactions at each age. Conclusions: Facial expressions illustrating intense/moderate distress and sensory overload were prominent in the first 15 seconds at the 2-, 4- and 6-month vaccination.  However, expressions showing regulation of distress occurred progressively earlier over 1 minute post-needle in older infants, suggesting a significant shift in regulatory capacity of pain-related distress occurs after 6-months of age.  
Significance:  An important developmental milestone was identified in infants’ ability to regulate distress at 6 months. Supporting parents’ infant pain management is particularly critical in the first months of life as infants’ initial facial expressions appear to be more reflective of an organism overwhelmed by distress.  
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Age Related Differences in the Acute Pain Facial Expression During Infancy
Understanding facial expressions is particularly important during infancy, as infants have not developed the language skills to describe their experiences. Oster’s (2005) ontogenetic perspective on the development of emotional expressions in infants contends that infants’ facial and vocal expressions are crucial for infants’ survival and normal development. Within the context of pediatric pain, facial expressions that alert the caregiver can moderate the long-term physical and psychological consequences of unrelieved pain by signaling to caregivers the urgency for pain management (Pillai Riddell & Craig, 2018). The present study examined the developmental trajectories of infant facial expressions of pain, within the vaccination setting, over the first year of life. 
	Infant pain expressions remain largely stable across the first year of life, but changes may occur in the intensity of pain specific expressions (Izard et al., 1983; Craig, 1992; Craig & Grunau, 1993; Johnston et al., 1993; Lilley et al., 1997).  Using the Maximally Discriminative Affect Coding System (MAX; Izard, 1979), a cross-sectional study (Izard et al., 1983) examining infants aged 2- to 19-months revealed that all infants produced an open-mouth cry face with closed eyes immediately post-immunization.  However, this pain expression decreased with age, while an open-mouth cry face with open eyes increased with age. These findings were replicated in a longitudinal examination of infants’ immunizations at 2-, 5-, 7-, and 19-months (Izard et al., 1987). The researchers concluded that infants’ pain-elicited facial expressions were discrete and stable post-immunization. 
	In another cross-sectional study (Lilley et al., 1997), infants’ pain expressions following an immunization were coded using the Neonatal Facial Coding System (NFCS; Grunau & Craig, 1987) at 2- to 18-months. Two-month old infants had the highest NFCS pain scores, suggesting older infants become better at regulating their distress. Overall, the authors reported that there is a surprising amount of continuity in infants’ pain expressions over the first year of life. However, given the lack of a longitudinal research design, more research was needed to clarify the developmental trajectory.
More recently, guided by Oster’s (2005) ontogenetic perspective, Ahola Kohut et al. (2012) used an objective, anatomically-based coding system (Facial Action Coding System for Infants and Young Children [BabyFACS]; Oster, 2010), to investigate age differences in facial expressions in a longitudinal sample of infants followed over their 2-, 4-, 6-, and 12-month immunizations. Without a priori assumptions, a catalogue of the seven most commonly occurring facial expressions were discerned at each age. The findings suggested that the different facial constellations observed during the first 1-minute post-needle were not discrete negative emotions (e.g., anger or sadness), but rather representative of varied intensities of pain or pain-related distress and its regulation. 
While providing a novel, developmentally-sensitive catalogue of facial expressions, Ahola Kohut et al. (2012) did not examine the temporal patterning of each of the facial configurations over the first minute post-needle within each age group. Additionally, the analyses collapsed the mean amount of time spent in each of the facial expressions over the entire minute, limiting statistical differentiation between the reactivity (i.e., 15 seconds post-needle) and regulatory (i.e., 1 minute post-needle) phases of pain-related distress (Pillai Riddell et al., 2013b). Using both descriptive and quantitative approaches, the present study addressed one primary research question: How do infant facial expressions change over the course of the first minute post-needle and over age? We predicted that temporally closer to the needle, more intense fa fa cial expressions would be more predominately displayed, while facial expressions displayed temporally further from the needle would reflect facial actions associated with atatatempts to regulate papin-related distress. We further predicted that the occurrence of these ‘regulatory’ expressions would increase as the infant ages. 
Methods
Participants
Infants included in this study were a subsample of a longitudinal cohort following infants’ routine immunizations over the first year of life (The OUCH Cohort; Pillai Riddell et al., 2011, 2013a). To be included in the current study, the infants must have had full data for all four ages (2, 4, 6, and 12 months) at the time of analysis. Inclusion criteria for the larger study were that caregivers reported that their infants had no suspected developmental delays or impairments, had no chronic illnesses, had never been admitted to a neonatal intensive care unit, and were born no more than two weeks preterm (i.e., 36 weeks gestation or more). Ethics approval was received from all participating institutions, and informed consent was obtained.
	Infants (N = 100) were 50% male, weighed on average 7.43 lbs (SD = 0.92) at birth and were most often the first- or second-born child in the family (M = 1.54, SD = 0.61 children in the home). Mothers were most often the primary caregiver and had an average age of 34.76 years (SD = 4.82). Mothers were most often married (87%) and well educated (74% minimum university educated). Infants had a variety of cultural backgrounds, with 83% of parents reporting a heritage culture other than Canadian or American. Infants at the 2-, 4-, and 6-month appointments most often received a Pediacel vaccine first, followed by a Pentacel vaccine. At the 12-month appointment, infants received a Pentacel vaccine and either a Measles, Mumps, and Rubella (MMR) vaccine or a Priorix vaccine. See original data for a complete summary of participant demographic information (Ahola Kohut et al., 2012).
Procedure and Materials
Data were collected at infants’ 2-, 4-, 6-, and 12-month routine immunization appointments. General demographic information was obtained via the demographic questionnaire of the larger study. Given the observational nature of the study, there was no intervention with naturally occurring parent pain management strategies. Caregivers were not restricted from implementing pain management strategies or interacting with their infants across all of the immunization appointments. Past research on the OUCH Cohort has reported that across all age groups, parent pain management strategies accounted for 13% of infants’ expressions of pain, with nonpharmacological strategies (i.e., physical comfort, rocking, verbal reassurance) most frequently used, and pharmacological strategies seldomly  (<1% to 11.7%) implemented (Lisi et al., 2013). This study coded infant facial actions using BabyFACS (Oster, 2010) after the immunization injection. Coding of facial expressions were recorded using Anvil, a video annotation research tool (Kipp, 2010). Anvil was originally developed for gesture annotation; however, new coding schemes were created for this study. From footage obtained at each doctor’s visit, each infant was coded immediately after the final immunization needle. More details regarding recruitment, coding and study procedures are provided elsewhere (Pillai Riddell et al., 2011; Ahola Kohut et al., 2012). 
[bookmark: _Toc305147601][bookmark: _Toc305148221]Infant Facial Coding Measure. Infant facial actions and expressions were coded using BabyFACS (Oster, 2010), a measure with established reliability and validity (Oster et al., 1992; Oster, 1997; Camras et al., 1998; Oster, 2005). BabyFACS is a comprehensive, facial action unit based coding system for measuring all visually discernible facial movement. BabyFACS itself aims to stay descriptive in terms of the intensity and valence of component facial actions and expressions. BabyFACS is different from other systems (MAX; Izard, 1979) that code regions of an infant’s face to define specific emotion formulas (e.g., anger, sadness), or code specific facial actions as present or absent (NFCS; Grunau & Craig, 1987), rather than using a coder’s attributions of intensity of a facial action (BabyFACS). Differences in facial action attributions is due to the different theoretical underpinnings of each coding system. For example, BabyFACS aims to describe facial action units and configurations according to the intensity and valence of facial action components, whereas MAX aims to interpret the facial expressions with emotion-based labels. Two coders were used in this study, both of whom passed the Facial Action Coding System (FACS) Final and the BabyFACS proficiency tests. The reliability BabyFACS coder was blind to the study hypothesis and double coded 25% of the data for inter-rater reliability. Inter-rater reliability, as calculated based on the FACS and BabyFACS manuals, was acceptable (Intraclass correlation r = 0.84). 
Categorizing Negative Facial Expressions. The seven facial configurations empirically identified were initially identified via neutral colour labels in order to avoid a priori assumptions regarding the meaning of the facial expressions (Ahola Kohut et al., 2012). However, the same configurations will be referred to herein according to their contextually-hypothesized descriptions derived after the analyses were completed, but the original colour names are initially provided to provide clear linking to the original published pictures (Ahola Kohut et al., 2012). The configurations shared some of the same Action Unit (AU) components but differed in other key components. Five of the seven facial configurations are described below. Facial configurations denoting Mild/Moderate Distress (Orange facial expression) and Mild Distress (Purple facial expression) occurred less than 5% of the epochs post-needle across all immunization appointments and were therefore not presented in the graphs or analyses of the present study. 
Intense Distress and Sensory Overload (Blue facial expression). Infants tightly shut their eyes in conjunction with a large cry mouth. According to BabyFACS, this facial expression is characterized by brows lowered and pulled together (AU3/AU4), cheek raise and/or lower eyelid tightening (AU6/AU7), eyes closed (AU43), lip raise or nasolabial furrow (AU9/AU10/AU11), and horizontally stretched and intense, widely open cry mouth (AU20+AU25+AU26c/AU27). The chin may or may not be raised (AU17) in this facial expression. Based on the discrete facial actions that were involved or the global expression produced, the Intense Distress and Sensory Overload facial expression would be labeled as either pain (NFCS, MAX) or intense distress/big cry face (BabyFACS).
Regulation of Intense Distress (Yellow facial expression). Infants open their eyes and exhibit a large cry mouth. According to BabyFACS, this facial expression is characterized by brows lowered and pulled together (AU3/AU4), cheek raise and/or lower eyelid tightening (AU6/AU7), and horizontally stretched and an intense, widely open cry mouth (AU20+AU25+AU26c/AU27). The chin may or may not be raised slightly (AU17) in this facial expression. Based on the discrete facial actions that were involved or the global expression produced, the Regulation of Intense Distress facial expression would be classified as pain (NFCS), intense distress, cry face (BabyFACS), and anger (MAX). 
Regulation of Moderate Distress (Red facial expression). This expression is distinguished by obliquely raised brows, with inner corners raised (AU1) and drawn together (BabyFACS AU3), and by open eyes. The Regulation of Moderate Distress configurations also involves cheek raise and/or lower eyelid tightening (AU6/AU7), lip raise or nasolabial furrow deepening (AU9/AU10/AU11), and horizontally stretched and medium to intense cry mouth (AU20+AU25+AU26ab; AU20+AU25+AU26c/AU27). The chin may or may not be raised (AU17) in this facial expression. Based on the discrete facial actions that were involved or the global expression produced, the Regulation of Moderate Distress facial configuration would be classified as pain (NFCS), less intense to intense distress, cry or fuss face (BabyFACS), sadness in the upper face (MAX), and anger or fear in the lower face (MAX).
Moderate Distress and Sensory Overload (Green facial expression). According to BabyFACS, this facial expression is characterized by brows lowered and pulled together (AU3/AU4), cheek raise and/or lower eyelid tightening (AU6/AU7), closed eyes (AU43), lip raise or nasolabial furrow (AU9/AU10/AU11), and horizontally stretched and slightly open mouth (AU20+AU25+AU26ab). The chin may or may not be raised (AU17) in this facial expression. Based on the discrete facial actions that were involved or the global expression produced, the Moderate Distress and Sensory Overload facial expression would be classified as pain (NFCS), anger in the upper face (MAX), and fear in the lower face (MAX). This expression would not be specifically labeled in BabyFACS. 
Mild Discomfort or Distress (Black facial expression). Infants exhibited a non-cry negative mouth that is not horizontally stretched (no AU20). According to BabyFACS, this facial expression is characterized by a modulated negative mouth. The lip corners may be depressed with a raised chin (AU15+AU17). Based on this coding, the Mild Discomfort or Distress facial expression would be labeled as pain (NFCS), modulated distress or emotion regulation (BabyFACS), and sadness (MAX).
Results
Negative Facial Expressions within Each Age Group
To address the overall research question regarding the patterning of the discerned facial expressions over the post-needle minute and over age, two steps were taken.  
First, to describe the pattern, the average percentage of time spent displaying each of the negative facial expressions (averaged over all infants) was graphed over the minute for each age group. Five-second epochs were used to illustrate fine-grained changes in the relative predominance of each of the facial expressions across the first minute post needle (See Figures 1 to 4). 
Second, to quantify the differences displayed in the figures at each age, a series of facial expression (Intense Distress and Sensory Overload, Regulation of Intense Distress, etc.) by time (first, second, third, and fourth 15-second epoch post-needle) Repeated Measures ANOVAs (RM ANOVAs) were conducted to compare the amount of time infants displayed each of the negative facial expressions (in seconds). Fifteen-second epochs were selected, instead of the 5-second epochs presented in the figures, to reduce the number of analyses conducted (i.e., 0-14, 15-29, 30-44, 45-59 seconds post needle). Thus, at each age, four two-way 5 by 4 RM ANOVAs were run to determine if the mean seconds displayed within each 15-second epoch significantly differed among the facial actions. Infant sex was not analyzed, given a previous analysis of this sample reported no differences between male and female infants (Ahola Kohut et al., 2013).
 When reviewing the assumptions for the repeated measures ANOVAs, Mauchly’s test revealed a violation of the assumption of sphericity (all ps < .001). Therefore, the Greenhouse-Geisser correction was used to determine significance on all Omnibus F-tests, while the Bonferroni method was also utilized to reduce Type I error.  Due to the number of tests run, a  = .01 significance level was used for all Omnibus F-tests and post hoc tests.  Results are described by age.
2 Months of Age.  The proportion of negative facial expressions that 2-month old infants displayed the first minute after the last needle is in Figure 1. The predominant expression in the first 20 seconds immediately following the needle was Intense Distress and Sensory Overload. As the proportion of displays of Intense Distress and Sensory Overload decreased, from 70% to 20% by 20 seconds, the proportion of displays of Regulation of Intense Distress increased. Displays of Regulation of Intense Distress peaked at 30% between 15 and 19 seconds after which there was a slow decrease over the rest of the minute. Displays of Regulation of Moderate Distress increased more modestly, peaking at 15% between 25 and 29 seconds after the immunization injection. Displays of Mild Discomfort or Distress was last to appear, with a peak occurrence at approximately 45 seconds after the immunization injection, at which point Mild Discomfort or Distress remained stable at 15% until the end of the minute. Displays of Moderate Distress and Sensory Overload remained low and stable throughout the minute post immunization injection, with a peak of about 10% in the first 10 seconds, and then stabilizing to approximately 0-3%.
A two-way 4 by 5 repeated measures ANOVA revealed a significant interaction between time epoch and facial expression at 2-months of age, F(6.18, 612.21) = 25.19, p < .001, partial η² =.20. Bonferroni post hoc analyses (see Table 1) revealed that during the first 0 to 14 seconds, the mean number of seconds in which the Intense Distress and Sensory Overload facial expression was displayed was significantly greater than all of the other facial expressions, while Regulation of Intense Distress was also displayed longer than Regulation of Moderate Distress and Mild Discomfort or Distress. At 15 to 29 seconds, as Intense Distress and Sensory Overload decreased and Regulation of Intense Distress and Regulation of Moderate Distress increased, Intense Distress and Sensory Overload was no longer displayed for a significantly greater amount of time than Regulation of Intense Distress and Regulation of Moderate Distress.  However, Intense Distress and Sensory Overload and Regulation of Intense Distress facial expressions continued to occur for significantly more time than Moderate Distress and Sensory Overload and Mild Discomfort or Distress. At 30 to 44 seconds, Intense Distress and Sensory Overload continued to decrease and no longer occurred for a greater amount of time than any of the other expressions.  Regulation of Intense Distress showed a similar pattern, but was displayed significantly longer than Moderate Distress and Sensory Overload. In the last 15 seconds (45 to 59) as Moderate Distress and Sensory Overload facial expressions declined, both Intense Distress and Sensory Overload and Regulation of Intense Distress was displayed for a greater amount of time than Moderate Distress and Sensory Overload. 
4 Months of Age.  The proportion of time that 4-month old infants displayed negative facial expressions in the first minute after the last needle is shown in Figure 2. Immediately after the immunization needle the most common facial expression was the Intense Distress and Sensory Overload. However, displays of Intense Distress and Sensory Overload decreased quickly over the first 15 seconds of the minute, dropping from 55% to 10%. Displays of Regulation of Intense Distress moderately increased over the first 5 seconds of the minute, peaking between 5 and 15 seconds at 20%. The displays of Intense Distress and Sensory Overload were replaced with displays of Mild Discomfort or Distress. Displays of Mild Discomfort or Distress peaked at 15% at 25 seconds and remained steady over the rest of the minute. Displays of Regulation of Moderate Distress and Moderate Distress and Sensory Overload were stable and below 10% for the entirety of the minute. 
A factorial repeated measures ANOVA revealed a significant interaction between time epochs and facial expressions displayed at 4-months of age, F(5.53, 547.42) = 24.29, p < .001, partial η² =.20. Bonferroni post hoc analyses (see Table 2) revealed that in the first 0 to 14 seconds the mean number of seconds that Intense Distress and Sensory Overload was displayed was significantly greater than all of the other facial expressions. Regulation of Intense Distress was also displayed for a greater amount of time compared to Regulation of Moderate Distress and Mild Discomfort or Distress. With a large drop in Intense Distress and Sensory Overload expressions at 15 to 29 seconds, they were no longer displayed for a significantly greater amount of time than any of the other facial expressions. Regulation of Intense Distress, also declining, was only displayed for a significantly greater amount of time than Moderate Distress and Sensory Overload. Facial expressions displayed at 30 to 44 seconds mirrored that of the 15 to 29 second epoch, until 45 to 59 seconds when the facial expressions leveled off with no significant differences found.
6 Months of Age. The proportion of time negative facial expressions were displayed by 6-month old infants in the first minute after the last needle is shown in Figure 3. Again, Intense Distress and Sensory Overload was predominant initially; however, at this age it only dominated the first 10 seconds of the minute. As displays of Intense Distress and Sensory Overload declined from 50% to 10%, they were replaced by displays of Regulation of Intense Distress. Displays of Regulation of Intense Distress peaked at 25% from 10-15 seconds after immunization and following a slow decline returning to baseline at 40 seconds after the immunization. As displays of Regulation of Intense Distress decreased, displays of Regulation of Moderate Distress increased. Displays of Moderate Distress and Sensory Overload peaked over the first 10 seconds and decreased steadily over the minute. Displays of Mild Discomfort or Distress remained low and negligible across the minute. 
A factorial repeated measures ANOVA revealed a significant interaction between time epochs and facial expressions displayed at 6-months of age, F(6.14, 607.72) = 16.32, p < .001, partial η² =.14.  Bonferroni post hoc analyses (see Table 3) revealed that in the first 0 to 14 seconds Intense Distress and Sensory Overload was displayed significantly greater than all of the facial expressions except for Regulation of Intense Distress. With a moderate display of Regulation of Moderate Distress and Moderate Distress and Sensory Overload, Regulation of Intense Distress was only displayed for a significantly greater amount of time than Mild Discomfort or Distress.  Due to a large decline in Intense Distress and Sensory Overload expressions at the 15 to 29 second epoch, they were no longer displayed for a significantly greater amount of time than any of the other facial expressions. Regulation of Intense Distress was displayed for the greatest amount of time, but only significantly greater than Moderate Distress and Sensory Overload. In the 30 to 44 second epoch Regulation of Intense Distress also declined, and Regulation of Moderate Distress was displayed for the greatest amount of time, but only significantly greater than Moderate Distress and Sensory Overload expressions. In the last epoch (45 to 59 seconds), the facial expressions leveled-off, and all differences were non-significant. 
12 Months of Age. The proportion of time negative facial expressions were displayed by 12-month old infants in the first minute after the last needle is shown in Figure 4. In contrast to all earlier ages, 12-month old infants did not display Intense Distress and Sensory Overload as the most prevalent initial post-needle expression. The most time spent immediately post immunization for the first 10 seconds was spent in the Regulation of Intense Distress expression. As Regulation of Intense Distress expressions decreased after 15 seconds, they were replaced by Regulation of Moderate Distress. Displays of Regulation of Moderate Distress reached a plateau at 15-34 seconds post immunization and slowly declined back to initial levels of ~ 15% by the end of the minute. Displays of Mild Discomfort or Distress expressions increased slowly to about 13% by the middle of the post immunization minute and stabilized. Twelve-month old infants did not display Moderate Distress and Sensory Overload expressions.
A factorial repeated measures ANOVA revealed a significant interaction between time epochs and facial expressions displayed at 12-months of age, F(5.71, 565.59) = 7.84, p < .001, partial η² =.07. Bonferroni post hoc analyses (see Table 4) revealed that at 0 to 14 seconds Regulation of Intense Distress was displayed for a significantly greater amount of time than Moderate Distress and Sensory Overload and Mild Discomfort or Distress, and were non-significantly different from Regulation of Moderate Distress and Intense Distress and Sensory Overload. Additionally, Moderate Distress and Sensory Overload was displayed significantly less often than Intense Distress and Sensory Overload, Regulation of Moderate Distress, and Mild Discomfort or Distress. Due to a large decline in Intense Distress and Sensory Overload and an increase in Regulation of Moderate Distress and Mild Discomfort or Distress expressions at 15 to 29 seconds, Intense Distress and Sensory Overload was displayed significantly less than all of the facial expressions except for Moderate Distress and Sensory Overload.  This trend is similar for the last two 15 second epochs.  However, at the 30 to 44 seconds epoch, Regulation of Intense Distress declined and was no longer significantly greater than Intense Distress and Sensory Overload. Similarly, at 45 to 59 seconds as Regulation of Intense Distress expressions declined even further, they were no longer significantly different than Moderate Distress and Sensory Overload. 
Discussion
In the present study, we analyzed the trajectories of empirically identified facial configurations across the first minute immediately following immunization for age changes at 2-, 4-, 6- and 12-months of age. As reported earlier (Ahola Kohut et al., 2012), these pain-elicited expressions varied in their component facial muscle actions and in the intensity of distress (or cry face) components in the brows, cheeks, mid-face, and mouth. In terms of our overall aim to discern the pattern of different facial expressions over the first post immunization minute at different ages in a longitudinal sample, a number of novel developmental patterns were displayed and statistically discerned extensively elaborating previous work in the field. 
Intense Distress and Sensory Overload was characterized by an intense cry face configuration with lowered brows and tightly closed eyes. As shown in Figures 1-3 and Figure 5, from two to six months this was the predominant expression in the initial 5 to 10 seconds following the needle prick (shown from 70% at 2 months to 55% and 50% at 4 and 6 months, respectively), after which it declined steeply. This trajectory is consistent with our interpretation of the expression, as reflecting sharp physical pain and sensory overload. The Moderate Distress and Sensory Overload configuration, which had a less intense, horizontally stretched cry mouth with closed eyes, also suggested sensory overload. The trajectory of Moderate Distress and Sensory Overload was similar in shape to that of Intense Distress and Sensory Overload, with a peak in the initial 5-10 seconds followed by a decline. However, this configuration was shown at much lower levels, never exceeding 10% of the time within the minute following immunization. This suggests that the Moderate Distress and Sensory Overload expressions may have represented brief transitional expressions preceding or following the widely open cry mouth of the Intense Distress and Sensory Overload, possibly during pauses in cry vocalizations. 
The Regulation of Intense Distress configurations, characterized by an intense cry face but with eyes open that we speculated reflected an ability to regain or maintain visual contact with the caregiver and environment despite pain-elicited distress, suggests the beginning of attempts to regulate distress by opening eyes to locate the caregiver in order to more precisely direct distress signals to the caregiver. This interpretation is supported by the trajectory of the Regulation of Intense Distress configurations, which increased from the initial 0 to 4 second interval to peak at 10 to 15 seconds, as the proportion of time infants displayed Intense Distress and Sensory Overload decreased. As shown in Figures 1-4, at all ages the Regulation of Intense Distress expressions had a rising then falling trajectory, in contrast to the rapid onset and steep decline of Intense Distress and Sensory Overload. 
The Regulation of Moderate Distress configuration was characterized by obliquely raised brows and open eyes, along with negatively valenced facial actions in the cheeks and midface and a less intense, horizontally stretched cry mouth. Darwin (1872) explained obliquely raised brows as the result of contracting the muscle that raises the inner corners of the brows (AU1 in BabyFACS), which opposes the involuntary contraction of muscles that pull down the medial portion of the brows (AU4) in crying, while the muscles that draw the inner corners of the brows together (AU3) in cry faces remain contracted. Darwin (1872) observed these antagonistic muscle actions in young children “when they endeavored to prevent a crying fit from coming on, or to stop crying (p. 188).” Consistent with Darwin, we interpreted the Regulation of Moderate Distress configurations as reflecting an effort (not necessarily conscious) to inhibit or regulate distress expressions. This interpretation is supported by the trajectory of the Regulation of Moderate Distress configuration, which is produced at lower levels than Intense Distress and Sensory Overload or Regulation of Intense Distress expressions in the first 15-24 seconds following the needle and peaks later than these expressions at every age. With increasing age, the Regulation of Moderate Distress configuration increases more quickly and is shown more prominently, until at 12 months it exceeds other configurations from approximately 15 to 40 seconds.
Mild Discomfort or Distress was distinguished by the absence of a key cry face component, horizontal stretching of the mouth and typically involved “modulated” negative lower face components such as pouts or “horseshoe mouth” configurations with raised lower lip and depressed mouth corners, which have been interpreted as signs of emotion regulation (Oster, 2005). This expression was produced no more than 20% of the time at any age, but its trajectory roughly paralleled that of the Regulation of Moderate Distress configuration, rising in the second half of the minute following the needle, suggesting that it may have overlapped or alternated with this expression as an indicator of distress regulation and decreasing negative affect. Interestingly, the Mild Discomfort or Distress (Regulation of Moderate Distress, as well) configuration exceeded all others in the final 15 seconds of the minute at 12 months. 
Changes in expression over the first minute post-needle may reflect decreasing pain intensity and sensory overload as well as increasing presence of more generalized distress expressions, expressions reflecting increasing attempts to regulate distress, and lower intensity negative affect expressions. Over the first year of life, the shift between distress and regulatory expressions appear sooner post needle. By 12 months, expressions reflecting efforts to regulate distress are present even within the first 0-4 seconds following the needle and become the predominant expressions, along with expressions showing less intense distress, in the second half of the minute. The trajectories of infant distress and attempts to regulate distress that were observed in the present study are consistent with biological and developmental theory.  Over the first year of life, the biological emergence of excitatory systems and the establishment of cortical inhibitory processes (e.g., frontal lobe) facilitates infants’ development of emotional regulatory capacities (Thompson, 1991). Furthermore, developmental theory suggests that early on the infant relies on the caregiver for physiological and emotional regulation, but through sensitive and consistent responding of the caregiver, the infant develops self-regulatory strategies (Bretherton, 2005; Sameroff, 2010). 
	In summary, our findings extend the field of understanding infant pain expression by methodically displaying and quantifying the temporal patterning of the 5 major infant facial configurations identified by Ahola Kohut et al. (2012) during the first minute post-needle. Perhaps most interesting, is the striking transition of facial configurations after 6 months of age. In the first 6 months, infant facial expressions were predominantly indicative of intense distress and sensory overload. Initial attempts to regulate distress were shown within the first 5-20 seconds by eye opening during intense distress expressions and in the latter half of the first minute by modulations in the distress expression itself, such as obliquely raised brows, pouts, and less intense cry faces. By 12 months of age, infant facial expressions primarily reflect varying attempts to regulate distress and decreasing intensity of distress as well as an increase in the ability to purposefully communicate those needs to caregivers. Our findings also confirm the usefulness of an objective, fine-grained measurement system and a more contextually driven approach to describing and making sense of infant facial expressions. The identified distinctive temporal patterning of facial expressions in response to pain could have only been revealed from analyzing the full-face configurations that the study measure (BabyFACS; Oster, 2010) employed.  
Clinical Implications 
Facial expressions are especially important for assessing pain in infants, who are limited to non-verbal means of communication. The present study provides a comprehensive and in-depth analysis of how babies at different ages regulate both across an appointment and across infancy. In terms of clinical applicability, the present findings suggest an important developmental milestone for clinicians. The gradual increase in expressions reflecting modulation and regulation of pain-related distress suggests that around 6 months of age may be an important critical juncture. This study suggests that supporting parents to better manage their infants’ pain is particularly critical in the first months of life as infants’ initial facial expressions are significantly more reflective of an organism overwhelmed by distress. Moreover, by better understanding the trajectory of distress and regulatory expressions during the first year of life in a normative sample, a foundation is built in which to better understand potential deviations in normal pain responding development for high-risk infants who have more significant pain histories.
Limitations and Future Directions
	Infants did not receive the same immunization at the 12-month appointment as they did at the 2-, 4-, and 6-month appointments; the 12-month immunization injection solution is considered more painful than the 2-, 4-, and 6-month immunization injection (Schechter, et al., 2007). However, infants showed less intense distress expressions at 12 months than at earlier ages, so this was unlikely to have been a confound. Moreover, as there were no vaccinations between 6 and 12 months a more precise timing of when infants begin the earlier transition to regulation from moderate to high distress cannot be accurately pinpointed. 
Future studies examining the temporal patterns of older child or adult facial configurations following similarly painful procedures would provide insight as to how unique these patterns are to infancy. Furthermore, future analyses should examine individual differences in trajectories of facial configurations following inoculation. The results reported here examined the trajectories of different facial expressions across infants, rather than examining individual, within-infant trajectories. Averaging over infant pain responses generally results in a loss of data precision. 
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Table 1. Two Months of Age: Mean Seconds, within each 15-second Epoch, Displaying each Facial Expression 


	
Infant Facial Expressions


	15-Second Epoch
	Intense Distress & Sensory Overload
M(SD)

	Regulation of Intense Distress
M(SD)

	Regulation of Moderate Distress M(SD)

	Moderate Distress & Sensory Overload
M(SD)

	Mild Discomfort or Distress
M(SD)



	
0 to 14
	
8.72 (5.81)a

	
2.54 (4.26)b
	
.50 (1.79) c
	
.98 (2.97)bc
	
.41 (2.20)c

	15 to 29
	3.20 (5.28)a
	3.56 (5.33)a

	1.55 (3.94)ab
	.22 (1.56)b
	.36 (1.28) b

	30 to 44
	1.49 (3.58)ab
	2.46 (4.82)a
	1.42 (3.95)ab
	.27 (1.58)b
	1.03 (2.88)ab

	
45 to 59
	
1.82(4.38)a
	
1.77(4.49)a
	
1.03(3.44)ab
	
.03(.26)b
	
.86(2.64)ab



Note. Within each 15-second epoch, means sharing a common superscript are not statistically different at  = .01.



















Table 2. Four Months of Age: Mean Seconds, within each 15-second Epoch, Displaying each Facial Expression

	
Infant Facial Expressions


	15-Second Epoch
	Intense Distress & Sensory Overload
M(SD)

	Regulation of Intense Distress
M(SD)

	Regulation of Moderate Distress M(SD)
	Moderate Distress & Sensory Overload
M(SD)
	Mild Discomfort or Distress
M(SD)

	
0 to 14
	
6.42 (5.73)a
	
2.52(4.19)b
	
.66(2.54)c
	
1.23(3.43)bc
	
.27(1.20)c

	
15 to 29
	
.75(2.45)ab
	
1.84(4.08)a
	
1.05(3.19)ab
	
.11(.92)b
	
.63(2.43)ab

	
30 to 44
	
.40 (2.09)ab
	
1.17(3.12)b
	
.93(3.14)ab
	
.04(.38)a
	
.63(2.61)ab

	
45 to 59

	
.54(2.60)a
	
.68(2.86)a

	
.43(2.23)a
	
.07(.65)a

	
.40(1.62)a



Note. Within each 15-second epoch, means sharing a common superscript are not statistically different at  = .01.




















Table 3. Six Months of Age: Mean Seconds, within each 15-second Epoch, Displaying each Facial Expression 
	

Infant Facial Expressions


	15-Second Epoch
	Intense Distress & Sensory Overload
M(SD)


	Regulation of Intense Distress
M(SD)

	Regulation of Moderate Distress M(SD)
	Moderate Distress & Sensory Overload
M(SD)
	Mild Discomfort or Distress
M(SD)

	
0 to 14
	
4.89(5.04)a
	
2.77(4.56)ac
	
1.23(3.10)cb
	
1.20(3.17)cb
	
.24(1.13)b

	
15 to 29
	
.58(2.60)ab
	
2.02 (4.13)a
	
1.89(4.25)ab
	
.30(1.81)b
	
.65(2.28)ab

	
30 to 44
	
.28(1.55)ab
	
.79(2.81)ab
	
1.71(4.37)a
	
.00(.00)b
	
.67(2.21)ab

	
45 to 59

	
.15(1.25)a
	
.20(.99)a

	
.87(3.05)a

	
.00(.00)a

	
.60(2.10)a



Note. Within each 15-second epoch, means sharing a common superscript are not statistically different at  = .01.


















Table 4. Twelve Months of Age: Mean Seconds, within each 15-second Epoch, Displaying each Facial Expression 

	

Infant Facial Expressions


	15-Second Epoch
	Intense Distress & Sensory Overload
M(SD)

	Regulation of Intense Distress
M(SD)

	Regulation of Moderate Distress M(SD)
	Moderate Distress & Sensory Overload
M(SD)
	Mild Discomfort or Distress
M(SD)


	
0 to 14
	
1.94(3.52)ac
	
3.75(5.33)a
	
2.56(4.81)ac
	
.00(.00)b
	
1.05(2.87)c

	
15 to 29
	
.06(.43) ac
	
2.55(4.48)b
	
3.74(5.74)b
	
.00(.00)c
	
1.87(3.88)b

	
30 to 44
	
.11(1.10)ac
	
1.31(3.77)ab
	
3.00(5.31)b
	
.00(.00)c
	
1.80(3.74)b

	
45 to 59

	
.03(.25)a
	
.47(2.15)abc

	
2.02(4.49)b

	
.00(.00)ac

	
2.03(4.40)b



Note. Within each 15-second epoch, means sharing a common superscript are not statistically different at  = .01.












Figure Legend
Figure 1: Two Months of Age: Average Time Spent in each Facial Expression 
Figure 2: Four Months of Age: Average Time Spent in each Facial Expression 
Figure 3: Six Months of Age: Average Time Spent in each Facial Expression 
Figure 4: Twelve Months of Age: Average Time Spent in each Facial Expression 
Figure 5: Two to Twelve Months of Age: Time Spent in the Intense Distress and Sensory 
Overload Facial Expression















Figure 1. Two Months of Age: Percentage of each 5-second epoch post-immunization, averaged over all infants, spent in each facial expression 











Figure 2. Four Months of Age: Percentage of each 5-second epoch post-immunization, averaged over all infants, spent in each facial expression











Figure 3. Six Months of Age: Percentage of each 5-second epoch post-immunization, averaged over all infants, spent in each facial expression 













Figure 4. Twelve Months of Age: Percentage of each 5-second epoch post-immunization, averaged over all infants, spent in each facial expression 













[bookmark: _GoBack]Figure 5. Two, Four, Six, and Twelve Months of Age: Mean Seconds, within each 15-second Epoch, Displaying the Intense Distress and Sensory Overload Facial Expression
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