Impact of parent and child behaviour on toddler pain
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Significance Statement (80 words): To our knowledge, this is the first study to examine both parent and child regulatory behaviours following vaccination at different stages in toddlerhood. This investigation allows a deeper understanding of the dyadic nature of early childhood vaccination, as well as the evolving role of the parent through toddlerhood. Importantly, findings suggest that toddlers do not simply wait for their parents to respond to their pain post-needle and provide clear signals to show their need of support in regulation.


Abstract 
Background: Past research has established the important role of parent soothing in early childhood pain management. However, limited research has assessed children’s own emerging emotion regulation strategies to reduce their pain during vaccination. The purpose of the current study was to understand the relative contributions of child-led emotion-regulation behaviours over and above parent regulatory behaviours and pre-needle distress. Methods: Toddler-caregiver dyads were videotaped at their 12- and/or 18-month vaccinations. Videos were coded for pain-related behavioural distress, child-led regulatory behaviours (disengagement of attention, parent-focused behaviours, and physical self-soothing), and parent regulatory/soothing behaviours (distraction, physical comfort, rocking, verbal reassurance). Pre-needle distress, followed by parent regulatory behaviours, followed by child regulatory behaviours were used as hierarchical predictors of pain regulation. Two sets of models were estimated at each age, by incorporating parent and child regulatory behaviours at one minute and two minutes post-needle, separately. Results: At both ages, child-led parent-focused behaviours predicted less regulation. At 18 months, parent soothing behaviours (e.g., distraction, verbal reassurance, rocking) played a stronger role in regulation, however; the only behaviour that increased regulation was rocking. Conclusions: Measuring both parent and child regulatory behaviours was important for fully understanding pain-related distress regulation. Toddlers’ use of parent-focused regulatory behaviours (e.g., proximity seeking) suggests that they signal to their parent directly when they are struggling to regulate post-needle. The only parent behaviour that supported this regulation was rocking at 18 months, suggesting a greater need to understand the sensitivity of parent behaviours post-needle.









It takes two: The relative contributions of parent versus child-led regulatory behaviours on toddler vaccination pain
There is a significant literature examining the role of parents’ support of child distress regulation (Kopp 1982, 1989; Sameroff, 2010), specifically during painful acute procedures like vaccination. Supporting children’s pain sensitively (i.e., attuned to their changing needs) is critical (e.g., Badovinac et al., 2018; Din Osmun et al., 2014; Pillai Riddell et al., 2011; Pillai Riddell et al., 2018). Moreover, this work has facilitated an understanding of which parent behaviours support distress reduction, such as physical soothing strategies (e.g., Blount et al., 2008; Campos, 1994; Jahromi et al., 2004), and those that promote distress, such as verbal reassurance (e.g., Cohen et al., 2005; Lisi et al., 2013; Racine et al., 2012; Sweet & McGrath, 1998). Parent use of distraction has mixed findings, with some suggesting it reduces pain post-needle (e.g., Cohen, 2002; Cohen et al., 2006; Gonzalez et al., 1993; Lisi et al., 2013), and others finding it does not (Cramer-Berness & Friedman, 2005; Hillgrove Stuart et al., 2013).  
However, with age comes an increasing ability to regulate one’s own distress (Kopp, 1982, 1989; Sameroff, 2010). While there are more established coding systems for understanding child-led emotion regulation behaviours in older children during needle-related procedures (e.g., Campbell et al., 2018; Constantin et al., 2022) the field’s understanding of early childhood behaviours and their relationship to pain is limited (e.g., Blount et al., 2008). A clear focus on the second year of life is particularly important and absent from the literature. The toddler developmental period is arguably when children have developed more stable distress regulation patterns with their caregiver (Ainsworth et al., 1978; Bowlby, 1969/82). By better understanding early childhood emotion regulation behaviours during these types of procedures, we will be able to make stronger developmental connections across the lifespan, to better understand how children’s coping skills develop and when we may be able to intervene. A recent study by our team on this dataset showed that while behaviours such as child-led disengagement of attention and physical self soothing are related to decreases in distress post-needle, children continue to signal to their parents through gaze or proximity-seeking behaviour (Gennis et al., 2022), likely in attempt to receive additional support. Given the known impact of pre-needle distress on post-needle distress (Campbell et al., 2013; Lisi et al., 2013; Shiff et al., 2022), accounting for its role when exploring parent and child-led regulatory behaviours was seen as important.  
The current study takes the next step in understanding child-led regulatory behaviours and focuses on its relative role in toddler pain responding by incorporating parent behaviours. This was driven by three research questions assessed separately at both 12 and 18 months of child age. Research Question 1: What is the role of toddler’s pre-needle distress on toddler’s pain-related distress regulation? We hypothesized that pre-needle distress would significantly predict toddlers’ regulation post-needle, such that greater pain-related distress would result in slower pain regulation. Research Question 2: What are the relative contributions of parent and child-led regulatory behaviours on toddler pain-related distress regulation over and above the toddler’s pre-needle distress? We hypothesized that parent regulatory behaviours would account for more variance in regulation than pre-needle distress alone and that child-led regulatory behaviours would account for additional unique variance in regulation. Among parent soothing behaviours, we predicted that more parent verbal reassurance would result in slower regulation, whereas more rocking, physical comfort, and distraction would result in quicker regulation. No directional hypotheses were made around child-led regulatory behaviours as this is the first time these behaviours have been studied while accounting for parent behaviour. Research Question 3: Does the timing of the parent and child-led regulatory behaviours (i.e., Minute 1 or Minute 2 post-needle) affect pain-related distress regulation? Research question 3 was exploratory and thus no specific hypotheses were made. However, this is an important distinction as the first minute can be considered more of the reactive phase, whereas children are ideally beginning to calm down once they reach the second minute. Therefore, it is likely that the relationships between the variables of interest and pain could differ based on when they are being assessed. Additionally, over all research questions, we hypothesized that older toddlers (18 months) would enact regulatory behaviours that accounted for more variance than younger toddlers (12 months). 
[bookmark: _Toc107750418]Methods

Participants
	Data were from an ongoing longitudinal study (Waxman et al., 2020; Gennis et al., 2022) of caregiver-toddler dyads. Dyads were recruited from two pediatric clinics in the Greater Toronto Area using a cohort-sequential design. The current analyses involve the video-recorded data from the 12- and 18-month waves. Procedures were approved by the research ethics board at the participating university. Caregivers were approached by a research assistant and provided informed consent. The sample consisted primarily of well-educated, middle-class mothers from a wide variety of self-reported cultural backgrounds and their toddlers. As described in Gennis et al. (2022), after recruitment and attrition, 163 caregiver-toddler dyads were observed at 12 months and 149 dyads were observed at 18 months. 
Measures
	For all measures, behavioural coding was completed using Noldus Observer. All primary coders were blind to research questions and study hypotheses.
Pain-Related Distress
The purpose of the paper is to predict pain-related distress regulation. We operationalized pain-related distress regulation using Growth Curve Modelling (See Analysis Plan for details at derivation). In essence, the variable of pain-related distress regulation is the rate of change from peak pain score right after the needle to the final score three minutes after the needle. This is the slope. When you model to obtain a slope, you also generate an intercept. For our analyses, the intercept represents immediate pain-related distress reactivity (the peak pain response). We used the intercept (pain reactivity) as a control variable, as well as pre-needle distress. We operationalized pain scores from pre-needle to three-minutes post-needle using the Face, Legs, Activity, Cry, Consolability coding system (FLACC; Merkel et al., 1997).
The FLACC was used to assess the five namesake pain behaviours in 15-second epochs consecutively for one minute pre-needle and over the three-minute period of post-needle observation. The Face scale includes behaviours such as grimacing, frowning, having a quivering chin or a clenched jaw. The Legs scale includes behaviours such as uneasiness, restlessness, tenseness, or leg kicking/drawn upward. The Activity scale includes behaviours such as squirming and shifting, arched, rigid, or jerking bodily movement. The Cry scale includes either moans or whimpering or steady crying, screaming, and complaints. Lastly, the Consolability scale reflects the level difficulty in consoling the chid. Within each epoch, each of the five behaviours was scored on a 0 to 2 scale (e.g., On the cry scale: content, relaxed (0), moans or whimpers (1), and steady crying, screaming, or sobbing (2)), resulting in a total score from 0 to 10 for each 15-second epoch. Research has demonstrated moderate to high concurrent validity and reliability for FLACC scores in the acute pain context (Merkel et al., 2002). Twenty percent of the current sample was double-coded throughout the coding process to assess interrater reliability between coders at 12- and 18-months, which was strong (ICC= .93 to .96). 
For the current analyses, pre-needle distress was based on the full minute prior to the first needle. This score was the mean FLACC score across all available 15-second epochs for a participant within this minute. Post-needle pain-related distress was measured using three variables: FLACC 1 (the first 15-second epoch following the last needle), FLACC 2 (the first 15-second epoch of the second minute post-needle), and FLACC 3 (the first 15-second epoch of the third minute post-needle). Both pain-related distress reactivity and regulation were represented by a latent variable (intercept and slope, respectively) that used the three post-needle FLACC scores. More details are provided in the Analysis Plan.  
Child-Led Regulatory Behaviours
	Child-led regulatory behaviours were coded using a modified coding system from the Laboratory Temperament Assessment Battery (Lab-TAB) Locomotor Version 3.1 (Goldsmith & Rothbart, 1999; Gennis et al., 2022). Dr. J. Gagne (Texas A & M University) consulted in the initial phase of coding to ensure the validity of the measure when applied to the vaccination context. This resulted in deleting behaviours that were not possible to code due lack of access to distressing stimulus post injection (e.g., unable to code gaze aversion away from stimulus, approach toward/withdrawal from stimulus, and dealing with stimulus as health professionals remove needle immediately from environment).
Six behaviours were ultimately included: object orientation (i.e., child orienting to or manipulating non-procedure related objects in the environment), caregiver proximity-seeking (e.g., reaching for parent), caregiver orientation (e.g., looking toward the parent), thumb sucking, other oral behaviour (e.g., independent use of a pacifier), and physical self-touch (e.g., rubbing arm). Lab-TAB behaviours were coded to be orthogonal to parent behaviours to reflect child-led regulatory responses not reactions to parent behaviours. For example, when parent attempted distraction, the child looking to parent’s bid was not coded as caregiver orientation.
Each behaviour was coded as present (1) or absent (0) for the 12 consecutive 5-second epochs for each minute post-needle, separately. Scores were calculated representing the proportion of intervals a given behaviour was present out of the total number of codable epochs in each minute, resulting in scores ranging from 0 to 1. Thus, higher scores suggested higher frequency of that behaviour. Twenty percent of the data was double coded by a primary coder and one of three other reliable coders who were blind to hypotheses. Percentage (and kappa) agreement ranged as follows for each behaviour: object orientation = .83 to .85 (κ = .58 to .63), caregiver proximity-seeking = .87 to .93 (κ = .71 to .81), caregiver orientation = .88 to .91 (κ = .63 to .74), thumb sucking = .98 to .99 (κ = .74 to .91), other oral behaviour = .98 to .99 (κ = .94 to .96), and physical touch = .92 to .95 (κ = .66 to .82). For parsimony in the statistical analysis, the six Lab-TAB behaviours were combined into three clusters of emotion regulation (ER) behaviours that reflected clusters in the original Lab-TAB coding system, and that were consistent the broader emotion regulation literature. These clusters included disengagement of attention (object orientation), parent-focused behaviours (average of proximity-seeking and caregiver orientation), and physical self-soothing (average of thumb sucking, other oral behaviours and physical touch) for each minute post-needle. These scores ranged from 0 to 1.
Parent Regulatory Behaviours
	Parent regulatory behaviours were coded using the Measure of Adult and Infant Soothing and Distress (MAISD; Cohen et al., 2005). The MAISD is a valid, reliable, and frequently used behavioural coding system for parent regulatory behaviours in the context of infant needle procedures (e.g., Campbell et al., 2013; Lisi et al., 2013; Racine et al., 2012). The measure consists of eight parent regulatory behaviours; however, four behaviours were chosen a-priori due to their relevance and strong research base, and each showed acceptable reliability (e.g., Lisi et al., 2013; Racine et al., 2013): distraction (i.e., trying to distract the child when in distress; ICCs = .94 to .98), verbal reassurance (e.g., saying “it’s ok” or “you’re fine”; ICCs = .81 to .95), rocking (e.g., swaying the child while in parent arms; ICCs = .96 to .99), and physical comfort (e.g., kissing the child or rubbing back; ICCs = .80 to .93). Each behaviour was coded as present (1) or absent (0) for 12 consecutive 5-second epochs one-minute and two-minutes post-needle. Composite scores for each minute were calculated as the number of epochs a behaviour was present out of the total number of codable epochs, with scores ranging from 0 to 1.
Procedure
Prior to the vaccination, dyads were connected to cardiovascular equipment and two cameras were set up in the room. Toddlers and caregivers were recorded and naturalistically observed and coded for one minute before the first needle and three minutes following the last needle. For the current study, the only measure used in the third minute post-needle was FLACC. While parent-led and child-led regulatory behaviours were coded in the third minute post-needle, only scores from Minute 1 and Minute 2 post-needle were used in analyses. At each appointment, caregivers were given an information sheet outlining evidence-based pain management strategies for toddlers (Taddio et al., 2010). 
Analysis Plan
In the current study, growth curve modeling (GCM; Bollen & Curran, 2006) was used to assess the impact of child regulatory behaviours on pain-related distress regulation, after accounting for pre-needle distress and parent regulatory behaviours. At each age, the primary outcome being predicted was the latent variable representing pain-related distress regulation (represented by the slope latent variable, which captured the overall change across FLACC 1, FLACC 2, and FLACC 3). Pain reactivity (i.e., the intercept latent variable, representing the level of FLACC 1) was included as a control (as well as its association with pre-needle distress), because of the importance of immediate pain responding post-needle to understanding regulation and because of the statistical necessity of including an intercept latent variable (see Bollen & Curran, 2006). 
Demographic variables, such as sex and socioeconomic status were not included in analyses. This decision was made as there appears to be a lack of sex differences found in infant and early toddlerhood emotion regulation (e.g., Calkins & Johnson, 1998; Ekas et al., 2011; Rothbart et al., 1992; Stifter & Braungart, 1995; Wu et al., 2022). Further, the homogeneity of the sample’s socioeconomic statuses prevented analysing this as a covariate.
Pain-related distress reactivity and regulation were first represented in unconditional growth models (one for each of the 12- and 18-month data) to determine whether the FLACC scores showed a linear change over time; the fit of these models was assessed using the Tucker-Lewis Index (TLI), the Comparative Fit Index (CFI), and the Root Mean Square Error of Approximation (RMSEA) (see Bollen & Curran, 2006). All models were estimated with the lavaan package in R (Rosseel, 2012) using direct maximum likelihood estimation (via the “MLR” estimator) to allow the inclusion of incomplete cases; this estimator also produces model fit statistics and estimate standard errors which are robust to non-normality. 
An important interpretative note is that the slope latent variable (pain-related distress regulation) is negative because acute pain expression decreases over time post-needle. If a predictor has a negative relationship with the slope (pain-related distress regulation), higher scores on the predictor are related to a greater decrease in pain scores over time. 
	In terms of predictors, the same sets of models were estimated separately for each of the 12- and 18-month datasets. With both ages, pre-needle distress was added first as a predictor (Step 1), followed by parent regulatory behaviour (Step 2; either Minute 1 or Minute 2 variables), and then child-led regulatory behaviours (Step 3; either Minute 1 or Minute 2 variables). Therefore, there were two sets of models at each age: One using Minute 1 predictors on pain-related distress regulation and one using Minute 2 predictors. Fig. 1 outlines the general structure of the four sets of models. 
[bookmark: _Toc107750419][Insert Fig. 1 here].
Results

Descriptive Statistics
	See Table 1 for descriptive statistics of key variables. Tables 2 and 3 present correlations among the predictor variables at 12 and 18 months, respectively.
Unconditional Growth Curve Models
	The unconditional model for linear growth fit the 12-month pain-related distress data well (TLI = .99, CFI = .99, RMSEA = .03). In contrast, the unconditional model for linear growth did not fit the18-month data adequately, and thus a free-loading model was estimated; as outlined in the means provided in Table 1, there is a much larger reduction in scores between FLACC 1 and FLACC 2 compared with the change between FLACC 2 and FLACC 3. A free-loading approach allows for exploration of a nonlinear trend across the repeated measures of FLACC (see Bollen & Curran, 2006). The unconditional free-loading model fit the 18-month data well (TLI = 1.00, CFI = 1.00, RMSEA = .02). Tables 4 through 7 provide the findings for each set of models. To aid in subsequent synthesis and interpretation, Table 8 provides a summary of notable findings across all four sets of models. 
Predicting Pain-Related Distress Regulation at 12 Months
Minute 1 Parent and Child Regulatory Behaviour Predictors 
All estimates are in Table 4. Pre-needle distress alone explained 6% of the variance in pain-related distress regulation (unstandardized B = 0.17, p = .01, standardized B* = 0.25). When parent regulatory behaviours from Minute 1 were added as predictors, an additional 4% of the variance was explained (total R2 = .10). The addition of child regulatory behaviours explained an additional 11% of variance in pain-related distress regulation (total R2 = .21). As shown in Table 4, the child regulatory behaviour with the strongest unique association with pain-related distress regulation was parent-focused behaviour, with a standardized regression coefficient of 0.28. In this final model, pre-needle distress (unstandardized B = 0.17, p = .01, standardized B* = 0.27) and parent-led distraction (unstandardized B = 1.62, p = .02, standardized B* = 0.15) were also significant unique predictors of pain-related distress regulation. 
Minute 2 Parent and Child Regulatory Behaviour Predictors 
All estimates are in Table 5. As shown in Tables 4 and 5, the first model (Step 1) remains the same. When parent regulatory behaviours from Minute 2 were added as predictors, they explained an additional 6% of the variance in pain-related distress regulation (total R2 = .12). Child regulatory behaviours accounted for an additional 9% of the variance in pain-related regulation (total R2 = .21). The child-led regulatory behaviour with the strongest unique association with pain-related distress regulation was parent-focused behaviour (unstandardized B = 1.37, p = .03, standardized B* = .23). In this final model, pre-needle distress remained a significant predictor of pain-related distress regulation (unstandardized B = 0.19, p <.01, standardized B* = 0.29). 
Predicting Pain-Related Distress Regulation at 18 Months
Minute 1 Parent and Child Regulatory Behaviours
All estimates are in Table 6. Pre-needle distress accounted for 3% of the variance in pain-related distress regulation (unstandardized B = 0.09, p = .03, standardized B* = 0.17). Parent regulatory behaviours from Minute 1 explained an additional 3% of the variance in pain-related distress regulation (total R2 = .06). Child regulatory behaviours explained an additional 2% of the variance in pain-related distress regulation (total R2 = .08). In this final model, none of predictors had significant unique associations with pain-related distress regulation. 
Minute 2 Parent and Child Regulatory Behaviours
[bookmark: _Toc107750420]Table 7 provides model estimates. As shown in Tables 6 and 7, the first model (Step 1) remains the same. Parent regulatory behaviours from Minute 2 explained an additional 11% of the variance in pain-related distress regulation (total R2 = .14). Child regulatory behaviours explained an additional 4% of the variance in pain-related distress regulation (total R2 = .18). The child regulatory behaviour with the strongest unique association with pain-related distress regulation was parent-focused behaviour (unstandardized B = 1.45, p =.01, standardized Beta* = .21). Furthermore, the parent behaviours distraction (unstandardized B = 4.59, p <.01, standardized B* = 0.21), rocking (unstandardized B = -0.83, p = .03, standardized B* = -0.18), and verbal reassurance (unstandardized B = 1.71, p = .02, standardized B* = 0.16) had significant unique associations with pain-related distress regulation. Pre-needle distress remained a significant predictor of reactivity (unstandardized B = 0.27, p <.01, standardized B* = .33). 
Discussion

The goal of the current study was to understand the contributions of child-led regulatory behaviours to children’s post-needle pain-related distress regulation after considering pre-needle distress and parent regulatory behaviours at two different ages within the second year of life (12 and 18 months). We hypothesized that pre-needle distress would significantly predict pain-related distress regulation, parent behaviours would explain further variance in regulation over and above pre-needle distress (with verbal reassurance predicting slower regulation and the other behaviours predicting quicker regulation), and that child-led behaviours would further explain the variance in regulation (directional hypotheses not made), after pre-needle distress and parent behaviour were in the model. Lastly, we speculated that across research question 2 and 3, parent and child variables would have stronger associations with regulation in older toddlers (18 months) than younger toddlers (12 months) because they would have more agency developmentally.
The Role of Pre-Needle Distress
	At both ages, pre-needle distress significantly predicted pain-related distress regulation. Only at 12 months did this remain a significant predictor once parent and child regulatory behaviours were added into the models. As hypothesized, greater distress pre-needle was associated with slower regulation across the vaccination appointment. This finding with pre-needle distress causing longer regulation times confirms findings in separate samples noting the influence of pre-needle distress on increased pain outcomes post-needle (Campbell et al., 2013; Lisi et al., 2013; Shiff et al., 2022). If a child is highly distressed pre-needle, it will likely impact not only their parents’ behaviour, but their own ability to engage in autonomous self-regulation. However, it is possible that as the attachment relationship and child self-regulation develops across toddlerhood (i.e., at 18 months), these may help to temper the effects of heightened pre-needle distress as now parent and child are active agents working towards child regulation.
The Role of Parent Soothing 
At 12 months, accounting for all other predictor variables, parent distraction at Minute 1 was a significant predictor of pain-related distress regulation. The positive association between distraction and pain regulation suggested that when parents used more distraction, toddlers were slower to calm down post-needle. This result is consistent with past research showing that distraction may not significantly reduce pain-related distress post-needle (Cramer-Berness & Friedman, 2005; Hillgrove Stuart et al., 2013). Yet, distraction at Minute 2 was not significantly predictive of regulation. An important consideration is that parent distraction was rare in this sample. Further, use of distraction does not necessarily indicate that this behaviour was attuned to the child’s needs. It is perhaps for this reason that findings on distraction and pain in early childhood remain mixed in the literature. This inconsistency suggests that beyond looking at presence of a parent behaviour, understanding its sensitivity in the context of the child’s changing needs remains important (e.g., Badovinac et al., 2018; Din Osmun et al., 2014; Pillai Riddell et al., 2011; Pillai Riddell et al., 2018). 
At 18 months, no parent behaviours were associated with pain-related distress regulation when used in the first minute post-needle. However, in the second minute post-needle, the largest increase in variance accounted for was when parent regulatory behaviours were added into the model. Parents’ use of distraction was significantly associated with less regulation (i.e., calming down more slowly), akin to findings at 12 months of age. However, at 18 months, there were further significant unique associations between parent regulatory behaviours and regulation. Consistent with past literature (e.g., Cohen et al., 2005; Lisi et al., 2013; Racine et al., 2012; Sweet & McGrath, 1998), verbal reassurance (e.g., parents stating “it’s ok”) was also associated with less regulation, suggesting that this may be more of a distress promoting or insensitive behaviour as conceptualized more recently (e.g., Badovinac et al., 2018; Pillai Riddell et al., 2018). The only parent behaviour significantly associated with quicker regulation post-needle was parent rocking at 18 months. This result is consistent with previous literature in younger samples (Campos, 1994; Jahromi et al., 2004). It is possible that as the attachment relationship solidifies (Ainsworth et al., 1978; Bowlby, 1969/1982), parents respond with rocking when children signal that they need help calming down. However, further research is needed to fully elucidate how these behaviours work together.
The Role of Child-Led Regulatory Behaviours
At 12 months, the largest increase in variance accounted for was when child-led regulatory behaviours were added into the model. Toddlers that maintained proximity or gazed toward their parent during both the first- and second-minute post-needle calmed down more slowly across the vaccination appointment. Although at 18 months the largest increase in variance was seen when adding parent variables, children’s use of parent-focused behaviours in the second minute post-needle showed a similar effect.
These findings suggest that when toddlers struggle to self-regulate across the appointment, they signal to their parent for support or seek comfort. This result is consistent with our recent work that showed positive relationships between parent signalling and pain-related distress (Gennis et al., 2022), and the central attachment tenet that children are hardwired to signal to their parents when they are in need of support regulating their emotions and experiences (Bowlby, 1969/1982). 
Inconsistent with our earlier work (Gennis et al., 2022) is that more independent behaviours (i.e., disengagement of attention and physical self-soothing) were not significantly associated with quicker regulation over time. While Gennis and colleagues found that both disengagement of attention and physical self-soothing were associated with less distress, these behaviours do not appear to predict quicker regulation across the entire appointment when other variables are taken into consideration. The fact that parent-focused behaviours were most consistently associated with reduced pain regulation over time suggests the need to understand vaccination as a dyadic context including child signalling and parent response. However, by distinguishing children’s more active use of signalling behaviours, such as proximity seeking and gaze, from reactive signals of distress (e.g., crying), we are still able to understand how the child uses their caregiver following vaccination. 
Synthesis of Findings and Conclusions
In summary, this study provides several novel insights into toddler self-regulation of pain-related distress post-needle. Findings continue to show the role of pre-needle distress in ongoing pain-related distress following the needle. However, when accounting for parent and child regulatory behaviours, this only remains a significant factor at 12 months. Taken together, this suggests that pain management and support should begin well before the first needle and that age is an important variable. Not only does this have a direct influence on pain-related distress, but it may make it even harder for parents and children to engage in behaviours that would support the distress.
In general, the inclusion of parent, then child regulatory behaviours explained increasing amounts of variance in pain-related distress regulation. However, age, as well as timing of regulatory behaviours, were also important factors in our understanding of the roles of these regulatory behaviours. 
An important conclusion from this work is the developmental differences within different points of toddlerhood. At 12 months, the largest increase in explaining the variance in regulation occurred when child-led regulatory behaviours were added to the model, whereas at 18 months, this increase was largely explained by adding parent variables. This suggests that within the toddlerhood period, an important consideration is the ongoing development of the attachment relationship, and the need to understand both what children and parents are doing, and how these may interact. Toddlerhood is a time of both increasing stabilization in the caregiver-child relationship and child autonomy in regulation (Ainsworth et al., 1978; Bowlby, 1969/1982; Kopp, 1982, 1989). At 12 months, caregivers may still be figuring out how to respond appropriately to the signalling of their toddler, which may improve by 18 months. 
Further, the role of distraction, rocking, and verbal reassurance may not be straightforward. While all common parental responses to pain, relationships with regulation at 18 months were only seen in Minute 2. At this age, the presence of these behaviours may have different meanings. Toddlers who were slower to regulate may have parents who more actively try to distract and reassure at Minute 2, when most toddlers are already close to regulation. With rocking, the toddlers who were quicker to regulate (thus likely calmer in Minute 2) may have parents who enact an instinctual light bouncing while talking to the health professional rather than a purposeful rocking/bouncing enacted to decrease distress.
	A final important consideration is the fact that taken together, these variables accounted for as much 21% of the variance in toddler’s pain-related distress across the post-needle period. This suggests that there may be other factors that are influencing toddler’s pain-related distress that warrant future consideration. Discrete parent soothing behaviours may not be enough to fully understand the dyadic interaction between parent and child during vaccination, particularly when it comes to their response to the child’s signalling through proximity seeking and gaze orientation. While comparing discrete parent and child soothing behaviours was seen as an important first step, it is possible that broader parent sensitivity, as measured by variables such as the Emotional Availability Scales (e.g., Biringen, 2000; Pillai Riddell et al., 2011) as well as discrete insensitive behaviours, such as parent display of frustration (e.g., Badovinac et al., 2018; Pillai Riddell et al., 2018), may be contributing. Further, given that this is one of the first studies aiming to understand child-led emotion regulation behaviours, a broader range of these behaviours may emerge in its continued study. 
Limitations and Future Directions
	These findings are understood in the context of some limitations. First, while the current sample is culturally diverse, it represents mid-to-high socioeconomic status, impacting its generalizability to higher risk samples. Further, as address above, efforts to understand the dyad and the caregiver’s sensitivity more holistically may enhance this understanding. Another consideration is that given the role of timing (i.e., when regulatory behaviours occurred) in the current study, future research should assess these associations in a sequential manner to fully understand the associations between parent and child regulatory behaviours and pain during vaccination. Lastly, as this study was interested in behavioural pain-related distress regulation, future research may wish to understand the roles of pre-needle distress, as well as parent-led and child-led regulatory behaviours on physiological or other indicators of pain-related distress.
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Figure Legend
Figure 1: General Structure of Growth Curve Models
Note. Focus of current analyses highlighted in the grey box.
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