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Abstract

Socioeconomic disparities in children’s delay of gratification exist, with impoverished children 

displaying greater difficulties in this developmental domain. The present paper examined the role 

of vagal tone in predicting the ability to delay gratification across resource rich and resource poor 

environments. Embedding hypotheses within evolutionary models of children’s conditional 

adaptation to proximal rearing contexts, Study 1 tested whether elevated vagal tone was associated 

with lower delay of gratification within impoverished children. Study 2 compared the relative role 

of vagal tone across two groups of children, one which experienced greater impoverishment and 

one which was relatively middle-class. Results indicated that within resource rich environments, 

high vagal tone was associated with greater delay of gratification. In contrast, high vagal tone in 

children living within resource poor environments was associated with reduced delay of 

gratification. The results are interpreted within evolutionary-developmental models of children’s 

stress response system functioning and adaptive behavior across varying contexts of economic 

risk.
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For over 50 years, psychologists have used laboratory tasks in which they ask young 

children to sit patiently and they’ll receive a larger reward if they can resist the immediate 

temptation of a smaller reward (Mischel, Shoda, & Rodriguez, 1989). Empirical work has 

documented that children’s ability to suppress the dominant response and delay gratification 

is associated with a wide range of positive outcomes including socio-emotional competence, 

prosocial behavior, and reduced psychopathology (e.g., Eisenberg et al., 2004; Mischel, et 

al., 1989; Razza & Raymond, 2013). Thus, normative psychological models propose that 

delay of gratification reflects greater regulation, and this ability to control is the optimal 

outcome given its association with socioemotional adjustment (e.g., Calkins, 2009). 

However, research has documented the presence of wide socioeconomic disparities in 

children’s delay of gratification, with impoverished children displaying greater difficulties 

compared to more affluent counterparts (e.g., Evans & English, 2002; Raver, et al., 2011). 

This raises the provocative question, why would children living in heightened economic 

uncertainty show a greater propensity towards taking the immediate reward if that decision 

is maladaptive with respect to adjustment?

Perhaps part of the answer lies in the tendency for theories and models in developmental 

psychology to interpret behavior based upon benchmarks which are largely derived from 

children living within more secure environments, thus missing the meaning and function of 

behavior across broad contexts (e.g., Cicchetti & Lynch, 1993; Henrich, Heine, & 

Norenzaynan, 2010). Evolutionary-developmental models offer an alternative conceptual 

framework, positing that natural selection has shaped our ability to modify regulatory 

behaviors towards matching local environmental conditions (e.g., Daly & Wilson, 2005; 

Ellis, Figueredo, Brumbach, & Schlomer, 2009), suggesting that “'when people encounter 

stressful environments, this does not so much disturb their development as direct or regulate 

it toward strategies that are adaptive under stressful conditions, even if those strategies are 

currently harmful in terms of the long-term welfare of the individual or society as a whole” 

(Ellis et al., 2011, p. 8). As such, different environments should elicit different strategies 

based upon the perception of present-future trade-offs (Belsky, Steinberg, & Draper, 1991; 

Chisholm, 1999). Within environments composed of plentiful resources and support, the 

ability to control immediate impulses and desires in the service of regulation more than 

likely results in greater rewards and benefits. In contrast, early rearing contexts consisting of 

heightened impoverishment, reduced access to resources, and harsher living conditions 

reduce the likelihood of a future payoff. Under these circumstances, children should lawfully 

shift preferences toward immediate rewards (Fawcett, McNamara, & Houston, 2012).

However this doesn’t answer the question as to how this occurs, and attention has turned 

towards understanding the antecedents of children’s ability to delay gratification, 

particularly within contexts of risk (e.g., Lengua, Zalewski, Fisher, & Moran, 2013). One 

early biological marker that has been implicated in models of children’s self-regulation is 

cardiac vagal tone. Tonic vagal tone is typically assessed via resting levels of respiratory 

sinus arrhythmia (RSA), which captures parasympathetic dominance over cardiac 

functioning in the autonomic nervous system (e.g., Beauchaine, 2001). In particular, the 

polyvagal theory (Porges & Furman, 2011) proposes that vagal tone represents a 

physiological index of an individual’s capacity to respond quickly and flexibly to 

environmental demands as well as regulate more effectively from heightened arousal. Higher 
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levels of tonic vagal tone are thought to reflect heightened sensitivity to environmental cues 

and the enactment of behaviors that are tailored to local conditions. In contrast, lower levels 

of tonic vagal tone are purported to indicate difficulties in attending to and/or reacting to 

environmental contexts resulting in more ineffective and less malleable behavioral coping 

strategies (Brosschot & Thayer, 1998). Thus, developmental models of self-regulation 

consider vagal tone an important mechanism in understanding children’s effortful control.

Empirical work examining associations between RSA and children’s regulation provides 

support for the suggestion that it may operate as an antecedent of delay control in affective 

tasks (Beauchaine, 2001; Calkins, 2007). Given its proposed function of supporting 

appropriate engagement with the environment, research has shown that high basal RSA is 

associated with sustained attention (Suess, Porges, & Plude, 1994), effortful control (Taylor, 

Eisenberg, & Spinrad, 2015), and executive function (Marcovitch et al., 2010). However 

much of the previous work in this area has been conducted in samples of children primarily 

hailing from middle to higher socioeconomic backgrounds. A small group of studies using 

primarily low-income and impoverished children have found associations between high 

vagal tone and poor regulation (e.g., Blair & Peters, 2003; Davies, et al., 2009; Kidwell & 

Barnett, 2007). If the physiological function of vagal tone is to facilitate the prioritization of 

behaviors in response to environmental cues in a manner that benefits the individual, these 

results may not necessarily be contradictory. In conditions characterized by elevated 

resources and support, high vagal tone may result in delayed gratification with an eye 

towards a larger, future reward. However, under reduced resource conditions, high vagal tone 

may support the adoption of quick reward oriented strategies. Thus, both of these strategies 

may be adaptive within their given contexts.

In summary, the present paper investigated the role of basal vagal tone assessed during the 

toddler years in associations with children’s decision to delay gratification across resource 

rich and resource poor environmental contexts. In our first study, we utilized a sample of 

children living highly impoverished conditions to test the association of basal vagal tone 

with delay of gratification. Consistent with an evolutionary-developmental framework, we 

hypothesized that higher vagal tone would predict lower delay of gratification in the context 

of poverty. Our second study sought to both replicate findings obtained in Study 1 and 

findings within the larger literature by testing how environmental contexts moderate the role 

of vagal tone in predicting children’s delay ability. To maximize comparability, procedures 

were similar across studies and were approved by the Institutional Review Board at the 

research site.

Study 1

Participants

Participants included 201 two-year-old children (44% female) and their mothers in a 

moderately-sized metropolitan area in the Northeast who were recruited through agencies 

who serve disadvantaged children and families, including Women, Infants, and Children, 

and Temporary Assistance to Needy Families rosters administered through the local 

Department of Human Services. Participants were recruited to obtain a sample of 200 

mothers and recruitment was ended at this achieved goal. Median annual income for the 
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family household was $18,300 (US) per year and a substantial minority of mothers (30%) 

did not complete high school. Most families were receiving public assistance (95%) and 

were living below the US Federal Poverty line (99.5%). The majority of the sample of 

mothers and children were Black (56%), followed by smaller proportions of family members 

who identified as White (23%), Latino (11%), Multi-Racial (7%), and “Other” (3%). The 

cumulative retention rate across the two measurement occasions was 87%. To test for 

selective attrition, we conducted statistical comparisons between the mother-child dyads that 

participated in each wave and dyads that dropped out during the longitudinal component of 

the study along the primary, covariate, and demographic variables at the first assessment 

(e.g., family income, maternal education). No significant differences were identified in the 

analyses.

Procedures

Assessments were collected when mothers and their toddlers visited our laboratory when 

children were two and four years old

Heart Monitor Procedure—Basal heart rate data were collected on each child at the first 

measurement wave using a MiniLoger 2010 Series (Mini Mitter, Inc., Bend, OR). The 

MiniLogger detects each R-Wave and records every interval between successive R-Waves to 

the nearest millisecond. Mothers held their children on their laps while a trained 

experimenter placed two electrodes on the child’s chest, one medially on the right collar 

bone and one on the child’s left side below the rib cage. Consistent with prior research, 

children were given low arousal activities during recording to keep them calm and facilitate 

baseline data collection (Hastings et al., 2008).

Delay of Gratification—At the second wave of data collection, children were placed at a 

small table with two plates in front of them and a bell. On one plate the experimenter placed 

two M&Ms and on the other plate placed five M&Ms. Children were instructed on how to 

ring the bell. Then the experimenter pointed out the difference in the amount of candy on 

each plate and told the child that if they could wait until the experimenter returned, they 

would receive the five pieces of candy. If they couldn’t wait, they were to ring the bell to 

signal the experimenter to return and then they could eat the two pieces of candy. The 

experimenter then left the room for a 10-minute wait period.

Measures

Respiratory sinus arrhythmia—Interbeat interval (IBI) data were extracted from the 

EKG assessment using Mini-Log 2000W software (Mini Mitter, Inc., 2001), edited for 

artifacts, and analyzed using CMet software (Allen, Chambers, & Towers, 2007). 

Specifically, the CMetX program converted the IBI series into a time series via linear 

interpolation at a sampling rate of 10 Hz. Then, via a band pass filter, the variance of the 

heart period within the frequency band of .24– 1.04 Hz (i.e., the band of spontaneous 

respiration for toddlers; Porges et al., 1996) was extracted. The natural log of this variance 

was utilized as an estimate of children’s average RSA for the baseline session.
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Delay of Gratification—Children’s delay ability was operationalized as the length of time 

children waited to eat the M&M during the delay of gratification task (Mischel & Ebbesen, 

1970). If the child touched the M&Ms or rang the bell, their score was determined from that 

timepoint. If a child waited the entire time, their score was 10 minutes. In the present 

sample, only 16% of children waited the entire ten minutes.

Results

For descriptive purposes, Table 1 provides the means and standard deviations among the 

measures of main constructs.

A path model examining the association between children’s RSA at 2 years of age and delay 

of gratification at 4 years of age was conducted using MPlus software Version 7.0 (Muthén 

& Muthén, 2012). To maximize our sample size, we utilized the FIML estimation procedure 

available in MPlus (e.g. Enders, 2001). This method is appropriate when the data are 

missing completely at random (e.g., no identifiable pattern exists in the missing data) and 

the amount of missing data is as high as 50% (Schlomer, Bauman, & Card, 2010). Missing 

data analysis showed that the data were MCAR (χ2 = 0.850 (6), ns). We included two 

demographic covariates, maternal education and income, to maximize comparability in 

results with the socio-economic constructs used to create the two groups in Study 2. Child 

age at the time of delay of gratification was also co-varied. We examined the data for the 

presence of outliers and found four cases which were greater than 3 standard deviations from 

the mean on family income. We removed these cases and re-ran the analyses to determine if 

they were influential and the results were identical to the ones with the cases included in the 

data. Given the similarity in findings, we elected to retain these cases in our analyses. 

Finally, delay of gratification evidenced moderate skew. We transformed the variable using a 

logarithmic function to reduce skew and analyses were run with the transformed variable.

The path model testing associations between basal RSA activity and delay of gratification 

was fully identified χ2(0). There was a significant effect of basal RSA at age 2 on delay of 

gratification at age 4 (β = −.23, t= −2.72, p < .01) in the context of other proximal 

demographic factors entered as simultaneous predictors in the model. Our findings suggest 

that early occurring elevation in basal RSA activity in the context of poverty was associated 

with lower delay of gratification at the age of 4.

Study 2

Participants

Data were drawn from a longitudinal study of mother-child relationships. The sample 

consisted of 140 pairs of mothers and their children (51.6% male) recruited when children 

were 18 months of age from the metropolitan area of a mid-sized city in the Northeastern 

United States. Recruitment was conducted so as to obtain two samples of mother-toddler 

dyads with respect to socioeconomic status (SES). Participants fell into one of two SES 

based groups: low SES (n = 69) and middle SES (n = 71) groups. For study enrollment, 

mothers in the middle SES group were required to have completed their Bachelor’s degree at 

an accredited 4-year college or university, and to have an income not supplemented through 
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government assistance (e.g., food stamps). Mothers in the low SES group were required to 

be receiving some form of public assistance (verified through Department of Human 

Services records) and had not completed a degree at an accredited 4-year college or 

university. Recruitment was ended when two similarly sized samples were obtained. Median 

family income of participants was $46,093 per year; however, one third of the sample 

reported earnings below $10,200 annually. Mothers were between 18 and 42 years of age (M 
= 24). Participants identified themselves as European-American (55% of mothers and 49% 

of children), African-American/Black (26% of mothers and 25% of children), and Latina 

(11% of mothers and 12% of children), with smaller percentages of Biracial (5% of mothers 

and 14% of children), Asian (less than 1 % of mothers, 0 % of children) and Native 

American/Alaskan (less than 1% of mothers, 0% of children). Retention rate across the 

waves was 74%.

Procedures

Mothers and their children visited the lab at two time points, when children were 18 months 

old (Wave 1) and 5 years old (Wave 2). Mothers and children completed laboratory 

paradigms at the visits and mothers filled out surveys as well.

Heart Monitor Procedure—At Wave 1, Alive Heart Monitors from Alive Technologies 

Pty. Ltd. (http://www.alivetec.com/index.htm) were utilized to record and store children’s 

ECG signal during a silent baseline session. These EGC monitors included a precordial, 

two-pole ECG lead that was placed on children’s chests. Data from these leads were 

transmitted to a portable unit worn by the child and were stored on an SD card in that unit. 

The ECG signal was sampled at 300 Hz and had a voltage range of −2.5 to 2.5 V.

Delay of Gratification—At the last measurement occasion, children’s delay of 

gratification was assessed using the same delay paradigm used in Study 1. However, 

children were given the choice between 3 and 8 M&Ms.

Measures

Socio-Economic Diversity—At recruitment, participants for the current study were 

identified as either low SES or middle/high SES. Group membership was used as a measure 

of socio-economic diversity. Mother-child dyads in the low SES group reported a median 

family income of $23,518 a year (Range = $20,625 to $26,410) and reported on average 2.5 

children in the household (Range = 1 to 11). In contrast, the middle SES group reported an 

average income of $85,727 (Range = $77,709 to $287,000) and reported on average 1.8 

children in the household (Range = 1 to 4). We also utilized mother’s address in order to 

examine neighborhood statistics. Compared to mothers in the middle SES group, mother-

child dyads in the low SES group resided in areas demarcated by high population density 

and the highest rates of violent crime (US Census Bureau, 2002). Thus, mothers and 

children in our low SES group were also characterized by experiencing heightened adversity 

within their immediate residential environment.

Respiratory sinus arrhythmia—Similar to Study 1, RSA was calculated using CMet 

software (Allen, et al., 2007).
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Delay of Gratification—Children’s ability to delay gratification was scored similarly as in 

Study 1 through using the delay time such that higher scores indicated greater delay.

Results

Table 1 shows the means and standard deviations for the main variables in Study 2. To 

examine delay ability across the two groups, we utilized a chi-square test which indicated 

significant differences (χ2 (1) = 3.89, p < .05). Consistent with the larger literature, children 

in the low SES group were less likely to delay gratification (58%) compared to children in 

the high SES group (41%). Data were checked for outliers and none were found. As in 

Study 1, delay of gratification evidenced moderate skew. We transformed the variable using 

a logarithmic function and used the transformed variable in analyses.

Prior to running analyses, predictor variables were centered to avoid problems with 

multicollinearity (Aiken & West, 1991). Interaction terms were created by multiplying the 

centered predictor variables. Path analysis, using the same approach as in Study 1, was used 

to test our hypothesized model (Figure 2). To evaluate whether data were missing 

completely at random (MCAR), we examined the patterns of missing data using Little’s 

MCAR test (Little, 1988). Results showed that the data were MCAR [χ2 = 29.19, ns].

Model analyses were run in accordance with our study aims. The model was fully saturated 

with all paths estimated. Replicating previous research, there was a significant effect of SES 

group on children’s delay of gratification (β = .31, SE = .09, p < .05) such that children in 

the higher SES group had longer delay time. There was no significant main effect of RSA (β 
= .07, SE = .02, p = .56), however there was a significant effect of the interaction between 

RSA and SES on children’s delay of gratification (β = .46, SE = .04, p < .001). The 

interaction term explained 18% of the variance in children’s delay of gratification. Given the 

difficulties inherent in detecting moderators in field research (r2 values are typically less 

than .03; McClelland & Judd, 1993), the magnitude of the effect in the current study is 

noteworthy.

To probe this effect, simple slope analyses with SES group as the moderator variable were 

conducted using an online utilities program (Preacher, Curran, & Bauer, 2006; http://

www.quantpsy.org/interact/mlr2.htm). Results showed that the simple slope for children in 

the low SES group was negative and significantly different from zero (B= −.08, t= 2.31, p < .

05) whereas the simple slope children in the high SES group was positive and different from 

zero (B = .10, t=3.02, p < .05). Children’s basal RSA was plotted at +/− 1 SD (See Figure 3). 

Our findings indicate that higher basal RSA in the context of poverty is associated with 

lower delay of gratification, while higher basal RSA within more resource rich rearing 

environments is associated with higher delay of gratification.

Discussion

Psychological models of self-regulation highlight the importance of resisting impulses in 

order to facilitate health and well-being (Calkins, 2009). Empirical research has identified 

vagal tone as a potential early physiological precursor of children’s self-regulation however 

findings have been equivocal to date. As a first foray into testing the predictive value of 
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vagal tone for children’s delay control across environmental conditions, our results across 

two studies indicate that context matters. Specifically, we found that for children within high 

resource environments, higher levels of vagal tone were associated with delay of 

gratification in a predictable fashion according to normative models of regulation. However, 

the results of Study 1 and Study 2 indicated that higher basal vagal tone within resource poor 

environments predicted a lower propensity to delay gratification.

Taken together, the present findings do not readily support conceptualizations drawn from 

normative psychological models proposing that higher vagal tone is a marker of context 

independent developmentally appropriate regulation. Instead, the current findings suggest 

that function of high vagal tone may operate in a more curvilinear fashion towards 

facilitating behavioral fit within specific environmental contexts (Boyce & Ellis, 2005; West-

Eberhard, 2003). This dichotomy naturally begs the question, how does context inform our 

understanding of what is ‘adaptive’ with respect to how vagal tone is associated with the 

regulation of behavior? Although speculative, we believe that these inconsistencies dovetail 

nicely with emerging evolutionary-developmental theories which stress placing development 

within its proximal ecology when interpreting children’s developmental outcomes (Belsky & 

Pluess, 2013). These frameworks assert that humans adapt their behavior in ways that 

attempt to increase fitness within a specific local environmental condition. Within a local 

context where obtaining future rewards is stochastic and uncertain, taking the immediate 

treat may make perfect sense for children, even though this is viewed as maladaptive by 

society standards as a whole. In support of this assertion, experimental research showing a 

positive association between heightened mortality cues and reward-oriented decision-making 

has attributed this link to greater present-orientation in the context of heightened adversity 

(Griskevicius, et al., 2001).

By extension, our results also raise the possibility that the way in which the function of vagal 

tone is interpreted with respect to children’s regulatory behaviors, such as delay of 

gratification, may depend upon the proximal conditions. Within impoverished contexts 

where access to resources is more unstable, higher basal vagal tone by virtue of its 

sensitivity to contextual cues may function to support development through directing 

behavioral strategies which value immediate reward as opposed to long term gain. In 

contrast, long-term gains may be more likely in higher resourced and more predictable 

environments, and thus high vagal tone may support deferring the immediate sweets due to 

the context-driven (or informed) expectancy that a larger cache is waiting. Thus, across 

groups higher vagal tone functions to promote the behavioral strategy that is more adaptive 

to the specific context.

Several limitations must be acknowledged in interpreting our results. First, the current study 

utilized a single assessment of children’s vagal tone and delay of gratification. Thus, we 

were unable to model potential transactions across these two domains of regulation as well 

as developmental change in these constructs over time; and to test this, it would be important 

for future work to include a broader range of assessments of these constructs. Second, 

although the focus was to examine tonic or basal vagal tone, our sampling precludes 

examination of vagal reactivity and regulation in response to stress. It is clear from previous 

work that both tonic and reactive vagal tone is important to consider in relation to behavioral 
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outcomes. Third, given the homogeneity with respect to SES in Study 1 we were unable to 

test how different contextual conditions within the context of poverty (e.g., maternal 

education, varying incomes) may further explain findings presented. Finally, the results of 

the current study are developmentally specific to the early childhood period and may not 

generalize to older children and adults.

Against a backdrop of previous empirical research examining the regulatory role of vagal 

tone in shaping human development, our interpretation of vagal tone as a potential 

sensitivity factor in determining self-regulation requires confirmatory evidence from future 

studies. In addition, delineating proximal psychological processes, which operate as critical 

mediating mechanisms underlying this association, is an important focus of future research. 

Although we were unable to do so here, it would be interesting to test for potential ‘switch 

points’ in the gradient of socio-economic status where the association between vagal tone 

and regulation reverses. This would be particularly informative for interventions targeting 

chronically marginalized and impoverished children.

These limitations notwithstanding, the present study highlights the potential explanatory 

utility of integrating evolutionary-developmental models within traditional developmental 

research (Davies, Sturge-Apple, & Cicchetti, 2011; Sturge-Apple, Davies, Martin, Cicchetti, 

& Hentges, 2012) and within clinical interventions (Thibodeau, August, Cicchetti, & 

Symons, 2014). We contend that viewing development within an evolutionary framework 

naturally shifts the nature of empirical questions from a value laden approach focused 

primarily on the form of a behavior (inherently ‘good’ vs. inherently ‘bad’) towards 

understanding the proximate function of children’s behavior when considered within their 

rearing context. We believe this is particularly true for interpreting behavior within highly 

stressful and impoverished conditions. Within such contexts, children’s development may 

actually be elegantly honed to match their environmental constraints and thus necessarily 

their behavior may not cohere to normative models of child development.
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Figure 1. 
Path model analysis from Study 1 testing the predictive role of basal vagal tone at age 2 in 

children’s ability to delay gratification at the age of 4. Standardized coefficients are reported. 

Dashed line indicates a non-significant effect.
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Figure 2. 
Plot of the simple slope analysis from Study 2 of the moderating role of socioeconomic 

group on associations between basal vagal tone at the age of 18 months and children’s delay 

of gratification at the age of 5. Both simple slopes are significantly different from 0, p < .05. 

Basal vagal tone values are graphed at −/+ 1 standard deviation.
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