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The impact of ethnicity/race on youth development is both theoretically and empirically 

documented (Coll et al., 1996). The formation of an ethnic/racial identity (ERI) represents 

an important avenue through which scholars have studied how ethnicity/race impacts 

adolescent development (Umaña‐Taylor et al., 2014). The general consensus of the literature 

is that ERI confers psychological and adjustment benefits for adolescents (Rivas-Drake, 

Seaton, et al., 2014; Rivas-Drake, Syed, et al., 2014). Yet, in the context of ethnic/racial 

discrimination (ERD), research is beginning to suggest that certain dimensions of ERI 

confer protection while others invite vulnerabilities (Yip, 2018). Further, there is a growing 

interest in biopsychosocial investigations of the impact of ERD on youth development 

(Adam et al., 2015; Goosby, Straley, & Cheadle, 2017; Levy, Heissel, Richeson, & Adam, 

2016), with particular interest in the ways in which ERD impacts sleep (Goosby, Cheadle, 

Strong-Bak, Roth, & Nelson, 2018; Slopen, Lewis, & Williams, 2016; Zeiders et al., 2017). 

The current study adopts a biopsychosocial approach to build upon the science of how ERI, 

ERD, sleep and adolescent adjustment are related. To this end, the study utilizes a new 

analytic approach, referred to as “slope-as-mediator” (SAM) mediation (author citationa).

SAM mediation involves considering the association, or relationship, between two variables 

as the mediating mechanism. This approach represents a departure from existing mediational 

techniques such that rather than employing the mean value of an intervening variable, we 

employ the association between two variables or strength-of-relationship as the mechanism 

responsible for how the independent variable is subsequently related to the outcome. 

Exploring the association between two variables, rather than mean values, will highlight how 

the correspondence between two variables might be at least partially responsible for the link 

between predictors and outcomes over time. With its focus on processes and associations 

rather than static means, this approach is particularly well suited to the application of 

development theories, processes and mechanisms.

A Biopsychosocial Approach to Ethnic/Racial Minority Youth Development

A biopsychosocial approach (Engel, 1980) maintains that to fully understand the 

determinants of health, it is necessary to employ perspectives that give equal weight to 

biological, psychological, and social influences. The biological focus of the current study 
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includes self-reported measures of daily sleep. Sleep is a particularly important biological 

process to investigate among adolescents, who are also dealing with pubertal changes. 

Research finds that mid-pubertal adolescents require more sleep than their younger or older 

counterparts to achieve the same level of daytime concentration (Dewald et al., 2010). 

Furthermore, sleep disturbance increases daytime sleepiness, neurologically compromising 

adolescents’ cognitive control and concentration (Telzer, Fuligni, Lieberman, & Galván, 

2013). Therefore, sleep disturbance among adolescents is particularly detrimental for 

developmental outcomes. The psychological focus of the study includes ethnic/racial 

identity (ERI) development, a critical task during adolescence (Erikson, 1968). Healthy ERI 

development is associated with better health and academic outcomes throughout adolescence 

(Chavous et al., 2003; Rowley, Sellers, Chavous, & Smith, 1998). The social component of 

the study focuses on ethnic/racial discrimination (ERD), which is linked to poor health and 

academic outcomes (Huynh & Fuligni, 2010; Neblett et al., 2006; Seaton & Yip, 2009). It is 

especially important to examine the effects of ERD during adolescence because of academic 

and health consequences; further, discrimination experienced in adolescence has 

downstream adult health consequences (Adam et al., 2015; Greene, Way, & Pahl, 2006; 

Hughes, Del Toro, Harding, Way, & Rarick, 2016).

Taken together, the current paper aims to elucidate how the longitudinal association between 

ethnic/racial identity (ERI) and psychological functioning might be mediated by the daily-

level association between ethnic/racial discrimination (ERD) and sleep. Ethnic/racial 

identity (ERI) is defined as “a multidimensional, psychological construct that reflects the 

beliefs and attitudes that individuals have about their ethnic-racial group memberships, as 

well as the processes by which these beliefs and attitudes develop over time” (p. 23; Umaña-

Taylor et al 2014). Similarly, we consider ethnic/racial discrimination (ERD) to be 

differential, typically unfair, treatment due to membership in a marginalized ethnic/racial 

group which serves to “reinforce relations of dominance and subordination, thereby 

bolstering privileges conferred to…members of a dominant group” (p. 301, Krieger, 1999).

Ethnic/Racial Identity and Psychological Outcomes

Empirical interest in ethnic/racial identity was arguably born of an inquiry into 

understanding how marginalized youth are impacted by their socially-undervalued group 

membership. Starting with the Clarks’ seminal doll study research (Clark & Clark, 1939), 

the study of ERI has stemmed from an interest in how children and youth at once form an 

identification with a marginalized group and maintain a positive and healthy sense of self. 

This research continues, and scientists are delving deeper into the nuanced ways in which 

ERI impacts and is impacted by psychological adjustment. Although ERI research has made 

significant progress since the Clarks’ early research, much is still unknown. In part, the lack 

of clarity about the association between ERI and outcomes is due to conceptual and 

methodological inconsistencies (Schwartz et al., 2014).

We focus exclusively on the developmental components of ERI commitment and exploration 

since there are clear, theory-driven hypotheses related to how these components should be 

related to psychological outcomes over time and they show the most consistent moderating 

effects of discrimination in a recent meta-analysis (author citationb). ERI commitment refers 
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to the extent to which one feels attached and personally invested as a member of one’s 

ethnic/racial group (Phinney, 1992). Phinney & Ong (2007) note that commitment is 

“perhaps the most important component of ethnic identity” (p. 272). According to identity 

theory, having a strong sense of commitment to one’s identity is expected to be associated 

with positive outcomes (Tajfel & Turner, 2004). The empirical evidence largely supports this 

prediction observing positive associations between high levels of ERI commitment and 

emotional stability, self-esteem, clarity, family functioning, mental health, life satisfaction 

and academic achievement (Phinney & Kohatsu, 1997; Phinney, Lochner, & Murphy, 1990; 

Rivas-Drake, Seaton, et al., 2014).

ERI exploration refers to the extent to which one seeks information and experiences relevant 

to one’s ethnic/racial group membership (Phinney, 1992). While a strong sense of ERI 

commitment is expected to be beneficial for well-being, the theory and research on the 

psychological effects of exploration are more equivocal. In part, the relationship between 

exploration and psychological outcomes may depend on the impetus for the exploration 

(Syed et al., 2013). For example, exploration in response to negative experiences such as 

discrimination may signal distress and be associated with compromised outcomes (Syed & 

Azmitia, 2010). On the other hand, exploration related to parental socialization and cultural 

activities may be associated with more optimal outcomes (Syed et al., 2013). Moreover, 

regardless of the impetus, prolonged periods of exploration, may signal uncertainty or 

insecurity, which may also be associated with compromised adjustment (Yip, Seaton, & 

Sellers, 2006). As an illustration, ERI exploration has been observed to have a positive 

bivariate association with self-esteem among Latinx adolescents, however, this association is 

negative after adjusting for the effects of discrimination (Romero & Roberts, 2003). 

Similarly, exploration has been observed to be associated with positive psychological 

indicators such as agreeableness, purpose in life, and self-esteem (Syed & Azmitia, 2010; 

Syed et al., 2013). At the same time, exploration has been also observed to be associated 

with negative adjustment such as emotional instability, internalization, and more distressed 

responses to discrimination (Syed et al., 2013).

Based on theory, existing research, and a meta-analysis (author citationb), we posit an 

overall benefit of ERI commitment for psychological outcomes; and because the current 

analyses focus on discrimination, a corresponding compromise for high levels of ERI 

exploration. More importantly, our substantive and methodological contributions are put 

forth in the mediating processes that are responsible for the link between ERI and outcomes. 

Here, we introduce slope-as-mediator (SAM) mediation analysis (author citationa) and 

propose that the association between daily experiences of ethnic/racial discrimination (ERD) 

and sleep disturbance may at least partially mediate the overall association between ERI and 

psychological outcomes.

The Association between ERD and Sleep as A Mediator

The literature on the health effects of ethnic/racial discrimination (ERD) is robust and 

consistent. Indeed, recent meta-analyses and systematic reviews have observed the negative 

effects of ERD on a host of health outcomes, including recent research on sleep (Goosby et 

al., 2018; Lewis et al., 2012; Slopen et al., 2016). The negative effects of ERD on 
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psychological health among adolescents are clear (Schimitt, Branscombe, Postmes, & 

Garcia, 2014). For example, researchers have found that ERD is associated with more 

depressive symptoms and psychological distress, lower self-esteem, increased hopelessness 

and anxiety (Branscombe, Schmitt, & Harvey, 1999; Gee, Spencer, Chen, Yip, & Takeuchi, 

2007; Greene et al., 2006; Williams, Neighbors, & Jackson, 2008; Yip, Gee, & Takeuchi, 

2008). In a recent meta-analysis, Schmitt et al. (2014) observed that the effects of ERD were 

particularly detrimental for youth as compared to adults. Moreover, ERD seems to have 

stronger effects on negative outcome indices (e.g., depressive symptoms, anxiety), compared 

to positive ones (e.g., self-esteem).

Focusing on sleep, there is a growing body of evidence suggestive of direct effects of ERD 

on sleep. A recent systematic review found consistent links between discrimination and 

sleep disturbances for all 17 of the studies included in the analysis (Slopen et al., 2016). 

Among African American adolescents, recent daily diary and actigraphy research has found 

a link between daily discrimination and compromised sleep quality (Goosby et al., 2018). In 

diverse group of adolescents, discrimination has also been observed to compromise sleep 

duration (Goosby et al., 2018; Huynh & Gillen-O’Neel, 2016). Also recently, a study of 

Latinx young adults found that ERD was predictive of greater variability in sleep, suggesting 

disturbances in sleep due to ERD that are not related to duration or quality (Zeiders et al., 

2017). Importantly, recent research on sleep among adolescents finds that night-to-night 

variability is predictive of brain development one year later, over and above the effects of 

sleep duration (Telzer, Goldenberg, Fuligni, Lieberman, & Gálvan, 2015). In other analyses 

using the same sample presented here, there was evidence of same-day disturbances in sleep 

duration and quality on days in which adolescents reported experiencing discrimination 

(author citationc). Extending the current literature, we hypothesize that ERD will have a 

negative impact on sleep (duration and quality) such that higher levels of ERD will be 

associated with more disturbance. Among adults, discrimination has been observed to 

predict sleep disturbances above and beyond effects attributable to more general stressors, 

moreover, ethnic/racial disparities in sleep have been observed to be mediated by 

discrimination (Fuller-Rowell et al., 2017; Slopen & Williams, 2014; Tomfohr, Pung, 

Edwards, & Dimsdale, 2012). In a slope-as-mediator (SAM) approach, the association 

between ERD and sleep are hypothesized to serve as the mediating mechanism.

Moreover, we believe that the strength of this association - how strong the daily positive 

association between ERD and sleep disturbance is - will at least in part, explain the 

association between ERI and outcomes. For the first part of the SAM model (the extent to 

which ERI is linked to daily ERD-sleep associations), we pose different hypotheses for ERI 

commitment and exploration. We hypothesize that adolescents who have a strong sense of 

ERI commitment will report a weaker positive association between ERD and sleep 

disturbance. This is informed by a recent meta-analysis highlighting a weaker effect of ERD 

on health outcomes for adolescents with stronger ERI commitment (author citationb). On the 

other hand, it is hypothesized that adolescents who have a high level of ERI exploration will 

report a stronger positive association between ERD and sleep disturbance. This is informed 

by meta-analytic research identifying stronger effects of ERD on health outcomes for 

adolescents with higher levels of ERI exploration (author citationb). Because the slope-as-

mediator is an association (rather than the typical mean/level of the variable as mediator), 
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the first part of the SAM model is statistically and conceptually equivalent to a cross-level 

interaction effect (e.g., how a person-level trait at Level 2 impacts daily-levels processes at 

Level 1). Yet, the second part of the SAM model (the extent to which daily ERD-sleep 

associations are linked to well-being) is conceptually distinct from cross-level interactions. 

We next discuss our hypotheses regarding the second part of the SAM model.

Linking the ERD-Sleep Association to Well-being

Sleep touches nearly all aspects of development including academic, physical, and 

psychological outcomes. Among adolescents, sleep is particularly important for day-to-day 

functioning as well as development over time (Shochat, Cohen-Zion & Tzischinshy, 2014; 

Wolfson & Carskadon, 1998). Although the impact of sleep and sleep deprivation is far-

reaching, in the current study, we focus on psychological outcomes including daily mood 

states (Lofthouse, Gilchrist, & Splaingard, 2009). Sleep disturbances including poor quality 

sleep, shortened sleep duration, and high sleep variability have been observed to be related 

to increased depressive symptoms, anxiety, and psychological distress (Beatty et al., 2011; 

Gregory & Sadeh, 2012; Haack & Mullington, 2005; Hamilton et al., 2007, Kelly & El-

Sheikh, 2014; McMakin & Alfano, 2015). In research on Latinx communities, sleep 

accounted for 26% of the variance in depressive symptoms (Steffen & Bowden, 2006). In a 

sleep manipulation study, where adolescents were randomly assigned to sleep deprivation 

conditions, adolescents in the restricted condition reported more anxiety, anger, hostility, 

confusion, and fatigue (Baum et al., 2014). Moreover, adolescents with restricted sleep also 

reported more difficulty regulating their emotions (Baum et al., 2014). Informed by the 

deleterious effects of ERD and sleep disturbance for well-being, we hypothesize that the 

daily association between ERD and sleep disturbance also has an impact on well-being (i.e., 

second part of the SAM model). Adolescents who have a strong, positive association 

between ERD and sleep disturbance are also expected to report compromised well-being.

Slope-as-Mediator (SAM) Mediation: An Introduction

Baron and Kenny’s 1986 publication is often cited for its contributions to the study and 

applications of mediation analysis, particularly as it distinguishes mediation from another 

third-variable association, moderation. Baron and Kenny’s (1986) paper has been cited well 

over 20,000 times (PsycINFO) and is the most-cited article ever published in the Journal of 
Personality and Social Psychology. Baron and Kenny describe a mediating variable as “the 

generative mechanism through which the focal independent variable is able to influence the 

dependent variable of interest” (p. 1173). Mediating variables “intervene”, “account for”, 

and “speak to how or why” independent variables are related to the outcome of interest (p. 

1176). More recently, Kenny (2008) wrote “mediation is important because it allows us to 

conduct scientific investigations; that is, the interesting part of science is to explain how 

something comes about…mediational analyses provide the researcher with a story about a 

sequence of events that leads to something” (p. 354). The ability to explore the impact of 

predictors on distal outcomes through proximal processes may be one of the key reasons for 

the appeal of mediation analyses to developmental science (Dearing et al., 2006).
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Baron and Kenny (1986) propose that a mediating variable is a third, explanatory variable, 

that at least partially explains the association between the independent and dependent 

variables. Shrout and Bolger (2002) discuss one of the most notable ways in which 

mediation analyses have been misspecified: overlooking the temporal and causal assumption 

underlying the analysis (Imai, Keele, & Tingley, 2010; Maxwell & Cole, 2007). At its core, 

mediation models make inferences about causal processes. That is, changes in the predictor, 

lead to subsequent changes in the mediator, which result in changes in the outcome. 

Mediation analysis is an important analytical tool and there have been recent advances in 

their application (see Preacher, 2015 for review).

Adding to current elaborations of Baron and Kenny’s (1986) original conceptualization, we 

propose the concept of slope-as-mediator (SAM) mediation, an analytical approach where 

the association between two variables serves in a mediating capacity (author citationa, 

Figure 1). In this section, we introduce the general concept of slope-as-mediator mediation 

and offer an illustration with multilevel, experience sampling data and propose that the day-

to-day association between two variables can be considered as the mediating link 

responsible for outcomes over time. In this multilevel framework, daily-level associations 

are modeled at level 1 and person-level changes over time are modeled at level 2. A similar 

notion of strength-of-relationship has recently been used in research assessing individuals’ 

affective responses to stress in daily lives (Charles et al., 2013; Mandel, Dunkley, & Moroz, 

2015; Wichers et al., 2009). By linking the person-level (level 2) association between daily 

stress and affect (i.e., stress reactivity; level 1) to long-term psychological well-being, this 

line of work shows that higher levels of stress reactivity are associated with increased 

depressive and anxious symptoms over time (Charles et al, 2013). These findings highlight 

the significance of investigating cumulative affective responses in daily lives. Exploring the 

relationship between two variables, rather than mean values, highlights how the 

correspondence between two variables might be at least partially responsible for the link 

between predictors and outcomes. With its focus on processes and relationships rather than 

static means, this approach is well suited to the application of developmental and 

intervention-focused theories and questions.

Why does focusing on the association between daily processes (rather than a static mean) 

uniquely elucidate developmental processes? Developmental theory often focuses on the 

importance of daily processes, and repeated experiences of daily processes, for longer term 

development (Barker, 1968; Gallimore, Goldenberg, & Weisner, 1993). However, few 

analytic methods are able to approximate and reflect the theoretical underpinnings of these 

developmental theories. Development occurs as an accumulation of daily experiences and 

often these daily experiences extend beyond just average levels, and move in to the 

association between two constructs. The slope-as-mediator approach provides a conceptual 

and analytical tool to investigate and model these associated experiences. For example, 

intervention research is predicated on the idea that an intervention (the predictor variable) 

may change the relationship between two variables, which in turn, results in changes in the 

outcome. As an illustration, an educational intervention may target student-teacher 

relationships aiming to improve academic outcomes. The intervention might focus on 

improving the quality of student-teacher interactions such that students feel better about 

themselves after having interacted with a teacher, which in turn, lead to academic 
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improvement over time. Focusing on daily-level associations provides a more dynamic and 

nuanced depiction of how everyday processes are involved in development over time.

The Current Study

Taking a biopsychosocial approach, the current study aims to contribute to the science of 

how ethnic/racial minority adolescents experience the daily impact of ERD, with a particular 

focus on sleep disturbances. Moreover, the daily-level association between ERD and sleep 

(i.e., level 1) is implicated as a mediating mechanism linking ERI to adolescent adjustment 

outcomes over time (i.e., level 2). Consistent with research, we hypothesize that ERI 

commitment will be associated with overall positive psychological adjustment. In part, 

however, we believe that this positive association will be mediated by positive association 

between ERD and sleep disturbance. Based on existing research, we hypothesize that 

adolescents who have a strong sense of ERI commitment a). will report a weaker positive 

association between ERD and sleep disturbance (i.e. cross-level interaction where ERI 

commitment buffers the positive association between ERD and sleep disturbance), and b). 

that the association between ERD and sleep disturbance will at least partially mediate the 

positive association between ERI commitment and psychological adjustment (i.e., slope-as-

mediator mediation). On the other hand, we hypothesize that ERI exploration will be 

associated with compromised psychological outcomes. And again, we hypothesize an 

explanatory pathway through the association between ERD and sleep disturbance. 

Specifically, we predict that adolescents who have a strong sense of ERI exploration will: a). 

report a stronger positive association between ERD and sleep disturbance (i.e., cross-level 

interaction where ERD exploration exacerbates the positive association between ERD and 

sleep disturbance), and b). that the association between ERD and sleep disturbance will at 

least partially mediate the negative association between ERI and psychological adjustment 

(i.e., slope-as-mediator mediation).

Methods

Participants

The data of the current study were from the first year of a four-year longitudinal study on 

stress, sleep, and daily activities in ninth-grade adolescents. The sample had a total of 264 

adolescents with 70% females and 30% males (Mage = 14.3 years old, SD = .66). The 

majority of the sample (76%) was born in the United States, while modal birthplaces 

included Jamaica (23%) and the Dominican Republic (15%). The sample was 43% Latinx, 

32% Asian Americans, and 25% African Americans. Among adolescents who identified as 

Latinx: 28% identified as Dominican, 22% as Mexican, 21% South American, 16% Puerto 

Rican, 5% Central American, and 8% other. Among the adolescents who identified as Asian 

Americans: 79% identified as Chinese, 8% as Korean, 2% as Indian, and 11% other. A 

considerable proportion of the adolescents reported their parents’ highest level of education 

as high school or below (35% mothers, 37% fathers). Slightly fewer adolescents reported 

their parents’ education as beyond high school (32% mothers, 21% fathers). Many 

adolescents reported not knowing their parents’ highest level of education (33% mothers, 
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42% fathers). Latinx, African American, and Asian American adolescents did not differ by 

age, gender, nativity, mother’s and father’s education level.

Procedures

Participants were recruited from five public New York City high schools that were selected 

for their racial diversity - diversity at the schools had a mean of 46% Latinx (ranging from 

21% to 50%), 31% African Americans (ranging from 4% to 63%), 15% Asian Americans 

(ranging from 3% to 57%), and 6% Whites (ranging from 2% to 16%). The Simpson’s 

diversity index (ranging from zero to one, one indicates the highest diversity) for the 

schools’ racial compositions had the mean of .47 (ranging from .29 to .62), indicating that 

the probability of randomly selecting two students from different ethnic/racial groups 

was .47 on average. All Latinx, African American, and Asian American ninth-grade students 

in these schools were invited to participate in a study focused on stress and sleep. Invitation 

letters were mailed to the parents of these students, and only students with parental consents 

participated. Online data from the Department of Education website (2016–2017) reports 

that students in these five schools had mean SAT = 925 (SD = 101) and attendance rates = 

87% (SD = 6%; city’s average = 89%), and four-year graduation rates = 76% (ranging from 

60% to 89%; city’s average = 74%). The response rate ranged from 6% to 31% across the 

five schools likely because active parental consent was required and each of the schools had 

52% to 86% of students who were socioeconomically disadvantaged. Parents often work 

multiple jobs and may not see their kids regularly. In addition, it is possible that not all 

parents received the consent forms since some families use addresses that are not their own. 

As such, data were collected in three successive cohorts (cohort 1: n = 88, cohort 2: n = 87, 

cohort 3: n = 89) collected across successive school years from 2015 to 2017. The cohorts 

did not differ on age, gender, race, mother’s and father’s education level.

In the first wave of data collection (referred to as T1 hereafter), participants met in groups of 

one to ten students after dismissal and were assented to the study and completed an online 

demographic questionnaire including questions about ERI. After that, participants were 

given a data-enabled electronic tablet to access the five- to seven-minute daily web-based 

survey, which they completed each night before bed for 14 days. Because the daily diary 

survey was hosted online, research assistants monitored compliance. Participants were 

compliant with their daily diary completion (M = 10.4 diaries completed, SD = 3.7, 

maximum = 14). About half of the participants (54%) reported sharing a room with at least 

one other person (M = 1.45, SD = .76), while the others reported sleeping alone at night. At 

the end of the 14 days, participants returned the tablet, completed another online survey 

(referred to as T2), and were compensated $20. This longitudinal design increases the 

internal validity of the mediation effects (Imai et al., 2010; Maxwell & Cole, 2007).

Measures

Ethnic/Racial Identity (ERI) Exploration and Commitment.—ERI exploration and 

commitment were assessed at T1 using the Multigroup Ethnic Identity Measure (MEIM; 

Phinney, 1992). The exploration subscale consisted of five items (e.g., “I have spent time 

trying to find out more about my own ethnic/racial group, such as history, traditions, and 

customs.”) and the commitment subscale consisted of seven items (e.g., “I have a strong 
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sense of belonging to my own ethnic/racial group.”) Participants responded to all items 

using a four-point scale (1 = “strongly disagree” to 4 = “strongly agree”). Both subscales 

showed good internal consistency (exploration: α = .71; commitment: α = .84). Means and 

standard deviations for all measures are presented in Table 1.

Daily Ethnic/Racial Discrimination (ERD).—We developed a discrimination scale to 

assess adolescent’s daily ERD. The scale consists of six daily hassles related to respondents’ 

ethnicity/race (“I was treated unfairly because of my race/ethnicity,” “I felt stress because of 

my race/ethnicity,” “others treated me poorly because of my race/ethnicity,” “I was teased 

because of my race/ethnicity,” “I felt uncomfortable because of my race/ethnicity,” “I felt 

unsafe because of my race/ethnicity”). Adolescents reported the extent to which each item 

was a problem using a four-point scale (0 = “did not happen/was not a problem today” to 3 = 

“very much a problem today”). To maintain a temporal ordering between discrimination and 

sleep, the analyses investigate the same-day effects of discrimination on sleep (i.e., today’s 

discrimination predicting tonight’s sleep). This scale had good internal consistency at daily 

level (α = .90) and adolescent level (α = .98; Geldhof, Preacher, & Zyphur, 2014). 

Consistent with other indicators of daily ERD, adolescents also reported low frequencies of 

daily ERD on the six items (Torres & Ong, 2010). On average across the six items, 71% of 

students reported that they did not experience ERD. To conceptualize ERD as a low 

frequency and high impact experience, we calculated a binary indicator (i.e., 0 = no ERD 

experience on a given day, 1 = at least one ERD experience on a given day; M = .09). The 

intraclass correlation of this indicator showed that there was variation in ERD across days 

among the adolescents (ICC = .47). At the daily level, ERD was significantly correlated with 

angry mood (r = .10), rumination (r = .13), somatic symptoms (r = .16) and daily hassles 

(e.g., academic pressures, friendship stress, family stress; r = .19), ps < .001, supporting its 

criterion-related validity.

Daily Sleep.—Sleep was assessed using an adapted daily measure of the Pittsburgh Sleep 

Quality Index (PSQI; Buysse et al., 1988). PSQI is an 18-item self-reported scale measuring 

multiple dimensions of sleep. The data presented here include sleep latency, sleep efficiency, 

sleep disturbance, daytime dysfunction, and duration. All sleep quality indicators were 

coded such that higher scores indicate the presence of more disturbance (e.g., longer sleep 

latency, poorer efficiency, etc.). Sleep latency was assessed with “last night, how long did it 

take you to fall asleep?” with responses including “less than 15 minutes, 16–30 minutes, 31–

60 minutes, more than an hour”, such that higher scores indicate a longer transition from 

wake to sleep. Sleep efficiency was computed using a combination of sleep duration and 

time in bed. Time in bed was computed from: “what time did you go to sleep last night?” 

and “what time did you wake up today?”. Sleep efficiency is a ratio of proportion of time 

asleep out of time in bed, higher scores indicate worse sleep efficiency. Sleep quality 

disturbance was assessed with 9 items listing common issues “last night, how much did you 

have trouble sleeping due to the following reasons? …felt too cold, felt too cold, had bad 

dreams, had pain, coughed or snored loudly etc…” on a scale from 0 = not at all to 3 = a lot, 

with higher scores indicating more disturbance. Daytime dysfunction was assessed with two 

items, for example, “today, how much trouble did you have staying awake while doing 

homework, while in class, eating meals, or spending time with friends” and responses 
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included 0 = no trouble at all, 1 = a little bit of trouble, 2 = some trouble, and 3 = a whole lot 

of trouble. Finally, duration was computed based on adolescents’ responses to “last night 

how many hours of actual sleep did you get” where 0 = less than 5 hours, 1 = 5–6 hours, 2 = 

6–7 hours, 3 = greater than 7 hours. In contrast to sleep quality, sleep duration was coded 

such that lower scores were associated with shorter sleep and more disturbance. With the 

exception of daytime dysfunction, adolescents responded to all items referring to the prior 

day. The means of the various sleep dimensions (Table 1) were on the lower end of the 

continuum. For example, the mean values for scales ranging from 0 to 3 were: sleep latency 

= .45 (higher score indicates longer time to fall asleep), sleep efficiency = .90 (higher score 

means lower efficiency), sleep disturbance = .42 (higher score means more disrupted sleep), 

daytime dysfunction = .41 (higher score means more dysfunction), sleep duration = 1.97 

(higher score means longer duration). The intraclass correlations (ICC) across days indicated 

daily variation in sleep (sleep latency =.36, sleep efficiency = .30, sleep disturbance = .31, 

daytime dysfunction = .29, sleep duration = .39).

Well-being.—Adolescent well-being was assessed by six constructs at T1 and T2: self-

esteem, positive mood, negative mood, anxious mood, and depressive symptoms. Self-

esteem was assessed by Rosenberg Self-esteem Scale (Rosenberg, 1965), which had ten 

items using a four-point scale (1 = “strongly disagree” to 5 = “strongly agree”). This scale 

had satisfactory internal consistency at T1 (α = .86) and T2 (α = .84). Positive mood (i.e., 

happy, calm, joyful, excited), negative mood (i.e., sad, hopeless, discouraged, blue) and 

anxious mood (i.e., anxious, nervous, unable to concentrate, on edge/uneasy) were assessed 

using a short form of Profile of Mood States (POMS; McNair et al., 1971). Adolescent’s 

feelings during the past week at T1 and during the past two weeks at T2 were rated on a 

five-point scale (1 = “not at all” to 5 = “extremely”). All three scales had satisfactory 

internal consistency at T1 (positive mood: α = .78; negative mood: α = .84; anxious mood: 

α = .72) and T2 (positive mood: α = .80; negative mood: α = .89; anxious mood: α = .85). 

Depressive symptoms were assessed by Center for Epidemiological Studies-Depression 

(CES-D; Radloff, 1977), which had ten items using a four-point scale to assess respondent’s 

depressive feelings during the past month at T1 and during the past two weeks at T2 (1 = 

“never” to 5 = “all of the time”). This scale had satisfactory internal consistency at T1 (α 
= .88) and T2 (α = .89).

Analysis and Results

Analytic Procedures

Table 1 shows the means, SDs, intraclass correlations (ICCs), and correlations of the 

primary study variables. Although adolescents were nested within schools by design, the 

ICCs of the study variables at the school level were considered small (mean = .01, ranging 

from .00 to .03; Hedges & Hedberg, 2007); suggesting none to negligible amounts of the 

variability in daily sleep indices were attributable to adolescents’ schools. Therefore, school-

level variability was not included in the multilevel analyses.

Figure 1 shows the conceptual path diagram of the SAM mediation models. In the model, 

ERI exploration/commitment (Path a) predicts the slope-as-mediator (the daily association 
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between ERD and sleep indicated by a black dot) and well-being (Path c’), and the slope-as-

mediator predicts well-being (Path b). Each slope-as-mediator with different sleep indicators 

was tested in separate models because of the computational difficulties associated with 

estimating several random slopes in one model. All the well-being indicators (self-esteem, 

positive mood, negative mood, anxious mood, depressive symptoms) were included in every 

model, thus adjusting for any covariance between the outcomes. Of note, analyses were also 

conducted with each well-being outcome tested in separate models and the results were 

consistent with those in Table 1. As depicted in Figure 2, covariates were included to 

facilitate causal inference in the mediation analysis. At the daily level, we included day of 

the study (i.e., 1–14) which adjusts for method artifacts of daily diary studies, day of the 

week (1 = weekend, 0 = weekday; Lee et al., 1999) and previous-day sleep to adjust for 

sleep. At the adolescent level, we included ERI (commitment adjusting for exploration, and 

vice versa), gender (0 = female, 1 = male), age (continuous), race (two dummy variables 

with Asian Americans as the reference group), mother’s and father’s education levels 

(dummy variables for high school or below, beyond high school, and do not know), and T1 

well-being as covariates (Borders & Liang, 2011). Adolescent’s nativity was not included as 

a covariate because of high missing data rate (26%).

Multilevel structural equation modeling was used to estimate the SAM mediation model. 

Simulation study found that this method can produce unbiased mediation effect estimate and 

satisfactory statistical power when there are more than 14 level 1 observations per every 

level 2 in a balanced design (i.e., equal number of level 1 observations for all level 2 

observations; author citationa). Using the notations by Preacher, Zyphur, and Zhang (2010), 

the SAM mediation model in Figure 1 can be expressed in equations 1 to 3:

Measurement Model:

Yij = Ληij

Dij
Eij
Xj
Y j

=

1 0 1 0 0 0
0 1 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

ηDij
ηEij
ηDj
ηEj
ηXj
ηY j

Structural Model at Level 1:

ηij = αj + Bjηij + ζij
ηDij
ηEij
ηDj
ηEj
ηXj
ηY j

=

0
0

αηDj
αηEj
αηXj
αηY j

+

0 0 0 0 0 0
BEDj 0 0 0 0 0

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

ηDij
ηEij
ηDj
ηEj
ηXj
ηY j

+

ζDij
ζEij

0
0
0
0

Structural Model at Level 2:
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ηj = μ + βηj + ζj
vec(Bj)
vec(αj) = μ + β

vec(Bj)
vec(αj) + ζj

BEDj
αηDj
αηEj
αηXj
αηY j

=

μBEDj
μηDj
μηEj
μηXj
μηY j

+

0 0 0 βBEDX 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

βY BED 0 0 βY X 0

BEDj
αηDj
αηEj
αηxj
αηY j

+

ζBEDj
ζηDj
ζηEj
ζηXj
ζηY j

where i and j means level 1 and level 2 units, respectively. In the measurement model, Yij is 

a column vector of measured variables at both levels. In Y, D is ERD, E is Sleep, X is ERI, 

and Y is well-being. ηij is a column vector of latent variables at both levels and Λ is the 

factor loading matrix. The measurement model separates each level 1 variable (e.g, D) into 

two latent variables that capture the level 1 (ηDij) and level 2 (ηDj) information. The dash 

lines in the matrices separates the level 1 and level 2 information. In the level 1 structural 

model, αj is the vector of level 2 unit’s intercepts of each variable. Bj is the vector of level 2 

unit’s slopes of the relationships between level 1 latent variables. ζij is the vector of level 1 

disturbances. Here we model the relationship between the two level 1 variables D and E, 

producing the random slope BEDj. In the level 2 structural model, ηj is the vector of level 2 

unit’s slope and intercepts. μ is the vector of intercept coefficients. β is the vector of path 

coefficients. βBEDX is the path coefficient of predictor X to level 2 unit’s slope. βYBED is the 

path coefficients of slope (mediator) to outcome Y. βYX is the path coefficient of X to Y. ζj 

is the vector of level 2 disturbances.

These model specifications allow SAM approaches to make unique conceptual contributions 

compared to traditional mediation models, cross-level interactions, and conditional indirect 

effect models. We use the SAM mediation pathway from ERI commitment to the slope 

between daily ERD and sleep to adolescent self-esteem as an example. Compared to the 

traditional mediation (e.g., ERI commitment to daily ERD to self-esteem), SAM mediation 

also tests for the mechanisms through which a predictor influences an outcome variable. The 

mediator in a SAM model is a random slope between two level 1 latent variables, rather than 

a variable. Although the SAM mediation is equivalent to cross-level interactions in its first 

part (i.e., predictor to slope-as-mediator), it provides additional information by highlighting 

the developmental implications of linking the slope-as-mediator to the outcome variables 

(i.e., slope between daily ERD and sleep to self-esteem). Finally, the SAM mediation shares 

some similarities with conditional indirect effect models (e.g., ERI commitment 

conditioning the effect of daily ERD on daily sleep, daily sleep in turn related to self-

esteem), as both methods could test the same set of variables. The key contrast between the 

two methods is that while the conditional indirect effect model draws conclusions on the 

mediating effect of a variable (i.e., daily sleep), the SAM mediation draws conclusions on 

the mediating role of a slope (i.e., slope between daily ERD and sleep).

Mediation analyses were conducted in Mplus 7.2, using the Bayesian estimator that allows 

for incorporating prior distributions of parameters. The Gibbs sampler algorithm with 

random walk was selected because prior distributions of parameters from past studies can be 
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incorporated into model estimations, resulting in more precise posterior distributions of the 

parameters and mediation effects (Yuan & MacKinnon, 2009). For each model, the prior 

distributions of the path from predictor to slope-as-mediator, and from slope-as-mediator to 

outcome was inputted. Prior distribution estimates were based on studies that are 

conceptually and methodologically similar to this study (Table 2). For the prior distributions 

of the path from predictor to slope-as-mediator (Path a), the effect of (ERI exploration/

commitment → [the daily association between ERD and daily sleep]) was equivalent to a 

cross-level interaction between ERI exploration/commitment and daily ERD for daily sleep. 

As a result, using estimates from a recent meta-analysis on the interactions between ERI and 

daily ERD for daily adjustment (author citationb); six published studies and one unpublished 

study provided the estimates for the predictive effects of ERI exploration and commitment. 

Rows A and B in Table 2 present the parameter estimates and standard errors from these 

studies. Effects were listed in order of the ratio of the parameter estimates to standard errors 

(i.e., z scores). We chose the set of the parameter estimate and standard error closest to the 

third quartile of the z scores as the prior mean and prior SD for each effect. We chose the 

third quartile of the z scores because these effects are equivalent to moderation effects, 

which often have smaller effect sizes (Chapin, 1991). The prior distributions were set to be 

normally distributed.

For the prior distributions of the path from slope-as-mediator to outcome (Path b), we 

searched for the studies investigating the effects of individuals’ stress reactivity on well-

being. Two studies of depression, one study of anxiety, and two studies of other well-being 

constructs (affective disorder, affective diagnosis, distress) were identified (Table 2). Row C 

in Table 2 presents the parameter estimates and standard errors from these studies. We 

included the prior distributions according to their respective outcomes (e.g., depression 

estimates for the depression outcome). Similarly, the effects were listed in order of the ratio 

of the parameter estimates to standard errors (i.e., z scores). We chose the set of the 

parameter estimate and standard error closest to the median of the z scores as the prior mean 

and prior SD for each effect. Median was chosen to provide the average effects using 

Bayesian analysis. The prior distributions were set to be normally distributed.

At the adolescent level, the average percentage of missing data at T1 and T2 was 1% and 

7%, respectively. Missing data rates less than 10% are unlikely to affect statistical analyses 

(Dong & Peng, 2013). The daily diary reports had an average missing data rate = 12%. To 

examine whether the daily diary variables were missing completely at random, we 

calculated the correlations between the compliance of the daily diary reports and the 

variables at T1 (Enders, 2010). The average correlations (ignoring directions) was small (rs 

= .07, SD = .06), supporting the conclusion that daily ERD and sleep were missing 

completely at random. Mplus omitted participants with missing values on any predictors and 

covariates from analyses, resulting in a final analytic sample of 255 adolescents with an 

average of 9.3 daily reports.

Results

Table 3 presents the full set of results from the SAM mediation analysis. The posterior 

medians and 95% credible intervals (CI) of the adjusted mean of the slope-as-mediator 
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(daily ERD to sleep), the direct effect of ERI exploration/commitment to well-being (Path 
c’), the effect of ERI exploration/commitment to the slope-as-mediator (Path a), the effect of 

the slope-as-mediator to well-being (Path b), presented from left to right. Consistent with 

other research, effects whose 95% credible intervals that did not include zero between the 

lower limit (LL) and upper limit (UL) were regarded as statistically significant (Yuan & 

MacKinnon, 2009). Only significant mediated results are discussed in the text, but the 

complete set of results can be found in Table 3.

Sleep Latency.—The results for sleep latency are presented in Table 3, Row A. First, 

analyses focused on ERI commitment observed that, consistent with hypotheses, adolescents 

who were higher on commitment reported a weaker effect of ERD on sleep latency (i.e., 

ERD had a weaker positive effect on sleep latency, posterior Mdn = −.07, 95% CI = [−.12, 

−.01]; Path a). Next, turning to the association between the slope-as-mediator (i.e., the 

association between ERD and sleep latency) and the outcome, results suggested that the 

daily association between ERD and sleep latency was positively related to anxious mood 

(posterior Mdn = .58, 95% CI = [.38, .79]; Path b) such that a strong, positive associations 

between ERD and sleep latency lead to higher levels of anxious mood. Further, this 

mediation effect was significant (posterior Mdn = −.04, 95% CI = [−.08, −.01]) and there 

was evidence of full mediation as the direct effect of ERI commitment to anxious mood was 

not significant (i.e., slope-as-mediator).

Sleep Efficiency.—The results for sleep efficiency are presented in Table 3, Row B. A 

pattern different from sleep latency emerged; consistent with hypotheses, ERI exploration 

predicted a stronger effect of ERD on sleep efficiency (i.e., ERD was associated with poorer 

sleep efficiency, posterior Mdn = .65, 95% CI = [.19, 1.10]; Path a). Adolescents who 

reported high levels of exploration reported a stronger positive association between ERD and 

poor sleep efficiency. Next, the daily association between ERD and poor sleep efficiency 

was observed to be positively related to anxious mood (posterior Mdn = .06, 95% CI = 

[.04, .07]; Path b) such that stronger positive associations between ERD and poor sleep 

efficiency were in turn related to higher levels of anxious mood. Further, this mediation 

effect was significant (posterior Mdn = .04, 95% CI = [.01, .07]) and there was evidence of 

full mediation (i.e., direct effect of ERI exploration to anxious mood was not significant; 

slope-as-mediator).

Sleep Disturbance.—The results for sleep disturbance are presented in Table 3, Row C 

and all results were marginally significant (90% CI). First, consistent with hypotheses, ERI 

commitment predicted a weaker association of ERD on sleep disturbance (i.e., ERI 

commitment buffered the association between ERD and sleep disturbance). Adolescents 

with higher levels of ERI commitment reported a weaker positive association between ERD 

and sleep disturbance, such that ERD was associated with less sleep disturbance (posterior 

Mdn = −.26, 95% CI = [−.46, −.05]; Path a). Next, turning to the association between the 

slope-as-mediator (i.e., the association between ERD and sleep disturbance) and the 

outcome (Path b), results suggested that the daily association between ERD and sleep 

disturbance was positively related to anxious mood (posterior Mdn = .06, 95% CI = 

[.04, .08]), meaning that stronger associations between ERD and sleep disturbance were in 
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turn related to higher levels of anxious mood. Further, this mediation effect was marginally 

significant (posterior Mdn = −.02, 90% CI = [−.03, −.01]) and this effect seemed to be fully 

mediated (i.e., slope-as-mediator).

Daytime Dysfunction.—The results for daytime dysfunction are presented in Table 3, 

Row D. First, ERI commitment predicted a weaker impact of ERD on daytime dysfunction 

(i.e., ERI commitment buffered the association between ERD and daytime dysfunction). 

Consistent with hypotheses, adolescents with higher levels of ERI commitment reported a 

more negative association between ERD and daytime dysfunction, such that ERD was 

associated with less daytime dysfunction (posterior Mdn = −.10, 95% CI = [−.18, −.02]; 

Path a). Next, turning to the association between the slope-as-mediator (i.e., the association 

between ERD and daytime dysfunction) and the outcome (Path b), the daily association 

between ERD and daytime dysfunction was negatively related to positive mood (posterior 

Mdn = −.47, 95% CI = [−.73, −.20]), suggesting that stronger negative associations between 

ERD and daytime dysfunction were in turn related lower positive mood. Moreover, the daily 

association between ERD and daytime dysfunction was positively related to negative mood 

(posterior Mdn = .46, 95% CI = [.19, .73]), anxious mood (posterior Mdn = .87, 95% CI = 

[.57, 1.17]), and depressive symptoms (posterior Mdn = .39, 95% CI = [.18, .59]), 

suggesting that stronger negative associations between ERD and daytime dysfunction were 

in turn related higher negative and anxious mood, and depressive symptoms. Further, all 

mediation effects were significant (positive mood: posterior Mdn = .04, 95% CI = [.01, .10]; 

negative mood: posterior Mdn = −.04, 95% CI = [−.10, −.01]; anxious mood: posterior Mdn 
= −.08, 95% CI = [−.17, −.01]; and depressive symptoms: posterior Mdn = −.04, 95% CI = 

[−.08, −.01]) and there was evidence of full mediation (i.e., the direct effect of ERI 

commitment to outcomes was not significant; slope-as-mediator).

Sleep Duration.—The results for sleep duration are presented in Table 3, Row E. First, 

analyses focused on ERI exploration observed that exploration exacerbated the effect of 

ERD on sleep duration such that adolescents who were higher on exploration reported a 

stronger negative effect of ERD on sleep duration (posterior Mdn = −.08, 95% CI = [−.14, 

−.02]; Path a). Consistent with hypotheses, adolescents who reported high levels of ERI 

exploration reported shorter sleep duration when they experienced ERD. Next, turning to the 

association between the slope-as-mediator (i.e., the association between ERD and sleep 

duration) and the outcome (Path b), results suggested that the daily association between 

ERD and sleep duration was positively related to positive mood (posterior Mdn = .34, 95% 

CI = [.15, .53]) and negatively related to negative (posterior Mdn = −.36, 95% CI = [−.56, 

−.17]) and anxious mood (posterior Mdn = −.64, 95% CI = [−.86, −.42]), suggesting a less 

negative daily associations between ERD and sleep duration were in turn related to higher 

positive mood and lower negative and anxious mood. Further, these mediation effects were 

significant (positive mood: posterior Mdn = −.03, 95% CI = [−.06, −.01]; negative mood: 

posterior Mdn = .03, 95% CI = [.01, .06]; anxious mood: posterior Mdn = .05, 95% CI = 

[.01, .10]) and there was evidence of full mediations as the direct effects of ERI exploration 

to these outcomes were not significant (i.e., slope-as-mediator).
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Discussion

The current study advances development science on a few fronts. First, the study contributes 

to the science of the inter-relations between ERI, ERD, sleep and psychological outcomes. 

Second, the use of SAM mediation techniques contributes to methodological and analytic 

advances by illustrating an application of mediation analyses that uniquely elucidates how 

developmental processes unfold over time. In doing so, the current study concludes that the 

association between ERI and psychological outcomes is in part explained by the daily 

association between ERD and sleep. Consistent with a recent meta-analysis (author 

citationb), ERI exploration was observed to exacerbate the negative effects of ERD on sleep 

efficiency, disturbance, and duration, while ERI commitment was observed to buffer the 

negative effects of ERD on sleep latency, efficiency, disturbance, and daytime dysfunction. 

Below, the results are discussed by Path (i.e., a, b, c’) and overarching themes are presented. 

Finally, the utility and application of SAM mediation techniques to developmental science 

are discussed.

First exploring Path a, the association between ERI and the slope-as-mediator; because the 

slope-as-mediator is an association (rather than the typical mean), Path a is equivalent to a 

cross-level moderated effect (i.e., ERI = Level 2, ERD → Sleep = Level 1). Consistent with 

theoretical foundations and a recent meta-analysis (author citationb), the data suggested that 

ERI mitigated the negative impact of ERD on sleep. Specifically, for adolescents who 

reported high levels of ERI commitment, ERD had a weaker negative impact on sleep. 

Results were observed for sleep latency, sleep efficiency, sleep disturbance, and daytime 

dysfunction. Adding to the literature that finds ERI commitment shields youth from the 

mental and physical health impact of discrimination, this study contributes to a gap related 

to physical health outcomes such as sleep.

Also consistent with theoretical views and meta-analytical conclusions, ERI exploration 

exacerbated the negative effects of ERD for sleep efficiency, disturbance, and duration. That 

is, for adolescents reporting high levels of ERI exploration, ERD was associated with more 

compromised sleep efficiency, disturbance, and duration. Sleep efficiency is a ratio of the 

proportion of time an adolescent is asleep from the time they go to bed to the time they get 

out of bed. When adolescents who are unsure about their ERI experience ERD, they are 

asleep for a smaller proportion of the time that they are in bed. It is possible that high levels 

of ERI exploration are also associated with ruminative processes triggered by ERD 

experiences. That is, for adolescents who have not yet come to terms with their ERI, 

experiencing ERD may be particularly confusing and disturbing, resulting in possible 

ruminatory behaviors at bedtime. As a result, adolescents who are unsure about their ERI 

also sleep less when they encounter ERD as part of their daily experience.

Why might ERI commitment help to buffer the negative effects of ERD on various sleep 

indices while ERI exploration exacerbate effects? ERI commitment conceptually, and as it is 

measured in the current study, assesses feelings of comfort and resolution with one’s 

membership in an ethnic/racial group. This sense of connection likely reflects a sense of 

common or shared fate with similar others which likely confers protective effects (Mayeri, 

2000). It is also probable that the developmental journey and process to arrive at 
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commitment also includes accompanying tools for coping with discrimination. For example, 

research on ethnic/racial socialization finds that parents often prepare their children for the 

realities of discrimination and bias (Hughes et al., 2006). On the other hand, ERI exploration 

assess seeking behavior related to wanting to know more about one’s ethnic/racial group. 

High levels of exploration have been associated with uncertainty with respect to one’s 

ethnic/racial group membership and research finds that exploration exacerbates the effects of 

discrimination (Phinney, 1992; Torres & Ong, 2010). Being the target of unfair treatment 

directed as a group for which an adolescent is still uncertain, seems to have especially 

deleterious effects for a host of developmental outcomes (author citationb), including sleep 

as evidenced in the current study.

Turning to Path b, results suggested that the association between ERD and sleep (i.e., the 

slope-as-mediator) had implications for psychological outcomes. For example, adolescents 

who reported a stronger positive association between ERD and compromised sleep (i.e., 

latency, efficiency) in turn reported higher levels of anxious mood. These results point to an 

important developmental pathway and mechanism through which the impact of ERD on 

sleep results in compromised mental health outcomes. In fact, the associations between ERI 

commitment and exploration with anxious mood, were fully accounted for by the 

associations between ERD and sleep disturbance (i.e., the slope-as-mediator). The results 

were more nuanced, yet conceptually consistent, when daytime dysfunction was considered. 

For example, the more ERD was associated with daytime dysfunction, the lower levels of 

self-esteem and positive mood were reported. Conversely, a strong association between ERD 

and daytime dysfunction was associated with higher levels of negative outcomes such as 

negative and anxious mood, and depressive symptoms. For all paths, the association between 

ERI and outcomes were fully explained by the association between ERD and daytime 

dysfunction. What is so unique about daytime dysfunction that it explains both positive and 

negative mental health outcomes? Although sleep is a biological need, there are individual 

differences in how long and how well individuals sleep (Buckelmuller et al., 2006; Mezick 

et al., 2009). However, daytime dysfunction assesses the impact of sleep disturbances on 

daytime functioning. By querying how much trouble an adolescent has staying awake, or 

gathering enthusiasm to complete their daily tasks, daytime dysfunction is a better indicator 

of how problematic sleep disturbances are for everyday tasks and functioning.

Turning to sleep duration, while ERD was associated with shorter sleep duration, this 

association was stronger (i.e., more negative) for adolescents who are still making sense of 

their ERI. In turn, shorter sleep duration attributed to ERD was related to lower levels of 

positive mood and higher levels of negative and anxious mood. In other words, 

compromising adolescent’s sleep duration was another pathway through which ERI 

impacted positive and negative mood. While assessing quality and duration as separate 

constructs is an important advance for teasing apart various dimensions of sleep, it is also 

important to acknowledge that there is a fundamental association between quality and 

duration. For the current sample, there was an overall negative association between duration 

and quality such that shorter duration was associated with poorer quality. Nevertheless, the 

results for duration suggest that similar to quality, the extent to which an adolescent’s sleep 

is compromised by ERD has explanatory power linking ERI to psychological adjustment. Of 

note, the current study assessed self-reported duration using an ordinal scale, therefore 

Yip et al. Page 17

Child Dev. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



future research should further interrogate this association with other samples and with 

actigraphy-assessed indicators.

Notably, the association between ERD and all of the daily sleep indicators was predictive of 

anxious mood during a two-week period (assessed at T2). What this suggests is that the 

more an adolescent’s sleep was negatively impacted by ERD, the more anxious mood the 

adolescent reported over the past two weeks. Discrimination is associated with a host of 

negative feelings (Benner et al., 2018; Park, Wang, Williams, & Alegría, 2017), but the link 

between ERD and anxiety has been well cited in the literature (Soto, Dawson-Andoh, & 

BeLue, 2011). Similarly, there is also empirical support for links between sleep disturbances 

and anxiety (Alfano, 2018; Uhde, Cortese, & Vedeniapin, 2009). This current study 

integrates these literatures by showing that one way in which ERD, sleep, and anxious mood 

are related is through the daily-level association between ERD and sleep, which has 

subsequent impact on feelings of anxiety. This discovery suggests a potential point of 

intervention for interrupting the mechanistic chain between these constructs may be to focus 

on alleviating experiences of anxiety.

While anxiety was most consistently related to the association between ERD and sleep, 

other outcomes such as self-esteem, positive and negative mood, and depressive symptoms 

were also related to the daily links between ERD and sleep. In part, these associations 

underscore the far-reaching impact of ERD, sleep, and their association on the 

socioemotional states of adolescents. With the exception of sleep efficiency, all other sleep 

indicators were associated with all of the socioemotional outcomes. While the current data 

are longitudinal, the design is a short-term longitudinal design focusing on the associations 

between daily experiences and socioemotional outcomes over a two-week period. Over time, 

these associations have the potential to elucidate developmental patterns related to 

associations between ERD and sleep with overall socioemotional development. Indeed, 

recent meta-analytic reviews have noted robust links between ERD with socioemotional 

outcomes as well as ERD and sleep (Benner et al., 2018; Slopen, Lewis, & Williams, 2016). 

Together, this literature has the potential to contribute to growing research on ethnic/racial 

disparities in health and youth development (Goosby, Straley, & Cheadle, 2017; Levy, 

Heissel, Richeson, & Adam, 2016).

Taken together, these analyses suggest that part of the reason that ERI (exploration and 

commitment) are related to psychological outcomes is through the association between ERD 

and sleep. That is, the extent to which ERD impacts adolescents’ sleep and daytime 

dysfunction seems to serve as an explanatory mechanism linking ERI to outcomes. This 

study therefore adds to the growing literature elucidating the mechanisms underlying the 

overall positive benefits of ERI (Rivas-Drake, Seaton, et al., 2014). So why might ERD and 

sleep, and more specifically, their daily-level association play such an important role in ERI 

and adjustment? The extent to which an adolescent has engaged with and committed to 

one’s ethnic/racial group membership has implications for the impact of ERD on a host of 

psychological and physical health outcomes (author citationb), including the current study’s 

focus on sleep. In turn, sleep has far-reaching developmental implications including 

cognition, health, academics, and overall adjustment (Bub, Buckhalt, & El-Sheikh, 2011; 

Carskadon, 1999; Dahl, 1999; Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010; Philbrook, 
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Hinnant, Elmore-Stanton, Buckhalt, & El-Sheikh, 2017; Wolfson & Carskadon, 2008). 

Indeed, with the exception of just a few pathways, the results suggest the Path b (the path 

between the slope-as-mediator and the outcome) was significant; underscoring the 

importance of how adolescent’s sleep is impacted by ERD for overall health and 

development. Identifying the association between ERD and sleep as an important mediating 

pathway also points to areas of intervention. For example, disrupting the pathway between 

ERD and sleep may help mitigate the effects of ERD on health overall. Fortunately, sleep 

behavior and hygiene have been shown to be responsive to intervention efforts and may 

provide a reasonable point of intervention to mitigate the effects of ERD (David, 2016). In 

addition, the data also suggest that increasing ERI may lead to more positive developmental 

outcomes. Recent research finds that interventions focused on helping adolescents to explore 

the history, symbols and traditions of their ethnic group have resulted in higher levels of ERI 

(Umana-Taylor et al., 2018).

Notably, the results also point to the importance of considering sleep quality indicators in 

developmental science. While national agencies including the National Sleep Foundation 

(Hirshkowitz, et al. 2015) and the National Institutes of Health (2006) make 

recommendations for how much people should sleep as a function of age, there are wide 

individual differences (Buckelmuller et al., 2006; Mezick et al., 2009). These results are 

consistent with literature that finds related, yet distinct, associations between sleep quality 

and duration with developmental outcomes (Galambos, Dalton, & Maggs, 2009; Galambos, 

Howard, & Maggs, 2011). Although more subjective, research does support the predictive 

utility of sleep quality (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989; Willis & 

Gregory, 2015). While individuals may have a more difficult time agreeing on the optimal 

amount of sleep, it may be easier to agree on what constitutes a “good night’s sleep”. The 

current study is consistent with this view that sleep quality, although subjective and self-

reported, is indicative of adjustment and developmentally relevant. Indeed, consistent with 

existing research (Tu, Marks & El-Sheikh, 2017), the bivariate correlations indicate 

significant associations between subjective sleep problems and mood, anxiety, depressive 

symptoms and self-esteem.

Slope-As-Mediator (SAM) Mediation – Applications and Future Directions

In addition to contributing to the substantive literature on ERI, ERD, sleep and adolescent 

adjustment, the current study also make methodological contributions with the application of 

SAM models. Although we are the first to coin the term “slope-as-mediator” and “SAM” 

mediation, the concept is not new to the social and behavioral sciences. For example, 

intervention research is predicated on the idea that an intervention (the predictor variable) 

may change the relationship between two variables, which in turn, results in changes in the 

outcome. MacKinnon (2012) observed that mediator variables are often chosen precisely for 

their malleable nature. We extend this logic by suggesting that not only are meditators 

themselves malleable and subject to change, but that their relationships with other variables 
are also subject to change. It is precisely the change in the relationship between the mediator 

and its immediate outcome (i.e., the “co-mediator”), which results in a “co-mediated 

association” that becomes the target of the intervention. This approach contrasts the 

conventional mediation models or conditional mediation models that draw conclusions 
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regarding a particular variable (compared to the association between variables) as the 

intervention target.

Although the current study makes significant advances in understanding the links between 

ERI, ERD, sleep, and adolescent adjustment, the study is not without limitations. First, the 

sample was collected in a large and diverse urban area where adolescents may be more 

prone to consider issues of ethnicity/race, identity, and discrimination (McMahon & Watts, 

2002; Semons, 1991; Williams, Aiyer, Durkee, & Tolan, 2014). Second, research has found 

that sleep may be generally compromised in urban settings (Street et al., 2016), leaving open 

the question how these processes may be different for adolescents residing in non-urban 

areas. As well, the data here represent only the first year of an ongoing longitudinal study; 

therefore, it is imperative to explore how these associations are related over time and for 

older adolescents. The current study also did not consider cognitive functioning and 

academic outcomes which have been linked to ERI, ERD, and sleep (Benner et al., 2018; 

Brown & Chu, 2012; Buckhalt & Staton, 2011; Chavous et al., 2003; El-Sheikh, Buckhalt, 

Keller, Cummings, & Acebo, 2007; Philbrook et al., 2017), therefore, future research should 

consider outcomes beyond psychological adjustment. Finally, the current study focused on 

multiple indices of self-reported sleep, and adolescent research is increasingly touting the 

benefits of multiple indicators of sleep, including wrist actigraphy which provides more 

objective measures of sleep (Sadeh, 2008, 2011).

Despite the limitations, the current study makes important contributions to appreciating the 

role of ethnicity/race in the daily lives of adolescents who are tasked with forming an 

identity, coping with unfair treatment, and balancing the biological need for sleep with the 

social pressures of school and family. The current data suggest that the impact that 

discrimination has on adolescent sleep depends upon how much they have explored and 

committed to their ethnic/racial group; in turn, this association is associated with 

downstream psychological adjustment. The unique combination of a biopsychosocial 

approach is important for developmental scientists who wish to understand the synergy of 

multiple levels of influence on child and adolescent development. Embracing a more holistic 

approach to developmental influences on adolescent health not only provides a broader 

conceptualization of health and development, but also suggests new avenues for intervention 

and health promotion.
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Figure 1. 
Conceptual path diagram of the slope-as-mediator (SAM) mediation model. ERI = ethnic/

racial identity, ERD = ethnic/racial discrimination. Outer solid box represents adolescent-

level processes. Inner dashed box represents daily-level processes. The black circle between 

ERD and sleep represents adolescents’ daily-level random slope.
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Figure 2. 
Path diagram of the SAM mediation model testing adolescent’s ERI commitment/

exploration to well-being via adolescents’ associations between daily ethnic/racial 

discrimination (ERD) and sleep. Outer solid box represents adolescent-level processes. Inner 

dashed box represents daily-level processes. The black circle between ERD and sleep 

represents adolescents’ daily-level random slope. At daily level, covariates included previous 

day sleep, day of the study, day of the week (1 = weekend, 0 = weekday). At adolescent 

level, covariates included gender (0 = female, 1 = male), age (continuous), race (two dummy 

variables with Asian Americans as the reference group), mother’s and father’s education 

levels (dummy variables for high school or below, beyond high school, and do not know), 

and well-being indicators at baseline (T1). All predictors and covariates were freely 

correlated in the model (not shown in figure).
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