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Abstract

Measures of teacher—student relationship quality (TSRQ), effortful engagement, and achievement in
reading and math were collected once each year for 3 consecutive years, beginning when participants
were in 1st grade, for a sample of 671 (53.1% male) academically at-risk children attending 1 of 3
school districts in Texas. In separate latent variable structural equation models, the authors tested the
hypothesized model, in which Year 2 effortful engagement mediated the association between Year
1 TSRQ and Year 3 reading and math skills. Conduct engagement was entered as a covariate in these
analyses to disentangle the effects of effortful engagement and conduct engagement. Reciprocal
effects of effortful engagement on TSRQ and of achievement on effortful engagement were also
modeled. Results generally supported the hypothesized model. Year 1 variables had a direct effect
on Year 3 variables, above year-to-year stability. Findings suggest that achievement, effortful
engagement, and TSRQ form part of a dynamic system of influences in the early grades, such that
intervening at any point in this nexus may alter children’s school trajectories.
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Children’s academic achievement in the early grades forecasts academic and mental health
outcomes throughout their school years and into early adulthood (Alexander, Entwisle, &
Horsey, 1997; Campbell, Helms, Sparling, & Ramey, 1998; Entwisle & Alexander, 1988;
Finn, 1989; Roeser, Eccles, & Freedman-Doan, 1999; Stevenson & Newman, 1986). Given
the importance of a good academic start to school, many researchers have investigated factors
that affect children’s school readiness skills and early academic trajectories (for reviews, see
Future of Children, 2005; Perry & Weinstein, 1998; Shonkoff & Phillips, 2000). Whereas
researchers previously focused on child and family contributors to early achievement, recent
investigations have assessed the impact of aspects of the classroom and school context that
promote or impede children’s achievement (Burchinal, Peisner-Feinberg, Pianta, & Howes,
2002; Crosnoe, Johnson, & Elder, 2004; National Institute of Child Health and Human
Development Early Child Care Research Network, 2003; Rimm-Kaufman & Pianta, 2000;
Roeser etal., 1999). Teacher—student relationship quality (TSRQ) has emerged as an important
aspect of the elementary classroom context that has implications for children’s concurrent and
future academic and social adjustment in school (Birch & Ladd, 1997, 1998; Howes, Hamilton,
& Matheson, 1994; Pianta, Steinberg, & Rollins, 1995).

Researchers employing longitudinal designs have found that students who experience teacher—
student interactions characterized by high levels of warmth and support or low levels of conflict
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gain more in achievement (Connell & Wellborn, 1991; Hamre & Pianta, 2001; Hamre, Pianta,
& Downer, 2006; Ladd, Birch, & Buhs, 1999; Pianta & Stuhlman, 2004; Skinner, Zimmer-
Gembeck, & Connell, 1998). However, to capitalize on the potential of this classroom resource
for improving young children’s achievement trajectories, it is important to identify the more
proximal mechanisms by which the teacher—student relationship affects achievement. Several
investigators have suggested that students who experience an accepting and warm relationship
with their teachers will be more capable and motivated to comply with classroom rules and
teacher expectations (Brophy, 1983; Furrer & Skinner, 2003; Gest, Welsh, & Domitrovich,
2005; Wentzel, 1998). This increased engagement in classroom learning activities, in turn, is
expected to lead to greater achievement gains.

Despite the intuitive appeal of this reasoning, the empirical support for such an indirect model
of the effects of TSRQ in the early grades is limited in several ways. First, few studies have
employed longitudinal designs that maintain temporal precedence consistent with the
hypothesized causal pathways (i.e., TSRQ — engagement — achievement) and statistical
controls for prior levels of both engagement and achievement (Skinner et al., 1998). These
methodological limitations reduce confidence in conclusions about mediating processes
because alternative causal linkages cannot be ruled out (Cole & Maxwell, 2003). Second, the
few studies that have been conducted with children in the early school grades have employed
measures of classroom engagement that combine different types of engagement (Ladd et al.,
1999), thereby making it impossible to disentangle the unique contribution of each type
(Fredricks, Blumenfeld, & Paris, 2004). Third, studies have failed to test for the reciprocal
effect of engagement on TSRQ. Consistent with transactional (Sameroff, 1975) and
developmental systems (Lerner, 1989, 1998) theories, developmental change results from the
dynamic interaction between individuals and contexts. Thus, unidirectional models are likely
to be inadequate representations of developmental processes.

The purpose of this study was to test an indirect model of the effect of TSRQ on first-grade
children’s academic achievement over a 3-year period, beginning when children were in first
grade. The conceptual model, presented in Figure 1, predicted that TSRQ at Year 1 would
affect achievement at Year 3 and that this effect would be mediated by the effect of TSRQ at
Year 1 on effortful engagement (i.e., persistence, effort, attention) at Year 2. The model
included reciprocal causal paths from effortful engagement to TSRQ and from achievement to
effortful engagement. To test the unique contribution of effortful engagement to achievement,
above the effects of antisocial or conduct engagement, the model also controlled for the effects
of prior levels of conduct engagement on Year 3 achievement. Before we review the theoretical
and empirical bases for the hypothesized model, we address the multifarious definitions of
classroom engagement and the importance of distinguishing between different types of
engagement.

Definitions and Types of Classroom Engagement

Although an extensive literature dating from the 1960s has investigated school and classroom
engagement, the construct of engagement has experienced something of a revival in recent
years, stimulated by the growing recognition that student disaffection with school increases
with additional years in school and is a major factor in student achievement and dropping out
of school (Fredricks et al., 2004). In their thorough review of school engagement, Fredricks et
al. (2004, p. 60) identified three broad types of school and classroom engagement: behavioral
engagement (involvement in academic and social or extracurricular activities), emotional
engagement (positive and negative reactions to people and activities at school), and cognitive
engagement (similar to the ideas of investment in learning and intrinsic motivation). Whereas
emotional and cognitive engagement have been emphasized in research with middle school
and high school students (Connell & Wellborn, 1991; Finn, 1989; Midgley, Feldlauffer, &
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Eccles, 1989; Ryan, Stiller, & Lynch, 1994; Skinner & Belmont, 1993), behavioral engagement
has tended to be the focus of research with elementary students (Alexander, Entwisle, &
Dauber, 1993; Birch & Ladd, 1997; Buhs & Ladd, 2001; Miles & Stipek, 2006) and is the
focus of the current study. Fredricks et al. (2004) further divided behavioral engagement into
three subtypes: conduct, involvement in learning tasks, and participation in extracurricular
activities. Studies with elementary students have focused on the first two subtypes of behavior
engagement. Conduct engagement is variously defined in terms of antisocial and prosocial
behaviors and compliance with classroom rules (Alexander et al., 1993; Gest et al., 2005; Ladd
etal., 1999; Miles & Stipek, 2006; Normandeau & Guay, 1998; Trzesniewski, Moffitt, Caspi,
Taylor, & Maughan, 2006; Wentzel, 1998). Involvement in learning has been variously defined
by “time on task” (Gettinger, 1985; Greenwood, 1991; Rimm-Kaufman, La Paro, Downer, &
Pianta, 2005) and by effort, attention, self-direction, and persistence in the classroom (Connell
& Wellborn, 1991; Furrer & Skinner, 2003; Ladd et al., 1999; Normandeau & Guay, 1998;
Skinner & Belmont, 1993).

Because researchers studying the effects of school and classroom engagement on achievement
have differed in their definitions and measures of engagement, it is difficult to integrate findings
across studies. Often, researchers incorporated a wide variety of constructs in their
measurement of engagement, an inclusiveness that makes it difficult to determine the unique
precursors and consequences of different types of engagement. In the current study, we assess
both conduct engagement and effortful engagement, a construct similar to involvement in
learning. Effortful engagement refers to the volitional, or effortful, aspect of involvement in
instructional activities and includes trying hard, not giving up in the face of difficulty, and
directing one’s attention to instructional activities. Similar to effortful control (Rothbart &
Ahadi, 1994; Rothbart & Bates, 1998; Rothbart & Jones, 1998), effortful engagement is viewed
as having a basis in an individual’s temperamental impulsivity and attentional capacities yet
emerging as a result of the transactions between the child and his or her environment across
time. Thus, we expect that effortful engagement will evince moderate stability across time and
contexts. Our particular interest is in the effect of the quality of the teacher—student relationship
on changes in children’s levels of effortful engagement in the classroom and, consequently,
on children’s academic achievement.

Effect of Effortful Engagement on Achievement

Longitudinal investigations have documented that high levels of antisocial engagement (or low
levels of prosocial behavior) predict declining academic performance (Feldhusen, Thurston,
& Benning, 1970; Huesmann, Eron, & Yarmel, 1987; Miles & Stipek, 2006; National Institute
of Child Health and Human Development Early Child Care Research Network, 2004;
Trzesniewski et al., 2006; Wentzel, 1991). Conversely, high levels of effortful engagement
predict improving academic performance (Alexander et al., 1993; Greenwood, 1991; Skinner
et al., 1998). However, few researchers have investigated the relative or unique associations
between these two types of engagement and achievement (Alexander et al., 1993). Recently,
researchers (Miles & Stipek, 2006; Trzesniewski et al., 2006) have speculated that the often
found association between antisocial or aggressive conduct and achievement may be due to a
“third variable” related both to aggression and achievement, such as cognitive self-control or
self-regulated learning behaviors. To the extent that measures of conduct and self-regulated
(i.e., effortful) engagement are correlated, the third variable explanation is more plausible. In
samples of primary-grade children, Ladd et al. (1999) reported a correlation of .64 between
cooperative participation and self-regulated participation, and Normandeau and Guay (1998)
reported a correlation of — .51 between aggressive behavior and cognitive self-control, a
construct similar to effortful engagement. In their longitudinal study, Normandeau and Guay
(1998) found that the effect of conduct engagement in kindergarten on grades 1 year later was
accounted for by the effect of conduct engagement on teacher-rated cognitive self-control (e.g.,
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the student sticks to what he or she is doing until finished, persists in face of failure, has to be
reminded several times to do something before doing it). On the basis of these findings and
the reasoning that effortful engagement in school learning is more directly related to student
mastery of subject matter content than is conduct engagement, we expected that only effortful
engagement would uniquely predict subsequent achievement.

Effect of TSRQ on Effortful Engagement

Researchers have drawn from diverse theoretical conceptualizations in explaining the
processes that account for the effect of TSRQ on students’ effortful engagement and
achievement. On the basis of attachment theory perspectives (Bowlby, 1980), a close and
supportive relationship with one’s teacher would be expected to promote a child’s emotional
security and confidence. A secure relationship with the teacher may serve as a resource that
permits young students to actively explore their environment and to cope more effectively with
novel academic and social demands (Howes et al., 1994; Pianta & Steinberg, 1992). Drawing
from this reasoning, Little and Kobak (2003) expected and found that among elementary
children, emotional security with the teacher attenuated children’s stress reactivity to negative
teacher and peer events in the classroom.

Also on the basis of parenting and motivational literature, children who experience warm and
close parent—child relationships are more motivated to please their parents and more likely to
internalize their parents’ values (Dix, 1991; Grusec & Kuczynski, 1997). In a short-term
longitudinal study of children in Grades 3-5, teacher support predicted students’ liking for
school and buffered children with externalizing problems from becoming disaffected with
school (Gest et al., 2005). Presumably, children who experience warm and close relationships
with their teachers are more likely to identify with school and invest in the school’s agenda.
Finally, literature on the development of self-regulation (Eisenberg et al., 2005) also supports
the view that TSRQ influences children’s attention and self-regulation in the classroom. A
negative teacher—student relationship might elicit negative emotions in children that interfere
with attention and self-regulation (Blair, 2002), whereas a supportive teacher—student
relationship might elicit positive moods that promote effective problem solving, regulation,
and interactions with others (Isen, Daubman, & Norwicki, 1987; Pianta, 2006).

Reciprocal Effects Among TSRQ, Effortful Engagement, and Achievement

Consistent with transactional models of development (Sameroff, 1975, 1989), we believe
achievement in the early grades is the result of the unfolding of reciprocal processes, such that
children’s engagement both influences and is influenced by TSRQ and academic competencies.
Previous researchers have demonstrated an effect of student antisocial conduct on TSRQ
(Birch & Ladd, 1997, 1998; Ladd et al., 1999; Pianta & Steinberg, 1992; Pianta & Stuhlman,
2004). Similarly, it is reasonable to expect that teachers will also find it easier to show support
and affection to students who try hard and attend to instructions. It is also likely that children’s
academic achievement affects, and is affected by, their effortful engagement. For example,
Miles and Stipek (2006) found that poor literacy skills in first grade predicted antisocial conduct
in third grade. Also supportive of the view that academic performance affects classroom
engagement is the finding that academically focused interventions result in improvements in
conduct as well as academic skills (Ayllon & Roberts, 1974; Coie & Krehbiel, 1984).

Study Hypotheses and Approach

The primary purpose of this study was to test an indirect model of the effects of TSRQ on
reading and math achievement via the direct effect of TSRQ on effortful engagement over a
3-year period (beginning when children were in first grade). As Cole and Maxwell (2003)
asserted, “a fundamental requirement for one variable to cause another is that the cause must
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precede the outcome in time” (p. 559). Thus, in testing mediational models with structural
equation modeling (SEM), the researcher would ideally collect data on the cause, the mediator,
and effect at each of three or more time points (or waves). Such a design not only permits strong
assumptions about indirect effects but also permits testing of stationarity and stability of effects,
lag effects, and reciprocal causal pathways across children’s first 3 years of postkindergarten
education.

Stationarity implies that the degree to which one set of variables produces change in another
set remains the same over time. Perhaps TSRQ in first grade is more important to engagement
in Year 2 than TSRQ in Year 2 is to engagement in Year 3. A finding of stronger structural
relations between TSRQ and engagement earlier versus later in students’ first 3 years of school
would be consistent with the view that the quality of children’s relationships with their teachers
at the beginning of their formal schooling sets in motion patterns of engagement that quickly
become self-sustaining. Stability of effects refers to the degree to which the within-wave
correlations are of the same magnitude at different points in development. Lag effects refers
to the direct effects of Year 1 variables on Year 3 variables, above the year-to-year stability in
the variables. For example, perhaps children’s relationships with their first-grade teachers
continue to influence their social relatedness with future teachers, above the year-to-year
stability in teacher relatedness. Finding such a lag effect for TSRQ would be consistent with
the view that children’s early relationships with teachers are carried forward as mental
representations (Bretherton, 1985) to subsequent relationships with teachers and might explain,
in part, the long-term prediction of achievement on the basis of TSRQ in first grade (Pallas,
Entwisle, Alexander, & Cadigan, 1987).

The decision to test separate models with reading and math achievement as outcomes instead
of using a latent or a composite measure of achievement was based on previous findings that
behavior problems predicted reading achievement more strongly than math achievement
(Adams, Snowling, Hennessy, & Kind, 1999; DuPaul et al., 2004; Joussemet, Koestner, Lekes,
& Landry, 2005). Additionally, because much more time is spent in literacy than in math
instruction in early elementary classrooms (National Institute for Child Health and Human
Development Early Child Care Research Network, 2003), TSRQ and child engagement might
be more predictive of reading than of math achievement.

We also tested whether gender or ethnicity moderated the structural relations in the SEM. Some
researchers have found that minority and/or low-socioeconomic status children (Burchinal et
al., 2002; Meehan, Hughes, & Cavell, 2003) and boys (Skinner et al., 1998) benefited more
from a supportive teacher—student relationship than did majority children or girls. Other
researchers, however, have found no evidence that these demographic variables moderate the
relationship between TSRQ and child outcomes (Pianta & Stuhlman, 2004; Silver, Measelle,
Armstrong, & Essex, 2005).

We investigated these questions in a culturally and linguistically diverse sample of
academically at-risk first-grade children. Children were deemed academically at risk on the
basis of scoring below their school district median on a measure of literacy given at the
beginning of first grade. Children with relatively low literacy skills in first grade are likely to
experience more relational and academic stressors (Ladd et al., 1999; A. J. Reynolds &
Bezruczko, 1993). When provided a supportive teacher presence, these children are expected
to cope better with stressors and to participate more actively and appropriately in classroom
activities, consequently gaining more in achievement. For these reasons, students with low
literacy skills represent a population of considerable importance with respect to the effect of
teacher support on children’s behavioral engagement and academic achievement.
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Previously published findings with this longitudinal sample have reported associations
between TSRQ, effortful engagement, and achievement using two waves of data (Hughes &
Kwok, 2006, 2007). Hughes and Kwok (2006) also reported a mediating role for TSRQ in
accounting for the association between students’ African American status and effortful
engagement. The current study extends these findings by assessing each construct at each of
three waves (years) of data, which permits a strong test of mediation, reciprocal effects, and
stationarity and stability of effects. Additionally, the current study investigates the unique
effects of two types of behavioral engagement, conduct and effortful engagement, on
achievement.

Participants were drawn from a larger sample of children participating in a longitudinal study
examining the impact of grade retention on academic achievement. Participants were recruited
from three school districts in Texas (one urban and two small city) across two sequential cohorts
in first grade during the fall of 2001 and 2002. The composition of the urban school was 41%
White non-Hispanic, 37% economically disadvantaged, and 11% limited English proficient.
Enrollment of one of the small city schools was 40% White non-Hispanic, 61% economically
disadvantaged, and 11% limited English proficient. The enroliment of the second small city
school was 69% White non-Hispanic, 24% economically disadvantaged, and 5.2% limited
English proficient. Children were eligible to participate in the longitudinal study if they scored
below the median on a state-approved, district-administered measure of literacy; spoke either
English or Spanish; were not receiving special education services; and had not been previously
retained in first grade. School records identified 1,374 children as eligible to participate.
Because teachers distributed consent forms to parents via children’s weekly folders, the exact
number of parents who received the consent forms cannot be determined. Incentives, in the
form of small gifts to children and the opportunity to win a larger prize in a drawing, were
instrumental in obtaining 1,200 returned consent forms, of which 784 (65%) provided consent.

Analyses on a broad array of archival variables, including performance on the district-
administered test of literacy (standardized within district, because of differences in test used),
age, gender, ethnicity, eligibility for free or reduced-price lunch, bilingual class placement,
cohort, and school context variables (i.e., percentage ethnic/racial minority, percentage
economically disadvantaged), did not indicate any difference between children with and
without consent. Although we cannot rule out differences between consenters and
nonconsenters on variables not included in our data, we can conclude that the resulting sample
of 784 participants (52.6% male) closely resembles the eligible sample on demographic and
literacy variables relevant to students’ educational performance. Of the 784 recruited children,
350 (44.6%) had complete data on all analysis variables assessed at all three occasions (i.e.,
first grade and 1 and 2 years later), and 671 (85.6 %) had data on at least one of the analysis
variables at each occasion. Attrition analyses showed that the 350 children with complete data
did not differ from the 434 without complete data on demographic variables or study variables
at baseline, which supports the assumption that data were missing at random. The overall rate
of missingness for the 671 participants with some data at each assessment wave was 12.7%.
The 671 participants did not differ from the remaining 113 participants on demographic or
study variables at baseline. On the basis of these findings, we imputed the missing value based
on these 671 children using SAS PROC MI.

Of these 671 participants, 356 (53.1%) were male, and the racial/ethnic composition was 34.9%
White, 36.7% Hispanic, 23.5% African American, and 4.9% Asian/Pacific Islander. At
entrance to first grade, children’s mean age was 6.57 (SD = 0.38) years. Children’s mean score
for intelligence as measured with the Universal Nonverbal Intelligence Test (McCallum &
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Bracken, 1997) was 92.89 (SD = 14.43). On the basis of family income, 58.0% of participants
were eligible for free or reduced-price lunch. For 35.1%, the highest educational level in the
household was a high school certificate or less. The ethnic/racial composition for the 337
teachers (94.1% female) completing the teacher questionnaires was 81.3% White, 14.5%
Hispanic, 2.7% African American, and 1.5% other ethnicities. The mean teaching experience
was 4.42 years (SD = 1.82), and 100% of teachers held teacher certification. All teachers had
at least a bachelor’s degree; 57.6% had done at least some graduate work.

Design Overview

Measures

Assessments were conducted annually for 3 years, beginning when participants were in first
grade. Teacher questionnaires assessing teachers’ perceptions of the student—teacher
relationship and of child engagement were administered in the spring of each year. Teachers
received $25 for completing and returning the questionnaires. Measures of math and reading
achievement were individually administered at school at varying times during the school year,
with the constraint that at least 8 months separated each annual assessment.

Academic achievement—The Woodcock—Johnson Il (WJ-111) Tests of Achievement
(Woodcock, McGrew, & Mather, 2001) is an individually administered measure of academic
achievement for individuals 2 years of age to adulthood. The WJ-111 Broad Reading age
standard scores (Letter—Word Identification, Reading Fluency, and Passage Comprehension
subtests) and the WJ-111 Broad Math age standard scores (Calculations, Math Fluency, and
Math Calculation Skills subtests) were used. Extensive research documents the reliability and
construct validity of scores on the WJ-I11 and its predecessor (Woodcock & Johnson, 1989;
Woodcock et al., 2001).

The Bateria Woodcock—Mufioz: Pruebas de Aprovechamiento—Revisada (Bateria-R;
Woodcock & Mufioz-Sandoval, 1996) is the comparable Spanish version of the Woodcock—
Johnson Tests of Achievement—Revised (Woodcock & Johnson, 1989), the precursor of the
WJ-111. If children or their parents spoke any Spanish, children were administered the
Woodcock—Mufioz Language Test (Woodcock & Mufioz-Sandoval, 1993) to determine the
child’s language proficiency in English and Spanish and selection of either the WJ-111 or the
Bateria-R. The Woodcock Compuscore (Woodcock & Mufioz-Sandoval, 2001) program yields
scores for the Bateria-R that are comparable to scores on the Woodcock—Johnson Tests of
Achievement—Revised. The Broad Reading and Broad Mathematics WJ-111 scores were used
in this study.

Effortful engagement—The teacher-report, 10-item effortful engagement scale was
composed of 8 items from the Conscientiousness scale of the Big Five Inventory (John &
Srivastava, 1999) and 2 items taken from the Social Competence Scale (Conduct Problems
Prevention Research Group, 2004) that were consistent with our definition of academic
engagement (effort, attention, persistence, and cooperative participation in learning). Although
the Big Five Inventory is conceptualized as a measure of personality traits, the selected items
from the Conscientiousness scale are similar to items used by other researchers to assess
academic engagement (Ladd etal., 1999; Ridley, McWilliam, & Oates, 2000). Items were rated
on a 1-5 Likert-type scale. The internal consistency of these 10 items for our sample was .95.

Conduct engagement—The teacher-rated measure of conduct (antisocial) engagement was
derived from a 24-item questionnaire adapted from the California Child Q-Sort, a language-
simplified personality inventory for use by nonprofessionals (Caspi, Block, Block, & Klopp,
1992). Our modification involved use of a rating scale versus Q-sort methodology and a
reduction in the number of items from 100 to 24. These 24 items were selected on the basis of
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previous research demonstrating that they were consistently rated as prototypical of children
with high levels of impulsivity and externalizing behaviors (Funder, Block, & Block, 1983).
All items were rated on a 1-5 Likert scale.

We applied a cross-validation approach to examine the underlying structure because of the
unclear factor structure of the measure (B. Thompson, 2004). The Year 1 data set (n = 344)
was randomly split into two even halves. We performed an exploratory factor analysis using
principal-axis factoring with Promax rotation for the first half of the data; this resulted in a 15-
item measure with four factors (9 items were deleted because of high cross-loadings). We then
cross-validated the factor structure found from this analysis by performing confirmatory factor
analysis on the second half data. Results of the confirmatory factor analysis confirmed the four-
factor model, ¥2(112, n = 339) = 225.7, p < .001 (comparative fit index [CFI] =.97, root-mean-
square error of approximation [RMSEA] = .05, standardized root-mean-square residual
[SRMR] =.04), and this four-factor model fitted a second sample adequately, ¥2(112, n = 301)
=241.0, p <.001 (CFI = .96, RMSEA = .06, SRMR = .05). The four factors were as follows:
Prosocial, Antisocial, Ego Resiliency, and Ego Brittle. Model fit was invariant across cohorts
and across Waves 1 and 2. Because the Prosocial (4 items; a = .93) and Antisocial (4 items;
o = .86) scales were strongly correlated (standardized path coefficient = .90), we computed a
single conduct scale as the mean of the Antisocial and Prosocial (reverse coded) scales.
Example Prosocial items included “considerate and thoughtful” and “gets along well with other
children.” Example Antisocial items included “physical or verbal aggression” and “tries to take
advantage of others.”

Teacher-reported teacher—student relationship—The 22-item Teacher Student
Relationship Inventory (TSRI; Hughes, Cavell, & Willson, 2001) is based on the Network of
Relationships Inventory (Buhrmester & Furman, 1987). Teachers indicate on a 5-point Likert-
type scale their level of support (16 items) or conflict (6 items) in their relationships with
individual students. An exploratory factor analysis using principal-axis factoring with Promax
rotation on 335 first-grade participants from the second cohort suggested three factors: Support
(13 items), Intimacy (3 items), and Conflict (6 items). Results of confirmatory factor analysis
on 449 first-grade participants from the first cohort found that the three-factor model provided
an adequate fit for the data, ¥2(204) = 697.803, p < .001 (CFI = .92; RMSEA = .074).
Furthermore, the null hypothesis of factor invariance across cohorts and times could be retained
atthe .01 level. Because the Intimacy scale was deemed less relevant to TSRQ, only the Support
and Conflict scales were used in the current study. Example Support scale items (o = .94)
included “I enjoy being with this child,” “This child gives me many opportunities to praise
him or her,” and “This child talks to me about things he/she doesn’t want others to know.”
Example Conflict scale items (o = .91) included “This child and I often argue or get upset with
each other” and “I often need to discipline this child.” In a longitudinal study of behaviorally
at-risk elementary students, the TSRI predicted changes in behavioral adjustment and peer
relationships (Meehan et al., 2003).

Sample Descriptive Statistics and Intercorrelations

Using multiple imputation, we generated five complete data sets. For simplicity, the sample
statistics are reported only for the first data set. Table 1 presents means and standard deviations
for analysis variables broken down by gender and ethnicity. Table 2 presents the correlations
among the analysis variables. For all the five imputed data sets, we used Green’s (1992) SEM
approach to examine the stability of the within-wave correlations across the assessment
periods. Green’s method is an SEM-based method to test whether correlation matrices are
different from each other for either independent or dependent samples. We tested two models.
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Model 1 was an unconstrained model in which the within-wave correlations were freely
estimated. Model 2 was a constrained model in which the within-wave correlations were
constrained to be equal across waves. Then we conducted a chi-square difference test to test
whether Model 2 was significantly worse than Model 1. The result was nonsignificant,
indicating that we could assume the within-wave correlations were equal across waves. All
within-wave correlations were invariant over time for the reading and math models.

Gender and Ethnic Differences

Significant gender differences were found on the measured variables on the basis of the results
of one-way multivariate analysis of variance. Over the five imputed data sets, the average F
(17, 653) was 7.01 with a standard deviation of 0.35, and the significance value was less than .
01. Girls performed better than boys on TSRI Support: for Year 1, F(1, 669) = 13.01 (SD =
2.91), p <.001 (ES = .28); for Year 2, F(1, 669) = 18.23 (SD = 1.80), p < .001 (ES = .33); and
for Year 3, F(1, 669) = 13.67 (SD = 2.79), p < .001 (ES = .28). Girls also outperformed boys
on TSRI Conflict: for Year 1, F(1, 669) = 33.16 (SD = 5.60), p < .001 (ES = .44); for Year 2,
F(1, 669) = 31.54 (SD = 4.15), p <.001 (ES = .43); and for Year 3, F(1, 669) = 47.85 (SD =
4.97), p <.001 (ES = .53). In addition, girls scored higher than boys on effortful engagement:
for Year 1, F(1, 669) = 40.36 (SD = 1.68), p < .001 (ES = .49); for Year 2, F(1, 669) = 29.86
(SD =2.97), p<.001 (ES = .42); and for Year 3, F(1, 669) = 38.08 (SD = 3.76), p < .001 (ES
=.48). Finally, girls outperformed boys on conduct engagement: for Year 1, F(1, 669) = 13.73
(SD =2.35), p <.001 (ES = .29); and for Year 2, F(1, 669) = 13.87 (SD = 1.17), p < .001 (ES
=.29). Girls also had higher reading scores at Time 1, F(1, 669) = 10.86 (SD = 0.25), p <.004
(ES = .22).

Significant racial/ethnic differences were also found on the measured variables. The average
F(17, 653) was 7.49 with a standard error of 0.13, and the significance value was less than .
01. Caucasian students performed better on the Time 3 reading test, F(1, 669) = 16.82 (SD =
0.72), p <.001 (ES = .32), and on math tests at all three time points: for Year 1, F(1, 669) =
82.29 (SD = 1.55), p <.001 (ES =.70); for Year 2, F(1, 669) = 72.99 (SD = 2.93), p < .001
(ES = .66); and for Year 3, F(1, 669) =51.92 (SD = 1.13), p < .001 (ES = .55).

Measurement Model for TSRQ

Confirmatory factor analyses were used to examine the factor structure for a teacher-only report
of TSRQ (N = 671). The latent construct of TSRQ at each occasion was indicated by the TSRI
Support and Conflict scales. The items of the Conflict scale were reverse coded so that a high
score indicated low conflict between students and their teachers. To account for the dependency
among observations (students) within clusters (classrooms), we conducted all analyses using
the “complex analysis” feature in Mplus (Version 3.13; Muthén & Muthén, 2004), in which
the models were estimated via the maximum likelihood estimation method with robust standard
errors (Muthén & Muthén, 2004). The model fitted the data adequately, with the average
¥2(7) = 32.54 (SD = 8.52), p < .01, the average CFI = .98 (SD = .01), the average RMSEA = .
07 (SD =.01), and the average SRMR = .03 (SD =.004). All the model estimated loadings
were significant in a positive direction.

We also examined the invariance of factor loadings of the TSRQ model over time by comparing
the chi-square statistics between models with and without constraining the factor loadings of
the same indicators to be equal across waves. The difference in chi-square was not significant,
Ay2(2) = 0.36, p = .83, suggesting that the relations between the two indicators and the latent
construct were invariant over time. On the basis of the above time-invariant model, we further
examined the factor loading invariance of the TSRQ model between different gender and ethnic
groups using the multiple-group comparison approach under the SEM framework. The chi-

square difference was significant between different gender groups, Ax?(1) = 6.21, p = .01. The
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average standardized factor loadings of TSRI Conflict and TSRI Support were .90 and .67,
respectively, for the girls across waves and .92 and .63, respectively, for the boys across waves.
Despite a statistically significant chi-square difference test, the magnitudes of the factor
loadings were highly similar for boys and girls, which suggested that the construct of TSRQ
was still comparable for girls and boys. There was no significant chi-square difference between
different ethnic groups, Ayx2(1) = 0.001, p = .98, which suggests that the pattern of relations
between the two indicators and the latent construct was no different between the majority and
minority students.

Structural Equation Models

Math achievement—We first tested the hypothesized three-wave longitudinal model (see
Figure 1) with math achievement as the target outcome. In Figure 1, TSRQ at earlier waves
(e.g., TSRQ at Year 1) predicted student effortful engagement at later waves (e.g., engagement
at Year 2), with controls for the prior level of effortful engagement (e.g., engagement at Year
1). Similarly, effortful engagement at earlier waves (e.g., engagement at Year 2) predicted
student achievement measured at later waves (e.g., achievement at Year 3), with controls for
prior levels of achievement (e.g., achievement at Year 2). The model also included reciprocal
paths from prior achievement (e.g., achievement at Year 1) to later effortful engagement (e.g.,
engagement at Year 2) and from prior effortful engagement (e.g., engagement at Year 2) to
later TSRQ (e.g., TSRQ at Year 3). Conduct engagement at Wave 1 and conduct engagement
at Wave 2 were included in the model as covariates that predicted the achievement at Waves
2 and 3, respectively.

The results of the hypothesized model with math achievement are presented in Figure 2. The
errors of within-wave variables were allowed to correlate because they significantly improved
the model fit without substantially changing the magnitudes of other parameter estimates
(Bentler, 2000). The model of the math achievement fitted the data adequately, with the average
¥2(49) = 236.34 (SD = 14.34), p < .001, the average CFI = .96 (SD = .003), the average RMSEA
= .08 (SD =.003), and the average SRMR = .06 (SD =.002). Next, we conducted a series of
chi-square difference tests to investigate stationarity of the effects in the hypothesized model.
The effects of prior effortful engagement on later effortful engagement, prior math achievement
on later math achievement, prior effortful engagement on later math achievement, and prior
math achievement on later effortful engagement exhibited stationarity across Times 1 and 2 as
well as Times 2 and 3: (a) engagement at Year 1 — engagement at year 2 versus engagement
at Year 2 — engagement at Year 3, Ay2(1) = 1.41, p = 24; (b) math at Year 1 — math at Year
2 versus math at Year 2 — math at Year 3, Ay%(1) = 1.58, p = 21; (c) engagement at Year 1 —
math at Year 2 versus engagement at Year 2 — math at Year 3, Ay2(1) = 0.91, p =.34; (d) math
at Year 1 — engagement at Year 2 versus math at Year 2 — engagement at Year 3, Ay?(1) =
1.11, p = .29. The effects of prior TSRQ on later TSRQ and effortful engagement and the
reciprocal effect of prior effortful engagement on later TSRQ were not stationary: (a) TSRQ
at Year 1 — TSRQ at Year 2 versus TSRQ at Year 2 — TSRQ at Year 3, Ay2(1) = 27.09, p
<.001; (b) TSRQ at Year 1 — engagement at Year 2 versus TSRQ at Year 2 — engagement
at Year 3, Ay2(1) = 28.22, p < .001; (c) engagement at Year 1 — TSRQ at Year 2 versus
engagement at year 2 — TSRQ at Year 3, Ay?(1) = 19.34, p < .001.

After taking stationarity into consideration, we obtained a simpler model (i.e., a model with

more degrees of freedom because the paths were constrained to be the same across time) that
fitted the data equally well, with average ¥2(53) = 239.79 (SD = 12.56), p = .001, average CFI
=.96 (SD =.003), average RMSEA = .07 (SD =.002), average SRMR = .07 (SD =.002). The
model with parameter estimates is shown in Figure 2. To provide a clear picture of the major
findings, we did not include the covariance estimates between the exogenous variables and the
covariance estimates between the residuals within and across waves in Figure 2 but present
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these estimates in Table 3. In Figure 2, all the unstandardized parameter estimates and the
standardized estimates (presented in the parentheses) were the average values over the five
imputed data sets. The unstandardized parameter estimates were tested according to the method
developed by Schafer (1997). Nonsignificant paths are indicated by the dashed lines in the
figure.

To test the effect of Time 1 TSRQ on Time 3 math achievement mediated by Time 2 effortful
engagement, we adopted the method developed by MacKinnon, Lockwood, and Williams
(2004) to calculate the confidence interval for the mediation effect. If the confidence interval
does not include zero, the mediation effect is significant at p < .05. The point estimate of the
mediation effect was .45; the 95% confidence interval of the target mediation effect (i.e., TSRQ
at Year 1 — engagement at Year 2 — math at Year 3; confidence interval = .22, .75) indicated
that this mediation effect was significant. The direct effect between TSRQ at Year 1 and math
at Year 3 became nonsignificant after we included engagement at Year 2 in the model, which
implies that the effect of teacher student—relationship on math achievement was fully mediated
through effortful engagement. To obtain an effect size estimate of the mediation effect, we
calculated the change in squared multiple correlation for the model with and without the two
paths that constituted the mediation effect (AR? = .01). The effects of conduct engagement on
math (i.e., conduct engagement at Year 1 — math at Year 2; conduct engagement at Year 2 —
math at Year 3) were not significant.

Reading achievement—We repeated the above analyses with the reading achievement
model and found a very similar pattern of results. The final model as presented in Figure 3
fitted the data adequately, with average x2(52) = 218.46 (SD = 12.50), p < .001, average CFlI
=.96 (SD =.003), average RMSEA = .07 (SD = .003), and average SRMR = .06 (SD = .004).
Note that covariance estimates between exogenous variables and covariance estimates between
the residuals within and across waves are presented in Table 4. The effect of Time 1 TSRQ on
Time 3 reading achievement was fully mediated through Time 2 effortful engagement (point
estimate = .57; 95% confidence interval of the mediation effect = .27, .93). To obtain an effect
size estimate of the mediation effect, we calculated the change in squared multiple correlation
for the model with and without the two paths that constituted the mediation effect (AR? = .10).
As was the case for math, the effects of conduct engagement on math (i.e., conduct engagement
at Year 1 — math at Year 2; conduct engagement at Year 2 — math at Year 3) were not
significant.

We also examined the possible moderation effects by gender and ethnicity on the transactional
relationships among teacher—student relationship, effortful engagement, and achievement.
Multiple-group comparison showed that the effects of prior variables on later variables in
Figure 2 (i.e., math) and Figure 3 (i.e., reading) were the same for boys and girls: math,
Ax2(15) = 23.74, p = .07; reading, Ay2(16) = 25.09, p = .07. An examination of the standardized
path coefficients confirmed that the structural paths were highly similar for boys and girls.
Majority and minority students were also compared in terms of the structural relations, and no
differences were found for either math or reading: math, Ay2(15) = 15.66, p = .41; reading,
Ay%(16) = 9.75, p = .88.

Discussion

As predicted, the effect of first-grade TSRQ on reading and math achievement 2 years later
was completely mediated by Year 2 effortful engagement. This study offers the strongest data
yet for the mediating effect of effortful engagement in accounting for the effect of TSRQ on
changes in students’ achievement. The assessment of TSRQ, effortful engagement, and
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achievement at each of three time periods provides a strong basis for tests of mediation (Cole
& Maxwell, 2003) because the design controlled not only for prior levels of the dependent
variable but also for prior levels of the independent variable and the mediator. In the test of the
effect of the independent variable on the mediator, prior levels of the mediator were also
controlled. Additional strengths are the inclusion of a measure of conduct engagement to
determine the unique effect of effortful engagement on achievement and the use of an
individually administered measure of reading and math achievement that has strong
psychometric properties, rather than teacher report of student achievement or grades. The
finding that results were nearly identical for models in which the outcome was reading and
models in which the outcome was math suggests that the effects were robust across achievement
domains. Despite main effects for gender and majority/minority ethnic status, effects were not
moderated by gender or ethnicity. Thus, the pattern among these variables and the structural
relations were similar for boys and girls and for majority and minority children.

The assessment of study variables at each of three time periods permits strong tests of
bidirectional causal pathways. Not only were we able to control for previous levels of each
variable in testing each direct effect, we also were able to test these pathways across two time
periods. We found support for reciprocal effects between effortful engagement and TSRQ from
Year 2 to Year 3 but not from Year 1 to Year 2. This finding might have been due to the higher
level of stability for TSRQ from Year 1 to Year 2 than from Year 2 to Year 3.

Reciprocal effects of both math and reading achievement on effortful engagement were
invariant across developmental periods. To our knowledge, this is the first study to investigate
the effect of achievement on effortful engagement. Children with lower academic skills may
become discouraged and believe that their academic success is not attributed to their effort.
One of the consequences of academic failure is learned helplessness, which is associated with
low persistence and effort (Diener & Dweck, 1978). Researchers investigating the effect of
achievement on antisocial behavior have speculated that children with low academic skills
become frustrated and respond to their frustration with aggression (Miles & Stipek, 2006).
Future research is needed to clarify the effect of achievement on different types of engagement
and the processes that mediate the effect.

Evidence for stability of effects (e.g., year-to-year stability in measurement of the same
construct) was found for effortful engagement and math achievement. However, the effect of
Year 1 TSRQ on Year 2 TSRQ was stronger than the effect of Year 2 TSRQ on Year 3 TSRQ.
This finding may be a result, in part, of the lag effect of Year 1 TSRQ on Year 3 TSRQ (see
the discussion below). Although math demonstrated stability across years, the effect of Year
1 reading on Year 2 reading was stronger than the effect of Year 2 reading on Year 3 reading.
Perhaps at older grades factors not included in our model become more important to reading
performance.

As predicted, effortful engagement predicted achievement above the effects of prior levels of
both conduct engagement and achievement. Furthermore, the effect of effortful engagement
on achievement was invariant across developmental periods for both reading and math. In
contrast, conduct engagement did not contribute to achievement when prior levels of academic
engagement and achievement were controlled. To our knowledge, this is the first longitudinal
study to investigate the independent effects of these two types of classroom engagement on
achievement. Both conduct engagement and effortful engagement probably have their origins
in temperament-based self-regulatory competence (Blair, 2002; R. A. Thompson, 1999). Our
results suggest that the aspects of self-regulatory competence that affect achievement are only
those aspects that interfere with children’s ability to attend to instruction and to persevere in
academic tasks. These findings suggest that results from studies reporting predictive
associations between antisocial behavioral styles and achievement (Miles & Stipek, 2006;
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Trzesniewski et al., 2006) might be explained by the association between antisocial behavior
and constructs similar to our measure of academic engagement. If this is the case, interventions
that target student conduct are unlikely to improve academic achievement unless they also
improve student academic effort.

This study examined the development of the connections between effortful engagement,
achievement, and teacher support in the same children in their first 3 years of formal schooling.
Because children’s achievement trajectories demonstrate greater stability after third grade
(Miles & Stipek, 2006; Skinner et al., 1998), children’s patterns of engagement and
achievement formed in the first 3 years of formal schooling may have long-lasting impact on
their future academic trajectories (Hamre & Pianta, 2001). The lag effect of Year 1 variables
(TSRQ, effortful engagement, and achievement) on the corresponding Year 3 variables is
consistent with the view that children’s early experiences in classrooms launch individual
growth trajectories of engagement, achievement, and teacher relatedness. The launch effect
may be smaller or disappear as year-to-year changes influence subsequent development. Taken
together, these findings suggest that TSRQ in first grade shapes children’s patterns of
engagement in learning, which leads both to more supportive relationships with subsequent
teachers and to higher levels of achievement. Additional years of data collection are needed to
determine whether the structural relationships found in the first 3 years of formal schooling
persist or whether the associations among teacher support, engagement, and achievement
beyond Grade 3 are the result primarily of the stability of each construct.

These results need to be interpreted in the context of study limitations. Because these findings
were obtained with a sample of children selected on the basis of scoring below their school
district median on a test of early literacy, results may not generalize to children with higher
literacy skills. However, the current sample is one of considerable concern to educators and
policy makers, given that they scored in the bottom 50% of students in their school districts
on a test of literacy. The sample was also ethnically diverse, with an overrepresentation of
minority children (65%) relative to the composition of the schools from which these children
were selected (58% minority). Thus, study findings point to the potential of interventions in
primary grades for reducing racial and ethnic achievement disparities (Hughes & Kwok,
2007).

Another limitation of the study is its reliance on only teacher report for assessment of TSRQ.
Initially we had intended to use a multi-informant latent construct of TSRQ based on the TSRI
and a peer-nomination measure of teacher—student relationship support (Hughes & Kwok,
2007). Because this measurement model for TSRQ did not fit the data adequately, y2(24) =
134.00, p <.001 (CFI = .84; RMSEA = .133; SRMR =.093), we resorted to the latent construct
based on the two scales of the TSRI.

Finally, the lack of classroom observational data on teacher—student interactions means the
mechanisms that account for the observed effect of TSRQ on students” effortful engagement
are not clarified in this study. It may be that teachers who establish positive relationships with
students differ in other ways that contribute to students’ effort and persistence. For example,
teachers who establish positive relationships with students may be more effective in structuring
instruction or in managing classroom behavior (Hamre & Pianta, 2005).

As is often the case with longitudinal studies of community samples, missing data were a
problem. However, several precautions were taken to ensure that results were not skewed by
missing data. Attrition analyses supported the assumption that data were missing at random,
and the overall level of missingness was low (12.7%). Furthermore, models estimated with
data for those 350 participants who had complete data were nearly identical to results obtained
with imputed data for the 671 participants with some data at each of the three waves.
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It is well established that children who attend quality preschool programs begin their formal
schooling with stronger academic and social skills (for a review, see R. Reynolds, Magnuson,
& Ou, 2006). These domains operate in synergistic fashion, such that positive movement in
one domain is likely to produce positive movement in other domains. The long-term benefit
of such program participation may be the result of reciprocal processes between achievement,
academic engagement, and TSRQ. Thus, successful interventions at any point in this nexus of
influences in the early grades may reverberate in ways that propel positive social and
achievement trajectories, and interventions that target all three domains are especially likely
to improve achievement.
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Figure 1.

Hypothetical model. The bold lines represent target indirect effects. TSRI-CON = Teacher
Student Relationship Inventory Conflict subscale; TSRI-SUP = Teacher Student Relationship
Inventory Support subscale; TSRQ = teacher—student relationship quality; ENG = effortful
engagement; ACH = either math or reading achievement; CON = conduct engagement.
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Figure 2.

Model of math achievement. The bold lines represent target indirect effects. The within-wave
correlated residuals are not included in the figure for purposes of presentation clarity. Values
are unstandardized parameter estimates, with standardized estimates in parentheses. TSRI-
CON = Teacher Student Relationship Inventory Conflict subscale; TSRI-SUP = Teacher
Student Relationship Inventory Support subscale; TSRQ = teacher—student relationship
quality; ENG = effortful engagement; MATH = math performance; CON = conduct
engagement.
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Figure 3.

Model of reading achievement. The bold lines represent target indirect effects. The within-
wave correlated residuals are not included in the figure for purposes of presentation clarity.
Values are unstandardized parameter estimates, with standardized estimates in parentheses.
TSRI-CON = Teacher Student Relationship Inventory Conflict subscale; TSRI-SUP = Teacher
Student Relationship Inventory Support subscale; TSRQ = teacher—student relationship
quality; ENG = effortful engagement; READ = reading performance; CON = conduct
engagement.
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Table 3

Parameter Estimates of Covariance in the Model Presented in Figure 2

Page 24

Parameter

Unstandardized estimate

Standardized estimate

Covariance of exogenous variables

TSRQ1 with ENG1
TSRQ1 with MATH1
TSRQ1 with CON1
ENG1 with MATH1
ENG1 with CON1
MATH1 with CON1

Covariance of correlated residuals

TSRQ2 with ENG2
TSRQ2 with MATH2

TSRQ2 with CON2

ENG2 with MATH2

ENG2 with CON2

MATH2 with CON2

TSRQ3 with ENG3

TSRQ3 with MATHS3

ENG3 with MATH3
TSRI-CON1 with TSRI-CON2
TSRI-CON1 with TSRI-CON3
TSRI-CON2 with TSRI-CON3

0.57
1.66
0.62
3.14
0.56
1.47

0.37
0.42"
0.48
0.45
0.40
0.53
0.24
0.11"
0.39"
0.10
0.10
0.14

.70
.16
.95
21
.58
12

41
.04
.61
.03
.39
.05
.38
.01
.04
.10
.10
14

Note. Estimates with a dagger are not significant at p = .05. TSRQ = teacher—student relationship quality; ENG = teacher perception of child academic
engagement; MATH = Woodcock-Johnson |11 Broad Math age standard score; CON = conduct engagement; TSRI-CON = Teacher Student Relationship
Inventory Conflict subscale (teacher perception of conflict).
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Table 4
Parameter Estimates of Covariance in the Model Presented in Figure 3

Parameter Unstandardized estimate Standardized estimate

Covariance of exogenous variables

TSRQ1 with ENG1 0.57 .70
TSRQ1 with READ1 2.54 19
TSRQ1 with CON1 0.62 .95
ENG1 with READ1 5.74 .29
ENG1 with CON1 0.56 .58
READ1 with CON1 2,77 .18

Covariance of correlated residuals

TSRQ2 with ENG2 0.37 41
TSRQ2 with READ2 0.18" 01
TSRQ2 with CON2 0.48 61
ENG2 with READ2 0.65" .04
ENG2 with CON2 0.41 39
READ2 with CON2 0.08 .01
TSRQ3 with ENG3 0.24 39
TSRQ3 with READ3 0.17" 01
ENG3 with READ3 0.65 .05
TSRI-CON1 with TSRI-CON2 0.10 10
TSRI-CON1 with TSRI-CON3 0.10 10
TSRI-CON2 with TSRI-CON3 0.14 14

Note. Estimates with a dagger are not significant at p = .05. TSRQ = teacher—student relationship quality; ENG = teacher perception of child academic
engagement; READ = Woodcock-Johnson 111 Broad Reading age standard score; CON = conduct engagement; TSRI-CON = Teacher Student Relationship
Inventory Conflict subscale (teacher perception of conflict).
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