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Abstract

The present study included 314 children who had been involved in Project STAR, and explored 

how two learning-related behaviors, interest in literacy and effortful control, moderated the impact 

of the literacy intervention on reading outcomes. Results indicated significant associations of both 

learning-related behaviors with reading, with the children with the highest literacy interest and 

effortful control in the intervention group showing the highest reading outcomes. These results 

indicate that accounting for a greater breadth of possible moderators of intervention impacts is an 

important area to explore.
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In the broader field of human development, there is evidence that individuals vary in 

whether and/or the degree to which they are affected by environmental exposures, a 

phenomenon called the diathesis-stress/dual-risk model (see Belsky & Pluess, 2009). 

Evidence supporting this model indicate that some individuals are more vulnerable to 

environmental stressors, measured by an individual’s characteristic (e.g., temperament, 

behavior) moderating an environmental influence. Within the field of education, there is 

consistent evidence suggesting that the individual characteristics that a child brings into the 

classroom, including both cognitive and learning-related behaviors, can have an interactive 

effect with the instruction received in the classroom. This phenomenon is commonly 

referred to as child-by-instruction interaction or aptitude-by-treatment interaction (Cole & 

Dale, 1986; Connor, Morrison, & Katch, 2004; Kanfer & Ackerman, 1989; Speece, 1990). 

This hypothesis, which has been explored for its potential in the educational fields as well as 

health sciences (see Caspi & Bell, 2004), asserts that treatment outcomes reflect the match 

(or lack thereof) between characteristics of the individual and the intervention provided. Said 
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another way, for some individuals, a certain characteristic shows a different relation to an 

outcome variable in one treatment than it does in another (Snow, 1991). In the educational 

field, the potential value of linking treatment to child-level characteristics has gained 

momentum in recent years as a result of a series of investigations that involve carefully 

mapping reading instruction to children’s specific needs, finding that this leads to 

accelerated early reading growth (Connor et al., 2009).

Early work on aptitude-by-treatment interactions argued that treatments are most effective 

when they are tailored not only to an individual’s cognitive factors but also their 

motivational factors (Kanfer & Ackerman, 1989). Motivational theorists, in particular, 

argued that one’s performance on a task (or responsiveness to an intervention) should reflect 

cognitive abilities, motivational factors, and the interplay among the two. To this end, our 

interest in the present work is to consider how other child-level factors, namely those 

representing their learning-related behaviors, might moderate children’s reading outcomes 

within an empirically validated early-literacy intervention added as a supplement to typical 

classroom instruction. Learning-related behaviors is a general term that describes how 

children approach opportunities to learn within the classroom, as represented by their 

motivation towards participating in and completing an activity and their ability to maintain 

their focus during that activity and limit distractions (see Stipek, Newton, & Chudgar, 2010).

On the basis of the hypothesized child-by-instruction interactions, we would presume that 

individual characteristics of children should interact with more intensive educationally-based 

interventions as they do with typical instruction (e.g., Peterson & Janicki, 1979). Similar to 

the recent work regarding individual differences in response to instruction, in which children 

receive additional tiers of support in conjunction with typical classroom instruction, 

researchers have identified specific closely related cognitive factors which moderate 

response to intervention, particularly phonological awareness (see Fletcher et al., 2011; Al 

Otaiba & Fuchs, 2002; Vallutino et al., 1996). Different than this work examining closely 

related cognitive factors, little work could be found which examined more broadly defined 

“learning-related behaviors” influencing treatment outcomes.

There have been some efforts to understand children’s responsiveness to interventions 

beyond characteristics of the child herself. For instance, distal from the child, aspects such 

as teacher knowledge (Connor, Son, Hindman, & Morrison, 2005; Piasta, Connor, Fishman, 

& Morrison, 2009) and general school environment (Rutter & Maughan, 2002) have been 

suggested to significantly interact with child outcomes due to treatment. Also, as mentioned 

previously, there is a literature pointing to the importance of closely-related cognitive skills, 

such as phonological awareness and letter knowledge, with child outcomes due to treatment 

(e.g., Vellutino et al., 1996; Vellutino, Scanlon, Zhang & Schatschneider, 2007). However, 

the literature is sparse in research examining child-specific factors encompassing learning-

related behaviors, such as motivation and effortful control, which may affect treatment 

outcomes. What few reports exist (e.g., Deault, Savage, & Abrami, 2009; for review, Snow, 

1992) were conducted typically outside of a formal randomized controlled trial framework, 

thus resulting in many potential confounds. A notable exception indicated that children’s 

attentional skills moderated the extent to which explicit print instruction contributed to 

children’s literacy learning (McGinty, Justice, Piasta, Kaderavek, & Fan, 2012).
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Our interest in exploring learning-related behaviors and their contribution to intervention 

outcomes is supported by research showing they are an important part of learning to read 

(Guthrie & Wigfield, 1999; Guthrie, Wigfield & VonSecker, 2000). For example, children’s 

interest towards reading (i.e., literacy interest or literacy motivation) and their effortful 

control make strong contributions to children’s reading development (Valiente, Lemery-

Chalfant, & Swanson, 2010; Wigfield, 2010). The amount of personal interest for reading 

activities is typically a stable predisposition that develops over time and is related to grade 

outcomes, even when controlling for ability (Schiefele & Csikszentmihalyi, 1994). 

Moreover, it has been suggested that literacy interest leads to unconscious selective attention 

towards a reading activity (Hidi, 1990). From this, it has been proposed that information 

which is considered interesting is processed differently than information which is not 

considered of interest (Hidi, 1990). Therefore, higher literacy interest may result in a totally 

different learning situation for a child compared to one with low interest in reading (Hidi, 

1990).

Interest towards literacy has consistently been shown to be associated with literacy, and 

subsequent reading, outcomes, even beyond important other predictors of literacy. For 

example, child engagement during a parent-child book reading activity at 2 years, a proxy 

for child interest towards reading, was associated with higher literacy outcomes at 4.5 years, 

beyond language skills and exposure to direct instruction in reading (Crain-Thoreson & 

Dale, 1992). In another study, a direct measure of child interest accounted for 3% of unique 

variance in literacy outcomes in 5-year-old children, beyond phonological awareness, 

vocabulary, and levels of home literacy (Frijters, Barron & Brunello, 2000). Sénéchal, 

LeFevre, Hudson and Lawson (1996) reported that children’s interest towards storybook 

reading, measured by children’s requests for reading, accounted for unique variance in 

vocabulary outcomes, after controlling for home literacy and socioeconomic status. 

Recently, Sparks and Reese (2013) found that preschool children’s interest towards literacy 

was related to literacy and early-reading outcomes such as print concepts and decoding, 

above socioeconomic status and vocabulary. In general, high literacy interest can influence 

literacy outcomes and subsequent reading performance, and is specifically associated with 

better learning strategies, sustained attention to the task and greater reading comprehension 

(see Wigfield, 2010, for review).

Similar to literacy interest, the temperament trait effortful control has been linked with 

literacy, and subsequent reading, outcomes (Keogh, 2003) and is considered an important 

early learning-related behavior (Stipek et al., 2010). Effortful control, commonly considered 

a proxy for self-regulation, is linked with the ability to control behavior and attention as 

needed to complete difficult tasks (Posner & Rothbart, 2006), which is associated with 

reading achievement outcomes (Deater-Deckard, Mullineaux, Petrill, & Thompson, 2009). 

In general, it is hypothesized that the ability to focus on relevant information and inhibit 

distractions, both attributed to high effortful control, aid in the learning process (NICHD 

Early Child Care Research Network, 2003). In a study of elementary school-aged children, 

effortful control was linked to children’s general school achievement, beyond previous 

school achievement and socioeconomic status (Valiente, Lemery-Chalfant, Swanson & 

Reiser, 2008). Blair and Razza (2007) found that effortful control, measured in preschool, 
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accounted for unique variance in kindergarten literacy outcomes, beyond executive function 

and false belief. Also, Liew, McTigue, Barrois and Hughes (2008) reported that effortful 

control measured in first grade uniquely predicted third grade reading outcomes beyond 

covariates including IQ, socioeconomic status, and ethnicity. In general, effortful control is 

considered to be very important in early school readiness and maintains its influence on 

achievement outside of cognitive ability and family factors (Ladd, Birch, & Buhs, 1999; 

Lewit & Baker, 1995).

Despite the literature suggesting that these two learning-related behaviors, namely literacy 

interest and effortful control, are important independent predictors of reading outcomes, the 

relationship between the two has been underexplored. One report suggested that children 

with higher effortful control tend to rate liking school more, possibly because they are more 

capable of managing emotion in school and have a stronger support system as they tend to 

be liked more by peers and teachers, resulting in greater academic success (Valiente, 

Lemery-Chalfant, & Castro, 2007). To our knowledge, the relation between literacy interest 

and effortful control has yet to be explored within an intervention framework. If it is the case 

that they both predict children’s reading outcomes independently and interactively, then it 

stands to reason that these learning-related skills might be important moderators of treatment 

outcomes. For instance, we might anticipate that children with high literacy interest and/or 

high effortful control would benefit more from being in an intensive literacy treatment 

compared to similar children receiving typical instruction. This work makes an important 

contribution to the literacy intervention literature, as the movement towards a greater 

awareness of learning-related behaviors that affect academic outcomes increases (e.g., 

Valiente et al., 2010).

The present research uses data available from a larger multi-site randomized controlled trial 

(RCT) designed to improve preschool children’s literacy skills in advance of kindergarten 

entry (Justice, McGinty, Piasta, Kaderavek, & Fan, 2010). The intervention, Project STAR 

(Sit Together and Read), involved a 30-week preschool book reading treatment which 

consisted of whole-class shared-reading sessions in which teachers implemented print-

focused instruction within the context of shared reading with their students (Justice, 

Kaderavek, Fan, Sofka, & Hunt, 2009). The treatment involves teachers’ adherence to a 

systematic scope and sequence of instruction that teachers follow using various tools to 

promote implementation fidelity (in-service training, on-going monitoring based on fidelity 

checks, teachers’ manual with book inserts to guide sessions). On the basis of consistent 

efficacy data showing the positive impacts of this treatment (see Justice & Ezell, 2000; 

Justice & Ezell, 2002), the RCT involved a more generalized test of intervention effects with 

implementation by teachers working in a variety of preschool settings. Treatment teachers 

adhered to the print referencing instructional scope and sequence, with comparison 

classrooms reading project storybooks using their normal reading approach, thus allowing 

for direct tests of causal effects. Initial work suggested that children in the experimental 

classrooms reported greater positive gains in print knowledge (d = 0.21) during their 

preschool year over the comparison classrooms (Justice et al., 2010). Moreover, the positive 

gains continued through kindergarten (d = 0.21 to 0.26) and first grade (d = 0.26 to 0.31), 

indicating that children who were exposed to this treatment at preschool were better readers 

(based on measures of decoding and comprehension) than those in the comparison group 
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(Piasta, Justice, McGinty, & Kaderavek, 2012). Given the multiple tests of this, and similar, 

treatments, including evaluation by independent research teams (Lovelace & Stewart, 2007), 

STAR can be considered an empirically validated intervention for providing early-literacy 

intervention.

Studies of the STAR intervention to date have largely provided estimates of mean effects, 

with no attention to how children’s learning-related behaviors may moderate the impacts of 

this intervention. However, there are important reasons to anticipate that children’s literacy 

interest and/or effortful control might contribute to intervention impacts for children 

receiving the treatment. STAR sessions implemented by teachers require young children to 

participate in large-group read-aloud session two or four times per week in their classrooms, 

with an average group size of about 16 children. These sessions last about 20- to 30-minutes 

and provide opportunities for children to discuss with their teacher print-related features of 

the storybooks. Children in comparison classrooms also participate in reading sessions, in 

which their teachers read STAR storybooks using their normal reading style. However, 

because of the interactive and prolonged nature of it, the STAR reading sessions tend to be 

more demanding than the business as usual reading sessions implemented in comparison 

classrooms. Thus, we might expect children who are highly interested in literacy 

experiences, and/or who can sit still and attend for longer periods of time, to benefit 

substantially from the STAR intervention.

This paper represents exploratory secondary data analysis to test the idea that two specific 

learning-related behaviors, literacy interest and effortful control, can moderate the impact of 

an intervention. The main goal of the present paper was to test this idea, and explore whether 

literacy interest and effortful control moderate the impacts of early-literacy intervention 

based on measures of reading outcomes in kindergarten. As this work is exploratory, all 

different interactions among literacy interest, effortful control and intervention status were 

tested (e.g., effortful control by treatment status, literacy interest by effortful control by 

treatment status). Given the intensive nature of the intervention, which suggested that certain 

children may be able to attend better than others, it was hypothesized that an interaction 

would be significant, particularly between the learning-related behaviors of interest in 

literacy and effortful control, and intervention status, and therefore secondary analyses 

would involve post-hoc contrast tests to further explore the relations. We did this through 

three exploratory research questions. The first two research questions concern the role of 

literacy interest and/or effortful control in moderating child outcomes in the STAR versus 

comparison groups, and the third specifically focuses on the role of these sources of 

individual differences on response to intervention (across the treatment and comparison 

groups). Questions were as follows: (1) To what extent are individual differences in 

learning-related behaviors, specifically literacy interest and/or effortful control, associated 

with children’s reading outcomes in kindergarten after receiving a supplemental literacy 

treatment in preschool? (2) To what extent are individual differences in literacy interest 

and/or effortful control associated with children’s reading outcomes in kindergarten after 

business-as-usual instruction in preschool, modeling a typical classroom situation? (3) What 

is the relation of individual differences in literacy interest and/or effortful control to reading 

outcomes across intervention status? Particularly, is there a combination of literacy interest 
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and effortful control that contributes to the difference between the treatment group and 

comparison group in reading outcomes at kindergarten?

Method

Participants

Project STAR was a multi-site, multi-wave project conducted during the 2004-5 or 2005-6 

academic years and involving the participation of 85 preschool teachers and 551 children 

sampled from these classrooms (Justice et al., 2010). Recruitment for Project STAR began 

with direct recruitment of lead classroom teachers prior to the start of the academic year 

through locally-held information sessions and informational flyers distributed through their 

preschool centers. Recruitment focused on teachers working within preschool programs that 

prioritized enrollment of children considered at risk for future reading difficulties due to 

socioeconomic risk factors (e.g., Head Start, Title I). Interested teachers were considered 

enrolled after attending a locally-held information session and completing informed consent 

(n = 85) prior to the start of the school year. These participating teachers then distributed 

project information and consent forms to parents of children enrolled in their classrooms at 

the start of the year and parents were asked to return the consent form within two weeks to 

be considered for participation in the project. All consented children were eligible for study 

participation if they also met inclusionary criteria, which specified that eligible children 

were between 3 years, 6 months and 4 years, 11 months old upon study entry (October 1 of 

the academic year), did not have an individualized education plan for cognitive or social/

emotional disability, and were able to be tested in English. From the eligible pool of 

children, approximately six children per classroom (range = 2 – 13) were randomly chosen 

to be enrolled in the project as participants; the sample size for children per classroom was 

estimated from a priori power analyses. Consistent with the study’s focus on socio-

demographically at-risk children, there was a positive skew in family demographics, with 

most families reporting an annual income below $30,000 (56%) and only 4.5% of families 

earned above $65,000 per year (Justice et al., 2010).

For the present study, complete data was available for 314 children (n=216 in treatment 

group) from the larger project, to include end-of-kindergarten reading outcomes. Therefore, 

all analyses used this subsample, which included 160 boys and 154 girls with a mean age of 

entry into the project of 53.47mnths (range = 47.00-60.00mnths). According to parent 

report, 39.80% of the children were African American/Black, 5.70% were Hispanic, 42.70% 

were White, and the remainder was mixed or other race/ethnicity. Similar to the larger 

project, most parents reported an annual income below $30,000 (63.5%), suggesting a 

positive skew in socioeconomic status. Complete descriptive statistics of the participants, 

including by study group, are in Table 1.

Materials and Procedures

Prior to the start of the academic year (2004-5 or 2005-6), classrooms were randomly 

assigned into one of three study groups (“High-Dose Print Referencing”, “Low-Dose Print 

Referencing”, “Regular Reading”). For all three groups, teachers received the same set of 30 

commercially-available storybooks and were asked to read one book repeatedly per week 
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(either two or four times) in whole-group reading sessions in a specified order. As shown in 

prior work, all teachers demonstrated strong fidelity to their randomly assigned treatment 

protocol (Justice et al., 2010; McGinty, Breit-Smith, Fan, Justice, & Kaderavek, 2011). All 

initial research with human subjects, and subsequent secondary data analysis, were done in 

compliance with APA ethical standards in the treatment of human samples.

Print-Referencing—Teachers in the High-Dose Print Referencing group read the same 

book four times weekly with their whole class for a 30-week period, thus implementing a 

total of 120 whole-class read-alouds. During each session, the teacher targeted within the 

read-aloud two designated, print-related instructional objectives according to a specified 

scope and sequence. This scope and sequence was designed to ensure systematic and 

consistent focus on each of the four domains of print knowledge development (i.e., 

knowledge of word, letters, print concepts, and print meaning). Teachers in the Low-Dose 

Print Referencing followed the same systematic, print-related instructional focus as the 

teachers in the High-Dose Print Referencing group, but they conducted two, rather than four, 

shared reading sessions each week; thus, these teachers implemented 60 read-alouds and 

provided a planned contrast for intensity of treatment. A full description of the intervention 

implemented has been published previously (Justice et al., 2009), and all materials are 

available in Justice and Sofka (2010)

Comparison—Teachers in the Regular Reading group conducted four whole-class shared 

reading sessions each week, using the same books as teachers in the Print Referencing 

groups, but were given no instructional directive about what to do during shared reading. 

Teachers in this group read books in a “business-as-usual” manner and prior research shows 

they incorporated very few print referencing techniques (Justice et al., 2010). There was 

clear differentiation in read-aloud discussions when comparing treatment teachers (both the 

High-Dose and Low-Dose groups) and the comparison-group teachers (Piasta et al., 2010). 

Similar to teachers in the High-Dose Print Referencing group, these teachers implemented 

120 whole-class read-alouds in their classrooms over the academic year.

Child Assessment and Measures

Up to four assessment sessions were completed to measure children’s early reading skills, 

two in the intervention year (fall and spring of the preschool year), and one each during the 

spring of the kindergarten (one-year follow-up) and first-grade years (two-year follow-up). 

For the present study, the primary outcome of interest is assessment of children’s reading 

skills conducted at one-year follow-up, when children were in kindergarten. At this time-

point, effect-size indices showed that children who had received the high-dose STAR 

intervention had better decoding, spelling, and comprehension scores compared to those in 

the comparison group, and those in the low-dose STAR group had better decoding and 

spelling scores compared to those in the comparison group (Piasta, Justice, McGinty, & 

Kaderavek, 2012). Moderators of interest were children’s learning-related behaviors, namely 

literacy interest and effortful control, based on parent and teacher report collected in 

preschool (respectively).
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Kindergarten reading outcomes—Kindergarten early reading outcomes were 

measured using three subtests of the Woodcock-Johnson Tests of Achievement III 

(Woodcock, McGrew, & Mather, 2001). Letter-Word Identification measures children’s 

ability to recognize and name letters and words of increasing complexity. Reading Fluency 
measures children’s ability to quickly read sentences and determine if the statement in the 

sentence is true or false within a 3-min time limit. Finally, Passage Comprehension, 

measures children’s ability to understand increasingly long excerpts of text (from a sentence 

to a paragraph, using a cloze-format (i.e., complete the sentence) test of reading 

comprehension. Psychometric data on this measure and these subtests are well established 

(Woodcock et al., 2001). For purposes of parsimony, prior to analyses, raw scores for each 

subtest were combined into a single factor score, reading, using principal axis factoring 

(Eigenvalue = 2.11, 71% of variance explained). All three measures loaded highly onto the 

factor (factor loadings of .92, .77 and .83, respectively).

Child learning-related behaviors—Children’s learning-related behaviors, based on 

measures captured in preschool concomitant with children’s participation in the early-

literacy intervention, reflected their literacy interest and effortful control. For literacy 

interest, three items from a parent questionnaire collected in fall of their children’s preschool 

year were selected as indicators of children’s literacy interest (How many times did your 

child ask to be read to last week? How many times did your child look at books on his/her 

own last week? and Do you think your child enjoys being read to?). These items were 

among a larger set designed to capture information about children’s home literacy 

environment; items were derived from empirical reports (e.g., Frijters, Barron, & Brunello, 

2000). These three items were combined using principal axis factoring to create a factor 

score of literacy interest (eigenvalue = 1.50, 50% of variance explained). Factor loadings 

were .74, .79 and .57, respectively, and Cronbach’s alpha for these three items was .69.

For effortful control, teacher responses to the 12-item effortful control subscale of the Child 

Behavior Questionnaire-Very Short Form (Putnam & Rothbart, 2006) were used. This 

measure was completed by teachers about mid-way through the academic year for each 

study child in his/her classroom. Teachers responded to a series of statements about a child 

(e.g., When drawing or coloring, shows strong concentration; When building becomes very 

involved in what s/he is doing) based on a Likert-type scale of 1 to 7 (1 = extremely untrue 

of this child, 7 = extremely true of this child). The mean score for each of the 12 items was 

used to represent effortful control. For the present sample, Cronbach’s alpha indicates high 

reliability among the items (α = .85).

Analytic strategy—As part of the greater Project STAR, random assignment occurred at 

the preschool classroom level, resulting in a nesting of children within preschool and 

subsequent kindergarten classrooms. Consistent with this data structure and with our 

theoretical research interests, Hierarchical Linear Modeling (HLM; Raudenbush & Bryk, 

2002) was used as the analytic technique. Within this HLM framework, a two-level HLM 

model was explored, with children nested within their preschool classrooms (intraclass 

correlation = .12). The HLM model predicted reading from children’s literacy interest, 

effortful control, intervention status, and the interactions among these three variables. 
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Reading was set as kindergarten reading levels only as Project STAR was a fully randomized 

control trial (RCT), so no pre-intervention differences in reading or demographics were 

expected (Shadish, Cook & Campbell, 2002). However, this assumption was explicitly tested 

as the present sample reflects a subset of participants from the full RCT sample, and no 

differential attrition due to intervention group status was found. No pretest (preschool) 

differences between the study groups were found for important measures of preschool 

literacy, including vocabulary (t(306) = 1.85, p = .07; treatment group M = 49.83, SD = 

16.27, n = 212; comparison group M = 46.21, SD = 15.04, n = 96), phonological awareness 

(t(153) = −1.39, p = .17; treatment group M = 2.73, SD = 3.58, n = 211; comparison group 

M = 3.46, SD = 4.62, n = 98) and uppercase alphabet knowledge (t(306) = 0.17, p = .17; 

treatment group M = 10.11, SD = 9.66, n = 211; comparison group M = 9.92, SD = 9.13, n = 

97; see Piasta et al., 2012, for further description of these pretest measures). Additionally, 

there were no significant differences noted between the study groups in the present study for 

age (t(312) = −0.19, p = .85), sex (χ2(1, N=314) = .25, p = .62), English spoken at home 

(χ2(1, N=307) = .42, p = .52), race-ethnicity (χ2(6, N=311) = 2.72, p = .84), maternal 

education (χ2(8, N=303) = 13.81, p = .09) and family income (χ2(17, N=293) = 25.44, p = .

09; Table 1).

Literacy interest and effortful control were grand-mean centered and entered as fixed effects. 

Additionally, we combined the Low-Dose Print Referencing and High-Dose Print 

Referencing groups into a single intervention status, dummy coded (1 = high- or low-dose 

treatment group; 0 = comparison group) and also entered as fixed effect. Previous findings 

support this data reduction approach, indicating no practical or significant differentiation in 

kindergarten outcomes as a function of the low- and high-dose variations (Piasta et al., 2012) 

nor for teachers’ implementation of the intervention during the preschool year (Piasta et al., 

2009). All modeling used Proc Mixed in SAS 9.4, including when significant interactions 

were detected which were probed by a series of post-hoc contrasts (Jaccard & Turrisi, 2003).

Results

Descriptive statistics for children’s kindergarten reading outcomes, literacy interest and 

effortful control in preschool are presented in Table 2. Pearson correlations between the 

measures were low and statistically significant, with the correlation between reading and 

literacy interest, r = .14 (p = .01), between reading and effortful control, r = .23 (p = .00), 

and between literacy interest and effortful control, r = .12 (p = .03). Table 3 presents the 

results from the main HLM analysis. The model suggested a significant three-way 

interaction among literacy interest, effortful control, and intervention status, which 

significantly predicted child reading outcomes (coefficient =.39, p = .006). No other 

interactions were significant. This suggested that children’s learning-related behaviors of 

literacy interest and effortful control were associated with reading outcomes from the 

literacy intervention, and this may be different between the treatment and comparison group. 

The complete three-way interaction is displayed in Figure 1, although it should be noted that 

literacy interest is displayed using arbitrary conditional levels of “high” and “low” (one 

standard deviation above and below the mean, respectively) when in fact it is a continuous 

variable. This is done for display purposes, as well as to guide the post-hoc contrasts based 
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on these conditional levels of literacy interest and therefore does limit the conclusions which 

can be drawn concerning literacy interest (e.g., Aiken & West, 1991).

Post-hoc contrast tests

Post-hoc contrasts were chosen to answer the three research questions posed by this study 

(see Table 4). The following lists the research questions with the accompanying post-hoc 

contrasts and results.

RQ 1: To what extent are individual differences in learning-related behaviors, specifically 

literacy interest and effortful control, associated with children’s reading outcomes in 

kindergarten after receiving a supplemental literacy intervention in preschool?

The relation of children’s learning-related behaviors to the reading outcome within the 

intervention group is displayed in Figure 2. Descriptively, there appeared to be a strong 

relation between effortful control and reading for children with high literacy interest, and 

perhaps also for children with low literacy interest. To test this, the absolute value of the 

simple slope of each of the two lines in Figure 2 was tested with the following post-hoc 

contrasts.

First, post-hoc contrast 1a considered the extent to which there was a significant relation of 

effortful control to reading for children with high literacy interest for those in the treatment 

group during preschool. The significant simple slope suggested that children in the treatment 

group with high literacy interest showed a positive relation between effortful control and 

reading outcomes. These children made higher outcomes with higher rates of effortful 

control (coefficient = 0.43, p = .001; see Table 4 and grey dotted line of Figure 2).

Second, post-hoc contrast 1b considered the extent to which there was a significant relation 

of effortful control to reading for children with low literacy interest for those in the treatment 

group during preschool. The non-significant simple slope suggested that children with low 

literacy interest in the treatment group showed no significant association between effortful 

control and reading (coefficient = 0.09, p= .382; see Table 4 and black thick line of Figure 

2).

RQ 2: To what extent are individual differences in literacy interest and effortful control 

associated with children’s reading outcomes in kindergarten after business-as-usual 

instruction in preschool, modeling a typical classroom situation? The relation of children’s 

learning-related behaviors to the reading outcome within the comparison group is displayed 

in Figure 3. Looking descriptively at the Figure, the pattern of interaction appeared to be 

different than within the treatment group, such that the relation of effortful control to reading 

outcomes is greater for low literacy interest children than high. To statistically probe these 

relations, the same post-hoc contrasts on the simple slopes of the lines were analyzed as 

above, but within the comparison group.

First, post-hoc contrast 2a considered the extent to which there is a significant relation of 

effortful control to reading for children with high literacy interest who were in the contrast 

group during preschool. For children who experienced typical classroom literacy instruction 
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and had high literacy interest, there was no association between effortful control and reading 

outcomes (coefficient = 0.05, p = .687; see Table 4 and grey dotted line of Figure 3).

Second, post-hoc contrast 2b considered the extent to which there is a significant relation of 

effortful control to reading for children with low literacy interest who were in the 

comparison group during preschool. Unlike children with high literacy interest above, for 

children with low literacy interest, there was a positive association between effortful control 

and reading (coefficient = 0.37, p = .000; see Table 4 and black thick line of Figure 3). 

Children with low literacy interest in the comparison group achieved higher scores in 

reading with higher levels of effortful control.

RQ 3: What is the relation of individual differences in literacy interest and/or effortful 

control to reading outcomes across intervention status? Particularly, is there a combination 

of literacy interest and effortful control that contributes to the difference between the 

treatment group and comparison group in reading outcomes at kindergarten? To address this 

question, post-hoc probes across intervention groups were specifically analyzed to determine 

where the learning-related behaviors contributed to differences between the groups. Figure 1 

represents the full three-way interaction, and post-hoc contrasts were chosen based on 

interesting relations suggesting group differences in outcome based on the Figure.

First, we explored possible independent moderation effects by each of literacy interest and 

effortful control alone between the intervention groups. In other words, is there a differential 

association of literacy interest to reading between the groups? And then, is there a 

differential association of effortful control to reading between the groups? Descriptively, it 

appeared that children in the treatment group with high literacy interest had higher reading 

scores than high literacy interest children in the comparison group (post-hoc 3a). As for low 

interest, it appeared that treatment group children with low literacy interest still performed 

better than comparison group children with low literacy interest (post-hoc 3b). The Figure 

did not suggest any possible group differences based on effortful control alone.

Second, we explored possible group differences based on the interaction of literacy interest 

and effortful control as moderators on reading. Said otherwise, is there a differential 

association of the interaction of literacy interest and effortful control to reading outcomes 

between the groups. Examining the Figure, it did appear that one group of children had the 

highest reading scores, namely children with high literacy interest and high effortful control 

in the treatment group, who seemed to score higher than children with the same beneficial 

learning-related behaviors in the comparison group (post-hoc 3d). Alternatively, it appears 

that children in the comparison group with low literacy interest and low effortful control had 

the lowest reading outcomes, even compared to their peers in the treatment group with the 

same learning-related behaviors (post-hoc 3e). Results from these post-hoc tests (which are 

of point differences, rather than simple slopes as above) are as follows:

Post-hoc contrast 3a. For children with high literacy interest, is there a difference between 

treatment and comparison groups in reading? The relation in Figure 1 between the children 

with high interest in the treatment group and comparison groups was significant (examining 

the difference between the bolded line and the dotted line at the zero point of effortful 
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control), coefficient = −0.36, p = .031 (see Table 4). This indicates that having high literacy 

interest was a significant moderator of response to intervention.

Post-hoc contrast 3b. For children with low literacy interest, is there a difference between 

treatment and comparison groups in reading? At the mean of effortful control, there was a 

non-significant difference between the solid line and the hashed line, representing low 

literacy interest between the intervention groups on reading outcomes (coefficient = −0.10, p 
= .352; Table 4). This suggests that low literacy interest does not contribute to differences in 

kindergarten reading scores due to intervention status.

Post-hoc contrast 3c. For children with high literacy interest and high effortful control, is 

there a difference between treatment and comparison groups in reading? In keeping with the 

trends seen in the Figure, post-hoc results suggested that indeed children who were high in 

literacy interest and high in effortful control in the treatment group had higher reading scores 

than children with the same high literacy interest and effortful control but in the comparison 

group (coefficient = −0.69, p = .008; Table 4)

Post-hoc contrast 3d. For children with low literacy interest and low effortful control, is 

there a difference between treatment and comparison groups in reading? The pattern in the 

Figure suggests that children with low literacy interest and low effortful control in the 

comparison group do more poorly on reading outcomes than their peers of similar low 

literacy interest and low Effort Control in the treatment group. This pattern was significant; 

children with low literacy interest and low effortful control in the comparison group perform 

significantly worse than children in the treatment group (coefficient = −0.34, p = .010; Table 

4).

Discussion

This study proposed to explore the learning-related behaviors of literacy interest and 

effortful control as individual difference moderators of intervention response in early 

childhood. Although it was hypothesized that at least one of the learning-related behaviors 

would moderate reading outcomes by intervention group status, the work was exploratory 

and tested all possibilities. The significant three-way interaction among literacy interest, 

effortful control and intervention group status on kindergarten reading outcomes suggested 

that the literacy interest and effortful control did moderate reading outcomes differentially 

within and between the intervention groups. The proposed three research questions involved 

exploratory post-hoc contrasts examining the role of literacy interest and effortful control 

within first the intervention group, second within the comparison group, and third between 

the groups, examining the fundamental question of the role of individual differences in 

behavior in response to intervention.

Research question 1

The interactions in the treatment group are suggestive of how literacy interest and effortful 

control are associated with greater reading outcomes within an intensive classroom literacy 

intervention. The results from the post-hoc tests suggested that children who were high in 

literacy interest and effortful control showed the greatest reading outcomes in the treatment 
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group (post-hoc 1a). Interestingly, both high literacy interest and effortful control were 

necessary to show greater reading outcomes in the intervention group, as high effortful 

control alone was not enough for children with low literacy interest (post-hoc 1b). The 

intervention involved shared book reading in a whole class setting. This means that 

preschool-aged children had to concentrate while sitting in a large group of their peers, 

paying attention to their teachers referencing the text. Despite the effortful control necessary 

for this behavior, it was in fact the addition of literacy interest that resulted in greater reading 

scores in the intervention group. No level of effortful control mattered for reading outcomes 

when a child was not interested in literacy in general. It would seem that high effortful 

control is associated with the potential to score highly on kindergarten reading outcomes, but 

interest towards literacy is the necessary trait to have those high scores (although not 

sufficient). Therefore, this suggests that for the children receiving this intensive literacy 

intervention, higher reading outcomes are associated with not only being able to sit and pay 

attention to the intervention, but a high level of interest in the topic of the intervention was 

needed.

Research Question 2

On the other hand, results in the comparison group were indicative of the influence of 

literacy interest and effortful control in typical literacy instructional environments. For this 

group, when children had high literacy interest, effortful control did not contribute to the 

association to reading outcomes (post-hoc 2a). For the children with low literacy interest, 

effortful control was strongly associated with reading outcomes (post-hoc 2b). These two 

results are initially confusing, but examining Figure 3 suggests that for the most part, 

children with low literacy interest (other than the few with very high Effort Control scores) 

have lower reading scores than children with high literacy interest. Therefore, in the 

comparison group, high literacy interest is sufficient to be associated with higher reading 

scores, but for children with low literacy interest, high effortful control is necessary to be 

associated with higher reading scores. Being interested in literacy is enough to be successful 

(compared to peers) within a typical classroom environment, but if a child is not interested 

in literacy, high effortful control can make up for the low interest. Effortful control has been 

linked generally with higher achievement outcomes (e.g., NICHD Early Child Care 

Research Network, 2003). The current finding may indicate that children with higher 

effortful control are just better overall learners in a typical classroom, no matter their interest 

in a particular subject matter.

Research Question 3

Unlike the previous two research questions, exploring the role of literacy interest and 

effortful control as moderators of children’s reading outcomes across the intervention groups 

allows for causal conclusions because Project STAR was a randomized control trial. In 

particular, we were able to explore if literacy interest and effortful control contributed to 

individual differences in response to intervention, specifically examining points in Figure 1 

of interest which appeared to differentiate the two intervention groups due to behavioral trait 

differences.
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As a first step, we considered the role of literacy interest and effortful control individually as 

sources of individual differences in response to intervention. The results suggested an 

important role for high literacy interest, especially contributing towards treatment group 

children getting higher reading scores over the comparison group. The post-hoc contrast 

supported this (post-hoc 3a). This indicates that high interest in literacy gives children in a 

literacy intervention an advantage over similar children not receiving the intervention. 

Remember that results from post-hoc test 2a suggested that children in the comparison group 

with high literacy interest did better than their peers in the same group. Despite this, children 

with the same high interest towards literacy in the treatment group did better on reading 

outcomes due to treatment than children in typical classrooms who themselves were 

responding to the typical classroom environment. Therefore, children with high interest 

towards literacy in the intervention had greater reading outcomes compared to their equally 

high interest peers in the comparison group, suggesting that the quality of the reading 

environment was important even for children already interested in literacy.

Keeping within literacy interest, low literacy interest was not enough alone to contribute to 

differences between the groups (post-hoc 3b). Upon examining Figure 1, what appears to be 

occurring (although not directly testable) is that low interest in the treatment group children 

results in them not necessarily receiving the same benefits in reading outcomes from the 

treatment as their high interest treatment peers. Having low interest in the comparison group 

does not seem to be as large of determinant, and therefore difference between the groups is 

small. In total, having high interest differentiates the two groups (and is more impactful for 

treatment children), but low interest does not differentiate the groups.

As stated, both literacy interest and effortful control did appear to be important when 

accounting for moderating reading outcomes between the intervention groups. In particular, 

we explored the literacy interest and effortful control of the children who appeared to be 

scoring the highest and lowest on reading, as these differences appeared to be the largest. It 

appears that high literacy interest and high effortful control is the best combination of 

behavior measured for a child to respond to literacy intervention. Figure 1 suggested that 

children in the treatment group with this behavioral profile did much better than similar 

children in the comparison group, and this difference was significant (post-hoc 3c). This 

result suggests that although this combination of beneficial behaviors would appear to help 

any child be successful in reading, these behaviors coupled with a successful intervention 

allowed some children to really bloom. Figure 1 also suggested that a group of children 

performed the lowest based on their behaviors. Specifically, children with low literacy 

interest and low effortful control in the comparison group scored lower on reading outcomes 

than children with similar poor profiles but in the treatment group. This interaction suggests 

that children in typical literacy classrooms with these low behaviors do not respond to 

typical instruction as well as their peers. This result also suggests that children in the 

intervention group with these poor behaviors are still able to score more highly on reading 

outcomes than their peers in typical instruction (although not as well as their peers in the 

intervention group), supporting the overall impact of the intervention.

Based on previous reports (e.g., Piasta et al., 2012), we know that the Project STAR 

intervention was successful in causing mean differences in kindergarten reading scores. The 
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present results suggest that individual differences in learning-related behaviors, especially 

high literacy interest and high effortful control, contributed to children successfully 

responding to the intervention project to produce high reading outcomes, possibly higher 

than their peers with other behaviors in the treatment group (even though as a group they had 

better reading outcomes than the comparison group). We propose that this is due to the 

intensive nature of the intervention, with preschool children having to sit and process the 

teacher-led interactive text reading. Although the overall intervention was impactful, some 

children, based on behaviors, did better than others within the treatment group.

These results have implications for literacy interventions in general, as children’s behavioral 

profiles appear to influence their classroom reading outcomes. Intervention researchers 

should consider that learning-related individual differences, especially those not typically 

considered (such as closely related cognitive traits) can moderate the impact of instruction. 

Interestingly, the present intervention has been shown to be impactful for kindergarteners in 

this sample, even when not accounting for the interaction measured here (Piasta et al., 2012). 

The present results serve to suggest that even in an impactful intervention there are 

individual differences associated with reading outcomes due to intervention which are 

important to examine. We sought to explore new ways to consider child-by-instruction 

interactions in an intervention framework, and found that child learning-related behaviors 

not only interact with an intervention design, but also these behaviors are associated with 

how some children responded to treatment. This result doesn’t mean that this intervention 

should only be given to some children based on their high literacy interest and high effortful 

control, as children on average in the treatment group indicated significant benefit. However, 

the knowledge that in general child learning-related behaviors, especially those outside of 

the typical preview of literacy interventions which tend to focus on related cognitive skills 

(e.g., language skills, general cognition), can influence response to treatment is important. 

We suggest approaching intervention work considering factors beyond initial, or closely 

related, cognitive skill. Indeed, greater outcomes due to treatment may have been shown in 

this project if efforts towards increasing interest towards literacy for all children were 

incorporated with the skill-based literacy intervention. There are a host of learning-related 

behaviors beyond the current two that may moderate response to intervention (e.g., student 

compliance to teacher requests, intellectual curiosity), and we encourage other researchers to 

consider the learning-related behaviors that might be important for their particular data.

There are limitations of this work to consider. This was an exploratory study involving 

secondary data analysis using a project which was not intended to examine individual 

differences moderators of response to intervention. Therefore, the measures, especially the 

questions involving interest in literacy, were not ideal. Additionally, there are likely many 

other measures of learning-related behaviors that may have also been moderators of the 

response to intervention that could not be included because they were not available. Finally, 

given the relatively low correlation of the learning-related behaviors with the reading 

outcomes, it may be the case that other correlates not included here are more important 

moderators. We caution the readers that we intend for this work to simply be representative 

of an idea that there may be individual differences in which children respond to intervention 

based on characteristics that are not closely related to the actual intervention.
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Previous work has suggested that child individual differences can interact with outcomes 

associated with classroom instruction (e.g., Connor et al., 2004) and by extension 

educational interventions. However this work has typically focused on close cognitive 

correlates. The area broadly defined as learning-related behaviors may be ideal to target 

during literacy interventions. Moreover, this work suggests these behavioral sources of 

individual differences may play a role in how children respond to intervention. We 

encourage future work to explore if these learning-related behaviors give evidence for 

greater intervention outcomes than implied by more typical aggregate results, for both 

successful and unsuccessful interventions. This can help intervention researchers to more 

holistically focus on individualizing literacy intervention, which could lead to greater gains 

for more children.
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• Individual characteristics of a child can interact with instruction

• These characteristics can affect the success of educational interventions

• Interest in literacy and effortful control were examined as moderators of 

intervention

• Children with high interest in literacy and effortful control showed greatest 

gains due to intervention

• Accounting for a greater breadth of possible moderators of intervention 

impacts is an important
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Figure 1. 
Full three-way interaction model among literacy interest, effortful control, and intervention 

status.
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Figure 2. 
Three-way interaction among literacy interest, effortful control, and intervention status, in 

treatment group only.
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Figure 3. 
Three-way interaction among literacy interest, effortful control, and intervention status, in 

comparison group only.
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