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Abstract

:

Do your peers in the classroom have an effect on your vocabulary learning? The purpose of this study was to determine if group-level peer characteristics and group-level peer achievement account for individual-level differences in vocabulary achievement using a large sample of students in kindergarten through second grade (n = 389,917). We applied a mixed-modeling approach to control for students nested among peers, and used quantile regression to test if group-level peer effects functioned similarly across the range of conditional student ability in vocabulary knowledge. Group-level peer effects were more strongly related to vocabulary achievement for students at the low end of the conditional distribution of vocabulary. The difference in vocabulary achievement between children with and without an individualized education program increased as quantiles of the conditional vocabulary distribution increased. Children with lower relative fall scores had better spring scores when they were in homogenous classrooms (i.e., their peers had similar levels of achievement). The importance of classroom composition and implications for accounting for peer effects are discussed.
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1. Introduction


The assumption that there are robust peer effects in the classroom is the driving force behind many policy and practical decisions. Discussions around school choice [1,2] and tracking (i.e., ability grouping) [3] are based on the notion that peers influence achievement, which is neither a new nor a novel idea. The first report to address peer or classroom composition effects was the 1966 Coleman Report [4]. The Coleman Report examined the educational opportunities of minority group peers and the relations between student achievement and school type and quality. The report suggested that minority students achieved less and were more affected by school quality than the average Caucasian student [4]. Indeed, classroom compositions matter: schools with a higher average social class or higher skill levels tend to have greater parental support, fewer behavioral and disciplinary problems, and are more likely to retain high quality teachers [5]. In response to the Coleman Report, school composition, and thus classroom composition, were subsequently influenced by reassignment efforts to adjust intellectual, racial, ethnic, and income compositions to more balanced levels [6,7]. Later, in a natural experiment in the early 2000s, whereby a large county in North Carolina reassigned students to schools on the basis of income levels, higher achieving peers were better for a student’s achievement after accounting for race, ethnicity, income, and parental education [8]. Even as school systems have reacted to the Coleman Report by attempting to differentially group students, researchers have looked to more rigorous methodologies to better understand if and how peers relate to individual student achievement [1,2,9]. This research, spanning a variety of ideologies, grades, and outcomes, points to a lack of consensus on the nature and size of peer effects on educational achievement.



1.1. What are Peer Effects?


Peer effects are the behavioral, demographic, and achievement level variables that students possess and which can affect their peers’ learning within the classroom [10,11]. Such peer effects might include social class or social status in the form of free or reduced lunch classification, family income, or unemployment rates. Additionally, group-level differences in achievement rates might affect peer outcomes, such that depending on if they are placed in classrooms with higher or lower group-level (peer group) achievement, students might experience differential achievement outcomes based on how well or how poorly their peers do academically. Finally, student specific characteristics, such as race, ethnicity, or gender, might have an effect on their peers’ achievement levels [8]. The focus of the present study was how the presence of higher achieving peers might have influenced the performance of other peers while controlling for certain demographic characteristics and ignoring the social structure (i.e., the peer relationships) within the classroom.



Establishing that our interest is in the effects of peer achievement, there are a few ways in which the effects of group-level demographic variables and achievement levels on individual-level achievement might manifest in the classroom. One such way could be through interactions with higher-achieving students in small group learning or cooperative activities. If a child does learn from their peers, it would follow that being paired with more highly-skilled peers in small group exercises would have a direct effect on their learning [9]. There might also be indirect effects: if a classroom’s achievement levels are particularly high, the teacher might choose to use a higher-quality method than if the classroom’s achievement levels are low [10].



Hoxby and Weingarth [8] suggested a few models of peer effects that are relevant to the current study. One such model is the Boutique model, whereby students will have higher achievement when surrounded by similarly-leveled peers. If teachers recognize their students are similarly leveled, they might create and tailor their core content to reflect their students’ shared ability levels. A related model is the Focus model, where a student performs better when the classroom is homogenous, even when the student is not part of that homogenous group. The Rainbow model suggests the opposite: heterogeneity in the classroom is best for students, as they must arrive at their own answers in their own ways, and benefit from others’ differing perspectives [8].



Two final models might also be relevant: The Bad Apple model and the Shining Light model. Both of these models posit that individual students can have large effects on their peers, by either “spoiling” the classroom through very low performance, or by improving classroom performance through being the “shining light” of high achievement. For students with individual education programs (IEPs) or with a disability status, their presence might influence their peers’ achievement, should that student’s performance reflect the Bad Apple or Shining Light model of influence. However, students with learning disabilities are more likely to be rejected than comparison children before even examining their achievement scores [12,13].



In the present study, we will explore if and how peer effects manifest through the lens of these models of peer behavior, and how the effects of having a peer with an IEP or disability affects their vocabulary outcomes. Further, we will examine if outcomes for students with an IEP or disability status are affected by their peers’ achievements.




1.2. Why Are Peer Achievement Effects Inconsistent?


Wilkinson, Parr, Fung, Hattie, & Townsend [10] posited several reasons that findings on peer effects have been largely inconsistent. First, they suggested that, descriptively, there are compositional and peer effects, but that these effects may be inconsequential to learning above and beyond a child’s initial status. Second, they reasoned that the peer effects may be limited to only certain clusters of students, and not manifest as significant findings at the population mean. Third, they proposed that findings are small because reciprocal relations between students, teachers, and schools organization/management is not sufficiently explored. And lastly, they recommended that methodological and analytic differences within previous studies have “fail[ed] to model peer effects in theoretically-appropriate ways” [10] (p. 527).



Measurement and modeling choices continue to affect how peer effects are determined. Using a linear-in-means model, Burke and Sass [14] found small or negligible peer effects on mathematics and reading achievement (improvements in peer achievement increased own achievement by around ¼ of a percentile). However, using a nonlinear approach by categorizing students in to low-, middle-, and high-type students based on baseline reading achievement, they found that middle- and high-type students significantly benefitted from average improvement in peer achievement in elementary school, but low-type students’ achievement was unaffected by peers [14].




1.3. Specific Peer Achievement Effects on Language Outcomes


Presently, we focus on the effects peers may have on vocabulary knowledge, an important component of oral language skills. Previous studies on peer achievement effects have focused on mathematical outcomes or general reading skills [1,8,14] and general language skills in Dutch [15,16]. We chose vocabulary knowledge as our outcome because it is specifically implicated in many educational outcomes. Vocabulary achievement is a particularly strong and direct predictor of reading comprehension skills from first grade through fourth grade [17,18,19]. Vocabulary knowledge is also a direct and/or indirect predictor of discourse-level listening comprehension [20,21]. The lexical quality hypothesis also supports vocabulary knowledge as a word learning mechanism that leads to faster and more accurate word decoding skills [22,23]. Moreover, vocabulary has been found to be a malleable factor among other peer effect studies with pre-school aged children [24,25,26]. Within the present study, because oral language is important for skilled reading, and since it may be a malleable factor from an early age, we focused on the effects peers may have on vocabulary learning in the early elementary years (specifically, kindergarten through second grade) to look at the effects of peers on vocabulary achievement both before and after formal reading instruction begins. Understanding how peers influence the vocabulary learning of their classmates can help us to understand if there are optimal ways to structure classrooms to promote vocabulary learning as a facilitator of future skilled reading.




1.4. The Present Study


In an effort to address methodological limitations of the peer effects literature, we presently employed the use of multilevel quantile regression. Hoxby and Weingarth [8] discussed that a linear-in-means model, whereby student outcomes are a linear function of the conditional mean of peers’ outcomes (i.e., the peer effect is homogenous), is an insufficient way to model peer effects:


“…we have seen that the data consistently rejects the Linear-in-Means model as a standalone explanation of peer effects. Thus, researchers’ common reliance on the Linear-in-Means model guarantees that any effects of peers that operate non-linearly or through moments other than the mean become omitted variables.”



[8] (p. 29)







In quantile regression, the level of importance of a predictor may be different depending on the quantile of the conditional distribution for an outcome variable [27,28]: the model goes beyond simple linear mean effects models to investigate differential relations between predictors and outcomes. Quantile regression, which has been popular in economics for some time, has of late become increasingly popular in the developmental and psychological sciences [29]. Recent advances in quantile regression have introduced the ability to analyze conditional relations in the context of multilevel models, which are relevant to the present study [30,31,32,33].



Research Questions


The purpose of this study was to analyze individual effects, peer effects, and the interaction between individuals and peers at various quantiles of the conditional distribution of vocabulary achievement at the end of each of grades K-2. To that end, we answered the following research questions:




	
What are the effects of group-level peer achievement on individual-level vocabulary achievement at each of grades K-2 after controlling for race/ethnicity and free-or-reduced lunch status?



	
Controlling for individual levels of vocabulary achievement in the fall, are there moderating effects of peer characteristics, such as group-level IEP status or disability status, in the classroom on end-of-year individual-level vocabulary outcomes at each of grades K-2?



	
Are there differences in the relations of and interactions between these predictor variables (i.e., fall achievement levels, peer group achievement, and group-level IEP or disability status) across quantiles of the conditional distribution of vocabulary outcomes at each of grades K-2?



	
Are there grade-related differences in how peers’ achievement and group-level IEP or disability status affects individual-level performance on end-of-year vocabulary achievement?











2. Materials and Methods


2.1. Data


To address the research questions, the data used in this study were obtained from the Progress Monitoring and Reporting Network (PMRN) database of the archive data core maintained by the Florida Center for Reading Research (FCRR). The archive data core is a historic, centralized data repository that captured student performance in grades K-12 on screening, diagnostic, progress monitoring, and state achievement data pertaining to reading skills. Queried data from the data core for this study stemmed from the 2012/13 school year and reflected students’ performance on the Florida Assessments for Instruction in Reading (FAIR). All school districts in Florida (N = 72) voluntarily selected to administer the FAIR. In grades K-2, a classroom teacher delivered the FAIR, a battery of early reading and pre-reading skills used for screening and progress monitoring.




2.2. Participants


Participants were a total of 389,917 students in kindergarten (n = 154,220), first (n = 122,435), and second grade (n = 113,262). Students were in 23,233 classes, in 1,869 schools, in 72 school districts. Demographic composition by grade and for the full sample is displayed in Table 1 along with the demographic distributions of all K-12 students in Florida. In general, the sample is representative of the statewide population with the exception of percent of students eligible for free or reduced-price lunch and the percentage of migrant students. The sample used in this study included proportionally more students eligible for free or reduced-price lunch (65.8% versus 57.6%) and proportionally more migrant students (1.5% versus 0.5%).




2.3. Measures


2.3.1. Vocabulary


The primary construct of interest was vocabulary achievement, which was measured using the FAIR Vocabulary test. The Vocabulary test is administered in the fall and spring of grades kindergarten through 2 as part of the Broad Diagnostic Inventory of the FAIR. According to the K-2 FAIR Technical Report [34], the Vocabulary test measures a student’s breadth and depth of vocabulary and indicates the need for vocabulary instruction. In the test, the student is asked to label objects, actions, or attributes, and is prompted in cases where an answer requires further precision. Words for the test were selected to tap into academic language at the K-2 grade levels. The FAIR Vocabulary test has a reported IRT precision estimate of 0.80, and concurrent correlations of 0.75 to 0.83 with the Expressive Vocabulary Test, 2nd edition [35], and the fall scores explain 24–29% of variance in spring comprehension scores on the SAT-10 [36].




2.3.2. Peer Effects and Relative Status


The peer effect was conceptualized as the relation between classroom peers’ initial abilities and end of year vocabulary. Peer effects were calculated in three ways: (1) the average fall vocabulary of the classroom peers (peer group mean), (2) the standard deviation of fall vocabulary of the classroom peers (peer group SD), and (3) the percent of students with IEPs in the classroom (peer group IEP). Additionally, rather than focus on absolute status in the fall, this study sought to determine whether or not peer effects were dependent on students’ relative status compared to their peers in the fall. To quantify relative status, within each peer group, each student’s fall vocabulary score was transformed to a z-score, that is, a relative status score of −1 would represent a student performing a standard deviation below their peers in the fall, and concordantly, a relative status score of 1 indicates a student performed a standard deviation above their peers in the fall.





2.4. Analysis


To address the research questions, peers were first identified using the approach explained below. Afterwards, two sets of related analyses were conducted: conditional means based multilevel models (i.e., conventional hierarchical linear modeling; HLM), and linear quantile mixed models (LQMM). Both analyses were run as two-level models with students (level 1) nested in classrooms (level 2). Because we were interested to determine whether the impact of peers varied within grade and between grades, each set of analyses was run separately for each grade, kindergarten (K), first grade (G1), and second grade (G2). This allowed for a more nuanced analysis of the impact of peers at each grade level, rather than simply including grade as a statistical control. For both the HLM and LQMM, all main effects were allowed to vary randomly. All variables—except for IEP status—were centered such that resulting coefficients could be interpreted as standardized effects.



2.4.1. Identifying Peers


The FAIR was administered three times per year, and data were entered at each assessment point (fall, winter, spring). In addition to the FAIR scores, a district, school, and teacher identifier were included. As not all students remained with the same teacher throughout the year, it was necessary to identify the most likely set of peers for each student in the dataset. For each student, a peer variable was created. The peer variable was the teacher most consistently associated with the student across the 3 assessment points. For example, for a student that had teacher “Ms. Scott” in the fall and teacher “Ms. Jones” in winter and spring, the peer variable would be teacher “Ms. Jones.” Similarly, for a student that had teacher “Ms. Scott” in the fall and spring, but teacher “Ms. Jones” in winter, the peer variable would be teacher “Ms. Scott.” If there was not a consistent teacher across two or more assessment periods (in 0.8% of cases), the peer variable was the teacher from the first assessment period with data. Approximately 72% of students were in the same peer group at all three assessment periods, 19% of students were with the same peer group at assessment periods 2 and 3, 7% of students were with the same peer group at assessment periods 1 and 2, 1% of students were with the same peer group at assessment periods 1 and 3. The remaining less than 1% of students were not with a consistent peer group for two or more assessment periods; 0.7% were assigned with their peer group from assessment period 1, 0.2% were in assessment period 2, none were in the third assessment period. For the purposes of this study, the peer variable (associated with a unique teacher within a school and district) became the peer group identifier. Thus, students are considered nested within peers (i.e., teachers within schools within districts).




2.4.2. Hierarchical Linear Modeling (HLM)


To identify the most parsimonious model, a standard multilevel building process was conducted at each grade. Four models were tested: (1) an unconditional baseline model, (2) an individual predictors model–relative status and IEP (a dummy variable identifying if a student had an IEP), (3) a peer predictors model–the individual predictors model with the addition of the peer group mean, peer group SD (peer standard deviation), and peer group IEPs (percentage of peers with IEP status), and (4) individual by peer interaction model–the peer effects model with the addition of interactions between relative status and all peer effects and interactions between IEP and all peer effects. Across all grades, the fourth model, the individual by peer interaction model, was the best-fitting model according to deviance index (whereby lower values are deemed better; see online Supplemental Materials for a table with fit indices for each model by grade).




2.4.3. Linear Quantile Mixed Modeling (LQMM)


The final model from the HLM analyses at each grade were then analyzed as a linear quantile mixed model (LQMM) in two phases. LQMMs extend the traditional HLM analyses to a quantile regression framework, allowing the estimation of the independent variables at differing quantiles of the outcome variable. Quantile regression conditions the outcome variable at various points of the distribution, which results in conditional estimates at the specified quantiles without a loss of power [27,28,29]. Because of the large sample sizes, we tested the LQMMs at 0.05 intervals between the 0.05 and 0.95 quantiles of FAIR Vocabulary in spring. This allowed us to test whether peer effects functioned similarly for a wide range of student vocabulary achievements.



In the first phase, at each grade, each individual predictor was tested separately to determine if, in the absence of other variables or interactions, the predictor functioned differently at each quantile. Additionally, each interaction (with corresponding main effects) was tested separately to determine if, in the absence of other variables or interactions, the interaction or main effects functioned differently at each quantile. In the second phase, at each grade, only the predictors and interactions (with corresponding main effects), that were substantive (i.e., coefficient > 0.1) and/or varied substantively (i.e., the absolute difference in the minimum and maximum coefficient size across quantiles was >0.1) across quantiles were entered into a final model. This final model is used for interpretation.






3. Results


3.1. Descriptive Statistics


Table 2 contains the descriptive statistics for the kindergarten, first grade, and second grade students. On average, children in kindergarten grew 3.35 points in vocabulary between fall and spring. Grade 1 students grew somewhat less, i.e., 2.7 points on average. Grade 2 students grew the most, 3.42 points on average. There was no indication of problematic skewness or kurtosis, though a number of children in all grades were at the floor (0) and ceiling (24) of the FAIR vocabulary measure.




3.2. HLM Results


The ICCs of the unconditional models were 0.370, 0.345, and 0.366 for K, G1, and G2 respectively. This suggests that 37%, 35%, and 37% of the variance in spring scores was due to differences between peer groups (i.e., classrooms) at each of grades K-2, respectively, with 63%, 65%, and 63% of the remaining variance in vocabulary due to individual differences among students. The large ICCs indicated that there were meaningful differences among the classrooms in children’s spring vocabulary achievement. Therefore, we turned to the three conditional models to explore the individual and peer main effects and the individual by peer interaction effects.



Model fit was ascertained for each of the three conditional models (see online Supplemental Materials for the fit indices of all tested models). According to the deviance index (whereby lower values are deemed better), the final model with all individual by peer interactions had the best fit for all grades. These models explained 55% of variance at the peer level and 54% of variance at the individual level in kindergarten (Appendix A, Table A1), 68% of variance at the peer level and 63% of variance at the individual level in first grade (Appendix A, Table A2), and 54% of variance at the peer level and 44% of variance at the individual level in second grade (Appendix A, Table A3).



Conditional Model Effects


Among the student-level main effects, relative status was strongly associated with spring vocabulary across grades (0.484 ≤ β ≤ 0.558; ps < 0.001). Students with IEPs had significantly lower spring vocabulary scores across grades (−0.111 ≤ β ≤ −0.177; ps < 0.001).



Among the peer-level main effects, the peer group mean was positively associated with spring vocabulary across grades (0.484 ≤ β ≤ 0.558). The peer group SD (peer group standard deviation), though statistically significant in first and second grade, was not substantively significant in predicting spring vocabulary in any grade (0.004 ≤ β ≤ 0.021). Similarly, although the effect of peer group IEP status was statistically significant in first grade, it was not substantively related to spring vocabulary in any grade (−0.015 ≤ β ≤ −0.002).



Among the interaction effects, several were statistically significant; however, with the exception of relative status by peer group SD, there were no substantive interactions (−0.059 ≤ β ≤ 0.070). The relative status by peer group SD interaction (RSxPSD) was significant across grades (0.115 ≤ β ≤ 0.126), suggesting that the relation between peer group SD and spring vocabulary was stronger for individuals with higher relative status.





3.3. LQMM Results


At each grade, each of the individual and interaction effects included in the HLMs, regardless of significance or magnitude, were tested separately in LQMMs to identify substantive effects and/or effects with substantive ranges across the quantiles. Then, effects which were substantive (absolute value greater than 0.1) or varied substantively (absolute value of range greater than 0.1) were included in a single final model for each grade. Across all models, as quantiles increased the intercept steadily increased, which is expected given that the model conditions the regression equation at each quantile, and the scores are normally distributed across a wide range of student skills (the intercept is not discussed further as it is not of primary concern). The main effects and interaction effects from each grade are discussed next.



3.3.1. Kindergarten


The significant effects included in the kindergarten model were the intercept, main effects for relative status, IEP, peer group mean, peer group SD, and the interaction term for relative status by peer group SD (RSxPSD). A quantile process plot of all effects except for intercept is provided in Figure 1. At all quantiles, relative status was the strongest predictor of spring vocabulary (0.406 ≤ β ≤ 0.589), but this relation was stronger at lower quantiles than at higher quantiles. The next strongest predictor of spring vocabulary was peer group mean (0.272 ≤ β ≤ 0.469). As with relative status, peer group mean was more strongly associated with spring vocabulary at lower quantiles than higher quantiles. The third strongest predictor was IEP status (−0.251 ≤ β ≤ −0.108). This effect increased over the quantiles: the difference between individuals with and without an IEP was larger as quantiles increased. The peer group SD, which was included because of the interaction term with relative status (RSxPSD), was statistically but not substantively significant in some quantiles (−0.030≤ β ≤ 0.018).



The RSxPSD interaction effect decreased from 0.151 to 0.096 as quantiles increased. This interaction is plotted in Figure 2 for classrooms at the low end of the conditional vocabulary distribution (0.25 quantile) and for classrooms high end of the conditional vocabulary distribution (0.75 quantile). For classrooms at the low end of the conditional distribution (top panel), if a child had low relative status (i.e., they were lower than their peers in the fall), that child did better in spring when the classroom was relatively homogenous (i.e., the peer SD was low (PSD)). However, if a child had high relative status (i.e., higher vocabulary than their peers in the fall), that child did worse in lower classrooms if the classroom was homogenous (i.e., low PSD), and did better if the classroom was relatively heterogeneous (i.e., high PSD). This pattern held for classrooms at the high end of the conditional distribution: children with low relative status did better in classrooms that were relatively homogenous (low PSD), and children with high relative status did better in classrooms that were relatively heterogeneous (high PSD).




3.3.2. First Grade


The first grade model included the same predictors as kindergarten with the addition of an IEPxSD interaction. Other than the addition of the IEPxSD interaction, results were similar to kindergarten. A quantile process plot of all effects except for the intercept is provided in Figure 3. Relative status was the strongest predictor of the conditional vocabulary distribution within the 0.05 to 0.95 quantile band (0.389 ≤ β ≤ 0.593). The effect of relative status decreased as quantiles increased. The second strongest predictor was PM (0.309 ≤ β ≤ 0.495). As with RS, the PM effect decreased as quantiles increased. The third strongest predictor was IEP (−0.217 ≤ β ≤ −0.075). As in K, the IEP effect increased as quantiles increased: the difference between individuals with and without IEPS was larger for students in upper quantiles than in lower quantiles. The last main effect tested was peer group SD which, unlike in kindergarten where it was not substantive, was substantive at the higher quantiles (−0.046 ≤ β ≤ 0.113), suggesting that peer group SD may be a stronger predictor for students in upper quantiles than lower quantiles.



The RSxPSD interaction effect generally decreased from the 0.05 to 0.95 quantile (0.036 ≤ β ≤ 0.135). Figure 4 contains the plots of this interaction effect. As with kindergarten, individuals with low relative status did better in classes with low peer SDs, and students with high relative status did better in classes with high peer SDs. However, for children with low relative status in classrooms at the high end of the conditional distribution (0.75 quantile, bottom panel), the classroom homogeneity did not matter (i.e., there was no difference in performance between low PSD and high PSD). For children with high relative status, when peer SD was high, children had better spring vocabulary achievement, regardless of class performance (low or high end of conditional distribution).



The IEPxSD interaction, while statistically significant in some quantiles, was not practically substantive (−0.028 ≤ β ≤ 0.001). This interaction is plotted in Figure 5. Regardless of general classroom performance (top or bottom panel), children had higher spring vocabulary scores when they did not themselves have an IEP compared to children who did have an IEP.




3.3.3. Second Grade


The second grade model included the same predictors as that of the first grade with the addition of a main effect for peer IEP status and an IEP by relative status interaction. A quantile process plot of all effects except for intercept is provided in Figure 6. Across quantiles, relative status was the strongest predictor of achievement in second grade (0.296 ≤ β ≤ 0.532), with the effect decreasing as quantiles increased. The second strongest predictor was peer group mean (0.281 ≤ β ≤ 0.481). As with relative status, the peer group mean effect decreased as quantiles increased. However, from the 0.55 through 0.85 quantile, there was no discernable difference (when accounting for confidence intervals) between the magnitude of the relative status and peer group mean effects.



The third strongest predictor was IEP (−0.235 ≤ β ≤ −0.090). However, unlike relative status and peer group mean, the absolute value of the IEP effect increased as quantiles increased, i.e., the impact of having an IEP was much higher for higher achieving students. While the main effect for peer group SD was not substantive (−0.045 ≤ β ≤ 0.057), it did have a substantive range (0.102). The main effect for peer IEP status was neither substantive in magnitude (−0.033 ≤ β ≤ 0.001) nor in range (0.034).



As in K and first grade, the RSxSD interaction effect for second grade generally decreased (0.144 ≤ β ≤ 0.041). Students with low relative status had better spring vocabulary scores in classrooms at the low end of the conditional vocabulary distribution when that class was more homogenous (low PSD; Figure 7, top panel), but for students with low relative status in classrooms at the high end of the conditional vocabulary distribution, classroom homogeneity did not matter in predicting their spring vocabulary scores (Figure 7, bottom panel).



The IEP by peer group SD (IEPxPSD), while statistically significant in some quantiles, was not practically substantial. For students who did not have an IEP, they performed better than their counterparts who did have an IEP regardless of classroom homogeneity or conditional classroom performance (See Figure 8).



The IEP by relative status interaction (IEPxRS) plots are presented in Figure 9. The association between relative status and spring vocabulary was more pronounced for individuals with an IEP at the higher quantiles (Figure 9). For students at the lower end of the conditional vocabulary distribution, regardless of relative status, students performed slightly better in spring when they did not have an IEP (Figure 9, top panel). This effect was much more substantial in classrooms at the higher end of the conditional vocabulary distribution (Figure 9, bottom panel): a student with low relative status who did not have an IEP performed nearly a half standard deviation higher in spring vocabulary compared to a similar student with low relative status but who had an IEP. There was a small, but significant difference favoring students who had high relative status but no IEP compared to students with high relative status but who did have an IEP.





3.4. Summary


In the present study, we investigated how individual-level vocabulary knowledge was affected by their peers’ achievement levels for students in grades K-2. Taken together, there were consistent findings across grades K-2 on the influence of relative status, peer group average achievement, homogeneity of peer achievement in fall vocabulary, and the influence of having students with IEPs in the classroom on spring vocabulary achievement. Across all grades, students’ fall vocabulary, relative to their classroom peers, was the strongest predictor of spring vocabulary. However, the predictive nature of relative status was stronger at lower quantiles. Similarly, the effect of the peer average vocabulary was stronger for students at the lower quantiles. An opposite trend was found among IEP status and heterogeneity of the classroom. That is, having an IEP had a stronger effect among students at the higher quantiles, and, students at the higher quantiles were more positively affected by a heterogeneous classroom than by a homogenous classroom. There was a trend where the peer group SD had a stronger effect for students in upper quantiles than lower quantiles. Among students with low relative status in classrooms at the high end of the conditional distribution, classroom homogeneity did not matter. For children with high relative status, when peer SD was high, children had better spring vocabulary achievement, regardless of class performance. Across grades, peer IEP status did not have a substantive effect on individuals’ performance.





4. Discussion


4.1. Peer-Level Achievement Effects on Individual-Level Vocabulary Achievement


Students’ fall vocabulary status—relative to their peers—had the strongest association with spring vocabulary achievement. This finding corroborates a finding in Dutch-speaking second grade students, whereby student background characteristics and their prior achievement explained about 70% of the variance in their language achievement [15]. Compared to other predictors, relative status had the strongest association to vocabulary achievement across grades, but the magnitude of the association declined across the quantiles of vocabulary achievement.



This study supports the importance of peer achievement. Across grades, it was second only to relative status in predicting spring vocabulary. Interestingly, by second grade, for students between the 0.55 and 0.85 quantile, there was no discernable difference in the relation between spring vocabulary and relative status and the relation between spring vocabulary and peer group mean. Convergent with other studies of peer effects, this study supported a prior hypothesis that the relation between peer group mean and individual-level vocabulary outcomes was stronger for students at lower quantiles than higher quantiles. Regardless, the average vocabulary levels of students’ peers in the fall is an important predictor of individual students’ spring vocabulary.



Our study examined at-risk children’s vocabulary knowledge from schools with high rates of free and reduced lunch status, which can be considered a proxy for low SES. Students from lower SES households tend to have different learning trajectories for their language skills [37], and vocabulary size tends to be the oral language component which is most sensitive to the effects of low SES [38]. In a study of Dutch language learners in grades 4 to 6, language gains for low-SES students improved as the percentage of low-SES peers increased in their classroom; i.e., more homogenous classrooms lead to larger gains [16]. We measured homogeneity as the standard deviation of peers’ initial vocabulary achievement. While peer group SD was not a strong predictor in Kindergarten, it increased in magnitude in first and second grade, and it increased across the quantiles. Perhaps the more interesting finding across grades regarding peer group SD was the interaction of peer group SD with relative status. Students’ relative status moderated the influence of peer group SD: students with lower relative status did better in classes that were more homogeneous, and students with higher relative status did better in classes that were more heterogeneous. This finding pits models of peer effects against each other: the Boutique model or the Focus model of peer effects supports classroom homogeneity as good for improving achievement levels [8], but our findings suggest that classroom homogeneity might positively impact vocabulary learning only for the children at the lowest end of the vocabulary achievement spectrum.



Disability Status


Although students with disabilities did not perform as well as their peers, the influence of the disability was limited to the individual with the disability. The percentage of students with disabilities in a classroom never had a substantive relation with spring vocabulary. This suggests that while having a disability has substantial implications for the individual, the presence of individuals with disabilities in a classroom is not related to individuals’ achievement after accounting for other factors such as relative status and peer achievement. This finding is the opposite of what would be found in a “Bad Apple model” of peer effects [8] (p. 6), whereby the presence of a student with poor outcomes negatively affects the outcomes of other students.



While having a disability did not moderate any effects in Kindergarten, having a disability did interact with the peer group SD effect in first and second grade, and IEP status also interacted with relative status effect in second grade. This interaction was more pronounced in the upper quantiles: in first and second grade, the relation between peer group SD and spring vocabulary was weaker for students with disabilities. In second grade, the relation between relative status and spring vocabulary was stronger for individuals with IEPs.





4.2. Limitations


The present study discovered significant peer effects in the classroom on vocabulary achievement, but the study is not without limitations. We discuss some important limitations of our study below.



4.2.1. School Reassignment and Peer Effects


Voluntary reassignment based on school choice initiatives can greatly affect the estimation of peer effects. Families may self-select into certain schools based on their own family characteristics (e.g., income, job locations, residence) or based on their child’s characteristics (e.g., higher performing students may be reassigned to magnet schools or gifted programs). Additionally, homogenous classrooms may be created by families self-selecting into schools with better characteristics (e.g., higher performing classrooms and teachers) or through school assignment of students with similar abilities to the same classrooms, creating homogenous levels of child ability that would not have occurred given natural placement [1]. Given that the majority of schools in this sample are Title I schools, which have a disproportionately high level of students with low achievement, self-selection into these schools is unlikely. However, there are some schools that do choose to be represented in the state archival database that may be higher-achieving or have magnet/gifted programs for high-ability or gifted students.



One noted limitation to this study is that we did not control for students who moved classrooms or did not have a consistent peer group. This decision was made because 72% of students remained with the same peer group across the full year, and less than 1% of students did not have a consistent peer group (i.e., they were with a different teacher at all three assessment points). Thus, while there was a considerable amount of movement between peer groups, the overwhelming majority (over 99%) of students had the same peer group for at least two-thirds of the academic year. Therefore, for these analyses, we did not consider removing or statistically controlling for the less than 1% of individuals that did not have a consistent peer group. Future research may consider investigating student mobility as another potential peer effect.




4.2.2. Theoretical and Empirical Difficulties in Measuring Peer Effects


Studying peer effects is difficult, particularly the nature of measuring and estimating the effects themselves. Selection bias is often an issue: an observer may assume that high achievement is an effect of being in a high-achieving group instead of being a cause for belonging to it [1]. One way this might manifest is if teachers select students who were high-achieving in the previous school year, thus creating a homogenous classroom of high-achieving students. Our findings suggest, however, that building a homogenous classroom of high achievers may negatively impact those students, particularly with respect to their vocabulary achievement.



Secondly, previous models of peer effects have attempted to disentangle the mean-level differences in achievement through something known as the baseline model. This baseline model assumes that there are linear relations between a student and their peers’ achievement levels; thus, a student’s score is linearly affected by the average classroom score [1]. This is problematic if one is interested in effects outside of the mean level–such as in our study. We addressed the limitations of the baseline model by employing a multi-level quantile regression approach with random effects. This allowed us to examine the effects at the tails for both low-achieving and high-achieving students without a loss of power through median splits or multi-group modeling. Future studies should consider incorporating quantile regression approaches to condition their regression models at certain quantiles of achievement.




4.2.3. Missing Variables that Might Further Affect Individual-Level Achievement


Within the present study, we were able to include only achievement-related variables and to account for those peer characteristics that were provided by the PMRN database, i.e., gender, race, free-or-reduced lunch status, IEP status, and disability status. As such, we are missing potentially important variables that could influence the effects of peers on individual-level student achievement. First, we have no knowledge of students’ parental support or engagement in their schools and classrooms. Previous studies have suggested that students with higher achievement may have more engaged parents [5], but this may be a bidirectional relation, such that more engaged parents may cause higher achievement, and higher achievement may cause parents to be more engaged. Further, we did not account for additional potentially important parent-level characteristics that may explain additional variance in the vocabulary learning of these children.





4.3. Implications and Future Directions


On average, regardless of level of achievement (i.e., where you condition the distribution of vocabulary achievement), the context of the classroom matters. Understanding and accounting for these effects has important implications for educational research, especially with regard to drawing correct conclusions on classroom effectiveness practices [13]. The present findings suggest that peers’ average achievement and the homogeneity of peer performance have differential impacts on students’ vocabulary knowledge outcomes. Classroom compositions can greatly impact the learning environment [6]; our findings suggest that a student with low relative levels of fall vocabulary knowledge would benefit from being in a class with similarly-leveled students. However, a student with high relative levels of fall vocabulary knowledge would benefit from being placed in a class with peers of ranging levels of vocabulary achievement.



Additionally, across grades and quantiles, there was a negative relation between having a disability and end-of-grade vocabulary achievement, and this relation consistently increased in magnitude. There was a greater difference between students with and without disabilities in the upper quantiles than in the lower quantiles. This suggests that lower-achieving students with and without disabilities are more similar than higher-achieving students with and without disabilities, which has implications for both planning of intervention and remedial services. Among students in lower quantiles, providing services should be dependent on students’ relative status to their peers, rather than disability status. However, because the discrepancy between students with and without disabilities increases in the upper quantiles, intervention should still be provided to students with disabilities. Taking the homogeneity of the classroom and the impact of having a disability together, practical implications can be found in structuring the classroom to meet the needs of all students. For example, while having a wide range of abilities may be beneficial for higher achieving students, planning small-group instruction with similarly achieving peers may be a way to meet the needs of lower achieving students.



The present findings leave us with important avenues for future research. First, we did not explore how classroom contexts matter, other than peers’ performance and characteristics. Other classroom characteristics, such as teacher years of experience [12], curricular decisions [25,26], and class size [12], could have large impacts on student outcomes independent of peer effects. Indeed, a large study of students found that teacher experience and classroom size predicted student outcomes independent of peer achievement [12], but the mechanism of why these effects occur is still not known. Experimental studies that randomize students to teachers with similar levels of experience and similar class sizes might yield more insight in to how peer effects manifest when classroom conditions are controlled. However, one must proceed with caution: adjusting peer compositions too wildly can have unintended negative effects, particularly for lower achieving students [39].





5. Conclusions


Classroom contexts matter for students’ vocabulary achievement, which is an important predictor of reading comprehension and education outcomes. The results of our study showed that young children’s vocabulary achievement is highly dependent on their relative status and the characteristics of their classroom (i.e., peer performance). For students with relatively low fall scores, their spring scores tend to be higher when they are in classrooms with homogenous peers. For students with relatively high fall scores, they often have higher scores in spring when their peers have varying levels of performance. The literature on peer effects would greatly benefit from studies aimed at understanding how and why these peer effects manifest in an effort to improve outcomes for students at the lowest ends of the distribution.
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Table A1. HLM Model for Kindergarten.
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β

	
SE

	
df

	
t






	
Fixed Effects

	

	




	
Intercept

	
0.020

	
0.005

	
7777

	
3.832 ***




	
RS

	
0.551

	
0.002

	
8981

	
269.188 ***




	
IEP

	
−0.138

	
0.007

	
7527

	
−18.587 ***




	
PM

	
0.438

	
0.006

	
2782

	
77.042 ***




	
PSD

	
0.004

	
0.005

	
3425

	
0.707




	
PIEPS

	
−0.002

	
0.005

	
1996

	
−0.320




	
IEPxRS

	
0.041

	
0.006

	
45,890

	
6.544 ***




	
IEPxPM

	
0.006

	
0.006

	
4846

	
0.924




	
IEPxPSD

	
−0.015

	
0.006

	
4702

	
−2.476 *




	
IEPxPIEPS

	
−0.016

	
0.005

	
2441

	
−2.846




	
RSxPM

	
−0.027

	
0.002

	
7573

	
−13.804 ***




	
RSxPSD

	
0.126

	
0.002

	
7846

	
63.711 ***




	
RSxPIEPS

	
−0.001

	
0.002

	
10,630

	
−0.296




	
Random effects




	

	
Var.

	
SD

	
Χ2 (df = 6)




	
Intercept

	
0.168

	
0.410

	




	
RS

	
0.009

	
0.097

	
782.1 ***




	
IEP

	
0.014

	
0.117

	
47.0 ***




	
pm

	
0.021

	
0.146

	
355.4 ***




	
sd

	
0.006

	
0.079

	
34.6 ***




	
IEPZ

	
0.001

	
0.027

	
21.8 **




	
Residual

	
0.291

	
0.539

	








*** <0.001; ** <0.01; * <0.05.
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Table A2. HLM Model for First Grade.
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β

	
SE

	
df

	
t






	
Fixed Effects

	




	
Intercept

	
0.006

	
0.005

	
6998

	
1.375




	
RS

	
0.558

	
0.002

	
8751

	
257.864 ***




	
IEP

	
−0.111

	
0.007

	
7512

	
−15.248 ***




	
PM

	
0.468

	
0.005

	
3029

	
91.278 ***




	
PSD

	
0.021

	
0.005

	
3473

	
4.268 ***




	
PIEPS

	
−0.015

	
0.005

	
1982

	
−3.244 **




	
IEPxRS

	
0.047

	
0.006

	
51,300

	
7.536 ***




	
IEPxPM

	
0.002

	
0.006

	
4833

	
0.379




	
IEPxPSD

	
−0.018

	
0.006

	
4636

	
−3.021 **




	
IEPxPIEPS

	
0.005

	
0.006

	
2716

	
0.803




	
RSxPM

	
−0.051

	
0.002

	
7165

	
−24.841 ***




	
RSxPSD

	
0.119

	
0.002

	
7308

	
57.967 ***




	
RSxPIEPS

	
0.001

	
0.002

	
10,000

	
0.505




	
Random effects




	

	
Var.

	
SD

	
Χ2 (df = 6)




	
Intercept

	
0.112

	
0.335

	




	
RS

	
0.008

	
0.092

	
558.0 ***




	
IEP

	
0.011

	
0.104

	
35.7 ***




	
pm

	
0.017

	
0.131

	
282.4 ***




	
sd

	
0.008

	
0.087

	
119.8 ***




	
IEPZ

	
0.004

	
0.065

	
59.7 ***




	
Residual

	
0.311

	
0.558

	








*** <0.001; ** <0.01; * <0.05.
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Table A3. HLM Model for Second Grade.






Table A3. HLM Model for Second Grade.





	

	
β

	
SE

	
df

	
t






	
Fixed Effects

	

	

	




	
Intercept

	
0.022

	
0.006

	
6718

	
3.943 ***




	
RS

	
0.484

	
0.002

	
8138

	
200.374 ***




	
IEP

	
−0.177

	
0.008

	
7031

	
−22.330 ***




	
PM

	
0.438

	
0.006

	
2504

	
73.096 ***




	
PSD

	
0.013

	
0.006

	
2677

	
2.302 *




	
PIEPS

	
−0.008

	
0.006

	
1678

	
−1.422




	
IEPxRS

	
0.070

	
0.007

	
52,240

	
10.516 ***




	
IEPxPM

	
0.010

	
0.007

	
4825

	
1.503




	
IEPxPSD

	
−0.011

	
0.007

	
4620

	
−1.692




	
IEPxPIEPS

	
−0.020

	
0.006

	
3057

	
−3.191 **




	
RSxPM

	
−0.059

	
0.002

	
6522

	
−26.032 ***




	
RSxPSD

	
0.115

	
0.002

	
6710

	
50.200 ***




	
RSxPIEPS

	
0.000

	
0.002

	
8587

	
0.131




	
Random effects




	

	
Var.

	
SD

	
Χ2 (df = 6)




	
Intercept

	
0.170

	
0.412

	




	
RS

	
0.009

	
0.097

	
641.3 ***




	
IEP

	
0.020

	
0.143

	
103.1 ***




	
pm

	
0.014

	
0.119

	
140.5 ***




	
sd

	
0.004

	
0.066

	
40.6 ***




	
IEPZ

	
0.002

	
0.044

	
10.2




	
Residual

	
0.357

	
0.597

	








*** <0.001; ** <0.01; * <0.05.
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Figure 1. Kindergarten quantile plot with 95% confidence interval bands. PM = peer group mean; SD = peer group SD; RS = relative status; RSxSD = relative status by peer group SD interaction. 
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Figure 2. Kindergarten RSxSD interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom). PSD = peer group standard deviation; RS = relative status. 
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Figure 3. First grade quantile plot with 95% confidence interval bands. 
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Figure 4. First grade RSxSD interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom) PSD = peer group standard deviation; RS = student’s relative status. 
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Figure 5. First grade IEPxSD interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom). PSD = peer group standard deviation. 
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Figure 6. Quantile effects plot for second grade. Note. IEPxRS = IEP by relative status interaction, IEPxSD = IEP by peer SD interaction, PM = peer mean, RS = student’s relative status, RSxSD = student’s relative status by peer SD interaction, PSD = peer group SD. Intercept is not included. Gray area represents the 95% confidence band. 
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Figure 7. Second grade RSxSD interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom). PSD = peer group standard deviation. 
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Figure 8. Second grade IEPxPSD interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom). PSD = peer group SD. 
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Figure 9. Second grade IEPxRS interaction at the 0.25 quantile (top) and the 0.75 quantile (bottom). RS = student’s relative status. 
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Table 1. Demographic distribution of participants by grade.
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	K
	G1
	G2
	Total
	State





	n
	154,220
	122,435
	113,262
	389,917
	



	Gender
	
	
	
	
	



	% Female
	48.6
	48.7
	49.2
	48.8
	48.7



	% Male
	51.4
	51.3
	50.8
	51.2
	51.4



	Race/Ethnicity
	
	
	
	
	



	% Black
	22.4
	23.4
	22.4
	22.7
	23.0



	% Hispanic
	29.4
	29.3
	29.0
	29.3
	28.6



	% Minority other
	6.3
	6.3
	6.6
	6.4
	6.0



	% White
	41.8
	41.0
	42.0
	41.6
	42.4



	% FRL Eligible
	64.2
	67.5
	66.2
	65.8
	57.6



	% with IEP
	9.9
	13.7
	17.2
	13.2
	13.2



	% Migrant
	2.1
	1.1
	1.1
	1.5
	.5







Note. FRL = Free or reduced lunch; IEP = Individual Education Plan; K= Kindergarten; G1 = First grade; G2 = second grade.
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Table 2. Descriptive statistics for vocabulary achievement outcomes.
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	Variable
	n
	Mean (SD)
	Minimum
	Maximum
	Skewness
	Kurtosis





	K Voc (Fall)
	179,031
	10.09 (4.21)
	0
	24
	−0.187
	−0.132



	K Voc (Spring)
	152,507
	13.44 (4.43)
	0
	24
	−0.163
	0.001



	G1 Voc (Fall)
	147,326
	10.13 (4.15)
	0
	24
	0.020
	−0.114



	G1 Voc (Spring)
	144,825
	12.83 (4.48)
	0
	24
	−0.074
	−0.220



	G2 Voc (Fall)
	143,237
	10.59 (3.59)
	0
	24
	0.038
	0.641



	G2 Voc (Spring)
	141,967
	14.01 (4.28)
	0
	24
	−0.192
	−0.127







K = Kindergarten; G1 = first grade; G2 = Second grade.
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