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ABSTRACT 
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This study was designed to investigate friend influence on academic 

achievement and task avoidance during middle childhood in a sample of 794 

participants in 397 stable same-sex friendship dyads (205 girl dyads and 192 boy dyads) 

from four municipalities in Finland: two in Central Finland, one in Western Finland, 

and one in Eastern Finland. Longitudinal data were collected during the spring of 3rd 

grade and 4th grade and reports were available from both members of each friendship 

dyad. The Actor-Partner Interdependence Model (APIM; Kenny, Kashy & Cook, 2006) 

was used with a single sample of participants to estimate friend influence on academic 

achievement and task avoidance between two types of friendship dyads: (1) dyads that 

were distinguishable as a function of relative math achievement and relative peer 

acceptance and (2) dyads that were indistinguishable as a function of relative math 

achievement and relative peer acceptance. 
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The results demonstrate that when friends are distinguished by math 

achievement the high achiever influences the low achiever’s  math  achievement,  but  not  

the reverse. When friends are distinguishable by peer acceptance the high accepted 

partner influences the low accepted partner’s  math  achievement,  but  not  the  reverse.  

When friends are indistinguishable on the basis of math achievement and peer 

acceptance there is mutual influence on math achievement. There was no evidence of 

friend influence on task avoidance. There was no evidence of friend influence from an 

individual’s  own  task  avoidance  predicting  changes  in  friend  math  achievement,  except  

among dyads that could not be distinguished on the basis of math achievement. Math 

achievement predicted within-individual changes in task avoidance for all friendship 

dyads, except those that could not be distinguished by relative math achievement.  

The findings suggest that friends influence math achievement during middle 

childhood. Furthermore, when friends are distinguished, relative math achievement and 

peer acceptance determines who is influencing whom within a friendship dyad. The use 

of the APIM for distinguishable and indistinguishable dyads on a single sample of 

participants illustrates that it is not sufficient to ignore differentiating features between 

friends, or to discard friendships that are more similar. Implications for teaching 

strategies and classroom interventions are discussed.  
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INTRODUCTION 
 

Strong evidence indicates that peers have considerable influence over problem 

behaviors such as delinquency and drug use (Kandel, 1973; Urberg, Degirmencioglu, & 

Tolson, 1998). Less is known about whether this influence extends to school 

achievement. Views on peer influence over school related outcomes differ. Some have 

argued that peer influence contributes to a lack of effort and diminished interest in 

schoolwork (e.g., Bishop, 1989; Goodlad, 1984); others maintain that most adolescents 

perceive pressure from peers to work hard in school and get good grades (Brown, 

Clasen, & Eicher, 1986). A third perspective holds that peer influence can be positive or 

negative, depending on the attitudes and values of affiliates (Epstein, 1983; Kandel, 

1978). Peers with low motivation to achieve should negatively influence their friends, 

but peers with high motivation to achieve should positively influence their friends. 

Little attention has been given to the question of who influences whom. Most 

studies assume that influence is reciprocal, that peers mutually influence one another. 

Few studies have examined whether there are characteristics that make a child more 

influential or characteristics that make a child more susceptible to influence. In this 

study I will consider individual characteristics that contribute to individual differences 

in friend influence. Moderators of friend influence on math achievement will be 

considered, including relative levels of math achievement and peer acceptance. Four 

research questions will be addressed: (1) Does one friend’s  math  achievement  influence
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the  other  friend’s  math  achievement?    (2)  Does  one  friend’s  task  avoidance influence 

the  other  friend’s  math  achievement?  (3)  Does  one  friend’s  task  avoidance  influence  the  

other  friend’s  task  avoidance?  (4)  Does  one  friend’s  math  achievement  influence  the  

other  friend’s  task  avoidance?  To  determine  who  influences  whom, each member of a 

friend dyad will be classified as relatively higher achieving or relatively lower 

achieving. Analyses will test the hypothesis that higher achieving friends are more 

influential than lower achieving friends. Each member of a friend dyad will also be 

classified as relatively higher accepted or relatively lower accepted. Additional analyses 

will test the hypothesis that higher accepted friends are more influential than lower 

accepted friends.  

To address these questions, two waves of longitudinal data from the First Steps 

(Interaction and Learning within Children-Parent-Teacher Triangle) study will be used 

(Lerkkanen, Niemi, Poikkeus, Poskiparta, Siekkinen, & Nurmi, 2006). The First Steps 

study has followed over 2000 children from Kindergarten to 4th grade exploring 

questions of child learning and motivation. The data will be analyzed using the Actor 

Partner Independence Model (APIM) analyses (Kenny & Cook, 1999), modified for 

longitudinal data (Laursen, Popp, Burk, Kerr, & Stattin, 2008; Popp, Laursen, Kerr, 

Stattin, Burk, 2008). The longitudinal APIM uses a path analysis framework to specify 

the  degree  to  which  one  friend’s  initial  score  on  a  variable  (e.g,  task  avoidance)  predicts  

changes  in  the  other  friend’s  behavior  (e.g.  academic achievement). Unique to this 

dissertation is the notion that patterns of influence vary across friendships. Some friends 

are quite different on a particular trait or attribute, and these differences may give rise to 
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heightened influence on the part of one partner. In these friendships, distinguishable 

dyad APIM analyses will examine whether one partner is more influential than the 

other. Other friends may differ little on the same trait or attribute. In these friendships, 

influence cannot be attributed to differences on the attribute. Indistinguishable dyad 

analyses will examine whether friend influence persists in the absence of attribute 

differences.  

Academic Achievement as a Determinant of Friend Influence Within the Dyad 

Achievement outcomes vary according to the academic characteristics of close 

affiliates (Berndt, 1999). Theory and research have identified two types of influence: (1) 

Well adjusted children promote positive outcomes, and (2) poorly adjusted children 

promote negative outcomes. Positive friend influence describes pressure to improve 

academic engagement and achievement, whereas negative friend influence describes 

pressure that worsens academic engagement and achievement.  

Theoretical Overview. Vygotsky (1978) proposed that more advanced peers 

assist in the cognitive development of their less advanced counterparts. According to 

Vygotsky’s  socio-cognitive theory, if a child does not have the cognitive resources 

necessary to solve a given problem, higher levels of cognitive functioning can be 

created through sustained social interaction with an adult or a more skilled peer. This 

suggests that under the right circumstances, social interactions with peers are an 

essential part of cognitive development and academic achievement (Williams, 1989). 

Vygotsky proposed that rapid mastery of new skills occurs as more advanced 

children  work  with  less  advanced  peers  in  the  latter’s  zone  of  proximal  development.  
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The zone of proximal development is the distance between the actual development level 

(as determined by independent problem solving) and the level of potential development 

(as determined through problem solving under adult guidance or in collaboration with 

more capable peers). Tutors need not be of different ages and partners may take turns in 

the tutor role if cognitive abilities differ across tasks (Véronneau & Vitaro, 2007). 

Working together, higher achieving friends should promote school success in lower 

achieving counterparts. 

Peers are not always a positive source of influence on academic achievement. 

Some students devalue academic tasks. Social motivation theory postulates that 

processes of socialization will motivate both social and academic behavior (Juvonen & 

Wentzel, 1996). When asked to prioritize social and academic goals, adolescents 

consistently rank social goals (e.g., having fun) higher than learning related goals. As a 

consequence, students who perform well at school may be at particular risk for ridicule 

(Pelkner & Boehnke, 2003). In many schools, status is attached to social crowd 

membership. High achievers are often labeled nerds, which is one of the lower status 

crowds in many schools (Brown, Mory, & Kinney, 1994). In schools where 

achievement is devalued, high achieving students feel pressure to reduce academic 

performance (Rentzsch, Schutz, & Schroder-Abe, 2013). Thus, high achieving students 

are likely to abandon academic goals before social goals.  

Empirical Research. Research has demonstrated that friends influence 

academic achievement attitudes (Berndt, Laychak, & Park, 1990), academic 

performance level (Véronneau & Dishion, 2011), and even academic achievement 
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(Altermatt & Pomerantz, 2005; Berndt & Keefe, 1995). Consistent with the notion that 

friends influence academic outcomes, an experiment by Seta (1982) demonstrated that 

students who worked on a pattern recognition task with a better performing partner 

were more successful than students who completed the task alone or with a worse 

performing partner. Other studies (e.g., Blanton, Buunk, Gibbons, & Kuyper,1999; 

Gibbons, Blanton, Gerrard, Buunk, & Eggleston, 2000) provide evidence that working 

with  a  high  achieving  peer  enhances  children’s  perceived  academic  competence  and  

academic performance. These findings suggest that students learn effective study skills 

by observing and imitating the habits of better achieving friends.  

Learning from collaboration with a high-achieving friend may be particularly 

effective if interactions are engaging and stimulating (Rivers, Brackett, Reyes, 

Elbertson, Salovey, 2013). A meta-analytic review of 213 schools incorporating a social 

and emotional learning program (SEL) determined that supportive and engaging peer 

interactions improves classroom climate and leads to significant increases in academic 

achievement (Durlak, Weissberg, Dymnicki, Taylor, & Schellinger, 2011). The 

cooperative and supportive interactions that were described in these programs typically 

characterize close friendships, consistent with the notion that friends play an important 

role in academic achievement outcomes.   

Research with Chinese middle school students suggests that some children profit 

more from high achieving friends than others (Carman & Zhang, 2012). High achieving 

friends were found to positively influence math achievement scores, but only for those 

at the middle of the ability distribution. Higher performing peers did not influence those 
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with the lowest levels of performance. This study demonstrates that there appears to be 

limits to peer influence. Furthermore, some students may be less open or susceptible to 

influence over school performance, regardless of partner characteristics.  

There is also evidence to suggest that the effects of peer influence on academic 

achievement are sustained over time. Results from a seven year longitudinal study (1st 

grade through 7th grade) illustrate mutual influence within friendship dyads (Véronneau 

et al., 2010). Using a transactional model of reciprocal influence, the findings revealed 

that higher academic achievement predicted higher friend academic achievement from 

grade 4 through grade 7. Another study found that  the  academic  achievement  of  one’s  

best friend during adolescence predicted educational attainment by early adulthood 

(Kiuru, Salmela-Aro, Nurmi, Zettergren, Andersson, & Bergman, 2012). Taken 

together, these studies suggest that friend influence is sustained across time. 

One study provides firm evidence that better achieving friends facilitate partner 

learning. Working in pairs, middle school students were taught a new programming 

language over the course of the semester. Partner influence over learned computer skills 

was greater for those working with friends than for those working with nonfriends 

(DeLay, Hartl, Laursen, Denner, Werner, Campe, & Ortiz, in press). The greatest 

influence was found for students who were confident about their programming abilities 

and who had a friend with better computing skills. Working with a more competent 

friend also promotes greater feelings of closeness over the course of the semester (Hartl, 

DeLay, Laursen , Denner, Werner, Campe, & Ortiz, under review), a finding consistent 

with the literature on outcomes associated with cooperative and competitive learning 
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environments (Roseth, Johnson, & Johnson, 2008). Students engaged in cooperative 

interactions grow closer and perform better when working with higher achieving 

friends.  

We cannot assume, however, that influence is a one-way street, with all higher 

achieving partners lifting up all lower achieving partners. Attitudes that friends hold 

about school tend to become more similar, for better or worse, over time (Berndt, 

Laychak, & Park, 1990). Most students with academically engaged friends in grade 6 

achieve at levels higher than expected by grade 8, whereas those with low-achieving 

friends at grade 6 had lower than expected performance at grade 8 (Véronneau & 

Dishion, 2011). This finding illustrates how some friends may be an academic liability. 

My dissertation concerns influence within friendships, so I have focused my 

review on dyads. But it is worth noting that research on peer networks also supports the 

notion that peers influence academic achievement. As an example, social network 

studies demonstrate that students are highly susceptible to the norms of their peer 

network, and that girls are particularly susceptible to peer group norms concerning math 

achievement (Frank, Muller, Schiller, Riegle-Crumb, & Mueller, 2008). Other network 

studies found that individuals tend to assimilate to the average performance level of 

their friends (Lomi, Snijders, Steglich, & Torlo, 2011). It is important to note, however, 

that network studies are not able to specify who influences whom. Dyadic analyses are 

better suited to answer this question. 
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Peer Acceptance as a Determinant of Friend Influence Within Dyads 

Peer acceptance is defined as the degree to which a child is liked by others (Coie 

& Dodge, 1983). It is typically measured through peer nominations as a count of the 

number  of  others  who  identify  the  child  as  “liked  most”  or  “someone  you  spend  the 

most time  with.”  Acceptance  is  distinct  from  popularity,  which  is  tied  to  prestige  and  

social dominance (Schwartz, Tom, Chang, Xu, & Kelly, 2009). Both are measures of 

social status, although at different levels. Popularity describes perceived status within 

the group. Acceptance describes status derived from the accumulation of positive 

relationships with others. In the present study, I focus on relative acceptance as a factor 

hypothesized to exert influence, because it is more closely linked to friendship 

dynamics. I argue that acceptance stands alongside academic engagement as an 

important agent influencing academic achievement outcomes.  

Theoretical Overview. Peers are thought to be important sources of motivation. 

According to one theory, social well being motivates academic performance (Connell & 

Wellborn, 1991). Humans have a fundamental need for structure, autonomy, and social 

affiliation. Applied to the classroom context, peers are sources of each, in ways that 

foster or stunt academic progress. Classroom peer relationships are thought to help 

children feel securely connected to school (Connell, 1990). Relatedness to the peer 

group is associated with classroom engagement, which, in turn, is related to academic 

performance. Thus, acceptance by the peer group may motivate classroom engagement 

because it signals a sense of belonging and cohesion (Wentzel, 1994). Peer acceptance 

is also a marker of access to resources that should foster academic performance 
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(Wentzel & Caldwell, 1997). Seen in this light, peer acceptance is an index of the 

interpersonal resources available to the child in the classroom.  

Theories are divided on the question of whether the more or less accepted 

partner is more influential. Those who think that greater acceptance translates into more 

influence argue that acceptance is related to leadership and perceived popularity (Asher 

& McDonald, 2009). Greater influence is often attributed to the partner with higher 

standing in the peer group. Reasoned action theory holds that high-status individuals are 

influential because they establish, model, and enforce social norms (Fishbein & Azjen, 

2010). Acceptance may serve as a marker of status in the group that may later translate 

into influence within a dyad. Thus, more accepted friends may exact behavioral change 

from less accepted friends through pressure to conform. Interdependence theory holds 

that influence is accorded to the partner with less investment in the relationship 

(Rusbult & Buunk, 1993). Better accepted partners participate in more friendships, 

lowering the cost of dissolving an affiliation with a less accepted partner who has fewer 

relationship options and more incentive to comply with friendship norms. Finally, better 

accepted children have enhanced social skills that should give them a persuasive 

advantage in negotiations.  

Others argue, however, that better accepted partners are more susceptible to peer 

influence. The popularity-socialization hypothesis holds that high accepted adolescents 

are especially sensitive to group norms (Allen, Porter, McFarland, Marsh, & 

McElhaney, 2005). As a consequence, better-accepted partners should be more inclined 

than less-accepted partners to alter behaviors in an effort to preserve their standing in 
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the group. This may lead high accepted youth to embrace mildly deviant activities 

considered normative, such as alcohol consumption or an open disinterest in academic 

tasks. Highly accepted youth may also tend to be more empathetic. Thus, high accepted 

youth may be more accommodating of peer suggestion than low accepted youth. 

Empirical Research. Empirical research links peer group status to academic 

performance. Less accepted students have lower levels of achievement (Buhs, Ladd, & 

Herald, 2006; Wentzel, 2003) and higher rates of dropping out of school (Parker & 

Asher, 1987) than better accepted students. Prospective evidence comes from a study of 

Dutch junior high school students (Lubbers, Van Der Werf, Snijders, Creemers, & 

Kuyper, 2006). Acceptance was positively associated with improved performance and 

engagement. 

Recent research indicates that relative peer acceptance is an important factor that 

determines friend influence over deviant behaviors. On the one hand, there is evidence 

that better accepted partners influence the rate of increase in alcohol consumption of 

less accepted friends, but not the reverse (Laursen, Hafen, Kerr, & Stattin, 2012). On 

the other hand, there is evidence that high accepted peers are quicker to conform to their 

friends’  substance  use  behaviors than low accepted peers (Urberg, Luo, Pilgrim, & 

Degirmencioglu, 2003). Although contradictory, these studies both suggest that relative 

acceptance is a factor in determining levels of friend influence. I suspect that similar 

processes may be at work in the domains of school engagement and school 

achievement. 

The Association Between Task Avoidance and Academic Achievement 
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Academic achievement goes hand and hand with school engagement. One 

critical component of school engagement is the willingness to engage in challenging 

learning tasks. Task avoidance refers to expectations, beliefs, and behaviors that 

individuals display in learning situations (Nurmi, Onatsu, & Haavisto, 1995). Task 

avoidant children are characterized by an unwillingness to participate in difficult 

academic tasks and a tendency to withdraw from academic challenge. In contrast, 

academically engaged students readily meet academic challenge and demonstrate 

perseverance through academic difficulties. When an individual faces a new, 

challenging, or demanding task, past experiences in learning and achievement situations 

activate expectations about what will happen (Dweck, 1986). These expectations and 

related emotions influence the ways in which the individual approaches the task 

(Pintrich & De Groot, 1990). Individual differences in the strategies and response styles 

displayed in achievement situations give rise to differences in the learning-related 

behaviors children practice at school (e.g., Lau & Nie, 2008; Onatsu-Arvilommi & 

Nurmi, 2000; Stephenson, Parrila, Georgiou, & Kirby, 2008).  

Theoretical Overview. Several mechanisms have been proposed to explain how 

the academic engagement of one friend may affect the academic achievement of 

another. Students may come to internalize the learning goals promoted by friends. 

Coping skills that contribute to academic achievement may be acquired through the 

observation of friends who are positive role models. Friends who display a high level of 

school engagement probably have positive attitudes about school. To the extent that 

high achievers are held in high esteem, their positive attitudes may spread to others 
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(Bandura, 1989; Wentzel, 2005).  

Not everyone stands to benefit from associating with high achieving and 

academically engaged friends. Social comparison theory asserts that individuals assess 

their capabilities, in part, through comparisons with others (Festinger, 1954). 

Comparison with higher performing peers may threaten self-esteem, whereas 

comparison with lower performing peers may enhance self-esteem (Gibbons & Gerard, 

1997). Building on social comparison theory, Tesser (1988) proposed that when the 

comparison domain is important to the individual, being outperformed is threatening to 

self-esteem and leads to declines in self-evaluation. In contrast, when the comparison 

domain is unimportant, the individual should not suffer declines in self-evaluation when 

outperformed. In the latter case achievement may increase as outperformed individuals 

bask in the accomplishments of a close other.  

Others have suggested that, even in the midst of threatening social comparisons, 

positive influence is possible. Some argue that social comparisons that threaten self-

worth may also motivate performance, rather than lead to task avoidance (Dweck, 

1986). The motivation- and performance-enhancing effects of upward social 

comparisons are expected to be particularly evident when comparisons provide 

individuals with useful information about how to successfully complete a challenging 

task (e.g. Feldman & Ruble, 1977; Wheeler & Koestner, 1984). Upward social 

comparisons may also inspire individuals by providing them with a sense of their own 

potential (e.g. Brickman & Bulman, 1977; Lockwood & Kunda, 1997; Taylor & Lobel, 

1989). Thus, even when academic competence is threatened, observational learning 
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may still occur. 

Empirical Research. When children are classified according to achievement-

related beliefs, they tend to fall into one of two groups: task-focused or task avoidant. 

Task-focused students typically employ a mastery-orientation, which includes the 

tendency to seek out challenging tasks and to maintain effective striving strategies in 

the face of failure (Diener & Dweck, 1978; Dweck, 1986). Task-focused students are 

also task-oriented, focusing on their own achievement rather than on the achievement of 

peers (Nicholls, Cheung, Lauer, & Patashnick, 1989; Salonen, Lepola, & Niemi, 1998). 

Task-focused students tend to demonstrate positive affect, success expectations, high 

levels of effort, and persistence. Task avoidant students are inclined toward learned 

helplessness (Diener & Dweck, 1978; Dweck, 1986), self-handicapping and avoiding 

effort to limit the damage failure may cause to self-esteem, (Jones & Berglas, 1978). 

Task avoidant students also demonstrate ego-oriented  coping,  a  focus  on  one’s  own  

performance in relation to that of others (Nicholls et al., 1989; Salonen et al., 1998). 

Such students tend to have failure expectations and low levels of effort and persistence 

in academic tasks. Considerable evidence suggests that task-focused and task avoidant 

children differ in terms of academic achievement, and that these differences stem from 

academic achievement-related beliefs (Aunola, Nurmi, Lerkkanen, & Rasku-Puttonen, 

2003; Onatsu-Arvilommi et al., 2002). Task avoidant behaviors have also been linked to 

lower rates of improvement in reading (Onatsu-Arvilommi & Nurmi, 2000).  

What is the source of task avoidance? Some point a finger at the peer group. In 

one study, children’s classroom engagement at the end of the school year was linked to 
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the average level of classroom engagement of same-clique members at the beginning of 

the school year (Kindermann, 1993; Berndt & Keefe, 1995). Children who perceived 

their friends to be engaged at the beginning of the academic year grew more engaged 

over the course of the academic year. 

This does not mean that highly engaged, low task avoidant friends are uniformly 

beneficial. There are probably tradeoffs for low achievers who establish and maintain 

friendships with academically engaged peers. Children who attend schools with high 

levels of achievement report lower academic self-esteem than children who attend 

schools with low levels of achievement (Marsh & Parker, 1984). Being outperformed is 

associated with negative self-evaluations that may lead to task avoidance, but also with 

improved academic performance (Altermatt & Pomerantz, 2005). High achievers do not 

experience similar tradeoffs. Indeed, high achievers uniformly benefit from interactions 

with other high achieving peers. Thus, highly engaged friends may benefit the 

achievement level of their friends, but only if engagement is tied to high levels of 

achievement. But, high levels of friend achievement may also threaten self-esteem and 

lead to task avoidance.  

Some have argued that peers positively influence academic engagement by 

fostering a supportive learning environment. (Wentzel, Battle, Russell, & Looney, 

2010). Friends who provide help, advice, and instruction on how best to succeed create 

a safe classroom environment. A safe classroom environment fosters academic 

engagement, whereas an unsafe environment may give rise to disengagement. In this 

way peers help to determine the degree to which individual students engage in 
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classroom activities. This is of note because peer group engagement in the fall predicts 

child academic engagement in the spring, over and above initial teacher involvement, 

initial parent involvement, and initial student achievement (Kindermann, 2007). 

Academic achievement outcomes follow from academic engagement. Peer group 

academic engagement at the beginning of the school year predicts the academic 

engagement of individual students later in the school year, which predicts individual 

academic achievement at the end of the school year (Kindermann & Skinner, 2009). 

These studies suggest that peers influence classroom engagement, and, in turn, 

classroom engagement influences academic achievement.  

Statistical Independence and the Measurement of Friend Influence 

Methodological problems loom large in the measurement of friend influence. 

Statistical obstacles have long plagued efforts to identify the magnitude and direction of 

peer influence (e.g., Laursen, 2005). Individuals in close relationships are inextricably 

linked to one another and, as such, interdependence is a central feature of these 

relationships. Relationships between friends are characterized by interdependent social 

exchanges, manifested in frequent, strong, and diverse interconnections maintained over 

an extended period of time (Kelley, 1984). If two individuals have interdependent 

thoughts, feelings, and behaviors, it follows that the data describing these thoughts, 

feelings, and behaviors cannot be independent. Unfortunately, most conventional 

statistical procedures assume independent data from participants. In this way, relational 

interdependence begets statistical non-independence (Kenny, 1996).  
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Because conventional analytic procedures cannot readily accommodate 

statistical nonindependence, investigators with dyadic data typically opt for one of three 

approaches: (1) ignore statistical nonindependence, which tends to inflate error 

estimates and bias statistical tests; (2) combine data (i.e., create average scores) from 

participants within dyads, which precludes the assessment of individual differences; or 

(3) focus on data from only one member of the dyad, randomly assigning partners to the 

role of the influencer and the influencee.  

Recent advances in dyadic data analyses overcome these limitations (Card, 

Selig, & Little, 2008; Kenny, Kashy, & Cook, 2006). Important modifications to dyadic 

data analyses permit the analysis of nonindependent data across multiple time points, 

opening the door to the examination of longitudinal influence processes (Kashy & 

Donnellan, 2008; Laursen, Popp, Burk, Kerr, & Stattin, 2008). The present study 

illustrates one such approach, applying dyadic data analysis procedures to questions of 

friend influence on academic achievement.  

Measuring Peer Influence with The Actor-Partner Interdependence Model 

Designed for nonindependent data, the Actor-Partner Interdependence Model 

(APIM: Kenny, Kashy, & Cook, 2006) partitions variance shared across partners on the 

same variable from variance that uniquely describes associations within and between 

partners over time. The present study involves a longitudinal APIM that estimates the 

influence that  friends  have  on  changes  in  each  other’s  academic  achievement.   

There are two types of APIM analyses, one for distinguishable dyads and one 

for indistinguishable dyads. The selection of the analytic strategy depends upon the 
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sample and the degree to which members of dyads in the sample tend to occupy distinct 

roles. A distinguishable dyad APIM treats each member of the dyad as belonging to a 

unique class of participants. In a distinguishable dyad APIM, each member is 

categorized into a role (e.g., older or younger). Participants who occupy the different 

roles are assumed to differ in key respects. An indistinguishable APIM treats 

participants in a dyad as interchangeable. With no discrete roles, participants are 

arbitrarily assigned to positions. It is important to note that indistinguishability is an 

empirical construct. Participants who appear to occupy distinct roles (e.g., older and 

younger) may in fact be interchangeable in terms of their responses on a particular 

variable (e.g., preference for chocolate). Thus, the same sample may be distinguishable 

in some respects and indistinguishable in others, depending on the variable used to 

classify participants into roles.  

APIM for distinguishable dyads. The APIM for distinguishable dyads assumes 

that partners within a friendship dyad can be assigned to conceptually and statistically 

distinct roles. Distinguishable dyad analyses are designed to determine whether there is 

influence between partners and if so, who influences whom.  

Figure 1 depicts an APIM for distinguishable dyads. Paths a1 and a2 are the 

actor effect paths (reflecting  each  actor’s  Time  1 effect on his or her own Time 2 

behavior). Paths p1 and p2 are the partner effect paths (reflecting  each  actor’s  Time  1 

effect on his or  her  partner’s  Time 2 behavior). In the current study, unique friend 

influence on math achievement will be determined for friends distinguished by relative 

math achievement and for friends distinguished by relative peer acceptance. The p1 
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path will reflect the effect of the  high  achieving  or  the  high  accepted  partner’s  Time  1  

score  on  the  low  achieving  or  the  low  accepted  partner’s  Time  2  score,  and  the  p2 path 

reflects the  effect  of  the  low  achieving  or  the  low  accepted  partner’s  Time  1  score  on  

the high achieving or high accepted  partner’s  Time  2  score,  p1 and p2 beta weights are 

unique in this model.  

The original distinguishable dyad APIM was devised for use with cross-

sectional data (Kenny, 1996). Partners were distinguished on the basis of a categorical 

variable (e.g., husbands and wives). Concurrent data are used, but variables are assumed 

to operate as predictors (e.g., attractiveness) and as outcomes (e.g., relationship 

satisfaction). The model partitions the predictive variance into four separate 

components: actor paths  (e.g.,  husband’s  attractiveness  predicts  husband’s concurrent 

satisfaction  and  wife’s  attractiveness  predicts  wife’s  concurrent satisfaction) and partner 

paths  (e.g.,  husband’s  attractiveness  predicts  wife’s concurrent satisfaction  and  wife’s  

attractiveness  predicts  husband’s concurrent satisfaction). Actor paths measure within-

partner influence and partner paths measure between-partner influence.  

Longitudinal distinguishable dyad APIM analyses were designed to estimate 

over-time influence (Popp et al., 2008). In these analyses, the same predictor and 

outcome variables are measured at two different time points (e.g., grade 8 and grade 9 

delinquency). Partners are then distinguished on the basis of relative scores on the 

defining variable (e.g., higher accepted and lower accepted) (Laursen et al., 2008). 

Actor paths represent stability coefficients for each partner. Partner paths represent the 

influence of one partner on another (e.g.,  the  high  accepted  partner’s  grade  8  
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delinquency predicting the  low  accepted  partner’s  grade  9  delinquency).  It  is  important  

to note that partner paths capture changes in the dependent variable. Thus, partner paths 

predict the variance in Time 2 scores that remains after partitioning out the variance 

accounted for by Time 1 scores.  

The distinguishable dyad APIM need not be restricted to a single predictor 

variable. Other researchers have modified the APIM by adding multiple predictor 

variables to distinguishable dyad APIM analyses (e.g., Johnson & Anderson, 2012). 

This modification has allowed researchers to simultaneously consider influence 

resulting from husband reports of time spent together, marital satisfaction, and marital 

confidence on changes in wife reports of marital satisfaction three years later, as well as 

influence resulting from wife reports of time spent together, marital satisfaction, and 

marital confidence on changes in husband reports of time spent together three years 

later.  

This study will include a series of modified longitudinal APIM analyses for 

distinguishable dyads, with two predictor variables. In these analyses, the APIM was 

modified to account for unique friend influence using both math achievement and task 

avoidance as predictor and outcome variables. As a result of using the modified APIM 

for friends who could be distinguished on the basis of relative math achievement and 

peer acceptance, the beta weights for the actor effect paths (a1, a2, b1, b2, c1, c2, d1 

and d2) will consider whether dyad members are influenced by their own behaviors, 

while partner effect paths (e1, e2, f1, f2, g1, g2, h1, and h2) will consider whether dyad 

members are influenced by the prior behavior of their partner (see Figure 2 and Figure 
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3). Given that all actor and partner paths are unique, the question of who influences 

whom is answerable. Like the longitudinal APIM for distinguishable dyads, this 

modified APIM model accounts for unique friend influence on math achievement 

predicting changes in child math achievement. In addition, the modified APIM model 

accounts for friend influence predicting changes in child task avoidance and friend 

influence from task avoidance predicting changes in child math achievement. More 

specifically, using the modified APIM, I am able to consider friend task avoidance 

predicting changes in child math achievement, friend task avoidance predicting changes 

in child task avoidance, and friend math achievement predicting changes in child task 

avoidance. In this way I am able to simultaneously consider unique friend influence on 

child math achievement and child task avoidance between friends distinguished on the 

basis of relative math achievement and relative peer acceptance.  

APIM for indistinguishable dyads. The APIM for indistinguishable dyads 

assumes that partners cannot be assigned to distinct roles. Husbands and wives may be 

distinguished on the basis of sex. Same-sex friends cannot. Absent a distinguishing 

feature that establishes distinct roles of each member of a dyad, data from 

indistinguishable dyads require special methodological considerations. By way of 

example, consider a simple product moment correlation to measure the association 

between husband weight and wife weight. Husband data are entered into the data set in 

column X and wife data are entered into the data set in column Y. An interpretable 

correlation will result because the wife (always X) and husband (always Y) occupy 

distinct roles. Now consider data from same-sex friends. Assigning friend data 
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arbitrarily to column X and to column Y will yield different r values for each different 

random assignment of roles. 

To address this problem, Griffin and Gonzalez (1995) proposed that data from 

indistinguishable dyads be entered into the data set twice, such that each member of a 

dyad occupies both the X and the Y position. The same effect can be achieved with 

equality constraints in a path analysis framework (Olsen & Kenny, 2006). Equality 

constraints are imposed on the assumption that within-partner influence is the same 

across partners. Between-partner influence paths are similarly constrained.  

Figure 4 depicts the APIM for indistinguishable dyads. Paths labeled a are the 

actor effect paths (reflecting  each  actor’s  Time  1 effect on his or her own Time 2 

behavior). Paths labeled p are the partner effect paths (reflecting each actor’s  Time  1 

effect on his or  her  partner’s  Time  2 behavior). In the current study, the APIM accounts 

for friend influence on math achievement between dyads indistinguishable by relative 

math achievement and peer acceptance. Within-dyad equality constraints are imposed 

on within-individual actor paths (a), within-individual partner paths (p), as well as on 

the means (m) and variances (v) of Time 1 scores, and the intercepts (i) and residuals (r) 

of Time 2 scores.  

The original indistinguishable dyad APIM was devised for use with cross-

sectional data (Griffin & Gonzalez, 1995). Concurrent data are used, but variables were 

assumed to operate as predictors (e.g., attractiveness) and as outcomes (e.g., 

relationship satisfaction). The model partitions the predictive variance into two separate 

components:  actor  paths  (e.g.,  an  individual’s  attractiveness predicts his or her own 
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relationship satisfaction) and partner paths (e.g., an  individual’s  attractiveness  predicts  

his  or  her  partner’s  feelings  of  relationship satisfaction). Actor paths measure within-

partner influence and partner paths measure between-partner influence.  

Longitudinal indistinguishable dyad APIM analyses were designed to estimate 

over-time influence (e.g., Adams, Bukowski, & Bagwell, 2005; Hartl et al., in press). In 

these analyses, the predictor variable is scored at the initial time point (e.g., pretest 

computer knowledge) and the outcome is the same variable scored at a later time point 

(e.g., posttest computer knowledge). These analyses were devised to measure friend 

influence over changes in computer programming knowledge. Actor paths represent 

stability coefficients (e.g., the association between actor computer programming 

knowledge at pretest and at posttest). The partner paths represent influence (e.g., the 

association between partner pretest computer programming knowledge predicting the 

other  partner’s  posttest  computer  programming  knowledge). It is important to note that 

partner paths capture changes in the behavior of the dependent variable. Partner paths 

predict changes in Time 2 scores that remain after partitioning out the variance 

accounted for by Time 1 scores. Thus, influence is measured as the prediction of change 

in  one  partner’s  behavior  on  the  basis  of  the  other  partner’s initial behavior. 

The longitudinal APIM for indistinguishable dyads is not restricted to a single 

predictor variable. Other researchers have modified the APIM including two predictor 

variables in the APIM model (e.g., Hartl et al, under review). This modification allowed 

researchers to simultaneously measure within-partner influence and between-partner 

influence, across two different variables and within the same variable. 
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This study will include a series of modified longitudinal APIM analyses for 

indistinguishable dyads. Two predictor variables will be included (see Figure 5). 

Within-dyad equality constraints are imposed on within-individual stability paths (actor 

paths a and b), within-individual influence paths (actor paths c and d), between-

individual influence paths (partner paths e, f, g, and h), within-individual correlations (w 

and x), and between-individual correlations (y and z), as well as on the means (m and n) 

and variances (v and u) of Time 1 scores, and the intercepts (i and j) and residuals (r and 

s) of Time 2 scores. In these analyses, influence can be determined, but because friends 

are not assigned to distinct roles, who influences whom cannot be determined. Thus, the 

model  will  test  whether  one  friend’s  math  achievement  predicts  changes  in  the  other  

friend’s  math  achievement,  whether  one  friend’s  task  avoidance  predicts  changes  in  the  

other  friend’s  task  avoidance,  whether  one  friend’s  math  achievement  predicts changes 

in  the  other  friend’s  task  avoidance,  and  whether  one  friend’s  task  avoidance  predicts  

changes  in  the  other  friend’s  math  achievement.   

Who is Distinguishable and Who is Not? The original distinguishable dyad 

APIM distinguished participants on the basis of a categorical variable (e.g., sex). 

Indistinguishable dyad analyses were typically applied to dyads that were not 

categorically different (e.g., same-sex friends). But because distinguishability is a 

statistical construct, it became apparent that dyads that were categorically distinct could 

not be distinguished on the basis of all variables. For instance, husbands and wives are 

not, by definition, different in terms of all attitudes and behaviors. By the same token, it 

became clear that dyads that were not categorically different might nevertheless be very 
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different on some behaviors and attitudes. Distinguishable dyad APIM analyses began 

to be applied to dyads in which members were not categorically distinct. In these cases, 

partners were assigned to roles on the basis of scores on a continuous variable. To 

ensure distinguishability, extreme groups were established and partners with similar 

scores on the distinguishing variable were excluded from analyses. For instance, friends 

who differed in age by at least one standard deviation were assigned as the relatively 

higher member of the dyad and the relatively lower member of the dyad. An omnibus 

test of distinguishability could be used to determine if partners differed in their attitudes 

and behaviors (see Gonzalez & Griffin, 1999). Those with scores that differed by less 

than one standard deviation were not included in subsequent distinguishable dyad 

APIM analyses.  

The past practice of discarding individuals in this middle group or combining 

them with those that are dissimilar is problematic. First, when a large portion of study 

participants is eliminated, the implications of the findings to the broader classroom 

context come into question. Second, by including similar friends with those that are 

dissimilar, error is added to distinguishable dyad analyses. Adding similar friends 

together with more differentiated friends leads to analysis error that diminishes the 

possibility of detecting differences in patterns of friend influence. As a consequence, the 

ability to determine who influences whom is diminished. Finally, indistinguishable and 

distinguishable friendship dyads are fundamentally different pairs of children. More 

specifically, indistinguishable friendship dyads do not differ on the key variable of 



 

 25 

interest so any influence found within these dyads cannot be attributed to role 

distinctions, but rather to some other source of peer influence. 

The present study is the first to recognize, in a statistical sense, that not all 

friendships are similar. Some friends resemble one another on key attributes, in which 

case, these differences are not likely to be sources of influence. Other friends may differ 

on the same variable, and these differences may determine the direction and magnitude 

of influence. To this end, the group will be subdivided into two groups: Those who can 

and those who cannot be distinguished on the basis of the distinguishing variable. Two 

sets of APIM analyses were conducted. First, I conducted distinguishable dyad APIM 

analyses on dyads whose partners could be statistically differentiated on math 

achievement and peer acceptance. Second, I conducted indistinguishable dyad APIM 

analyses on dyads whose partners could not be statistically differentiated on math 

achievement and peer acceptance.  

Hypotheses of the Current Study 

The current study is designed to measure friend influence on academic 

achievement during the elementary school years. To this end, four research questions 

will be addressed.  

Does  one  friend’s  math  achievement  influence  the  other  friend’s  math  

achievement? We know that friends shape each others school achievement outcomes 

(e.g., Altermatt & Pomerantz, 2005; Berndt, Laychak, & Park, 1990; Véronneau & 

Dishion, 2011), and that friends are particularly influential when it comes to math 

achievement (Carman & Zhang, 2012). I expected to find friend influence over math 
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achievement  such  that  higher  levels  of  one  friend’s  math  scores  would  predict  greater  

increases  in  the  other  friend’s  math scores. For friends that differed on the basis of math 

achievement,  and  in  accordance  with  Vygotsky’s  (1978)  socio-cognitive theory 

proposing that more advanced peers will assist the cognitive development of their less 

advanced counterparts, I predicted that the high achieving partner would influence the 

low achieving partner on math achievement (e.g., Altermatt & Pomerantz, 2005), but 

not the reverse. For friends that differed on the basis of peer acceptance, and in 

accordance with theory that describes peer acceptance as a marker of classroom 

engagement and academic performance (e.g., Connell, 1990; Wentzel, 1994; Wentzel & 

Caldwell, 1997), I predicted that the high accepted partner would influence the low 

accepted partner on math achievement (e.g., Laursen et al., 2012), but not the reverse.  

Does  one  friend’s  task  avoidance  influence  the  other  friend’s  math  achievement?  

Friends who display a high level of school engagement and a positive attitude about 

school tend to be emulated, which has a positive influence on academic achievement 

(Bandura, 1989; Wentzel, 2005). We also know that task avoidance predicts a 

worsening of academic fortunes (Chen, 2005; Onatsu-Arvilommi & Nurmi, 2000). I 

expected to find influence such that higher levels of one friend’s task avoidance is 

associated with lower levels of the  other  friend’s math achievement. For friends that 

differ on the basis of math achievement, I predicted that the high achieving partner 

would influence the low achieving partner on math achievement (e.g., Vygotsky, 1978; 

Altermatt & Pomerantz, 2005), but not the reverse. For friends that differed on the basis 

of peer acceptance, I predicted that the high accepted partner would influence the low 
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accepted partner on math achievement (e.g., Connell, 1990; Laursen et al., 2012; 

Wentzel, 1994; Wentzel & Caldwell, 1997), but not the reverse. 

Does  one  friend’s  task  avoidance  influence  the  other  friend’s  task  avoidance? 

Several studies suggest that individual academic engagement can be predicted from 

previous levels of academic engagement of peers (Berndt and Keefe, 1995; 

Kindermann, 1993; Kindermann, 2007). I expected to find friend influence such that 

higher levels of one friend’s task avoidance would predict greater change in the other 

friend’s  task  avoidance.  For friends that differ on the basis of math achievement, I 

predicted that the high achieving partner would influence the low achieving partner on 

task avoidance (e.g., Vygotsky, 1978; Altermatt & Pomerantz, 2005), but not the 

reverse. For friends that differed on the basis of peer acceptance, I predicted that the 

high accepted partner would influence the low accepted partner on task avoidance (e.g., 

Connell, 1990; Laursen et al., 2012; Wentzel, 1994; Wentzel & Caldwell, 1997), but not 

the reverse. 

Does  one  friend’s  math  achievement  influence  the  other  friend’s  task  avoidance?  

Individuals assess their capabilities, in part, through comparisons with others (Festinger, 

1954). Classroom studies indicate that comparison with higher performing peers may 

threaten self-esteem (Gibbons & Gerard, 1997), but high achieving and academically 

engaged students also promote academic performance and classroom engagement 

(Rivers et al., 2013). Academic achievement at the beginning of the school year predicts 

changes in task avoidant behaviors by the end of the school year. Specifically, higher 

achievement is associated with less increase in task avoidance. (Onatsu-Arvilommi & 
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Nurmi, 2000). I expected to find friend influence such that higher levels of one  friend’s  

math  achievement  would  predict  less  change  in  the  other  friend’s  task  avoidance. For 

friends that differ on the basis of math achievement, I predicted that the high achieving 

partner would influence the low achieving partner on task avoidance (e.g., Vygotsky, 

1978; Altermatt & Pomerantz, 2005), but not the reverse. For friends that differed on 

the basis of peer acceptance, I predicted that the high accepted partner would influence 

the low accepted partner on task avoidance (e.g., Connell, 1990; Laursen et al., 2012; 

Wentzel, 1994; Wentzel & Caldwell, 1997), but not the reverse. 
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METHOD 

Participants 

Participants were drawn from the ongoing First Steps Study (Lerkkanen, Niemi, 

Poikkeus, Poskiparta, Siekkinen, & Nurmi, 2006), in which over 2000 children were 

followed from Kindergarten to 4th grade. The sample was recruited from four 

municipalities in Finland: two in Central Finland, one in Western Finland, and one in 

Eastern Finland. The children represent about a half of the age cohort from one 

municipality and the whole age cohort from the other three municipalities.  

The  participants  in  the  present  study  are  a  subsample  of  794  (410  girls  and  384  

boys)  students  who  were  in  the  3rd  grade  at  the  outset  (Age  range  8  to  10,  M=9.68,  

SD=0.30).  All  participants  were  involved  in  reciprocated  same-sex  friendships  that  were  

stable  across  the  3rd  and  4th  grade.  The  sample  is  homogeneous  in  cultural  background,  

consistent  with  the  Finnish  school  system  outside  metropolitan  areas  (Silinskas,  G.,  

Niemi,  P.,  Lerkkanen,  M.-K.,  &  Nurmi,  J.-E.,  2012).  The  mother-tongue  for  the  

majority  (99.4%)  of  participants  was  Finnish.  Most  participants  came  from  two  

biological  parent  families  (83%),  with  the  remainder  divided  between  stepparent  (10%)  

and  single  mother  (7%)  families.  The  number  of  children  per  family  ranged  from  1  to  11  

(M  =2.80,  SD  =  1.50). 

Measures 

Peer Nominations. In the spring of 3rd and 4th grade children were given a 
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roster of all students in the classroom and asked to circle the names of three classmates 

whom they most liked to spend time with during their breaks. A few children (n=83 in 

3rd grade; n=24 in 4th grade) nominated more than three peers as friends. Friendships 

were defined as reciprocated nominations. Stable friends were dyads with reciprocal 

nominations in the 3rd and 4th grade. Some participants had more than one stable same-

sex friendship. In this case, the highest ranked friendship was selected for analysis. To 

this end, the sum of the rankings was calculated for each dyad; in the event of multiple 

friendships that were tied in rank, preference was given to friendships that resulted in 

eliminating the fewest participants from the sample. Peer acceptance was calculated as 

the sum of all the peer nominations a child received. 

Math Achievement. Children completed the Arithmetic Reasoning Test 

(Räsänen, 2000). Arithmetic reasoning was measured by a set of tasks in which children 

were asked to continue a series of three numbers (e.g., 3, 5, 7) by adding a fourth 

number that best fit the series (e.g., 9). For each question, children were provided four 

response alternatives (see Appendix A). Participants were given 10 minutes to complete 

the 30 item instrument. One point was given for each correct answer.  Internal reliability 

was  acceptable  (α  =  .78  to  .79).  

Task Avoidance. Children completed a task avoidance scale (Onatsu-

Arvilommi & Nurmi, 2000), which describes the extent to which a child diverts 

attention from challenging activities. Children rated each item as true or false (see 

Appendix B). True responses were summed. Internal  reliability  was  acceptable  (α  =  .72  

to .74). 
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Procedure 

A total of 2,299 students were invited to participate. Pursuant to Finnish law and 

under the guidance and approval of school officials, parents were approached for child 

consent. Parents were notified of the study and could withdraw children from it at any 

time. Students were informed that they could refuse to participate at any time. The 

primary reason for attrition in the current study was family relocation. 

Trained researchers or trained undergraduates in the psychology and education 

program administered tests to students during regular school hours. Participants were 

assured that their questionnaire responses would remain confidential, and would not be 

viewed by teachers or parents. 

Of  the  1,995  students  who  completed  questionnaires  during  the  3rd  grade,  1,936  

also  participated  during  the  4th  grade.  A  series  of  2  (participation  group:  3rd  and  4th  

grade  or  3rd  grade  only)  by  2  (sex)  ANOVAs  were  used  to  determine  if  there  were  

significant  differences  between  students  who  participated  at  both  times  (n=1,936)  and  

those  who  only  participated  during  the  3rd  grade  (n=59)  on  math  achievement,  task  

avoidance,  and  peer  acceptance.  Students  who  participated  at  both  time  points  reported  

higher  math  achievement  (M=16.20,  SD=3.86)  than  students  who  only  participated  

during  3rd  grade  (M=14.95,  SD=4.75),  F(1,  1987)=5.87,  p  <  .05  (d=.32).  Students  who  

participated  at  both  time  points  also  reported  lower  task  avoidance  (M=2.69,  SD=2.10)  

than  students  who  only  participated  during  3rd  grade  (M=3.47,  SD=2.51),  F(1,  

1986)=7.77,  p  <  .01  (d=.37).  There  were  no  statistically  significant  differences  between  
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the  participation  groups  on  peer  acceptance.  There  were  neither  main  effects  nor  

interactions  involving  sex. 

Of those who completed questionnaires, 1,829 participants made friend 

nominations in the 3rd grade and 1,802 participants made friend nomination in the 4th 

grade. There were 1,463 reciprocated friendships in the 3rd grade and 1,526 reciprocated 

friendships in the 4th grade. Of this total, 981 students reported reciprocated friendships 

that were stable across the 3rd and 4th grade. A series of 3 (friendship status: grade 3 to 

grade 4 reciprocated stable friend, grade 3 reciprocated unstable friend, or grade 3 

friendless) by 2 (sex) ANOVAs were used to determine if there were significant 

differences between students with a reciprocated stable friend (n=981), students with a 

reciprocated unstable friend (n=482), and students without a reciprocated friendship 

(n=528) on math achievement, task avoidance, and peer acceptance. Significant 

differences between friendship status groups were investigated with post hoc testing 

using  Tukey’s  honestly  significant  difference  (HSD)  test. Students with a reciprocated 

stable friend (M=16.39, SD=3.58, d=.21) and students with a reciprocated unstable 

friend (M=16.34, SD=3.79, d=.19) had significantly (p<.01) higher math achievement 

scores than students without a reciprocated friend (M=15.55, SD=4.46), F(2, 

1,985)=9.92, p < .001. Boys had higher levels of math achievement (M=16.60, 

SD=4.23) than girls (M=15.67, SD=3.43), F(1, 1,985)=16.79, p < .01 (d=.24). Students 

with a reciprocated stable friend (M=2.81, SD=1.70) had significantly (p<.001, d=.36) 

higher levels of peer acceptance than students with a reciprocated unstable friend 

(M=2.20, SD=1.74); and students with a reciprocated unstable friend had significantly 
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(p<.001, d=1.4) higher levels of peer acceptance than students without a reciprocated 

friend (M=0.31 SD=0.84), F(2, 1,989)=455.07, p < .001. There was neither a main 

effect nor an interaction involving sex on peer acceptance. There were neither main 

effects nor interactions effects for friendship status and sex on task avoidance. 

All participants had complete data on the study variables. There were no missing 

math achievement, task avoidance, or peer acceptance data. 

Plan of Analysis 

Intraclass correlations. Intraclass correlations were conducted to establish the 

lack  of  independence  on  friends’  math  achievement  scores.  Statistical  nonindependence 

is a prerequisite to dyadic data analyses. These analyses also determined the degree to 

which stable reciprocated friends became more similar over time. 

Test of distinguishability. Within each dyad, friends were distinguished on the 

basis of two variables: 3rd grade relative math achievement and 3rd grade relative peer 

acceptance. Dyads with members whose scores differed by more than 1 SD were 

identified. Of the 397 stable friendship dyads, there were 187 dyads whose partners 

differed by 1 SD or more on 3rd grade math achievement. In these dyads, each friend 

was categorized as either the high achieving partner or the low achieving partner. Of the 

397 stable friendship dyads there were 202 dyads whose partners differed by 1 SD or 

more on 3rd grade peer acceptance. In these dyads, each friend was categorized as either 

the high accepted partner or the low accepted partner. 

A chi-square  (χ2) test of distinguishability (Gonzalez & Griffin, 1999) was 

conducted to determine whether the sample distinguished by math achievement and the 
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sample distinguished by peer acceptance were suitable for distinguishable dyad APIM 

analyses. In this omnibus test, variances, interpersonal correlations, and intrapersonal 

correlations are constrained to be equal (see Figure 1). A significant  χ2 test (p < .05) 

confirms that friends should be distinguished on the basis of the distinguishing variable 

(i.e., math achievement or peer acceptance). 

Dyads with members whose scores differed by less than 1 SD were also 

identified. Of the 394 stable friendship dyads, there were 206 dyads whose partners 

differed by less than 1 SD on 3rd grade math achievement. Of the 394 stable friendship 

dyads, there were 186 dyads whose partners differed by less than 1 SD on 3rd grade peer 

acceptance.  

A chi-square  (χ2) test of distinguishability (Kenny et al., 2006) was conducted to 

determine whether the sample that could not be distinguished on math achievement and 

the sample that could not be distinguished on peer acceptance were suitable for 

indistinguishable dyad APIM analyses. In this omnibus test, means, variances, 

interpersonal correlations, and intrapersonal correlations are constrained to be equal 

(see Figure 6).  A  nonsignificant  χ2 test (p > .05) confirms that friends should not be 

distinguished on the basis of the distinguishing variable (i.e., math achievement or peer 

acceptance). 

Dyadic analyses. APIM analyses describe patterns of friend influence on math 

achievement. Two types of APIM analyses were conducted using path analyses in a 

Structural Equation Modeling (SEM) framework with Mplus 7.0 (Muthén & Muthén, 

1998-2012). Figure 2 depicts a fully saturated distinguishable dyad APIM for the 
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sample distinguished by math achievement. Figure 3 depicts a fully saturated 

distinguishable dyad APIM for the sample distinguished by peer acceptance. Figure 5 

depicts the fully saturated indistinguishable dyad APIM for samples that could not be 

distinguished on the basis of math achievement or peer acceptance (the same model was 

used for each). Model fit was not assessed in any of these analyses because the models 

were fully saturated.  

Distinguishable Dyad APIM Analyses. Two sets of distinguishable dyad 

longitudinal APIM analyses were conducted using procedures outlined originally by 

Kenny (1996) and modified by Popp and colleagues (2008) and Laursen and colleagues 

(2008) for longitudinal data. The first set included the sample with dyads distinguished 

on the basis of math achievement. The second set included the sample with dyads 

distinguished on the basis of peer acceptance.  

Figure 2 describes a model designed to test the influence of friends distinguished 

on the basis of math achievement. The dependent variables are changes in math 

achievement and changes in task avoidance. Four questions will be addressed. The first 

question  addresses  hypothesis  1:  Does  one  friend’s  math  achievement  influence  the  

other  friend’s  math  achievement?  The  second  question  addresses  hypothesis  2:  Does  

one  friend’s  task  avoidance  influence  the  other  friend’s  math  achievement?  The  third  

question  addresses  hypothesis  3:  Does  one  friend’s  task  avoidance  influence  the  other  

friend’s  task  avoidance?  The  fourth  question  addresses  hypothesis  4:  Does  one  friend’s  

math  achievement  influence  the  other  friend’s  task  avoidance?   
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Friend influence on math achievement will be indicated by a statistically 

significant beta weight on one of the four between-individual partner paths (f1, f2, g1, 

and g2). A significant (f1) partner path indicates that the high math achievement 

partner’s  math  achievement  score  predicts changes from the 3rd to the 4th grade in the 

low  math  achievement  partner’s  math  achievement  score.  A  significant  (f2) partner path 

indicates  that  the  low  math  achievement  partner’s  math  achievement  score  predicts  

changes from the 3rd to the 4th grade  in  the  high  math  achievement  partner’s  math  

achievement score. A significant (g1) partner path indicates that the high math 

achievement  partner’s  task  avoidance  score  predicts  changes  from  the  3rd grade to the 

4th grade in the low math achievement partner’s  math  achievement  score.  A  significant  

(g2)  partner  path  indicates  that  low  math  achievement  partner’s  task  avoidance  score  

predicts changes from the 3rd grade to the 4th grade in the high math achievement 

partner’s  math  achievement  score.     

Friend influence on task avoidance will be indicated by a statistically significant 

beta weight on one of the four between-individual partner paths (e1, e2, h1, and h2). A 

significant (e1)  partner  path  indicates  that  the  high  math  achievement  partner’s  task  

avoidance score predicts changes from the 3rd to the 4th grade in the low math 

achievement  partner’s  task  avoidance  score.  A  significant  (e2) partner path indicates 

that  the  low  math  achievement  partner’s  task  avoidance  score  predicts  changes  from  the  

3rd to the 4th grade  in  the  high  math  achievement  partner’s  task  avoidance  score.  A  

significant (h1)  partner  path  indicates  that  the  high  math  achievement  partner’s  math  

achievement score predicts changes from the 3rd grade to the 4th grade in the low math 
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achievement  partner’s  task  avoidance  score.  A  significant  (h2) partner path indicates 

that  the  low  math  achievement  partner’s  math  achievement  score  predicts  changes  from  

the 3rd grade to the 4th grade  in  the  high  math  achievement  partner’s  task  avoidance  

score.  

Additional  analyses  will  determine  the  relative  strength  of  each  friend’s  

influence over math achievement and task avoidance. These analyses will address the 

research question that accompanies the first distinguishable dyad hypothesis: Are higher 

achieving friends more influential than lower achieving friends? The relative strength of 

friend influence will be assessed using chi-square difference tests to contrast two sets of 

partner paths (f1 and f2) and (g1 and g2). To test whether high math achievers are more 

influential than low math achievers on math achievement, the partner paths  (f1 and f2) 

will be constrained to be equal. Support for the hypothesis emerges if the beta weight is 

stronger for partner path (f1) than partner path (f2), and if the chi-square difference test 

is significant after constraining partner paths (f1 and f2) to be equal. To test whether 

high math achievers are more influential than low math achievers on task avoidance, the 

partner paths  (g1 and g2) will be constrained to be equal. Support for the hypothesis 

emerges if the beta weight is stronger for partner path (g1) than partner path (g2), and if 

the chi-square difference test is significant after constraining partner paths (g1 and g2) 

to be equal.  

The model depicted in Figure 2 also explores within-individual influence. 

Within-individual influence on math achievement will be indicated by a statistically 

significant beta weight on one of the two within-individual actor paths. A significant 
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(c1) actor path indicates that the high math  achievement  partner’s  task  avoidance  score  

predicts changes from the 3rd grade to the 4th grade in his or her own math achievement 

score. A significant (c2)  actor  path  indicates  that  the  low  math  achievement  partner’s  

task avoidance score predicts changes from the 3rd grade to the 4th grade in his or her 

own math achievement score. Within-individual influence on task avoidance will be 

indicated by a statistically significant beta weight on one of two within-individual actor 

paths. A significant (d1) actor  path  indicates  that  the  high  math  achievement  partner’s  

math achievement score predicts changes from the 3rd grade to the 4th grade in his or her 

own task avoidance score. A significant (d2) actor path indicates that the low math 

achievement  partner’s math achievement score predicts changes from the 3rd grade to 

the 4th grade in his or her own task avoidance score. 

Figure 3 describes a model designed to test the influence of friends distinguished 

on the basis of peer acceptance. The dependent variables are changes in math 

achievement and changes in task avoidance. Four questions will be addressed. The first 

question  addresses  hypothesis  1:  Does  one  friend’s  math  achievement  influence  the  

other  friend’s  math  achievement?  The  second  question  addresses  hypothesis 2: Does 

one  friend’s  task  avoidance  influence  the  other  friend’s  math  achievement?  The  third  

question  addresses  hypothesis  3:  Does  one  friend’s  task  avoidance  influence  the  other  

friend’s  task  avoidance?  The  fourth  question  addresses  hypothesis  4: Does  one  friend’s  

math  achievement  influence  the  other  friend’s  task  avoidance?   

Friend influence on math achievement will be indicated by a statistically 

significant beta weight on one of the four between-individual partner paths (f1, f2, g1, 
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and g2). A significant (f1)  partner  path  indicates  that  the  high  peer  acceptance  partner’s  

math achievement score predicts changes from the 3rd to the 4th grade in the low peer 

acceptance  partner’s  math  achievement  score.  A  significant  (f2) partner path indicates 

that  the  low  peer  acceptance  partner’s  math  achievement  score  predicts  changes  from  

the 3rd to the 4th grade  in  the  high  peer  acceptance  partner’s  math  achievement  score.  A  

significant (g1)  partner  path  indicates  that  the  high  peer  acceptance  partner’s  task  

avoidance score predicts changes from the 3rd grade to the 4th grade in the low peer 

acceptance  partner’s  math  achievement  score.  A  significant  (g2) partner path indicates 

that  low  peer  acceptance  partner’s  task  avoidance  score  predicts  changes  from  the  3rd 

grade to the 4th grade  in  the  high  peer  acceptance  partner’s  math  achievement  score.     

Friend influence on task avoidance will be indicated by a statistically significant 

beta weight on one of the four between-individual partner paths (e1, e2, h1, and h2). A 

significant (e1)  partner  path  indicates  that  the  high  peer  acceptance  partner’s  task  

avoidance score predicts changes from the 3rd to the 4th grade in the low peer acceptance 

partner’s  task  avoidance  score.  A  significant  (e2) partner path indicates that the low 

peer  acceptance  partner’s  task  avoidance  score  predicts  changes  from  the  3rd to the 4th 

grade  in  the  high  peer  acceptance  partner’s  task  avoidance  score.  A  significant  (h1) 

partner  path  indicates  that  the  high  peer  acceptance  partner’s  math  achievement score 

predicts changes from the 3rd grade to the 4th grade  in  the  low  peer  acceptance  partner’s  

task avoidance score. A significant (h2) partner path indicates that the low peer 

acceptance  partner’s  math  achievement  score  predicts  changes  from  the  3rd grade to the 

4th grade  in  the  high  peer  acceptance  partner’s  task  avoidance  score.   
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Additional  analyses  will  determine  the  relative  strength  of  each  friend’s  

influence over math achievement and task avoidance. These analyses will address the 

research question that accompanies the second distinguishable dyad hypothesis: Are 

higher peer accepted friends more influential than lower peer accepted friends? The 

relative strength of friend influence will be assessed using chi-square difference tests to 

contrast two sets of partner paths (f1 and f2) and (g1 and g2). To test whether high peer 

accepted friends are more influential than low peer accepted friends on math 

achievement, the partner paths  (f1 and f2) will be constrained to be equal. Support for 

the hypothesis emerges if the beta weight is stronger for partner path (f1) than partner 

path (f2), and if the chi-square difference test is significant after constraining partner 

paths (f1 and f2) to be equal. To test whether high peer accepted friends are more 

influential than low peer accepted friends on task avoidance, the partner paths  (g1 and 

g2) will be constrained to be equal. Support for the hypothesis emerges if the beta 

weight is stronger for partner path (g1) than partner path (g2), and if the chi-square 

difference test is significant after constraining partner paths (g1 and g2) to be equal.  

The model depicted in Figure 3 also explores within-individual influence. 

Within-individual influence on math achievement will be indicated by a statistically 

significant beta weight on one of the two within-individual actor paths. A significant 

(c1)  actor  path  indicates  that  the  high  peer  acceptance  partner’s  task  avoidance  score  

predicts changes from the 3rd grade to the 4th grade in his or her own math achievement 

score. A significant (c2)  actor  path  indicates  that  the  low  peer  acceptance  partner’s  task  

avoidance score predicts changes from the 3rd grade to the 4th grade in his or her own 
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math achievement score. Within-individual influence on task avoidance is indicated by 

a statistically significant beta weight on one of two within-individual actor paths. A 

significant (d1)  actor  path  indicates  that  the  high  peer  acceptance  partner’s  math  

achievement score predicts changes from the 3rd grade to the 4th grade in his or her own 

task avoidance score. A significant (d2) actor path indicates that the low peer 

acceptance  partner’s  math  achievement  score  predicts  changes  from  the  3rd grade to the 

4th grade in his or her own task avoidance score. 

Indistinguishable Dyad APIM Analyses. Two sets of identical indistinguishable 

dyad APIM analyses were conducted. The first set included the sample with dyads that 

could not be distinguished on the basis of math achievement. The second set included 

the sample with dyads that could not be distinguished on the basis of peer acceptance.  

Figure 5 describes a model designed to test the influence of friends with similar 

levels of math achievement and peer acceptance. The dependent variables are changes 

in math achievement and changes in task avoidance. Four research questions will be 

addressed.  The  first  question  addresses  hypothesis  1:  Does  one  friend’s  math  

achievement  influence  the  other  friend’s  math  achievement?  The  second  question  

addresses hypothesis  2:  Does  one  friend’s  task  avoidance  influence  the  other  friend’s  

math  achievement?  The  third  question  addresses  hypothesis  3:  Does  one  friend’s  task  

avoidance  influence  the  other  friend’s  task  avoidance?  The  fourth  question  addresses  

hypothesis 4: Does one  friend’s  math  achievement  influence  the  other  friend’s  task  

avoidance?  
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The model depicted in Figure 5 is an APIM for indistinguishable dyads using 

procedures originally outlined by Kenny (1996) for cross-sectional data and modified 

by Adams and colleagues (2005) and Hartl and colleagues (under review) for 

longitudinal data. Within-dyad equality constraints will be imposed on within-

individual stability paths (a and b), within-individual influence paths (c and d), 

between-individual influence paths (e, f, g, and h), within-individual correlations (x and 

w), and between-individual correlations (y and z), as well as on the means (m and n) and 

variances (a and u) of 3rd grade scores, and the intercepts (i and j) and residuals (r and 

s) of 4th grade scores. 

Friend influence on math achievement will be indicated by a statistically 

significant beta weight on two between-individual partner paths (f and g). Because 

partners are interchangeable, paths will be constrained to be equal and are therefore 

identical. A significant (f)  path  indicates  that  one  partner’s  math  achievement  score  

predicts changes from the 3rd to the 4th grade  in  the  other  partner’s  math  achievement  

score. A significant (g)  path  indicates  that  one  partner’s  task  avoidance  score  predicts  

changes from the 3rd to the 4th grade  in  the  other  partner’s  math  achievement  score. 

Friend influence on task avoidance is indicated by a statistically significant beta 

weight on two between-individual partner paths (e and h). Because partners are 

interchangeable, paths will be constrained to be equal and are therefore identical. A 

significant (e)  path  indicates  that  one  partner’s  task  avoidance  score  predicts  changes  

from the 3rd to the 4th grade  in  the  other  partner’s  task  avoidance  score.  A  significant  (h) 
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path indicates  that  one  partner’s  math  achievement  score  predicts  changes  from  the  3rd 

to the 4th grade  in  the  other  partner’s  task  avoidance  score.   

The model depicted in Figure 5 will also be used to identify within-individual 

influence on math achievement and task avoidance. Because the partners are 

interchangeable, paths will be constrained to be equal and are therefore identical. A 

significant (c)  path  indicates  that  a  child’s  initial  task  avoidance  score  predicts  changes  

from the 3rd grade to the 4th grade in his or her own achievement score. A significant (d) 

path  indicates  that  a  child’s  initial  math  achievement  score  predicts  changes  from  the  3rd 

grade to the 4th grade in his or her own task avoidance score. 
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RESULTS 

Preliminary Analyses 

Sample means and mean level differences. A series of 2 (sex) by 2 (time: 3rd 

grade and 4th grade) repeated measures ANOVAs were conducted on the total sample 

(n=794) to identify changes in math achievement, task avoidance, and peer acceptance. 

The main effect of time was statistically significant for each variable. Math 

achievement increased across time, F (1, 792) = 163.22, p < .001 (d=.45); task 

avoidance increased across time, F (1, 792) = 35.94, p < .001 (d=.21); and peer 

acceptance decreased across time, F (1, 792) = 4.90, p < .05 (d=.08). There were no 

main effects or interaction involving sex. 

A series of 2 (relative math achievement: high or low) by 2 (sex) by 2 (time: 3rd 

grade and 4th grade) repeated measures ANOVAs were conducted on the sample 

distinguished by relative levels of math achievement (n=374) to identify changes in 

math achievement, task avoidance, and peer acceptance. Means and standard deviations 

are presented in Table 1. 

Math achievement was the dependent variable in the first ANOVA. The main 

effect of relative math achievement on math achievement was significant, F (1, 370) = 

251.17, p < .001. High math achievement partners had greater math achievement scores 

than low math achievement partners (d=1.64). The main effect of sex on math 
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achievement was significant, F (1, 370) = 9.57, p < .01 (d=.32).  Boys had greater math 

achievement (M = 16.97; SD =4.43) scores than girls (M = 15.63; SD =4.00). The main 

effect of time on math achievement was signficant, F (1, 370) = 115.10, p < .001. Math 

achievement increased over time (d=.55). Participant sex did not moderate changes in 

math achievement over time.  

Task avoidance was the dependent variable in the second ANOVA. The main 

effect of relative math achievement on task avoidance was significant, F (1, 370) = 

6.14, p < .05. Low math achievement partners had greater task avoidance scores than 

high math achievement partners (d=.26). The main effect of sex on task avoidance was 

not significant and there was not a statistically significant relative math achievement by 

sex interaction. The main effect of time on task avoidance was significant, F (1, 370) = 

14.62, p < .001. Task avoidance increased over time (d=.20). Participant sex did not 

moderate changes in task avoidance over time.  

Peer acceptance was the dependent variable in the third ANOVA. There were 

neither statistically significant main effects nor statistically significant interactions.  

A series of 2 (relative peer acceptance: high or low) by 2 (sex) by 2 (time: 3rd 

grade and 4th grade) repeated measures ANOVAs were conducted on the sample 

distinguished by relative levels of peer acceptance (n=404) to identify changes in math 

achievement, task avoidance, and peer acceptance. Means and standard deviations are 

presented in Table 2. 

Math achievement was the dependent variable in the first ANOVA. The main 

effect of relative peer acceptance indicated that high and low peer acceptance partners 
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did not differ in levels of math achievement. The main effect of sex on math 

achievement was significant, F (1, 400) = 6.52, p < .05, (d=.25). Boys had greater math 

achievement (M = 16.82; SD =3.82) scores than girls (M = 15.92; SD =3.47). These 

effects were qualified by a relative peer acceptance by sex interaction, F (1, 400) = 

6.46, p < .05. Follow-up t-tests revealed that high accepted girls (M=15.72, SD=3.06) 

had significantly lower math achievement scores than high accepted boys (M=17.56, 

SD=3.66) (d=.54), but there were no statistically signification differences between low 

accepted girls (M=16.13, SD=3.87) and low accepted boys (M=16.14, SD=3.85). The 

main effect of time on math achievement was significant, F (1, 400) = 65.64, p < .001. 

Math achievement increased over time (d=.40). Participant sex did not moderate 

changes in math achievement over time.  

Task avoidance was the dependent variable in the second ANOVA. The main 

effects of relative peer acceptance and sex on task avoidance were not statistically 

significant. The main effect of time on task avoidance was significant, F (1, 400) = 

20.91, p < .001. Task avoidance increased over time (d=.23). There were no statistically 

significant interactions involving participant sex.  

Peer acceptance was the dependent variable in the third ANOVA. The main 

effect of relative peer acceptance on peer acceptance was significant, F (1, 400) = 

230.15, p <.001. High peer acceptance partners received more positive peer 

nominations than low peer acceptance partners (d=1.50). The main effect of sex was not 

statistically significant. There was a main effect of time on peer acceptance, F (1, 400) 

= 14.41, p < .001. Peer acceptance decreased over time (d=.18). This main effect was 
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qualified by a relative peer acceptance by time interaction, F (1, 400) = 33.63, p < .001. 

The peer acceptance scores of high accepted friends decreased from grade 3 (M=3.89, 

SD=1.36) to grade 4 (M=3.18, SD=1.63) (d=.49); the peer acceptance of less accepted 

friends increased from grade 3 (M=1.75, SD=1.44) to grade 4 (M=1.89, SD=1.47) 

(d=.10). There were no statistically significant interactions involving participant sex.  

A series of 2 (sex) by 2 (time: 3rd grade and 4th grade) repeated measures 

ANOVAs were conducted on the sample that could not be distinguished on the basis of 

relative levels of math achievement (n=412) to identify changes in math achievement, 

task avoidance, and peer acceptance. Means and standard deviations are presented in 

Table 3. 

Math achievement was the dependent variable in the first ANOVA. The main 

effect of sex on math achievement was significant, F (1, 410) = 19.36, p < .001, 

(d=.41). Boys had greater math achievement (M = 17.04; SD =2.33) scores than girls 

(M = 16.03; SD =2.60). There was a main effect of time on math achievement, F (1, 

410) = 95.68, p < .001. Math achievement increased over time (d=.50). Participant sex 

did not moderate changes in math achievement over time.  

Task avoidance was the dependent variable in the second ANOVA. There was a 

main effect of time on task avoidance, F (1, 410) = 19.88, p < .001. Task avoidance 

increased over time (d=.22).There were neither main effects nor interactions involving 

participant sex. 
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Peer acceptance was the dependent variable in the third APIM. There were no 

significant changes in peer acceptance across time. There were neither main effects nor 

interactions involving participant sex. 

A series of 2 (sex) by 2 (time: 3rd grade and 4th grade) repeated measures 

ANOVAs were conducted on the sample that could not be distinguished on the basis of 

relative levels of peer acceptance (n=372) to identify changes in math achievement, 

task avoidance, and peer acceptance. Means and standard deviations are presented in 

Table 4. 

Math achievement was the dependent variable in the first ANOVA. The main 

effect of sex on math achievement was significant, F (1, 370) = 5.73, p < .05 (d=.18). 

Boys had greater math achievement (M = 16.67; SD =3.91) scores than girls (M = 

16.03; SD =3.28). There was a main effect of time on math achievement, F (1, 370) = 

78.37, p < .001. Math achievement increased over time (d=.46). Participant sex did not 

moderate changes in math achievement.  

Task avoidance was the dependent variable in the second ANOVA. There was a 

main effect of time on task avoidance, F (1, 370) = 20.66, p < .001. Task avoidance 

increased over time (d=.24). There were neither main effects nor interactions involving 

participant sex. 

Peer acceptance was the dependent variable in the third ANOVA. The main 

effect of sex on peer acceptance was significant, F (1, 370) = 7.17, p < .01 (d=.23). 

Boys had greater math achievement (M = 2.74; SD =1.35) scores than girls (M = 2.44; 
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SD =1.30). There were no significant changes in peer acceptance across time. 

Participant sex did not moderate changes in peer acceptance over time. 

Intercorrelations between study variables. Bivariate correlations for the total 

sample are presented in Table 5. Autocorrelations were significant for each variable. 

Math achievement was negatively correlated with concurrent and prospective task 

avoidance, and positively correlated with concurrent and prospective peer acceptance. 

Task avoidance and peer acceptance were unrelated, except grade 3 task avoidance was 

negatively correlated with grade 4 peer acceptance.  

Bivariate correlations for low and high math achievement partners are presented 

separately in Table 6. For relative high achievers, the same pattern of results emerged as 

was found in the total sample. For the relative low achievers, the same pattern of results 

emerged as was found for the total sample, with two exceptions: (1) grade 3 task 

avoidance was no longer negatively associated with grade 4 peer acceptance, and (2) 

grade 3 peer acceptance was no longer positively associated with grade 4 math 

achievement. Bivariate correlations for low and high peer acceptance partners are 

presented separately in Table 7. The same pattern of results emerged as was found in 

the total sample. 

Bivariate correlations for partners who could not be distinguished on the basis of 

math achievement are presented in Table 8. The same pattern of results emerged as was 

found in the total sample. Bivariate correlations for partners who could not be 

distinguished on the basis of peer acceptance are presented in Table 9. The same pattern 
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of results emerged with one exception: grade 3 peer acceptance was no longer 

positively associated with grade 4 math achievement.  

Intraclass correlations. Statistically significant intraclass correlations 

determined that friends were similar on math achievement during the 3rd grade (r = .12, 

p < .05) and during the 4th grade (r = .19, p < .001). Although the increase in these 

correlations did not reach levels of statistical significance, the increase in similarity 

suggests friend influence over time. 

Statistically significant intraclass correlations for math achievement indicates 

data that are not independent and therefore require dyadic analyses.  

Test of distinguishability. The chi-square omnibus test of distinguishability 

confirmed that friends separated by 1 SD on math achievement should be distinguished 

on  the  basis  of  relative  math  achievement,  χ2 (4) = 309.60, p < .001.  The chi-square 

omnibus test of distinguishability confirmed that friends separated by 1 SD on level of 

peer  acceptance  should  be  distinguished  on  the  basis  of  relative  peer  acceptance,  χ2 (4) = 

338.50, p < .001.  

The chi-square omnibus test of distinguishability confirmed that friends 

separated by less than 1 SD on math achievement should not be distinguished on the 

basis  of  relative  math  achievement,  χ2 (4) = 5.37, p > .05. The chi-square omnibus test of 

distinguishability confirmed that friends separated by less than1 SD on peer acceptance 

should  not  be  distinguished  on  the  basis  of  relative  peer  acceptance,  χ2 (4) = 3.75, p > 

.05.   
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Distinguishable Dyad APIM Analyses: Friends Distinguished on the Basis of 

Relative Math Achievement 

Dyadic analyses for friends distinguished on the basis of relative math 

achievement were estimated as fully saturated models. All partners in distinguishable 

dyad analyses maintained the same role from grade 3 to grade 4. Nonsignificant paths 

were omitted from figures for ease of interpretability (see Figure 7). 

Influence on math achievement. Four paths examined between-partner 

influence on changes in math achievement. The high math achievement  partner’s  initial  

math achievement positively predicted change from grade 3 to grade 4 in the low math 

achievement  partner’s  math  achievement  (β = .24), but the low math achievement 

partner did not influence the high math achievement partner (β = -.00). Higher initial 

levels of math achievement in the high math achievement partner predicted greater 

increases from grade 3 to grade 4 in the math achievement of the low math achievement 

partner. A chi-square difference test confirmed a significant difference between the 

influence paths of the low math achievement and high math achievement partners,  χ2
(1) 

= 5.17, p <  .05.  The  high  math  achievement  partner’s  initial  task  avoidance  did  not  

predict change from grade 3 to grade 4 in the low math achievement partner’s  math  

achievement (β = -.09).  The  low  math  achievement  partner’s  initial  task  avoidance  did  

not  predict  change  from  grade  3  to  grade  4  in  the  high  math  achievement  partner’s  math  

achievement (β = .01).  

Two paths examined within-partner influence on changes in math achievement. 

The  high  math  achievement  partner’s  initial  task  avoidance  did  not  predicted  change  
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from grade 3 to grade 4 in his or her own math achievement (β = .03). The low math 

achievement  partner’s  initial  task  avoidance  did  not  predict  change from grade 3 to 

grade 4 in his or her own math achievement (β = -.17).  

Influence on task avoidance. Four paths examined between-partner influence 

on changes in task avoidance. There were no statistically significant associations from 

the high math achievement  partner’s  initial  task  avoidance  score  (β = .04) or initial math 

achievement score (β = -.08) to changes from grade 3 to grade 4 in the low math 

achievement  partner’s  task  avoidance  score.  There  were  no  statistically  significant  

associations from  the  low  math  achievement  partner’s  initial  task  avoidance  score  (β = 

.02) or initial math achievement score (β = .03) to changes from grade 3 to grade 4 in 

the  high  math  achievement  partner’s  task  avoidance  score.   

Two paths examined within-partner influence on changes in task avoidance. The 

high  math  achievement  partner’s  initial  math  achievement  was inversely associated with 

changes from  grade  3  to  grade  4  in  the  high  math  achievement  partner’s  task  avoidance  

(β = -.15). The low math achievement partner’s  initial  math  achievement  was inversely 

associated with changes from  grade  3  to  grade  4  in  the  low  math  achievement  partner’s  

task avoidance (β = -.15). In each case, higher initial levels of math achievement 

predicted less increase from grade 3 to grade  4  in  one’s  own  task  avoidance. 

Distinguishable Dyad APIM Analyses: Friends Distinguished on the Basis of 

Relative Peer Acceptance 

Dyadic analyses for friends distinguished by relative peer acceptance were 

estimated as fully saturated models. All partners in distinguishable dyad analyses 
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maintained the same role from grade 3 to grade 4. Nonsignificant paths were omitted 

from figures for ease of interpretability (see Figure 8). 

Influence on math achievement. Four paths examined between-partner 

influence on changes in math achievement. The  high  peer  acceptance  partner’s  initial  

math achievement positively predicted change from grade 3 to grade 4 in the low peer 

acceptance  partner’s  math  achievement  (β = .22), but the low peer acceptance partner 

did not influence the high peer acceptance partner (β = .04). Higher initial levels of 

math achievement in the high accepted partner predicted greater increases from grade 3 

to grade 4 the match achievement of the low accepted partner. A chi-square difference 

test confirmed a significant difference between the influence paths of the high accepted 

and low accepted partners,  χ2
(1) = 5.54, p <  .05.  The  high  peer  acceptance  partner’s  

initial task avoidance did not predict change from grade 3 to grade 4 in the low peer 

acceptance  partner’s  math  achievement  (β =  .04).  The  low  peer  acceptance  partner’s  

initial task avoidance did not predict change from grade 3 to grade 4 in the high peer 

acceptance  partner’s  math  achievement  (β = .05).  

Two paths examined within-partner influence on changes in math achievement. 

The  high  peer  acceptance  partner’s  initial  task  avoidance  did  not  predicted  change  from  

grade 3 to grade 4 in his or her own math achievement (β=-.06). The low peer 

acceptance  partner’s  initial  task  avoidance  did  not predict change from grade 3 to grade 

4 in his or her own math achievement (β = -.11).  

Influence on task avoidance. Four paths examined between-partner influence 

on changes in task avoidance. There were no statistically significant associations from 
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the high  peer  acceptance  partner’s  initial  task  avoidance  score  (β = .03) or initial math 

achievement score (β = .07) to changes from grade 3 to grade 4 in the low peer 

acceptance  partner’s  task  avoidance  score.  There  were  no  statistically  significant  

associations  from  the  low  peer  acceptance  partner’s  initial  task  avoidance  score  (β = 

.07) or initial math achievement score (β = .01) to changes from grade 3 to grade 4 in 

the  high  peer  acceptance  partner’s  task  avoidance  score.   

Two paths examined within-partner influence on changes in task avoidance. The 

high  peer  acceptance  partner’s  initial  math  achievement  was inversely associated with 

changes from  grade  3  to  grade  4  in  the  high  peer  acceptance  partner’s  task  avoidance  (β 

= -.12). The low peer acceptance partner’s  initial  math  achievement  was inversely 

associated with changes from  grade  3  to  grade  4  in  the  low  peer  acceptance  partner’s  

task avoidance (β = -.16). In each case, higher initial levels of math achievement 

predicted less increase from grade 3 to grade  4  in  one’s  own  task  avoidance. 

Indistinguishable Dyad APIM Analyses: Friends Who Could not be Distinguished 

on the Basis of Relative Math Achievement 

Dyadic analyses for friends who could not be differentiated by relative math 

achievement were estimated as fully saturated models. Nonsignificant paths were 

omitted from figures for ease of interpretability (see Figure 9). 

Influence on math achievement. Two paths examined between-partner 

influence on changes in math achievement. Initial math achievement positively 

predicted change from grade 3 to grade 4 in partner math achievement (β = .25). Higher 

initial levels of math achievement predicted greater increases from grade 3 to grade 4 in 
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partner math achievement. Initial task avoidance positively predicted change from grade 

3 to grade 4 in partner math achievement (β = .14). Higher initial levels of task 

avoidance predicted greater increases from grade 3 to grade 4 in partner math 

achievement. 

One path examined within-individual influence on changes in math 

achievement. The within-individual association from initial task avoidance to changes 

in math achievement was not significant (β = -.02).  

Influence on task avoidance. There were no statistically significant 

associations from initial task avoidance (β = .07) or initial math achievement (β = -.09) 

to changes from the 3rd to 4th grade in partner task avoidance.  

One path examined within-individual influence on changes in task avoidance. 

The association from initial math achievement to changes in task avoidance was not 

significant (β = .03).  

Indistinguishable Dyadic APIM Analyses: Friends Who Could not be 

Distinguished on the Basis of Relative Peer Acceptance 

Dyadic analyses for friends who could not be differentiated by relative peer 

acceptance were estimated as fully saturated models. Nonsignificant paths were omitted 

from figures for ease of interpretability (see Figure 10). 

Influence on math achievement. Two paths examined between-partner 

influence on changes in math achievement. Initial math achievement positively 

predicted change from grade 3 to grade 4 in partner math achievement (β = .20). Higher 

initial levels of math achievement predicted greater increases from grade 3 to grade 4 in 
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partner math achievement. The association from initial task avoidance to changes in 

partner math achievement was not significant (β = .07).  

One path examined within-individual influence on changes in math 

achievement. The association from initial task avoidance to changes in math 

achievement was not significant (β = .03).  

Influence on task avoidance. There were no statistically significant 

associations from initial task avoidance (β = -.00) or initial math achievement (β = -.07) 

to changes from grade 3 to grade 4 in partner task avoidance score.  

One path examined within-individual influence on changes in task avoidance. 

Initial math achievement was inversely associated with changes from grade 3 to grade 4 

in actor task avoidance (β = -.17). Higher initial levels of math achievement predicted 

less  increase  from  grade  3  to  grade  4  in  one’s  own  task  avoidance. 

Supplemental Analyses 

Sex differences. Multiple group analyses were conducted to determine whether 

sex moderated patterns of influence. Multiple group models were conducted, dividing 

the sample on the basis of the sex of the dyad participants. A chi-square  (χ2) difference 

test was used to determine if patterns of influence significantly differed for boys and 

girls. There were no significant sex differences on any influence paths.
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DISCUSSION 

This study examined patterns of friend influence on math achievement and task 

avoidance during middle childhood in a large sample of grade school children in 

Finland. Consistent with previous studies of school achievement, there was clear 

evidence of friend influence on math achievement. High achievers influenced low 

achievers, but not the reverse. High accepted partners influenced low accepted partners, 

but not the reverse. In each case, higher initial levels of math achievement predicted 

greater changes in math achievement over time. The same pattern of results emerged for 

boys and girls.  

Contrary to expectations, friends  did  not  influence  one  another’s  task  avoidance 

and  one  friend’s  task avoidance  did  not  influence  the  other  friend’s  math  achievement. 

There was evidence of within-individual influence, however, math achievement 

predicted changes in task avoidance. The higher an  individual’s initial level of math 

achievement the smaller the increase in his or her own subsequent task avoidance. Task 

avoidance did not predict changes in math achievement. The same pattern of results 

emerged for boys and girls. 

Friend Influence on Math Achievement 

This study adds to the considerable literature indicating that friends influence 

academic achievement by demonstrating that higher achieving targets positively 
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influence their relatively lower achieving friends. These findings are also consistent 

with claims that more advanced peers assist the cognitive development of their less 

advanced counterparts (Vygotsky, 1978). What are the potential mechanisms of 

influence? Results from the indistinguishable dyad analyses are consistent with claims 

that friendships provide an opportunity to share ideas and cooperate to achieve common 

goals (Newcomb & Bagwell, 1995). Peer interactions represent an important forum for 

discussions, prosocial exchanges, and evaluative discourse that can enhance student 

performance (Berndt, Laychak, Park, 1990; Dishion, Andrews, & Crosby, 1995; Sage, 

& Kindermann1999; Wentzel, McNamara-Barry, & Caldwell, 2004). Friendships are 

settings in which children exchange information. Best friends spend a great deal of time 

together, some devoted to sharing ideas (Hartup, 1993). In this way friends provide 

opportunities to learn and refine study skills that improve academic performance. 

Friendships are a social anchor to the classroom, fostering feelings of connection and 

relatedness (Furrer & Skinner, 2003), which can also improve academic performance. 

In this way sustained interactions with friends can help to enhance academic 

performance.   

Unique to this study is the ability to identify who influences whom. Two 

potential avenues of influence were explored. In the first, I examined whether the high 

achieving friend influences the later math performance of the low achieving friend. 

Consistent with the results from the present study, two previous studies indicate that 

friends contribute to academic achievement. In one study, high achieving students 

positively influenced the academic achievement of their lower achieving friends, even 

though the positive self-perceptions of low achievers became more negative over time 
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(Altermatt & Pomerantz, 2005). In another study of students in a computer science 

class, the child with better computer programming skills influenced the child with fewer 

computer programming skills (DeLay et al., in press). It is worth noting that this effect 

was stronger for students who were most confident about their initial computer 

programming abilities. Confidence may be a gatekeeper for positive friend influence on 

learning. Low achieving students who believe in their abilities may be open to accepting 

the advice and assistance offered by their counterparts, and may be especially inclined 

to see them out. Taken together, the results from the current study make clear that low 

achieving students profit from affiliations with higher achieving students.  

Another factor may help to explain why high achievers are so influential. 

Influence may be function of peer reputation. Evidence indicates that students develop 

differentiated reputations for academic performance as early as primary school (Asher 

& Coie, 1990). Academic reputations are associated with attitudes and behaviors 

associated with learning. A positive academic reputation is linked to peer status and 

heightened academic performance (Gest, Domitrovich, & Welsch, 2005; Hughes, Dyer, 

Luo, & Kwok, 2009). The power of a positive academic reputation is not trivial. Peer 

reputation predicts academic success even after accounting for academic self-concept 

and academic effort (Gest, Rulison, Davidson, Welsh, 2008). Friends with a positive 

academic reputation are likely to have considerable credibility over school related 

matters and, as a consequence, may be especially influential over academic outcomes.   

The second potential avenue of influence explored in the present study was 

whether relatively higher accepted friends are more influential over math performance 

than relatively lower accepted friends. Other studies have found that higher accepted 
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friends influence the alcohol use of lower accepted friends (Laursen, Hafen, Kerr, & 

Stattin, 2012), but this is the first study to demonstrate that this form of influence 

extends into the area of school achievement. These findings are also consistent with 

claims that peer acceptance is a marker of classroom engagement and academic 

performance (e.g., Connell, 1990; Wentzel, 1994; Wentzel & Caldwell, 1997). Several 

mechanisms may help to explain why better accepted peers are more influential than 

lesser accepted peers. First, better accepted peers may also be more popular. Popular 

students often use coercion to maintain social status (de Bruyn, Cillessen, Wissink, 

2010), so it may be the case that better accepted students who are also popular pressure 

friends to study, perhaps by displaying distaste for those who are not capable of 

completing math assignments. Second, better-accepted friends may profit from 

advanced social skills (Wentzel, 1994). Under this scenario, better accepted, socially 

skilled friends cajole, encourage, and engage their friends to complete challenging math 

assignments. Third, better accepted peers may have greater access to resources that 

promote achievement. More specifically, better accepted peers may be better liked by 

teachers, who may proffer additional math support. Well liked peers may also receive 

support from high achieving students for the same reason. Fourth, better accepted 

friends are integrated into the peer group, which may promote interest in classroom 

activities (Deci, 1992). This is particularly helpful if the peer group values academic 

engagement (Kindermann, 2007). Finally, better accepted friends have a lot of 

alternative friendship partners. If a less accepted friend cannot keep up with or loses 

interest in working on math, the better accepted friend may find someone who can to be 
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a friend. As a consequence, low accepted partners may work harder on math to avoid 

losing a friendship with a better accepted partner. 

The same influence patterns held after controlling for task avoidance. 

Regardless of task avoidant behaviors, high achievers influenced low achievers, and 

better accepted peers influenced lesser accepted peers. The finding that controlling for 

task avoidance did not alter patterns of influence is important because it demonstrates 

that friend influence over math achievement is not the product of a few children who 

dislike school. High achieving and high accepted partners are influential regardless of 

how hard they or their partners work.  

One friend’s task avoidance did not influence the  other  friend’s math 

achievement. This finding was somewhat surprising given that past research suggests 

that academic engagement and academic effort predict individual school performance 

(Elliot, 1999), but it may be that within-individual effects do not translate into between 

friend influence. Consistent with this notion, there is evidence that peer group academic 

engagement predicts child academic achievement, but that this association disappears 

after accounting for within-individual academic engagement and achievement 

(Kindermann & Skinner, 2009). Alternatively, it may be that the predictive value of task 

avoidance is an artifact of academic achievement. Students who do well in school tend 

not to avoid schoolwork. It may also be the case that the friendship dyad is not the 

appropriate level of analysis to measure the influence of task avoidance on academic 

achievement. Peer networks may be the vehicle of transmission for achievement related 

behaviors and beliefs (Kindermann, 1993). Caution is warranted in interpreting null 



 

 62 

findings, but these results suggest that bad attitudes about schoolwork are not the 

primary means whereby  friends  influence  each  other’s  math  achievement. 

There was one exception to this pattern of results. Task avoidance did predict 

changes in math achievement for friends who could not be distinguished on the basis of 

math achievement. These findings were not replicated among friends who could not be 

distinguished on the basis of acceptance, nor were they found in either set of 

distinguishable analyses. The weak magnitude of the effect suggests that the finding is, 

at best, tenuous. 

Friend Influence on Task Avoidance 

The present study found little support for friend influence on task avoidance. 

Some have suggested that academic engagement is subject to friend influence 

(Kindermann, 2007), but I found little evidence to support this claim. One explanation 

may be that task avoidance is not a strong measure of academic engagement. Task 

avoidance refers to a deliberate avoidance of challenging situations when faced with the 

prospect of failure (Nurmi, Aunola, Salmela-Aro, Lindroos, 2003), whereas academic 

engagement  refers  to  a  student’s  energized,  enthusiastic,  and  focused  participation  in  

classroom activities (Connell & Wellborn, 1991). At the core of each construct are 

behaviors such as effort and persistence (Kindermann & Sinner, 2009), but task 

avoidance contains a measure of failure expectations whereas academic engagement 

does not. Students may choose to disengage from classroom activities without self-

handicapping (Jones & Berglas, 1978) and procrastination (Lay, Knish, & Zanatta, 

1992) typically associated with expectations of academic failure. Another explanation 

may be that parent and teacher engagement in child academic activities may be more 
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important than friend engagement. Consistent with this claim are findings that after 

parent and teacher effects are controlled, relatedness to and support from peers makes 

no unique contribution to academic engagement (Ryan, Stiller, & Lynch, 1994) or 

academic effort (Goodenow, 1993). This may change during adolescence, but it appears 

that friend academic engagement is not particularly contagious during the early school 

years. 

One final possibility is that the task avoidance variable lacked validity. 

Confidence in the construct was bolstered by the findings of within-individual 

influence. Specifically, higher initial math achievement was inversely related to changes 

in  one’s  own  task  avoidance. The findings emerged in all analyses except those 

including dyads who could not be distinguished on the basis of math achievement. The 

lack of within-individual influence in this group was unexpected and difficult to 

explain. In general the within-individual influence effects were not large and the failure 

to replicate in this one subsample may be a problem of power available to detect small 

effects.  

Why does math achievement predict later task avoidance within individuals but 

not between individuals? Student beliefs about academic performance may be part of 

the answer. Individuals who respond to academic failure by avoiding academic tasks 

(Nurmi et al., 2003) may give greater credence to their own experiences than to that of 

their friends. Theories relating to task avoidance tell a similar story, student who 

sabotage their own performance usually do so as a result of personal failure (e.g., Jones 

& Berglass, 1978; Lay, Knish, & Zannatta, 1992; Galloway, Leo, Rogers, & Armstrong, 

1995), not as a result of the failure of a close friend. Peers may have indirect rather than 
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direct influence over academic attitudes. For example, peer group norms have been 

associated with changes in academic engagement (e.g., Kindermann, 2007; Molloy, 

Gest, & Rulison, 2010), suggesting that task avoidance is not immune to the peer 

environment.  

New Directions in the Measurement of Friend Influence  

The groundbreaking work of Kandel (1978) marked the beginning of the 

contemporary study of friend influence. Her work describes homophily, or similarity, 

between friends resulting from selection and from socialization. Selection, the process 

whereby friends are chosen based on similarity in behaviors and attitudes (Rodgers, 

Billy, & Udry, 1984; Ennett & Bauman, 1994), was found to be responsible for much of 

the similarity that was previously attributed to influence. Socialization, the process 

whereby  friends  become  more  similar  over  time  (Urberg,  Deĝirmencioĝlu,  &  Pilgrim  

1997; Espelage & Holt, 2003), accounted for less similarity between friends than 

selection. This study was important not because of how she measured influence, which 

was simply to compare Kendall’s  τ at two time points across the academic year among 

those who remained friends over the course of the study. Rather, the study is important 

because it underscores the need to control for initial similarity when attempting to 

measure friend influence. 

Recent longitudinal studies have embraced this lesson, typically employing 

regression analyses to control for potential selection effects. These analyses have an 

important limitation, namely that dyadic data are not statistically independent. Some 

scholars simply ignore this concern, publishing biased results. Other scholars address 

the problem by using one  partner’s  behavior  as  the  predictor  and  the  other  partner’s  
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behavior as the outcome, a strategy that assumes equivalent reciprocal influence 

between partners.  

At about the same time, Cohen (1977) undertook group or network level 

analyses to examine associations between an individual and a group of friends. In these 

analyses, ordinary least squares (OLS) regression examined the effect of the peer group 

on the individual using average scores for all members of a peer group as predictors of 

future individual scores (Ryan, 2001). Group level analyses have two important 

limitations: (1) variables from different levels (i.e. the individual level and the peer 

group level) are included in the same regression equation, making it impossible to 

account for individual associations nested within group level associations and (2) the 

problem of the nonindependence of behavioral responses among friends biases 

statistical tests. Group level analyses also fail to consider the role of other associates in 

the peer network. 

Longitudinal social network analysis (Snijders, 2001, 2005) and network-

behavioral analysis (Burk, Steglich, & Snijders, 2007; Snijders, Steglich, & 

Schweinberger, 2007; Snijders, 2009) represent another form of group level analyses. 

Social network models estimate unique effects for peer selection and deselection, as 

well as the unique influence that each member of the peer network has on all other 

members of the peer network. Changes in relationship ties and individual behaviors are 

simulated with a continuous-time Markov Chain Monte Carlo framework to account for 

relational interdependence and statistical nonindependence in the social network. Social 

network analyses are limited in that researchers are left with uniform estimates of friend 

influence and, as a consequence, are unable to consider who is influencing whom within 
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friendship dyads. Moderation is also difficult to quantify. 

The APIM offers several advantages over previous techniques used to measure 

peer influence. The APIM moves beyond correlation and regression approaches in four 

important ways: (1) the APIM accounts for statistical nonindependence; (2) the APIM 

partitions variance shared across participants in the predictor variable in order to 

obtained an unbiased estimated of influence; (3) the APIM partitions variance to 

provide an unbiased estimate of individual stability by separating over-time variance 

that is unique to an individual from concurrent and over-time variance that is shared by 

members of the dyad; and (4) the APIM simultaneously estimates the effect of an 

individual’s  predictor  variable on his or her own outcome variable and the effect of an 

individual’s  predictor  variable on  his  or  her  partner’s outcome variable. The APIM also 

has advantages over social network analyses because it can determine who influences 

whom within friendship dyads.  

The present study takes APIM analyses of friend influence in two new 

directions. First, longitudinal APIM analyses were modified to include two predictor 

variables. Longitudinal APIM models typically track changes over time in a single 

outcome variable. This is not the first study to modify the APIM by adding a predictor 

variable. Interaction terms have been added in cross-sectional APIM analyses 

(Wickham & Knee, 2012), as have control variables to better understand how partner 

associations change after removing confounds (e.g., West, Popp, & Kenny, 2008). But 

the list of longitudinal studies that have included multiple variables in APIM analyses is 

much shorter. The present study joins only two other studies in which additional 

predictors were included in indistinguishable (Hartl et al., under review) and 
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distinguishable (Johnson & Anderson, 2012) longitudinal APIM analyses to 

simultaneously consider multiple sources of partner influence. The inclusion of multiple 

predictors in longitudinal APIM analyses is important because it allows researchers to 

control for potential confounds and to examine multiple sources of friend influence 

within a single analysis.  

Of greater importance is the unprecedented use of distinguishable and 

indistinguishable APIM analyses with a single sample of participants. The results of the 

current study underscore the need for scholars to attend to when and why samples are 

divided by a distinguishing variable. The original distinguishable dyad APIM was 

devised for use with cross-sectional data (Kenny, 1996) and partners were distinguished 

on the basis of a categorical variable (e.g., husbands and wives). But increasingly it 

became clear that distinguishability was an empirical, not a conceptual, distinction. 

Some dyads that were seemingly distinguishable (e.g., husbands and wives) could not 

be distinguished on the variable of interest and some dyads that were seemingly 

indistinguishable (e.g., same-sex friends) could be distinguished on the same variable. 

In the latter case, dyads tended to be distinguished on the basis of a continuous variable 

using arbitrary cutoffs that allowed researchers to meet statistical assumptions of 

distinguishability (see Gonzalez & Griffin, 1999 to read more about the omnibus test of 

distinguishability). Using arbitrary cutoffs invariably led to a middle group with two 

partners who had similar scores on the distinguishing variable. In the past, dyads 

representing this middle group have been discarded, or they were included with more 

distinct groups using a median split to distinguish partners. My study is the first to 

consider friend influence in the middle group.  
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The sample was divided into two groups and two different APIM analyses were 

conducted. First, I conducted distinguishable dyad APIM analyses on the group of 

participants that could be statistically differentiated on levels of math achievement and 

peer acceptance. Second, I conducted indistinguishable dyad APIM analyses on the 

participants that could not be statistically differentiated on levels of math achievement 

and peer acceptance. This new approach allowed me to determine whether there is 

influence between friends who did not differ on the distinguishing variable. In the 

distinguishable dyad APIM analyses, influence is assumed to come from characteristics 

of the influencer or characteristics of the influencee. In other words, high accepted 

partners are assumed to be especially influential or low accepted partners are assumed 

to be especially susceptible to influence, or both. In dyads that could not be 

distinguished on the basis of peer acceptance, influence is assumed to be a product of 

something other than the distinguishing variable. In other words, influence in these 

indistinguishable dyad analyses is assumed to be a product of something other than peer 

acceptance.  

Implications 

The current study has implications for teaching strategies and classroom 

interventions. More precisely, the results of the current study may be used to inform 

teaching practices in three different areas. First, collaborative learning is referred to as 

one of the most effective learning strategies a classroom teacher can employ (Saunders 

& Werner, 2002). In a collaborative setting the social partners that interact most with a 

child (e.g., best friends) should be the most influential (Bronfenbrenner & Morris, 

1998). The results of the current study suggest that teachers should foster a 
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collaborative classroom environment in which individuals are allowed and encouraged 

to work with friends in order to complete challenging academic tasks. Second, teachers 

should foster engaging and high quality interactions in their classroom. Friend influence 

is strongest when students are engaged in high quality discussions characterized by 

prosocial and harmonious interactions (Berndt, Laychak, Park, 1990; Wentzel et al., 

2004). Promoting an atmosphere of academic support through intervention efforts has 

likewise been associated with an 11 percentile increase in student academic 

performance (Durlak et al., 2011). Classroom teachers should not only encourage 

children to interact with their friends, but also to engage in prosocial interactions 

characterized by mutual understanding and support when faced with academic 

challenge. Third, teachers should manipulate friendship groups in order to use group 

leaders to foster academic success. It was previously suggested that it might be possible 

for teachers to manipulate friendship groups in an effort to promote high quality 

interactions leading to a positive school orientation (Newman & Newman, 1976). 

Cooperative and enthusiastic learners are likely to be the most popular among their 

peers (Luo, Hughes, Liew, & Kwok, 2009). Acceptance is also tied to leadership and 

popularity (Asher & McDonald, 2009), which are markers of dominance in the peer 

group. When teachers promote prosoical helping behaviors among popular high 

achievers it is likely to translate into positive peer influence on math achievement. 

The findings suggest that two specific interventions may be feasible. First, 

interventions should focus on the most influential students in the classroom. It has been 

suggested that, beyond reciprocal friends, other types of peer relationships such as 

groups, classmates, and peer interaction partners should be considered as agents of 
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influence (e.g., Bukowski & Cillesen, 1998; DeLay, Laursen, Kiuru, Salmela-Aro, & 

Nurmi, 2013; Rubin, Bukowski, & Parker 2006). Peer groups perpetuate academic 

achievement norms (Furman, 1989; Kiuru, Nurmi, Aunola, & Salmela-Aro, 2009), but 

comparisons across different peer relationships indicate that friends wield the most 

influence over school adjustment (Molloy, Gest, & Rulison, 2010). Seen in this light, 

the results of the current study suggest that classrooms will benefit when peer groups 

and high status friends share similar positive academic attitudes. The results of the 

current study also suggest that interventions should focus attention on group leaders. 

When students are faced with overcoming a hostile learning environment (Lynch, 

Lerner, & Leventhal, 2013), friendship group leaders may help to ameliorate classroom 

hostility toward learning. More specifically, status hierarchies have been linked to 

hostility toward learning as well as diminished reading and math achievement (Wilson, 

Karimpour, & Rodkin, 2010). Social status hierarchy leads to hostility resulting from an 

imbalance of power, in contrast to an egalitarian social structure where power and status 

is more similarly allocated (Sherif & Sherif, 1956). Low status peers compete for 

limited resources that are rarely apportioned to them. One study illustrates that 

competition for academic resources can be eliminated by promoting cooperative 

learning strategies (Roseth, Johnson, & Johnson, 2008). Furthermore, student learning 

is likely to thrive in a cooperative environment and wither in a competitive 

environment. The results of the current study suggest that if friendship group leaders 

promote cooperation rather than competition the practice is likely to spread quickly 

throughout the peer network.  

 



 

 71 

Limitations 

Several caveats should be noted. First, participants were drawn from 

homogenous communities in Finland. Although participants were representative of the 

population from which they were drawn, it will be up to future scholars to determine the 

degree to which these findings generalize to children living in other settings, 

particularly those in communities that are more diverse and urban. Second, only closest 

friends were involved in the study. If an individual reported multiple friendships, only 

their highest ranked friendship was included in the analyses. As a consequence, the 

findings do not necessarily apply to other friendships, where influence processes may 

be weaker. Third, information was not available about the length of the relationship. 

Some friendships may have been in place for several years, whereas others may have 

been newly established. Presumably most influence takes place in newly established 

relationships (Tambs & Moum, 1992); there is a ceiling as to how similar friends can 

become. Fourth, longitudinal data were collected at annual intervals. As a consequence, 

estimates of change lack precision about the timing of influence. Fifth, children 

involved in long-term stable friendships are unique. Children who change friends with 

some regularity undoubtedly differ from those who keep the same friends on personality 

and behavioral dimensions that are associated with academic achievement and 

engagement. 

Additional limitations should be noted. Task avoidance data were assessed via 

self-reports. It is likely that students underestimated levels of task avoidance, which 

may have minimized variance in the construct. This suggests that associations involving 

task avoidance may be stronger than those reported here. It is important to note that the 
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investigation was confined to dyadic influence. The APIM approach is able to answer 

questions about who influences whom, but it does not account for the effect of peer 

groups, cliques, or the behavioral norms that are representative of a social network of 

peers. To the degree that these overlap with the influence of friends, the latter may be 

overestimated in my results. Finally, in Finland, children do not receive grades for 

school performance until Grade 4. As such, I was not able to control for the effect of 

school grades on friend influence over math achievement in the current study. 

Conclusion 

This study furthers our understanding of friend influence on math achievement 

during the critical middle childhood years. I found that friends exert a positive influence 

over math achievement. Consistent with other findings on classroom engagement (e.g., 

Kindermann, 2007; Kiuru et al., 2012), my findings suggest that encouraging children 

to work with friends may have beneficial short- and long-term academic outcomes. 

Although, children may not always be able to work with friends on academic tasks, 

teachers can structure paired learning opportunities in ways to maximize student 

potential. One way to do this is to give careful consideration to the pairing of partners in 

collaborative learning activities. The right student pairing may improve the classroom 

environment, enhance academic performance, and, as a consequence, improve 

trajectories of life-course success. 
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Table 5 
 
Intercorrelations Between Study Variables 
 

 1 2 3 4 5 6 

3rd Grade       

1. Math Achievement —      

2. Task Avoidance -.23**  —      

3. Peer Acceptance .08*  -.05  —    

4th Grade       

4. Math Achievement .60** -.21**   .07*   —   

5. Task Avoidance -.24**  .47**  -.05 -.21** —  

6. Peer Acceptance .10** -.08*  .46**  .10** -.04 — 

 

Note. n = 794. ** p < .05, * p < .01.
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 Table 6 

 
Intercorrelations Between Study Variables for Dyads Distinguished on the Basis of Math 

Achievement  

 

 7 8 9 10 11 12 

3rd Grade       

7. Math Achievement   — -.18* .02  .67** -.22**  .10 

8. Task Avoidance -.22**    — .01 -.09  .50** -.09 

9. Peer Acceptance  .03  -.02  —  .11  .07   .44** 

4th Grade       

10. Math Achievement  .56** -.22**  -.01    — -.16*  .16* 

11. Task Avoidance -.30**  .50** -.15* -.20**   — -.07 

12. Peer Acceptance  .16*   .03  .49**  .14*  .03   — 

 

Note. Low math achievement partners (n = 187) are below the diagonal, high math achievement 

partners (n = 187) are above the diagonal. ** p < .05, * p < .01.
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 Table 7 

 
Intercorrelations Between Study Variables for Dyads Distinguished on the Basis of Peer 

Acceptance 

 

 13 14 15 16 17 18 

3rd Grade       

13. Math Achievement — -.18*   .21**   .66** -.20**  .13 

14. Task Avoidance    -.24**  —  -.11  -.18*  .45** -.08 

15. Peer Acceptance .08  -.09  —   .22**  -.01  .53** 

4th Grade       

16. Math Achievement    .54** -.18**   .19**   — -.19* .12 

17. Task Avoidance  -.26**  .47**  -.10  -.23** — .03 

18. Peer Acceptance  .01  -.01  .51**   .14*  .04 — 

 

Note. Low peer accptance partners (n = 202) are below the diagonal, high peer acceptance 

partners (n = 202) are above the diagonal. ** p < .05, * p < .01.
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 Table 8 

 
Intercorrelations Between Study Variables for Friends Who Could not be Distinguished on the 

Basis of Math Achievement  

 

 19 20 21 22 23 24 

3rd Grade       

19. Math Achievement —      

20. Task Avoidance -.29**  —      

21. Peer Acceptance .07  -.05  —    

4th Grade       

22. Math Achievement .54** -.23**   .07   —   

23. Task Avoidance -.17**  .48**  -.04 -.21** —  

24. Peer Acceptance .10* -.08  .49**  .07 -.04 — 

 
Note. n =412. ** p < .05, * p < .01. 
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Table 9 
 
Intercorrelations Between Study Variables for Friends Who Could not be Distinguished on the 

Basis of Peer Acceptance  

 

 25 26 27 28 29 30 

3rd Grade       

25. Math Achievement —      

26. Task Avoidance -.22**  —      

27. Peer Acceptance     .03  -.01  —    

4th Grade       

28. Math Achievement .57** -.22**  -.01   —   

29. Task Avoidance -.26**  .48**   .03 -.22** —  

30. Peer Acceptance .11** -.10  .39**  .08 -.05 — 

 

Note. n =372. ** p < .05, * p < .01.
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Figure 1. Longitudinal Distinguishable Dyad Actor-Partner Interdependence Model  

 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 

Note. Paths a1 and a2 (actor paths) describe within-individual stability. Paths p1 and p2  

(partner paths) describe between-partner influence.  
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Figure 3. M
easurem

ent M
odel for the D

istinguishable D
yad Actor-Partner Interdependence M

odel: Friends D
istinguished 

on the Basis of Relative Peer Acceptance 
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ithin-individual correlations, and w
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een individual concurrent correlations.  
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Figure 4. Longitudinal Indistinguishable Dyad Actor-Partner Interdependence Model  

 

 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
 

Note. Paths labeled a (actor paths) describe within-individual influence. Paths p (partner 

paths) describe between-partner influence.  
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Figure 5. M
easurem

ent M
odel for the Indistinguishable D

yad Actor-Partner Interdependence M
odels  
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odel includes constrained stability paths (a and b), constrained w
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ithin-individual correlations (w
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Figure 6. Omnibus Test of Distinguishability 
 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
Note. Means, variances, partner path, and actor path parameters are constrained by 

setting Time 1 means equal, Time 2 means equal, Time 1 variances equal, Time 2 

variances  equal,  partner  paths  equal,  and  actor  paths  equal.  A  significant  χ2 difference 

test contrasting this constrained model with an unconstrained model indicates that 

friends should be distinguished on the basis of the distinguishing variable.  
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Figure 7. Friend Influence on M
ath Achievem

ent as a Function of Relative M
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APPENDIX A 
 

Arithmetic Reasoning Test Instructions 
 
GENERAL INSTRUCTION: Place the paper so that the butterfly is on top. 
You are about to complete a series of arithmetic tasks. Before we begin please write 
your first name and the first letter of your last name on the first page.  
 
INSTRUCTION: Use a transparency to guide children through these directions. 
This task is about continuing a series of numbers. On the left, there are three 
numbers followed by a place for a fourth number. On the right, there are four 
numbers. Only one of the four numbers on the right will best continue the series on 
the left. Please circle the number on the right that best continues the series on the left. 
 
Let’s  try  an  example.  Which  number  continues  the  series  1,  2,  3?  (wait for answer).  
Well done. Now please complete the other practice exercises. (allow time).  
Now  let’s  try  together.  Which number continues the series 2 4 6? (wait for answer)  
What about 5 4 3 ?. (wait for answer). 
What about 7 8 9 ?. (wait for answer). 
What about 5 10 15 ?. (wait for answer).  
 
Soon, you will continue this task on your own. You can complete the task at your own 
pace. I will tell you when you need to stop. It is OK if you do not complete the task. 
Some of the tasks may be difficult. If you do not know the answer, do not leave the 
question blank. Select the answer you think best continues the series even if you are 
not certain.  
 
Do you have any questions? (pause)  
OK. You may turn the paper over and begin. (start the timer).  
 
After 10 minutes Stop answering questions and put your pencil down on your desk. 

  
SCORING: 1 point per correct answer. Maximum of 30 points. 

T Last task the child attempted. 
V Incorrect answers. 
Y Tasks the child skipped (missing scores before final attempt). 
O Correct answers. 

 
Last task the child attempted _____ - incorrect answers_______- 
tasks the child skipped_______ = total points correct. 

 

Please circle the number you think best continues the series. 
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1.  3 4 5       8 6 4 7 
2.  18 17 16  11 51 5 15 
3.  30 45 60  85 66 75 70 
4.  27 28 29  21 13 210 30 
5.  62 51 40  31 20 73 29 
6.  3 6 9  10 12 15 7 
7.  97 98 99  100 101 110 109 
8.  3 5 7  14 10 8 9 
9.  20 16 12  8 4 2 1 
10.  28 21 14  0 7 10 8 
11.  8 11 14  35 22 17 16 
12.  9 7 5  2 1 3 4 
13.  7 5 3  14 6 1 2 
14.  1 5 9  13 14 10 15 
15.  1 4 7  10 9 11 12 
16.  20 17 14  7 10 11 12 
17.  10 7  5  3 4 1 0 
18.  2 4 8  16 10 12 20 
19.  1 3 7  7 16 10 15 
20.  15 7 3  2 1 0 3 
21.  1 9 13  16 20 15 18 
22.  2 5 11  15 23 22 16 
23.  1 3 9  18 15 27 10 
24.  3 5 8  10 11 12 9 
25.  5 6 4  3 2 8 7 
26.  1 1 2  3 4 1 5 
27.  1 3 6  9 10 12 8 
28.  5 6 9  16 15 18 10 
29.  1 2 6  8 10 14 22 
30.  1 2 5  9 11 15 26 
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APPENDIX B 
 

Child Reports of Task Avoidance 
 

I will now read some sentences that are related to school. Please think whether they 
are true in your case or not. Please answer according to what you think and do in this 
situation (how you feel). Let's begin. 
 True  Not True 
I sometimes delay or dawdle over starting an assignment. 
 

1 0 

If something is difficult at school, I readily do something else. 
 

1 0 

I try hard to do even the most difficult assignments or tasks. 
 

1 0 

If something is difficult at school, I leave it unfinished. 
 

1 0 

I go to work on the difficult assignments right away.  
 

1 0 

I am not always able to do all the assignments. 
 

1 0 

I like difficult assignments. 
 

1 0 

I sometimes leave difficult assignments unfinished. 
 

1 0 

I like doing difficult school assignments. 
 

1 0 
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