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Abstract

Background—~Peer influence processes have been linked to escalation in substance use during
the middle school years, particularly among at-risk youth. In this study, we report on an approach
to prevention that attempts to counteract peer influence by interrupting the process of deviant peer
clustering, in which socially marginalized youth self-aggregate and reinforce delinquent behavior,
including substance use. We aimed to interrupt this process by implementing collaborative, group-
based learning activities in school (i.e., cooperative learning).

Methods—In a cluster randomized trial in the Pacific Northwest (V= 1,460 7!-grade students in
15 schools), we tested whether cooperative learning can reduce alcohol and tobacco use, and
whether these effects are mediated by reductions in the amount of alcohol and tobacco use among
one’s best friends. Intervention schools were provided with training in cooperative learning, and
data were collected in September/October 2016 (baseline) and March 2017 (follow-up).

Results—Results indicated that cooperative learning significantly lowered rates of growth in
alcohol (5 =-.60 [-.36 | —.84]; p< .001) and tobacco use (5= -.58 [-.21 | -.94]; p=.01) between
baseline and follow-up in intervention schools as compared to control schools. These effects were
mediated by reductions in the prevalence of alcohol and tobacco use, respectively, among self-
selected friends.

Conclusions—Cooperative learning was able to significantly reduce the prevalence of both
alcohol and tobacco use in friendship networks during the school year. The lower prevalence of
alcohol and tobacco use among friends, in turn, reduced individual use at follow-up.
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1. Introduction

Adolescence is a developmental period during which many youth begin to experiment with
alcohol and tobacco (Johnston et al., 2010). Those who initiate use in early adolescence can

"Corresponding Author markv@ori.org Phone: (541) 484-2123.
The authors declare that they have no financial conflicts of interest.
This study was registered as trial NCT03119415 in ClinicalTrials.gov.


https://clinicaltrials.gov/ct2/show/NCT03119415
http://Clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Ryzin and Roseth

Page 2

be at elevated risk for substance abuse and dependence later in adolescence or adulthood
(Grant, Stinson, & Harford, 2001; Hingson & Zha, 2009; Pitkénen, Lyyra, & Pulkkinen,
2005; Van Ryzin & Dishion, 2014). Specifically, initiation of alcohol use before age 14 or 15
(i.e., the middle school years) has been linked to elevated risk for later abuse and
dependence (Dawson, Goldstein, Chou, Ruan, & Grant, 2008; Hingson, Heeren, & Winter,
2006), and similar results have been found for tobacco (Behrendt, Wittchen, Hofler, Lieb, &
Beesdo 2009; Vega & Gil, 2005). Abuse and dependence, in turn, are linked to a variety of
maladaptive outcomes, including academic failure and dropout, high-risk sexual behavior,
greater likelihood of psychiatric disorders, and involvement in violent crime (Ary et al.,
1999; Barrera et al., 2001; Lennings et al., 2003; Soyka, 2000; Tapert et al., 2001).

Research finds that peer influence is one of the most important predictors of alcohol and
tobacco use in adolescence (Dishion & Patterson, 2006; Fergusson, Swain-Campbell, &
Horwood, 2002; Van Ryzin, Fosco, & Dishion, 2012). As a result, school-based substance
use prevention programs have attempted to alter peer influence processes in order to
engender greater behavioral health (Gifford-Smith, Dodge, Dishion, & McCord, 2005). One
strategy that has received attention recently is the use of “peer leaders” as agents of positive
behavioral change, although results of such programs have been mixed (e.g., Tobler et al.,
2000; Valente et al., 2007), and it can be difficult to identify, recruit, and retain peer leaders
(Valente & Pumpuang, 2007).

In this study, we report on a different approach to prevention that attempts to counteract peer
influence in favor of substance use by interrupting the process of deviant peer clustering, in
which socially marginalized youth self-aggregate and reinforce delinquent behavior through
modeling, facilitation, and expressions of support (Dishion et al., 1991; Patterson,
DeBaryshe, & Ramsey, 1989). Specifically, we aimed to reduce substance use by exposing
at-risk youth to a broader cross-section of the school social network through collaborative,
peer-based learning activities in school. By creating positive social interactions among youth
with different levels of risk and belonging to different social groups, we hypothesized that
peer learning activities could slow or halt the self-aggregation process among marginalized
youth and reduce the prevalence of negative, antisocial peer influences, which in turn would
reduce social reinforcement for delinquent behavior, including substance use.

In order for peer learning activities to promote genuine social integration, however, they
must establish a social context that reduces biases and prejudices among students who
belong to different social groups (Pettigrew, 1998; Pettigrew & Tropp, 2008). A key
ingredient of such a social context is “positive interdependence”, i.e., when goals are
structured such that individuals can attain their goals if (and only if) others in their group
also reach their goals (Deutsch, 1949, 1962). Under positive interdependence, patterns of
peer interaction change. Instead of competing with or ignoring one another, peers are more
likely to promote the success of one another through mutual assistance, support, and sharing
of resources; these positive social interactions, in turn, increase interpersonal acceptance and
reduce social marginalization (Johnson, Johnson, Roseth, & Shin, 2014; Roseth, Johnson &
Johnson, 2008; Mikami et al., 2005).
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Cooperative learning is one of the few empirically supported instructional approaches that
establishes positive interdependence. Cooperative learning is an umbrella term that includes
reciprocal teaching, peer tutoring, and other group-based activities in which peers work
together to maximize one another’s learning (Johnson, Johnson & Holubec, 2013). By
structuring positive interdependence between students, cooperative learning contrasts with
competitive and individualistic learning activities in which students compete against each
other or work by themselves. When compared to these competitive and individualistic
approaches to instruction, cooperative learning has been found to have robust positive effects
on interpersonal attraction, social acceptance, and academic achievement (Ginsburg-Block et
al., 2006; Johnson & Johnson, 1989, 2005). In a recent meta-analysis, Roseth et al. (2008)
demonstrated that cooperative learning associated with greater academic achievement (ES

= .46 to .65) and more positive peer relationships (ES = .42 to .56) as compared to
competitive or individualistic instructional approaches. These peer relationship outcomes are
hypothesized to grow out of the positive social interactions that occur during cooperative
learning activities, supporting our premise that these activities could also have salutary
effects on socially marginalized or at-risk youth and, potentially, interrupt the process of
deviant peer clustering.

To ensure that at-risk youth have the opportunity to work with (and develop positive
relationships with) a variety of lower-risk youth, cooperative learning specifies that students
be grouped using random assignment, potentially with the assistance of specialized software
(e.g., GRumbler; https://sites.hks.harvard.edu/fs/msparrow/GRumbler--main.html). This
stands in contrast to prevention programs centered on peer leaders, where network-based
assignment to groups has been found to be most effective (Valente et al., 2003).

In previous research, cooperative learning has been found to reduce alcohol use among
middle school students (Van Ryzin & Roseth, 2017). In this study, we evaluated whether
changes in peer influence can mediate this effect. Specifically, we evaluated whether
changes in the amount of alcohol use among self-reported friends can serve as a mediator.
We also evaluated similar effects and pathways for tobacco use. We hypothesized that
cooperative learning would reduce both types of substance use, and that the effects would be
mediated by reduced use among friends.

2. Method

All aspects of this study were approved by the Institutional Review Board (IRB) at the
Oregon Research Institute. This study was registered as trial NCT03119415 in
ClinicalTrials.gov under Section 801 of the Food and Drug Administration Amendments
Act.

2.1 Sample

The sample was derived from a small-scale randomized trial of cooperative learning in 15
rural middle schools in the Pacific Northwest. Schools were matched based upon
demographics (i.e., size, free/reduced lunch percentage) and randomized to condition (i.e.,
intervention vs. waitlist control). We were concerned about the likelihood of losing schools
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assigned as controls, so we randomized an extra school to this condition (i.e., 8 waitlist
control vs. 7 intervention schools).

Our analytic sample included V= 1,460 7t grade students who enrolled in the project in the
fall of 2016 (see Figure 1). We achieved greater than 80% student participation at each
school. Student demographics by school are reported in Table 1. Overall, the sample was
48.2% female (V= 703) and 76.4% White (N = 1,116). Other racial/ethnic groups included
Hispanic/Latino (14.3%, A= 209), multi-racial (4.2%, N = 61), and American Indian/Alaska
Native (3.5%, N/ = 51); our sample included less than 1% Asian, African-American, and
Native Hawaiian/Pacific Islander. Overall, 13.9% (/N = 203) were reported as having Special
Ed status, 79.6% (N = 1162) did not have Special Ed status, and 6.5% (/N = 95) were missing
this designation. Free and reduced price lunch (FRPL) status was not made available by the
schools, although school-level FRPL figures (obtained from state records) are reported in
Table 1.

2.2 Procedure

We used D. W. and R. T. Johnsons’ approach to cooperative learning (Johnson et al., 2013).
Training for intervention school staff began in the fall of 2016 and continued throughout the
2016-2017 school year, consisting of 3 half-day in-person sessions, periodic check-ins via
videoconference, and access to resources (e.g., newsletters). A copy of Coogperation in the
Classroom, 9" Edition by Johnson, Johnson, and Holubec (2013) was provided to each staff
member attending the training. The three in-person training sessions per school were
conducted by the Johnsons and supported by the authors in (1) late September and early
October, (2) late October through early December, and (3) late January through late March.
Due to the geographic dispersal of the schools, each school received training individually
according to their own schedule for professional development.

Under the Johnson’s approach, cooperative learning includes reciprocal teaching, peer
tutoring, jigsaw, collaborative reading, and other methods in which peers help each other
learn in small groups under conditions of positive interdependence. Teachers create positive
interdependence in a variety of ways. For example, teachers may require a single deliverable
for a group (goal interdependence) and may offer a reward to the group if everyone achieves
above a certain threshold on an end-of-unit quiz or test (reward interdependence). The lesson
plan may require that each member of the group be issued different materials that they must
share in order to complete the lesson (resource interdependence), each member of the team
may have a different role to play (e.g., reader, note-taker), or students may take turns
performing an activity (role interdependence). The group may have their own name (identity
interdependence), and each group member may have a unique task that must be completed
sequentially, like an assembly line, in order for the lesson to be completed successfully (task
interdependence). These varied forms of positive interdependence can be layered upon one
another in a single lesson, increasing the incentive for students to collaborate.

The Johnsons’ approach also emphasizes individual accountability (to ensure that each
student contributes to the outcome), explicit coaching in collaborative skills (to support a
smoothly functioning group), a high degree of face-to-face interaction (ensuring the group
can collaborate), and guided processing of group performance (to ensure that students
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improve their group skills over time). Rather than being a manualized approach, cooperative
learning is viewed as a conceptual framework within which teachers can apply the principle
of positive interdependence to design their own group-based activities. There is no specific
curriculum offered; cooperative learning can be adapted to existing curricula in any subject
to the degree that suits the individual teacher.

2.3 Measures

Student data collection was conducted in September/October 2016 (baseline) and March
2017 (follow-up) using on-line surveys (Qualtrics). The time between data collection points
varied across schools but averaged five and a half months. To assess fidelity of
implementation, we also conducted teacher observations. A Certificate of Confidentiality
was obtained for these data from NIAAA (#CC-AA-17-011).

2.3.1. Alcohol and tobacco use.—Students reported on their use of alcohol and
tobacco in the last month using the following scale: No use= 1, Occasionally (1-3 times) =
2, Fairly often (4-6 times) = 3, Regularly (7-9 times) = 4, and All the time (10+ times) = 5.
At baseline, 93.4% of students (V= 1,392) reported no alcohol use, but at follow-up that had
declined to 82.8% (N =1,234). Similarly, 96.5% (N = 1,409) of students reported no tobacco
use at baseline, but by follow-up that had declined to 87.0% (N = 1,270).

2.3.2. Alcohol and tobacco use among friends.—Students reported on their
friendship networks by selecting the names of up to 6 “close friends” from a list of all
eligible students in their grade. From this, we calculated the average of the self-reported
alcohol and tobacco use (separately) for each student’s friendship network. Higher numbers
indicate more alcohol and tobacco use among friends, respectively, representing a stronger
degree of social influence in favor of use.

2.3.3. Observed intervention fidelity.—Research staff blind to intervention
assignment observed teaching practices in intervention and control schools. We trained our
observers to adequate reliability using simulated data before they were permitted to conduct
observations in actual classrooms, and we used an established observation protocol for key
aspects of cooperative learning (e.g., positive interdependence; Veenman et al., 2002).
Observations were conducted once in the late fall/early winter and again in the spring.
Observers remained in a classroom for an entire class period. In smaller schools, observers
were generally able to observe all 7t grade teachers within a single day; for large schools,
observers randomly selected a subset of all 7t grade teachers.

2.4. Analysis Plan

The multilevel nature of our data (i.e., students within schools) required an analytical
approach that addressed statistical dependencies created by nesting. Thus, we evaluated our
hypotheses with nested random coefficients analysis, which allocates variance either
“within” or “between” groups, accounting for dependencies (Fitzmaurice et al., 2004). In
this model, student data (i.e., alcohol and tobacco use, peer influences) were at Level 1
(“within™) and school data (i.e., intervention condition) were at Level 2 (“between”). All
predictors were uncentered.
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A test of mediation traditionally includes an initial direct-effects model that tests the path
between the predictor and outcome, followed by a mediation model in which the following
paths are tested: (a) the predictor to the presumed mediator, (b) the mediator to the distal
outcome, and (c) the combined indirect effect between the predictor and the outcome via the
mediator, while controlling for the direct effect (commonly referred to as ¢’; Judd, Kenny, &
McClelland, 2001; MacKinnon & Dwyer, 1993). Thus, we initially tested a direct-effects
model that included both alcohol and tobacco use; following this, we fit a model for each
outcome that simultaneously tested the effects of the intervention on the mediator, the
mediator on the outcome, and the indirect effect (i.e., the “full” model). This model is
represented in Figure 2; since we were testing change over time in both our mediator and
outcome, baseline levels were controlled in each case. Given the complexity of these models
and our relatively small sample (i.e., only 15 schools at Level 2), the “full” model was fit
separately for alcohol and tobacco use.

All modeling was conducted using Mplus 7.1 (Muthén & Muthén, 2012). Since our outcome
variables demonstrated a degree of skew, all models were fit using Robust Maximum
Likelihood (RML), which provides so-called “sandwich” or Huber-White standard errors.
RML can provide unbiased estimates in the presence of missing and/or non-normal data.
Standard measures of fit are reported, including the chi-square value (XZ), comparative fit
index (CFI), non-normed or Tucker-Lewis index (TLI), and root-mean squared error of
approximation (RMSEA). CFI/TLI values greater than .95, RMSEA values less than .05,
and a non-significant XZ (or aratio of ledf < 3.0) indicate good fit (Bentler, 1990; Bentler
& Bonett, 1980; Hu & Bentler, 1999).

3. Results

Descriptive data for all variables and correlations are presented in Table 2. To assess
intervention fidelity, we conducted an ANOVA analysis, which indicated significantly higher
levels of observed positive interdependence during learning activities in intervention schools
as compared to control schools, A1,98) = 10.79, p< .01, RZ = .10.

To establish mediation, we first evaluated direct effects of cooperative learning on alcohol
and tobacco use at follow-up, controlling for baseline measures. Model fit was good, CFI
=.99, TLI =.99, RMSEA = .02, Xz(l) = 1.39, ns. Results indicated that cooperative learning
significantly lowered rates of growth in alcohol (8= -.60 [-.36 | —.84]; p<.001) and
tobacco use (8= -.58 [-.21 | —.94]; p=.01) between baseline (fall) and follow-up (spring)
in intervention schools as compared to control schools.

We next fit the full model for alcohol use, and results are presented in Table 3, including
95% confidence intervals. Model fit was good, CFI = .99, TLI = .98, RMSEA = .02, X2(4) =
6.35, 71s. Results indicated that (a) cooperative learning resulted in significantly lower rates
of alcohol use in friendship networks at follow-up, (b) alcohol use in friendship networks
significantly predicted change in individual alcohol use during the school year, and (c) the
indirect effect of cooperative learning on change in alcohol use via change in friend use was
significant (8= -.48 [-.80 | -.16]; p=.003). Since the direct effect of cooperative learning
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alcohol use at follow-up was no longer significant in the full model, we can consider the
direct effect to be fully mediated.

Finally, we fit the full model for tobacco use, and results are presented in Table 4, including
95% confidence intervals. Model fit was good, CFI = .97, TLI = .94, RMSEA = .03, X2(4) =
8.29, ns. Results indicated that (a) cooperative learning resulted in significantly lower rates
of tobacco use in friendship networks at follow-up, (b) tobacco use in friendship networks
significantly predicted change in individual alcohol use during the school year, and (c) the
indirect effect of cooperative learning change in tobacco use via change in friend use was
significant (8= —.46 [-.91 | -.01]; p=.044). As with alcohol use, the direct effect of
cooperative learning on tobacco use at follow-up was no longer significant in the full model,
so we can consider the direct effect to be fully mediated.

4. Discussion

In this study, we found that cooperative learning was able to significantly reduce the
prevalence of both alcohol and tobacco use among self-reported friends during the school
year. The lower prevalence of alcohol and tobacco use, in turn, predicted lower levels of
individual use at follow-up. When evaluating the model pathways, the effects of alcohol and
tobacco use among friends were particularly strong predictors of individual use, which
echoes previous research finding that “close” friends (as measured in this study) are a
powerful predictor of individual use, even more powerful than the larger peer group (Urberg,
Degirmencioglu, & Pilgrim, 1997).

These findings suggest that the group-based learning activities that are implemented as a part
of cooperative learning were reducing social influence in favor of tobacco and alcohol use.
Although we might presume that these results are due to selection effects (i.e., youth altering
their friendship networks as increased social opportunities arose as a result of the
implementation of group-based learning activities), it is possible (or even likely) that
socialization effects may also have played a role. For example, the increase in positive peer
relations that have been found to arise from cooperative learning (Van Ryzin & Roseth, in
press) could have resulted in a more positive school climate and, in turn, less peer support
for substance use (Henry et al., 2009). Future research using social network analysis (i.e.,
RSiena; Ripley et al., 2012) could help to disentangle selection and socialization effects.

This study is limited in several ways. First, it is based upon a relatively homogeneous
sample of rural students that was about three-quarters White, which limits the external
validity or generalizability of the results. Future research should include more diverse urban
populations. Second, all measures were self-report, which limits internal validity. Future
research should consider additional data sources, such as teachers and/or parents. Third, the
small number of schools in our sample (i.e., 15) and the small number of time points (i.e., 2)
restricted the complexity of the models that we were able to fit to the data. Peer processes
are exceedingly complex, and, as suggested above, modeling a process as complex as
deviant peer clustering will require social network analysis, which ideally would have more
than two waves of data. Thus, the findings reported in the paper are not able to completely
support the hypothesized causal mechanism (i.e., collaborative learning activities

Ad(dict Behav. Author manuscript; available in PMC 2020 August 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Ryzin and Roseth

Page 8

interrupting the process of deviant peer clustering); however, they do provide strongly
suggestive findings that can be extended in future research.

5. Conclusion

Our findings indicate that cooperative learning reduced the degree of social influence in
favor of alcohol and tobacco use during the school year. As a result, youth demonstrated
lower levels of growth in individual alcohol and tobacco use during the school year in
intervention schools as compared to control schools. Our findings emphasize both (a) the
power of peer influence on alcohol and tobacco use; and (b) the potential of cooperative
learning as a mechanism to alter these influence processes in a salutary manner.

From a policy perspective, cooperative learning has demonstrated its ability to enhance
academic achievement in previous research (Roseth et al., 2008), and it possesses many
other strengths that differentiate it from existing approaches to substance use prevention,
such as curriculum-based approaches that focus on changing attitudes, normative beliefs,
and/or resistance skills related to substance use (Tobler et al., 2000; Wilson et al., 2001). For
example, the implementation of cooperative learning can augment teacher skillsets and
provide new opportunities for improving instruction. Cooperative learning also possesses a
significant degree of sustainability; once implemented, these techniques can be shared
among staff members, and new teachers can be taught by existing staff. Finally, the social
processes targeted by cooperative learning (i.e., social marginalization and rejection) have
been implicated in the development of a wide variety of behavioral and emotional problems,
suggesting that cooperative learning could have wide-ranging positive effects on student
behavior and emotional health; indeed, cooperative learning has recently been found to
reduce bullying, victimization, stress, and emotional problems (Van Ryzin & Roseth, in
press). Thus, our hope is that the results reported here contribute to a re-kindling of interest
in cooperative learning as a permanent, sustainable component of teacher training and
educational practice.
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Table 1.
Descriptive Data by School
School  Intervention N % female % White % Special Ed % FRPL®
1 Yes 211 488 74.4 13.3 53
2 Yes 47 553 78.7 12.8 66
3 Yes 94 394 62.8 n/a 62
4 No 80 500 925 26.3 65
5 Yes 89 472 85.4 18.0 72
6 Yes 93 462 90.3 18.3 71
7 No 44 455 932 18.2 33
8 Yes 70 514 80.0 12.9 57
9 No 63 426 84.1 19.0 45
10 Yes 64 313 719 4.7 95
1 No 144 472 66.7 16.7 61
12 No 170 541 48.8 118 84
13 No 158 50.6 89.9 11.4 66
14 No 43 488 88.4 16.3 39
15 No 90 533 82.2 15.6 46

a,
State records.

Note. One school did not provide Special Ed status.
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Table 3.
Full Model (alcohol)

Predictor B 95% C.I. p
Friend Use (baseline) -> Friend Use (follow-up) 21 [12].31] <.001
Friend Use (baseline) -> Individual Use (follow-up) .02 [-.05].09] .55
Friend Use (follow-up) -> Individual Use (follow-up) 72 [.63].81] <.001
Individual Use (baseline) -> Individual Use (follow-up) .46 [.36].56] <.001
Intervention condition -> Friend Use (follow-up) -49 [-.80]-.19] .002
Intervention condition -> Individual Use (follow-up) -.03 [-.25].20] .83
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Table 4.
Full Model (tobacco)

Predictor B 95% C.I. p
Friend Use (baseline) -> Friend Use (follow-up) .23 [.11].35] <.001
Friend Use (baseline) -> Individual Use (follow-up) .00 [-.07].08] 91
Friend Use (follow-up) -> Individual Use (follow-up) .89 [.67]1.12] <.001
Individual Use (baseline) -> Individual Use (follow-up) .39 [.23].56] <.001
Intervention condition -> Friend Use (follow-up) =47 [-.91]-.04] .032
Intervention condition -> Individual Use (follow-up) -.03 [-.34].27] .83
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