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Abstract
Physical activity is defined as any body movement that requires energy expenditure. It has
important physiological, mental health, academic, and cognitive benefits for children and youth.
Despite these advantages, a large proportion of this population does not meet the minimum
recommended amount of physical activity. Recent studies have shown that the interdependent
group contingency (IGC) and dependent group contingency (DGC) improve physical activity;
however, no comparison of the effects of these group contingencies on physical activity has been
conducted. We used a multielement within a concurrent multiple baseline across classes design
to compare the effectiveness of these group contingencies to increase physical activity in two
classes of grade 5 students. Both group contingencies increased physical activity in both classes,
with the IGC producing slightly higher levels of physical activity than the DGC at the class-wide
and individual levels of analyses. Conversely, side effect data suggest that participants in both
classes preferred the DGC. Results are discussed within the context of treatment decisions and
suggestions for future research.
Keywords: physical activity, interdependent group contingency, dependent group
contingency, recess, positive and negative statements
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1
Comparing an Interdependent and Dependent Group Contingency to Increase Physical
Activity in Students During Recess
The World Health Organization (WHO; 2018) defines physical activity as any “bodily
movement produced by skeletal muscles that requires energy expenditure.” This includes
activities such as walking, dancing, playing at the park, and even completing chores.
Incorporating regular physical activity is a critical component of a healthy lifestyle and is
associated with several physiological, mental health, academic, and cognitive benefits. With
respect to physiological processes, regular physical activity increases neuromuscular awareness
(WHO, 2011), muscular and cardiorespiratory fitness, and bone density; improves balance;
and ensures healthy growth and development (WHO, 2018). Further, regular physical
activity reduces the risk of or prevents the development of many chronic diseases, including
hypertension, stroke, type 2 diabetes, coronary heart disease, and cancer (WHO, 2018).
In addition to these physiological benefits, regular physical activity can positively impact
children and youth’s mental health. This is particularly important given the current prevalence
rates of mental health challenges in this population. Globally, 10%-20% of children and youth
between the ages of 10-19 years face mental health challenges (WHO, 2019). The most common
mental health challenges children and youth experience are depression, anxiety, attentiondeficit/hyperactivity disorder, conduct disorder, psychosis, and eating disorders (WHO, 2019).
Regular physical activity has been found to decrease symptoms of depression and anxiety
(WHO, 2018); improve self-esteem; and provide opportunities for social interaction (WHO,
2011).
Physical activity has also been found to have academic and cognitive benefits for
children and youth (Rasberry et al., 2011). Researchers have demonstrated the relation between
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increases in physical activity and improved academic achievement in various subjects: including,
reading, mathematics, language arts or English, and science (Fedewa & Ahn, 2011). More
generally, when Rasberry et al. (2011) systematically reviewed the literature, they found that
engaging in physical activity during scheduled breaks in the classroom, gym class, recess, and
throughout other periods of the school day resulted in increased academic achievement,
academic behaviour, and cognitive functioning skills and attitudes. Therefore, it seems prudent
to incorporate regular opportunities for physical activity throughout the school day.
Despite the numerous benefits, many children and youth are not reaching the advised
daily minimum amount of physical activity. It is recommended that individuals 5-17 years of age
engage in at least 60 min of moderate to vigorous physical activity per day (e.g., brisk walking,
biking, rollerblading, skating) and at least three instances of vigorous-intensity physical activity
per week (e.g., running, playing organized sport; WHO, 2018). Unfortunately, 81% of youth 1117 years of age globally do not engage in enough physical activity (WHO, 2018). This difference
is amplified by sex, with female youth tending to be less physically active than their male
counterparts (WHO, 2018). These statistics are particularly alarming given the numerous risks
associated with physical inactivity, such as energy imbalance; low bone density, which can lead
to osteoporosis; and an increased risk of obesity, type 2 diabetes, and several types of cancer
(Centers for Disease Control and Prevention, 2018).
Given the health benefits of regular physical activity and the serious health risks of not
engaging in regular physical activity, it seems prudent to improve the number of opportunities
for children and youth to engage in physical activity. There are several factors that influence
children’s level of physical activity; namely, their parents’ activity level, time outdoors,
involvement in extracurricular activities outside of school, and the number of physical activity
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opportunities during the school day (Statistics Canada, 2017). The WHO (2018) recommends
that schools develop policies and arrange several opportunities for physical activity to increase
children and youth’s physical activity throughout the school day. The number of opportunities
for physical activity that schools provide varies across Canada and the United States based on
grade level and province or state (Springboard to Active Schools, 2019; Heart and Stroke
Foundation, 2017). Only 22% of children in Canada and 45% of children in the United States
have daily physical activity breaks in school (Springboard to Active Schools, 2019; Heart and
Stroke Foundation, 2017). These statistics show that schools in Canada and the United States are
not providing children and youth with a sufficient number of opportunities for physical activity
to meet the daily minimum recommended levels. However, the WHO (2007) recommends that
school provide sufficient opportunities for physical activity to increase the likelihood that all
children and youth meet the minimum daily requirement. This is particularly important because
not all children and youth have the same opportunity to participate in extra-curricular activities to
help them meet the daily physical activity requirements.
Given the enhanced opportunities that schools can offer to increase children and youth’s
physical activity, it is not surprising that researchers have increased their focus on evaluating the
effectiveness of behavioural interventions in schools (e.g., gym class, recess) to increase children
and youth’s physical activity. One of these interventions, group contingencies, has been shown to
successfully increase elementary school-aged children and youth’s physical activity during gym
class (Normand & Burji, 2020; Vidoni et al., 2012; Vidoni et al., 2014), recess (Foote et al.,
2017; Galbraith & Normand, 2017), and over the entire school day (Kuhl et al., 2015).
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Group Contingencies
Group contingencies are empirically supported behavioural interventions designed to
target the behaviour of individuals in a group simultaneously (Bushell et al., 1968). Group
contingencies involve the delivery of a consequence to some or all members of the group
contingent on the behaviour of an individual member, a subset of the group, or the entire group
(Litow & Pumroy, 1975). There are three types of group contingencies: independent,
interdependent, and dependent (Litow & Pumroy, 1975). While they share the overall goal of
simultaneously altering the behaviour of the group, the specific manner in which the contingency
is arranged differs.
Since group contingencies target the behaviour of individuals in a group simultaneously,
it is not surprising that teachers have reported group contingencies are effective and acceptable to
use with their students (Alric et al., 2007; Donaldson et al., 2018; Hartman & Gresham, 2016;
Lynch et al., 2009; Theodore et al., 2001; Theodore et al., 2004). This is likely why group
contingencies have been implemented in various locations within the school, such as the
academic classroom (Barrish et al., 1969; Beeks & Graves, 2016; Brantley & Webster,
1993; Briesch et al., 2013; Bulla & Frieder, 2018; Caldarella et al., 2015; Christ & Christ,
2006; Clair et al., 2018; Dart et al., 2016; Foley et al., 2019; Groves & Austin, 2017; Hansen &
Lignugaris/Kraft, 2005; Hawkins et al., 2017; Heering & Wilder, 2006; Jones et al., 2008;
Lum et al., 2019; Pokorski et al., 2019; Trevino-Maack et al., 2015; Williamson et al., 2009),
gym class (Normand & Burji, 2020; Vidoni & Ward, 2006; Vidoni et al., 2012; Vidoni et al.,
2014), hallway (Campbell & Skinner, 2004; Deshais et al., 2018), cafeteria (Williamson et al.,
1992), and recess (Foote et al., 2017; Galbraith & Normand, 2017).
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The majority of participants in group contingency studies conducted in schools are
children and youth between 6-18 years of age. While the vast majority of participants in these
studies were typically developing children, group contingencies have been studied with
individuals with a variety of disorders and diagnoses, such as: learning disabilities (Jones et al.,
2008; Pokorski et al., 2019; Trevino-Maack et al., 2015; Williamson et al., 2009), attentiondeficit/hyperactivity disorder (Schanding & Sterling-Turner, 2010), and emotional disturbances
(Denune et al., 2015; Hansen & Lignugaris/Kraft, 2005; Hawkins et al., 2015; Hawkins et al.,
2017; Pennington & McComas, 2017; Popkin & Skinner, 2003).
Independent Group Contingency
In this type of group contingency, an individual student receives a reinforcer if they meet
the predetermined criterion (Litow & Pumroy, 1975). This intervention has successfully
increased behaviours such as academic engagement (Dart et al., 2016; Lum et al., 2019), on-task
behaviour (Dart et al., 2016), social interactions between students (Pokorski et al., 2019), written
work (Trevino-Maack et al., 2015), and active classroom responding (Trevino-Maack et al.,
2015). It has also been used to decrease behaviours such as inappropriate behaviour (Brantley &
Webster, 1993) and classroom disruptions (Lum et al., 2019). For example, Brantley and
Webster (1993) used an independent group contingency to decrease inappropriate behaviour in a
grade 4 class. Students earned a checkmark during every interval they engaged in specific
prosocial behaviours incompatible with the target inappropriate behaviours. The criterion for
each student was the same – to acquire a predetermined number of checkmarks by the end of the
week. Only the students who met the weekly criterion received the reinforcer they selected at the
beginning of the week. Researchers found that the independent group contingency decreased
class-wide levels of inappropriate behaviour to acceptable levels.
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Interdependent Group Contingency (IGC)
In this type of group contingency, the entire group receives a reinforcer if the whole
group meets the predetermined criterion (Litow & Pumroy, 1975). The criterion can be applied
to each student (e.g., each student must correctly answer 10 math questions) or can be applied to
the whole group (e.g., the whole class must say a total of 30 positive peer statements daily). If
one or more students in the group do not reach the criterion, no one in the group receives the
reinforcer. The vast majority of group contingency research in schools has focused on the
evaluation of the IGC. Researchers have demonstrated the effectiveness of the IGC to
increase behaviours such as class participation (Cheatham et al., 2017), on-task
behaviour (Denune et al., 2015; Leflot et al., 2013; Pennington & McComas, 2017), academic
engagement (Caldarella et al., 2015; Christ & Christ, 2006; Clair et al., 2018; Collins et al.,
2017; Hernan et al., 2019; Popkin & Skinner, 2003), social and supportive interactions (Groves
& Austin, 2017; Kohler et al., 1990; Popkin & Skinner, 2003), homework completion and
accuracy (Little et al., 2010; Reinhardt et al., 2009), and physical activity (Foote et al., 2017;
Galbraith & Normand, 2017; Kuhl et al., 2015; Normand & Burji, 2020). Researchers have also
demonstrated the effectiveness of the IGC to decrease behaviours such as inappropriate
behaviour (Barrish et al., 1969; Donaldson et al., 2011; McGoey et al., 2010), off-task
behaviour (Clair et al., 2018), disruptive behaviour (Beeks & Graves, 2016; Caldarella et al.,
2015; Christ & Christ, 2006, Clair et al., 2018; Foley et al., 2019; Groves & Austin, 2017),
transition time between classes (Campbell & Skinner, 2004; Hawkins et al., 2015), and cell
phone use during class (Hernan et al., 2019; Jones et al., 2019).
For example, Galbraith and Normand (2017) evaluated the effects of a version of the
IGC, called the Good Behaviour Game, on the number of steps a class of grade 3 students took
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during recess. The researchers split the class into two teams and the students on the team that
increased their step count from baseline levels the most each received a raffle ticket for entry into
the school-wide lottery program. If the difference between the teams was less than 50 steps,
students on both teams received raffle tickets. The researchers found that both teams increased
their step counts from baseline levels.
Dependent Group Contingency (DGC)
In this type of group contingency, the entire group receives a reinforcer if the target
student or a subset of students in the group meets the predetermined criterion (Litow & Pumroy,
1975). This is often referred to as the “hero procedure” (Cooper et al., 2007) and the target
student(s), often referred to as the hero(es). They can change across sessions and can either be
specifically chosen or can be selected at random. In addition, the hero can be identified or
unidentified to the class. When the hero is identified, they can be revealed before the session or
after the session if the hero met the criterion. Most often, the hero is unidentified (Bulla &
Frieder, 2018; Vidoni et al., 2012; Vidoni et al., 2014; Williamson et al., 2009) or identified only
after the session if the hero met the criterion (Cariveau & Kodak, 2017; Deshais et al., 2019;
Jones et al., 2008; Vidoni & Ward, 2006). This is likely because many researchers have
hypothesized that identifying the hero a priori can produce unintentional detrimental side effects
for the hero, especially if the group does not receive reinforcement (Jones et al., 2008;
Williamson et al., 2009). Further, Vidoni et al. (2012) suggested that not identifying the hero
before a session encourages all students in the group to cooperate together to achieve a common
goal rather than to compete against each other. Recently, there has been an increase in the use of
the DGC in which the hero is identified after the session if the hero(es) met the criterion. This
may be due to the potential for positive side effects (e.g., positive attention, praise) if the hero
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earns the reinforcer for the group. For example, Jones and colleagues (2008) suggested that
identifying the hero after the session if they met the criterion provided students and teachers the
opportunity to give the hero social positive reinforcement for meeting the criterion and earning
the reinforcer for the group.
The DGC has been used to increase behaviours such as student engagement (Cariveau &
Kodak, 2017); on-task behaviour (Bulla & Frieder, 2018; Heering & Wilder, 2006;
Williamson et al., 2009); positive verbal statements (Hansen & Lignugaris/Kraft, 2005);
physical, gestural, or verbal supportive behaviour (Vidoni & Ward, 2006); mathematic
estimation (Williamson et al., 1992); and even teeth cleanliness (Swain et al., 1982). It has been
used to decrease behaviours such as disruptive behaviour in the classroom (Jones et al., 2008)
and in the hallway (Deshais et al., 2018). For example, Cariveau and Kodak (2017) implemented
a DGC in a grade 2 class to increase academic engagement. The researchers split the students
into three groups such that one student from each group served as the hero each session. If the
hero met the academic engagement criterion for the session, the entire group received
reinforcement and the hero was identified to the group. They selected this iteration of the DGC
to reduce any negative consequences for the hero if they did not meet the criterion. The
researchers found all the students increased or maintained a high level of academic engagement
from baseline sessions.
Physical Activity
Recently, there has been an increase in the use of group contingencies to increase
children and youth’s physical activity at school – particularly the IGC (Foote et al., 2017;
Galbraith & Normand, 2017; Kuhl et al., 2015; Normand & Burji, 2020) and the DGC (Vidoni et
al., 2012; Vidoni et al., 2014). Interestingly, all studies evaluating the effects of the DGC to
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increase physical activity used an unidentified hero, presumably because of the aforementioned
potential consequences of identifying the hero. Regardless of the group contingency being
evaluated, there are some noteworthy similarities across all studies. First, the vast majority of
researchers measured the number of steps students took using a pedometer to measure physical
activity (Foote et al., 2017; Galbraith & Normand, 2017; Kuhl et al., 2015; Normand & Burji,
2020; Vidoni et al., 2014). In fact, only one study used an alternative measure of physical
activity – a heart rate monitor (Vidoni et al., 2012). Second, the majority of studies implemented
group contingencies during periods when students had the opportunity to engage in physical
activity – gym class (Normand & Burji, 2020; Vidoni et al., 2012; Vidoni et al., 2014) or recess
(Foote et al., 2017; Galbraith & Normand, 2017). Only one study looked at increasing physical
activity across the whole day (Kuhl et al., 2015).
While most studies evaluated the effects of group contingencies on physical activity
during gym class, it might be more ideal for researchers to conduct this research during recess.
This is because the different instructional activities that a teacher may arrange during gym class
may impose a ceiling on the amount of physical activity children and youth can engage in during
class. In this sense, gym class resembles a restricted operant arrangement where students are
limited in what, and possibly how much, physical activity they can engage in because the teacher
dictates the activity. In contrast, recess resembles a free operant arrangement where students can
engage in any form or amount of physical activity without any imposed restrictions outside of
safety protocols. Therefore, it seems as though evaluating the effects of group contingencies on
physical activity might be best suited for recess when there are no limitations on physical
activity.
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Side Effects
Side effects typically refer to non-target behaviours that are influenced by the
implementation of a group contingency (Payne et al., 2017). Several researchers have
recommended one group contingency – or one iteration of a group contingency – over another
based on side effect information. This could be due to the fact that all group contingencies have
been found to be effective at producing the desired behaviour change (Payne et al., 2017). While
most researchers have provided anecdotal information on side effects, two noteworthy studies
systematically evaluated the conditions under which side effects were more or less likely to
occur.
Speltz and colleagues (1982) compared the effectiveness of the independent group
contingency, IGC, DGC (unidentified hero), and DGC (before-session identified hero) on the
academic behaviour of school-aged children and found that all group contingencies were equally
effective. The researchers also measured the frequency of positive, negative, and neutral
statements when each group contingency was implemented. The researchers found that the
frequency of negative statements was low and similar across the group contingency conditions.
Only positive statements increased significantly from baseline levels, and that this change was
observed during both iterations of the DGC. This finding is particularly interesting in light of
researchers’ hypothesis that identifying the hero a priori might produce negative social side
effects (e.g., bullying) for the hero.
Recently, Payne and colleagues (2017) compared the effects of the independent group
contingency, IGC, and DGC (before-session identified hero) on problem behaviour and on-task
behaviour with two groups of preschool students and also found that all three group
contingencies were equally effective. They also analyzed the mean frequency of positive and
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negative vocalizations that occurred under each condition and found that (a) negative
vocalizations tended to increase during sessions in which problem behaviour occurred, (b)
negative vocalizations decreased and positive vocalizations increased during sessions in which
students earned the reinforcer, and (c) positive vocalizations increased during all group
contingencies relative to baseline. This latter finding is similar to that obtained by Speltz et al.
(1982) who also found that positive statements increased during the DGC when the hero was
identified before the session. These findings conflict with previous researchers’ rationales for not
identifying the hero before DGC sessions, and rather, lend support for identifying the hero before
the session. These findings highlight the importance of systematically measuring side effects to
identify the conditions under which they are more or less likely to occur.
Group Contingency Comparisons
Within the context of the entire group contingency literature (including studies conducted
outside of schools), there have been a relatively small number of studies comparing the
effectiveness of all three group contingencies. That is, only nine studies compared all three group
contingencies (Alric et al., 2007; Ennis et al., 2016; Gresham & Gresham, 1982; Lynch et al.,
2009; Payne et al., 2017; Shapiro & Goldberg, 1986; Speltz et al., 1982; Theodore et al., 2004;
Vargo & Backnell, 2019), and all were conducted with children and youth in schools. This body
of research has produced inconsistent results in terms of which group contingency is superior. In
two studies, the IGC and DGC were equal and superior to the independent group contingency
(Gresham & Gresham, 1982; Speltz et al., 1982). The remaining studies determined that all three
group contingencies were equally effective at producing the desired behaviour change (Alric et
al., 2007; Ennis et al., 2016; Lynch et al., 2009; Payne et al., 2017; Shapiro & Goldberg, 1986;
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Theodore et al., 2004; Vargo & Backnell, 2019). Teacher and student preference were rarely
evaluated, but when they were, the findings were also mixed across studies.
There have been many more comparisons of two group contingencies and 29 were
conducted with children and youth in schools. This body of research has also produced
inconsistent results in terms of which group contingency was most effective. Of these 29 studies,
22 compared the independent and the interdependent group contingencies; 10 studies found that
the IGC was more effective than the independent group contingency (Brown & Reschly, 1974;
Brown et al., 1974; Hamblin et al., 1971; Jacobs, 1974; Lloyd et al., 1996; Long & Williams,
1973; McLaughlin, 1981; McLaughlin, 1982; McReynolds et al., 1981; Nevin et al., 1982) and
12 studies found that both group contingencies were equally effective (Axelrod, 1973; Crouch et
al., 1985; Ellery et al., 1975; Grandy et al., 1973; Groves & Austin, 2017; Herman &
Tramontana, 1971; Levin, 1973; Page & Edwards, 1978; Perline & Levinsky, 1968; Ruedebusch,
1979; Stewart & McLaughlin, 1986; Wodarski et al., 1972). Three studies compared the
independent and the dependent group contingencies; one study found that the independent group
contingency was more effective than the DGC (Gross et al., 2016), one study found that the
DGC was more effective than the independent group contingency (Nevin et al., 1982), and one
study found that the most effective group contingency was different across participants (Deshais
et al., 2019). Finally, four studies compared the IGC and the DGC; three studies found that both
group contingencies were equally effective (Goldberg & Shapiro, 1995; Hartman & Gresham,
2016; Scott et al., 2017) and one study found that the most effective group contingency was
different across participants (Gamble & Strain, 1979). Similarly, teacher and student preference
were rarely evaluated, but when they were, the results were mixed across studies.

13
Taken together, a sizable body of research has been conducted on the effectiveness of
group contingencies, and across studies, findings have been mixed. Despite these mixed findings,
one common theme among these comparative studies is that all group contingencies were
effective and none of them were rated as nonpreferred, further supporting the utility of group
contingencies.
To date, there have not been any comparisons of the effectiveness of group contingencies
to increase physical activity. Researchers have shown that the IGC (Foote et al., 2017; Galbraith
& Normand, 2017; Kuhl et al., 2015; Normand & Burji, 2020) and the DGC (Vidoni et al., 2012;
Vidoni et al., 2014) increase physical activity; however, what remains unknown is which group
contingency is most effective and efficient to increase class-wide levels of physical activity.
Therefore, the purposes of this study were to compare the effectiveness of the interdependent and
dependent group contingencies on the amount of physical activity students engage in during
recess and to systematically evaluate whether either, or both, group contingencies produced side
effects. To this end, we assessed the extent to which positive and negative statements occurred
given (a) the group contingency in effect, (b) the period of the visit (presession or postsession),
and (c) whether the contingency requirement was met and the participants earned a reward.
Method
Participants, Setting, and Materials
We recruited 49 students (28 girls and 21 boys) from two fifth-grade general education
classrooms at two public schools in an urban city in Southern Ontario, Canada; one of which was
a French Immersion classroom and the other was an English classroom. After we obtained
Research Ethics Board approval, we contacted principals to ask if this study could be conducted
at their schools (Appendix A) and to identify teachers who were interested in participating. We
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met with interested teachers to review the procedures, participation requirements, and teacher
consent form (Appendix B). Next, we sent the student consent form (Appendix C) home with all
students in the class. Finally, the researcher held individual meetings with each student (hereafter
referred to as participants) to review the assent form (Appendix D) and obtain assent; all
participants gave their assent at this time. The researcher reminded participants before each
session that they could withdraw assent at any time.
If a participant withdrew assent before, during, or after recess, their step count was not
recorded for that session and the researcher noted that the participant withdrew assent (as
opposed to being absent) on the datasheet. The participant remained in the classroom during the
postsession period and received the reward with the entire class, if applicable. One participant
withdrew assent on four consecutive sessions at which point, the researcher met with the
participant individually and confirmed that they no longer wished to participate in the study and
reminded the student that they were still eligible to receive the class reward, when applicable. All
students in the class, regardless of whether or not they participated in this study, received the
reward with the entire class.
All visits occurred on the school property during morning or afternoon recess. All visits
consisted of a presession and session period; the group contingency comparison phase also
included a postsession period. For both classes, the mean presession period duration was 8.94
min (range, 5.13 to 14.34 min) and took place in the classroom. The mean session duration was
14.56 min (range, 9.39 to 17.42 min). It began in the classroom when the last participant
received their pedometer, continued as the participants went outside to the playground area for
recess, and concluded when the first participant returned to the classroom. The mean postsession
period duration was 1.75 min (range, 0.17 to 6.38 min). It began when the researcher announced
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to the class whether or not they received the reward and concluded when all participants received
the reward or when the teacher began the lesson after the researcher announced that the class did
not receive the reward. We did not conduct a session when the entire class had to stay indoors for
recess (i.e., in the case of inclement weather). The entire visit was approximately 35 min.
During all visits, materials included one Yamax SW 200 Digi Walker pedometer per
participant. We selected these pedometers because they have been validated for research use with
children (Barfield et al., 2004). We also used waistbands to attach pedometers when participants
wore a dress, onesie, or overalls; tape to seal the pedometers while the participants wore them to
prevent tampering; and a bin to store pedometers. In addition we used: the timer application on
an iPhone, paper and excel datasheets, a video camera, tripod, two mason jars (one contained
individual slips of paper with pedometer numbers and the other contained individual slips of
paper with the names of potential rewards, this allowed us to randomize our selection of the hero
and reward), two sets of coloured armbands (blue for the IGC condition and red for the DGC
condition), and a variety of rewards based on results of the indirect preference assessment.
Experimental Design
We compared the effectiveness and efficiency of an IGC and DGC using a multielement
within a concurrent multiple baseline across classes design.
Response Measurement and Data Analysis
The primary dependent variable was step count, defined as the number of steps each
participant took during the session, as measured by the Yamax SW 200 Digi Walker pedometer.
All participants wore pedometers irrespective of any mobility restrictions (e.g., broken leg).
However, we only used pedometer data from participants who were physically able to take steps
at recess because our validated pedometer was only capable of recording step count. We
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converted the raw step count data to a mean number of steps per minute (a) for the class and (b)
for individual participants. For class-wide data analysis, we divided the sum of all participant
step counts by the number of participants and divided this quotient by the session duration. For
individual participant data analysis, we divided each participant’s step count by the session
duration. We did not include a participant’s step count data in the class-wide or individual data
analysis for a session if they tampered with their pedometer or if it fell off during the visit.
As a secondary measure, trained observers also collected data on the rate of vocal side
effects during the presession and postsession periods by dividing the number of each type of
statement by the duration of time statements were recorded. Observers scored a positive
statement when a participant verbally indicated support, praise, encouragement, comradery, or
friendship regarding increasing physical activity, potential rewards, or unrelated to physical
activity (e.g., “I had so much fun playing soccer with you this recess”, “yay, we won!”).
Observers scored a negative statement when a participant verbally indicated anger, frustration, or
disappointment regarding physical activity, the potential rewards, or unrelated to physical
activity (e.g., “I can’t believe you sat all recess, that’s not cool”, “I hate the blue game”). We also
analyzed the mean rate of positive and negative statements per condition (baseline, IGC
condition, and DGC condition). We calculated this by dividing the rate of each type of statement
in a specific condition by the total number of sessions in that condition. Finally, we analyzed the
mean rate of positive and negative statements made during the postsession period when the
contingency requirement was met and the participants earned the reward or not. We calculated
this by dividing the rate of each type of statement when the participants earned the reward or
when they did not by the total number of sessions when they earned the reward and when they
did not. None of the side effect data were considered when making data-based decisions.
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Interobserver Agreement and Procedural Integrity
A second, trained independent observer collected data on step count and positive and
negative statements either simultaneously or post hoc (via video recording) during 34.0% (range,
28.6% to 42.9%) of all visits. For step count, we calculated total count IOA by dividing the
smaller step count by the larger step count and multiplying by 100%. Mean agreement was
99.7% (range, 96.0% to 100%) for step count. For positive and negative statements, we divided
the period into continuous 10-s intervals. Then we calculated interval-by-interval IOA by
dividing the number of intervals with an agreement by the number of intervals with an agreement
plus the number of intervals with a disagreement and multiplying by 100%. An agreement was
defined as both observers scoring the occurrence or nonoccurrence of the same statement within
a given interval. A disagreement was defined as both observers scoring the occurrence or nonoccurrence of a different statement within a given interval. Mean agreement was 98.2% (range,
71.4% to 100%) for positive statements and 97.9% (range, 85.7% to 100%) for negative
statements.
Trained observers collected procedural integrity either during the visit (Appendix E) or
post hoc (via video recording) during 31.0% (range, 28.6% to 33.3%) of the sessions. Observers
collected data on the accuracy with which the researcher implemented presession, session, and
postsession contingencies (described below) by dividing the number of researcher accuracies by
the number of researcher accuracies plus inaccuracies and multiplying by 100%. An accuracy
was defined as the researcher correctly completing a target behaviour on the checklist and an
inaccuracy was defined as the researcher not completing or incorrectly completing a target
behaviour on the checklist. Mean procedural integrity for all researcher behaviours was 100%.
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Presession Period Behaviours
Observers recorded the accuracy with which the researcher delivered the correct script,
correctly selected a hero, handed out the pedometer on the correct setting, and handed out the
correct coloured armbands, if applicable. Observers scored correct script delivery when the
researcher read the correct condition-specific script to the class before the session. Observers
scored correct hero selection when the researcher randomly selected the pedometer number of
the hero before the session. Observers scored correct pedometer setting when the researcher set
each participant’s pedometer to 0 before closing and taping the case before the session. Finally,
observers scored correct armband colour when the researcher provided participants with the
correct coloured armband before the session.
Postsession Period Behaviours
Observers recorded the accuracy with which the researcher delivered the correct script,
randomly selected a reward, and delivered the reward. Observers scored correct script delivery
when the researcher read the correct script to the class based on whether the class received the
reward or not. Observers scored correct reward selection when the researcher randomly chose the
reward for the class after the session when the participants earned the reward. Observers scored
correct reward delivery when the researcher (or teacher) provided the reward to the class during
the next potential opportunity.
Procedure
Preference Assessment
The researcher conducted an indirect preference assessment with each participant to
identify a list of the five highest ranked items among the class to use as rewards in both
experimental conditions. The researcher first consulted with the teacher to develop a list of 10
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potential items and activities that were readily available and appropriate for the participants, but
that they did not have free access to on a regular basis (e.g., gum, gel pens). Next, the researcher
provided each participant a sheet of paper with this list (see Appendix F). Each participant
ranked their top five items, where 1 was their top choice and 5 was their last choice. Participants
put an ‘X’ beside any items they did not like at all. We selected the class’ top five preferred
items and activities from the results of this survey to randomly select during the group
contingency comparison phase. We ensured that at least two of each participant’s top three
selections were used as rewards and, if possible, we tried to ensure that items that participants
marked with an “X” were not used.
Class A’s rewards were gum that they could chew during class, candy canes, sour candy,
hot chocolate, and 15 minutes of free time. Class B’s rewards were pencils, gel pens,
highlighters, colouring pages, and an extra 5 minutes of recess.
Pedometer Training
We numbered each pedometer on the inside and outside of the case and assigned each
participant a pedometer number that remained consistent for the duration of the study. This
controlled for interinstrument error by ensuring that any change in the participant’s step count
was not the result of a change in the device; if there was a difference between the number of
steps a participant took and the step count recorded by the pedometer, this difference remained
consistent throughout the study.
Before baseline, the researcher taught the participants how to wear the pedometers. We
did this to (a) ensure all participants could independently put the pedometers on in the correct
place (front of the left hip), (b) ensure all participants wore the pedometer correctly throughout
the entire session, and (c) minimize the threat of reactivity. The researcher continued pedometer
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training until the class showed a stable or consistent pattern of mean steps per minute. The
researcher provided the below instructions to teach the participants how to put on and remove the
pedometers.
Hi everyone! For today and the next few recesses we’re going to practice how to wear the
pedometer. I have to make sure you’re wearing it right before we can start playing the
games. This is called a pedometer <points to pedometer>. And it can tell how many steps
you take. You wear it on the front of your left hip like this <demonstrate>. Everyone’s
going to wear one for the whole recess. It’s really important that you don’t take your
pedometer off or open the case because it’ll stop working! To help make sure it stays
closed, I will tape the pedometer.
I’ll be standing by the door you use to go outside for recess. If your pedometer falls off,
come to me and I’ll help you put it back on. I will use this video camera <show
participants video camera> to record you putting the pedometer on before recess and
taking the pedometer off after recess to make sure you are wearing it in the right spot.
Remember, if you don’t want to play the game at any point, you can let me know and put
your pedometer in the blue bin. Any questions? When you come up to me just say your
first name and I’ll give you your pedometer. Does anyone have any questions? Time to
line up!
General Procedure
The researcher used a video camera to record the presession and postsession periods to
collect data on step count, positive and negative statements, and researcher behaviours. For
confidentiality purposes, the video camera was directed at the floor or the pedometers to ensure
that the participants’ faces were not captured in the recording. Before handing out the
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pedometers, the researcher recorded which participants were in class that day and if they
withdrew assent (see Appendix E). During the presession period for all conditions, the researcher
read the condition-specific script and told the participants which condition was in effect that
session. She asked participants to line up for recess and handed out the pedometers to the
participants. She focused the video camera on the pedometer to show the pedometer number, the
step count set to 0, and the pedometer placement on each participant. Next, the researcher sealed
the pedometer with a small piece of tape to ensure it remained closed during the session. The
researcher also handed out the appropriate coloured armbands to all participants, if applicable.
Each condition was associated with no armband (baseline), a blue armband (IGC), or a red
armband (DGC). The researcher stopped video recording when the participants went outside for
the session. The researcher began the timer when the last participant went outside for the session
to record the session duration.
During the session (recess), the researcher watched the participants from the main exit to
the playground to observe if they attempted to open, remove, or otherwise tamper with the
pedometers. This never occurred during this portion of the visit for either class. The researcher
was also available in the event that any participant chose to withdraw assent, which rarely
occurred during this portion of the visit.
Following the session, participants entered the classroom in single file; the researcher
stopped the timer when the first participant returned to the classroom. The researcher video
recorded each participant’s pedometer when they returned from the session to show the tape
sealing the pedometer, the pedometer number, and the pedometer placement on each participant.
The researcher collected each participant’s pedometer and provided them with brief neutral
praise for wearing the pedometer correctly and not trying to open, remove, or otherwise tamper
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with the pedometer. When a participant tampered with the pedometer, the researcher issued a
brief neutral comment reminding them that it was important to leave the pedometer closed and
on their hip during the session and did not include the participant’s step count data when
calculating class and individual participant mean steps per minute for that session. Next, the
researcher took the pedometers outside of the room to enter each participant’s step count and the
session duration in an excel datasheet and calculated the class and individual participant mean
steps per minute.
Baseline
There were no programmed consequences for the number of steps participants took. At
the start of the presession period, the researcher said:
Hi everyone! Now that you all know how to wear your pedometers properly, we need to
see how many steps you’re taking before we play the games. For the next few recesses
that is what we’ll do. You can play as much or as little as you want during recess. It’s up
to you. You have to wear the pedometer the same way we practiced, on your left hip and
closed. Don’t take it off or shake it or it’ll stop working. I’ll be by the door if you need
me or don’t want to wear it anymore. Any questions?
We calculated one step goal for each participant for use in both conditions. For all
participants, we calculated a 5% increase from their mean baseline steps per minute by adding
the mean number of steps per minute the participant took during baseline, divided this by the
number of baseline sessions, and multiplied this quotient by 1.05. We used individual step goals
to ensure that (a) step goals were challenging yet attainable for each participant and (b) each
participant had the opportunity to contact the health benefits of physical activity.
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Group Contingency Comparison
We quasirandomly alternated two conditions during this phase: (a) IGC and (b) DGC by
conducting no more than two consecutive sessions of the same condition. During the presession
period of the first visit in this phase, the researcher told the participants the five rewards selected
for use in this study based on the results of the indirect preference assessment. After each
session, the researcher inputted the session duration and participants’ step count into an excel
document that automatically calculated the session mean steps per minute and compared these
values to the calculated step goal to determine if the class earned a reward for that session. The
postsession period was the same for both conditions. It began when the researcher returned to the
class and announced to the participants whether or not they received the reward. If the
contingency requirement was met during the IGC or the DGC, the researcher said to the class,
“Congratulations, today everyone took more steps and everyone will get a reward! First, we must
pick a reward <select reward>!” The researcher randomly selected the class’ reward from a jar
and either delivered it to the class immediately or asked the teacher to deliver the reward when
applicable (e.g., 15 mins of free time after recess).
If the contingency requirement was not met, the researcher said, “Unfortunately, today
you did not take more steps, but we will play this game on <specify the day>. You can try again
to earn the reward then!” The researcher did not select a reward from the reward jar and
encouraged them to try again next time.
Interdependent Group Contingency
The researcher referred to the IGC as the blue game when speaking to participants and
teachers. During the presession period, the researcher told the class that everyone must achieve
the step goal to receive the reward. Before the first session, the researcher said:
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Hello everyone! Today we’re going to play a new game! Today’s game is called the blue
game and I’m going to explain how it works. During this game everyone’s going to wear
a blue armband over their coat. If everyone tries their best and takes more steps during
recess than before, everyone will get a reward! If some people don’t take more steps,
everyone will have to try again next time to get a reward. You can try to take more steps
by playing a game together like soccer or tag or running during recess. After recess, I’ll
pull the name of the reward from a jar. It can change each time.
Everyone’s going to wear their pedometers on their left hip for the whole recess
like before. Don’t open the case, take it off, or shake it because it’ll stop working. If you
don’t want to play the game anymore, just come to me during recess and put your
pedometer in the blue bin or give it to me when recess is done. Any questions?
Before each subsequent session, the researcher said:
Hi everyone! We are going to play the blue game again today during recess. If everyone
takes more steps, everyone will get a reward. Remember, if you don’t want to play the
game at any point you can let me know. You won’t get in trouble. And remember you all
have to wear your pedometers properly and I’ll hand out your blue armbands! Does
anyone have any questions? Have a great recess!
Dependent Group Contingency
The researcher referred to the DGC as the red game when speaking to participants and
teachers. During the presession period, the researcher randomly selected a pedometer number
from the jar that contained slips of paper with the pedometer numbers of all participants present
that session; the selected participant served as the hero for that session. The researcher did not
identify the hero to the class or anyone outside of the research team. The same participant did not
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serve as the hero for two consecutive sessions. The first time this condition was run, the
researcher said:
Hello everyone! Today we’re going to play a new game! Today’s game is called the red
game and I’m going to explain how it works. During this game, everyone is going to
wear a red armband over their coat. To play this game, first I’m going to pull a pedometer
number to see who our class hero will be this recess <pull number> but I’m not going to
tell you who our class hero is. If the hero tries their best and takes more steps than before,
everyone will get a reward! If they don’t reach their goal, you’ll have to try again next
time to get a reward. You can try to take more steps by playing a game together like
soccer or tag or running during recess. After recess I’ll pull the name of the reward from
a jar. It can change each time.
Everyone’s going to wear their pedometers on their left hip for the whole recess
like before. Don’t open the case, take it off, or shake it because it’ll stop working. If you
don’t want to play the game anymore just come to me during recess and put your
pedometer in the blue bin or give it to me when recess is done. Any questions?
Before each subsequent session, the researcher said:
Hi everyone! We are going to play the red game again today during recess. Today we
have a secret hero. If they take more steps, everyone will get a reward. Remember, if you
don’t want to play the game at any point you can let me know. You won’t get in trouble.
And remember you all have to wear your pedometers properly and I’ll hand out your red
armbands! Does anyone have any questions? Have a great recess!

26
Social Validity
Due to COVID-19, we changed the questionnaire delivery method from in-person paper
copies to online submissions through Qualtrics Survey Software. Although it was our initial plan,
we were not able to acquire the necessary consent to conduct the student survey online. We
asked teachers to complete the anonymous online social validity questionnaire (Appendix G)
after data collection stopped.
The teacher questionnaire consisted of four sections. The first section included three
closed-ended questions that asked teachers to select which group contingency (a) increased
participant physical activity, (b) encouraged the most participant involvement, and (c) would be
feasible for teachers to implement. The second and third sections included six identical questions
on a 5-point rating scale ranging from 1 (strongly disagree) to 5 (strongly agree) related to the
IGC and the DGC, respectively. We asked teachers to rate the extent to which each group
contingency (a) improved participant physical activity level, (b) increased participant
engagement and enjoyment, (c) was disruptive, (b) was simple to implement, and (c) was
feasible to implement. We also asked teachers to rate whether they would like to be trained to
implement each group contingency. The fourth section included one open-ended question in
which we asked teachers to provide any additional feedback or comments related to any aspect
of this study.
Results
Step Count Analyses
Figure 1 (top panel) depicts the class mean steps per minute for Class A. During baseline,
we observed a moderate level of class mean steps per minute (M = 71; range, 68 to 74). During
the group contingency comparison phase, we observed a 35% increase in the class mean steps
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per minute in the IGC condition relative to baseline with a class average of 96 steps per min
(range, 73 to 128). We observed a 28% increase in the class mean steps per minute in the DGC
condition relative to baseline with a class average of 91 steps per min (range, 70 to 131). Despite
the overall larger increase in class mean steps per minute observed in the IGC condition,
participants in Class A never met the contingency requirement or received a reward in the IGC
condition, whereas they met the contingency requirement and received a reward during 78% of
DGC condition sessions.
Figure 1 (bottom panel) depicts the class mean steps per minute for Class B. During
baseline, we observed a moderate level of class mean steps per minute (M = 63; range, 53 to 76).
During the group contingency comparison phase, we observed a 30% increase in the class mean
steps per minute in the IGC condition relative to baseline with a class average of 82 steps per
min (range, 63 to 98). We observed a 24% increase in the class mean steps per minute in the
DGC condition relative to baseline with a class average of 78 steps per min (range, 56 to 94).
Despite the overall larger increase in class mean steps per minute observed in the IGC condition,
participants in Class B only met the contingency requirement and received a reward during 14%
of IGC condition sessions, whereas they met the contingency requirement and received a reward
during 71% of DGC condition sessions.
Figure 2 depicts the percentage change in mean steps per minute from baseline for
individual participants in Class A. Twenty-five of 28 (89%) participants in Class A showed an
increase in their percentage change mean steps per minute relative to baseline in both group
contingencies. Eighteen of 28 (64%) participants showed a larger increase in the percentage
change of mean steps per minute relative to baseline in the IGC condition (M = 53%; range, 18%
to 126%) than the DGC condition (M = 34%; range, 3% to 122%). Seven of 28 (25%)
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participants showed a larger increase in their percentage change of mean steps per minute
relative to baseline in the DGC condition (M = 56%; range, 19% to 86%) than the IGC condition
(M = 38%; range, 16% to 67%). Three of 28 (11%) participants either showed no difference or a
decrease in their percentage change of mean steps per minute relative to baseline in both the IGC
condition (M = -7%; range, -13% to 0%) and the DGC condition (M = -16%; range, -27% to 8%).
Figure 3 depicts the percentage change in mean steps per minute from baseline for
individual participants in Class B. Seventeen of 21 (81%) participants in Class B showed an
increased in their percentage change in mean steps per minute relative to baseline in both group
contingencies. Fourteen of 21 (71%) participants showed a larger increase in percentage change
mean steps per minute relative to baseline in the IGC condition (M = 73%; range, 2% to 231%)
than the DGC condition (M = 51%; range, -9% to 201%). Four of 21 (19%) participants showed
a larger increase in their percentage change mean steps per minute relative to baseline in the
DGC condition (M = 26%; range, 5% to 46%) than the IGC condition (M = 5%; range, 2% to
11%). One participant (5%) showed the same percentage change in mean steps per minute
relative to baseline in both conditions (82%). One of 21 (5%) participants decreased their mean
steps per minute relative to baseline in both the IGC condition (-15%) and the DGC condition (25%). One of 21 (5%) participants decreased their percentage change in mean steps per minute
relative to baseline in the IGC condition (-3%) and did not participate in the DGC condition.
Side Effect Analyses
To assess the variables with which positive and negative statements may be more likely
to occur, we assessed the extent to which these statements occurred given (a) the group
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contingency in effect, (b) the period of the visit (presession or postsession), and (c) whether the
contingency requirement was met and the participants earned a reward.
Figure 4 depicts the mean rate of positive and negative statements per minute across
presession and postsession periods for Class A. During the presession period in baseline, we
observed zero positive statements and a mean rate of 0.06 negative statements per min (range, 0
to 0.18). During the presession period in the IGC condition, we observed a lower mean rate of
positive statements (M = 0.02; range, 0 to 0.11) than negative statements (M = 0.32; range, 0 to
0.62). During the presession period in the DGC condition, we observed a higher mean rate of
positive statements (M = 0.13; range, 0 to 0.33) than negative statements (M = 0.05; range, 0 to
0.21). During the postsession period in the IGC condition, we observed a lower mean rate of
positive statements (M = 0.02; range, 0 to 0.15) than negative statements (M = 1.17; range, 0 to
3.87). During the postsession period in the DGC condition, we observed a higher mean rate of
positive statements (M = 0.90; range, 0 to 1.95) than negative statements (M = 0.70; range, 0 to
2.57).
Figure 5 depicts the mean rate of positive and negative statements per minute across
presession and postsession periods for Class B. During the presession period in baseline, we
observed zero positive statements and a mean rate of 0.12 negative statements per min (range, 0
to 0.23). During the presession period in the IGC condition, we observed a lower mean rate of
positive statements (M = 0.02; range, 0 to 0.11) than negative statements (M = 0.19; range, 0 to
0.76). During the presession period in the DGC condition, we observed a lower mean rate of
positive statements (M = 0.08; range, 0 to 0.33) than negative statements (M = 0.32; range, 0 to
0.91). During the postsession period in the IGC condition, we observed zero positive statements
and a mean rate of 1.52 negative statements per min (range, 0 to 5.66). During the postsession
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period in the DGC condition, we observed a higher mean rate of positive statements (M = 1.48;
range, 0 to 3.40) than negative statements (M = 0.61; range, 0 to 1.71).
Figure 6 depicts the mean rate of positive and negative statements during the postsession
period when participants in Class A did and did not meet the contingency requirement and
earned the reward. We observed a higher mean rate of positive (M = 1.15; range, 0.25 to 1.95)
than negative (M = 0.80; range, 0 to 2.57) statements when the class earned the reward during the
DGC condition. We observed a lower mean rate of positive (M = 0.02; range, 0 to 0.15) than
negative (M = 1.17; range, 0 to 3.87) statements when the class did not earn the reward during
the IGC condition. We did not observe positive statements but did observe negative statements
(M = 0.33; range, 0 to 0.65) when the class did not earn the reward during the DGC condition.
Figure 7 depicts the mean rate of positive and negative statements during the postsession
period when participants in Class B did and did not meet the contingency requirement and
earned the reward. We did not observe any positive or negative statements when the class did
earn the reward during the IGC condition. We observed a higher mean rate of positive (M = 1.77;
range, 0.28 to 3.4) than negative (M = 0.86; range, 0 to 1.71) statements when the class earned
the reward during the DGC condition. We did not observe positive statements but did observe
negative statements (M = 1.65; range, 0 to 5.66) when the class did not earn the reward during
the IGC condition. We did not observe any positive or negative statements when the class did not
earn the reward during the DGC condition.
Social Validity Questionnaire
Table 2 depicts the results of Sections 1 to 3 of the anonymous teacher social validity
questionnaire. We excluded responses to Section 4 from the table because it involved an openended question asking teachers to provide any additional feedback or comments related to any
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aspect of this study. In Section 1, both teachers stated that the IGC got the most students
involved. One teacher stated that the IGC increased more students’ physical activity and that she
would rather implement it than the DGC. Conversely, the other teacher stated that the DGC
increased more students’ physical activity and that she would rather implement it than the IGC.
In Sections 2 and 3, both teachers stated that both group contingencies increased student
physical activity and enjoyment, but that the IGC (M = 5) was better than the DGC (M = 4.25;
range, 4 to 4.5) across these areas. One teacher agreed that both group contingencies were
disruptive. The other teacher disagreed that the IGC was disruptive (M = 3.25; range, 2.5 to 4)
and neither agreed nor disagreed that the DGC was disruptive (M = 3.75; range, 3.5 to 4). Both
teachers stated that the IGC was simpler (M = 5) to implement than the DGC (M = 4.25; range, 4
to 4.5). Although both teachers found both group contingencies to be effective and simple to
implement, they did not express interest in receiving training on (M = 3.5; range, 3 to 4) or
implementing (M = 3.25; range, 3 to 3.5) either group contingency in their class. In fact, on the
open-ended question in the questionnaire (Section 4), one teacher expressed that, “Although I
really enjoyed the concepts of the games, I am not sure if teachers would be interested in
implementing [either group contingency] in the classroom on a regular basis, simply due to all
the other requirements in our day.”
Discussion
This is the first study to compare the effectiveness of the interdependent and dependent
group contingencies on the amount of physical activity students engaged in during recess. We
obtained three noteworthy findings in this study. First, both the IGC and DGC effectively
increased participants’ physical activity levels. Second, the IGC appeared to be slightly more
effective than the DGC at increasing physical activity at the class-wide and individual levels of
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analyses. Finally, participants in both classes engaged in higher rates of positive statements in the
DGC condition and higher rates of negative statements in the IGC condition.
Our finding that both group contingencies produced an increase in class mean steps per
minute is similar to those of previous researchers who found that the IGC (Foote et al., 2017;
Galbraith & Normand, 2017; Kuhl et al., 2015; Normand & Burji, 2020) and the DGC (Vidoni et
al., 2012; Vidoni et al., 2014) increased students’ physical activity at school. However, we only
observed small changes in class mean steps per minute from baseline in both group
contingencies. This small change could be due to our selected step goal. That is, we arranged
individual step goals for participants that were only 5% higher than each individual participant’s
mean steps per minute during baseline. It is possible that if we set a higher step goal (e.g., 10%
above participants’ mean baseline levels), we would have obtained a larger increase in mean
steps per minute in one or both group contingencies. In fact, previous researchers who used a
higher step goal (i.e., approximately an 18% increase from mean baseline levels) obtained a
larger difference in mean steps per minute between baseline and the intervention phase (Kuhl et
al., 2015) compared to those who used a relatively lower step goal (i.e., 5% increase from mean
baseline levels; Kang & Brinthaupt, 2009). While previous researchers recommended arranging
step goals that range from a 5%-10% increase from mean baseline levels, we selected 5% to
ensure that the step goal was achievable and that participants would receive the reward. In fact,
every participant met their step goal at least once in each group contingency, except for one
participant in Class B who never met their step goal during the DGC condition. This suggests
that for the vast majority of participants, the step goal was achievable and that it may have been
possible for us to select a higher step goal. Future researchers may consider starting with a
relatively lower step goal (e.g., 5% increase from mean baseline levels) then systematically
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increasing the step goal throughout the phase to (a) ensure that participants first contact the
contingency and (b) further increase the likelihood that participants contact the benefits of higher
levels of physical activity. Future researchers may also consider conducting a parametric analysis
to assess the effects of different step goals on physical activity and any concomitant side effects,
such as positive and negative statements, and cooperative behaviour.
Although both group contingencies increased the overall class mean steps per minute for
both classes, the IGC was slightly more effective at increasing physical activity from baseline
(35% and 30% increase) than the DGC (28% and 24% increase) for Class A and B, respectively.
However, we observed two noteworthy patterns of responding. First, toward the end of the group
contingency comparison phase in Class B, we observed a decreasing trend in class mean steps
per minute in the IGC condition and an increasing trend in class mean steps per minute in the
DGC condition. We observed a similar, although much less prominent, increasing trend in the
DGC condition in Class A. This might suggest that, after repeated exposure to each group
contingency, the DGC may have become equally as effective for Class A and more effective for
Class B than the IGC. However, without additional data, this remains an empirical question.
Second, when reviewing the difference in the mean steps per minute across the entire
group contingency comparison phase, we found that the average class mean steps per minute did
not drastically differ between the IGC and DGC conditions (difference of 5 mean steps per
minute and 4 mean steps per minute in Class A and B, respectively). Therefore, we wanted to
determine whether the (a) increase in mean steps per minute observed in both group
contingencies from baseline and (b) difference between the IGC and DGC conditions were
clinically and socially significant. Because physical activity is typically classified according to
three levels of intensity: low, moderate, and vigorous, we wanted to determine if the
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aforementioned improvements would translate into a change in level of intensity. Therefore, we
reviewed the activities that the WHO (2020) and US Department of Health and Human Services
(1999) classified as low, moderate, and vigorous intensity and we cross-referenced any ageappropriate activities with the corresponding step-per-minute equivalent reported by Healthy
Steps to Albany (2009). Then we compared those steps per minute values to the average class
mean steps per minute for both our classes during baseline, the IGC condition, and the DGC
condition. During baseline, the class mean steps per minute (M = 71 and 63 for Class A and B,
respectively) corresponded to low-intensity physical activity, such as bowling or shopping. For
both classes, during the group contingency comparison phase in both conditions, the class mean
steps per minute (IGC: M = 96 and 82; DGC: M = 91 and 78 for Class A and B, respectively)
corresponded to moderate-intensity physical activity, such as ice-skating, jumping on the
trampoline, playing volleyball, or walking at an average speed. This suggests that even though
the IGC produced a slightly higher step count per minute across the entire phase than the DGC,
both group contingencies appear to have resulted in an increase in the intensity of the
participants’ physical activity. This increase in intensity is both clinically and socially significant
in light of the WHO (2018) recommendation that children and youth should engage in a
minimum of 60 min of moderate to vigorous physical activity daily.
We also observed three interesting patterns of responding during our analysis of the side
effects. First, there was little difference between the mean rate of positive and negative
statements during the presession period across all conditions and phases for both classes.
Previous researchers have suggested that because participants are not told who did not meet the
contingency requirement during the IGC or DGC with an unidentified hero, there might be fewer
negative social consequences for those participants who did not meet the contingency
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requirement (Heering & Wilder 2006; Kelshaw-Levering et al., 2000). Previous researchers have
also stated that both of these group contingencies promote cooperative behaviour among
participants (Hartman & Gresham, 2016; Heering & Wilder 2006; Kelshaw-Levering et al.,
2000) because they must either work together, rely on each other, or both to meet the
contingency requirement and receive the reward (Heering & Wilder 2006; Kelshaw-Levering et
al., 2000). Although we obtained low rates of positive statements during the presession period,
anecdotally, participants organized collaborative games and activities (e.g., tag, manhunt) to play
during recess. Anecdotally, teachers also reported they observed class collaboration during
recess among the participants. Our anecdotal observations appear to support previous
researchers’ suggestions that the IGC and DGC with an unidentified hero promote collaboration.
Second, during the postsession period, we observed a large difference between positive
and negative statements across both group contingencies. That is, the DGC had higher mean
rates of positive statements in Class A (M = 0.94) and Class B (M = 1.48), while the IGC had
higher mean rates of negative statements in Class A (M = 1.76) and Class B (M = 2.00). While
this might seem to suggest that the DGC produced more favourable side effects than the IGC,
previous researchers have discussed the possibility that the rate of positive and negative
statements may be influenced by the amount of reinforcement associated with a given group
contingency (Payne et al., 2017). Because participants in Class A and B received the reward
more frequently during the DGC condition (M = 78% and M = 71%, respectively) than the IGC
condition (M = 0% and M = 14%, respectively), it is possible that the different amounts of
rewards obtained across these group contingencies influenced the rate of negative statements
more so than the contingencies arranged in the IGC and DGC.
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Therefore, we analyzed the mean rate of positive and negative statements in the
postsession period when participants met the contingency requirement and earned the reward and
when they did not. Irrespective of the group contingency in effect, the mean rate of positive
statements was higher when participants earned the reward (M = 1.15 and M = 1.47) and the
mean rate of negative statements was higher when they did not earned the reward (M = 0.98 and
M = 1.24) for Class A and B, respectively. These findings suggest that earning the reward was
more influential for producing positive statements than the contingencies arranged in the IGC
and DGC. Interestingly, we also observed relatively high rates of negative statements when
participants met the contingency requirement and earned the reward across both group
contingencies in both Class A (M = 0.80) and Class B (M = 0.71). Anecdotally, these negative
statements tended to relate to the participants’ preference for the randomly selected reward (e.g.,
“Aww, why did we get gum? I wanted hot chocolate,” “Not the pencils!”). Because we did not
collect data on the specific types of positive and negative statements, we cannot say with
certainty that all negative statements made after the researcher announced the class reward were
of this nature. Therefore, future researchers may consider collecting data on separate
topographies of positive and negative statements to allow for a more fine-grained analysis.
Limitations
Our findings should be interpreted within the context of four additional limitations. First,
due to the stay-at-home order imposed by the government in response to the COVID-19
pandemic, we only included two classes in our multiple baseline design, whereas best practice
recommends at least three replications of the effects of the independent variable. Despite this
limitation, we used a concurrent multiple baseline design, which provides a greater degree of
experimental control than a nonconcurrent multiple baseline design. This is because it also
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controls for historical threat to internal validity and demonstrates the verification of the
intervention’s effect in addition to the maturation threats to internal validity and the
demonstration of prediction and replication provided by the nonconcurrent multiple baseline
design (Carr, 2005). Further, we could have strengthened our experimental control by including
baseline probes to allow us to detect multiple treatment interference. That said, we incorporated
several strategies to mitigate the likelihood of this threat to internal validity. That is, we included
discriminative stimuli (different coloured armbands) that were associated with both group
contingencies and we told the participants which group contingency was in effect before each
session. Despite this, future researchers should compare the effects of these group contingencies
across at least three classes and may also consider including baseline probes to further enhance
the experimental control.
Second, we did not collect postsession period side effect data during baseline, which
precluded us from comparing side effects obtained during the group contingency comparison
phase to those obtained in baseline. This is because our postsession period began once the
researcher returned to the classroom to announce whether the class met the contingency
requirement and if the class received a reward or not. During baseline, the researcher did not
return to the classroom to provide feedback to the class. Therefore, future researchers may
consider programming a similar postsession period during baseline to allow for a more complete
analysis of side effects across phases.
Third, we were not able to collect social validity data from participants because the
schools closed due to the COVID-19 pandemic; our request to obtain electronic social validity
data from participants was denied by the school board’s institutional review board. However, we
were able to collect anonymous teacher social validity data electronically. Because these
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questionnaires were anonymous, we were not able to make any comparisons between the
teachers’ ratings to their corresponding classes’ performance. Therefore, future researchers may
consider collecting (a) participant social validity data and (b) confidential rather than anonymous
social validity data from teachers to allow researchers to make direct comparisons between a
specific classes’ change in physical activity and their teachers’ corresponding ratings for each
group contingency.
Finally, we did not assess generalization or maintenance of the treatment effects. Future
researchers may consider assessing the extent to which generalization to other students in the
school occurs. In fact, we observed that students from other classes took part in the games that
participants arranged during recess, suggesting that schools might be able to increase physical
activity of non-participating students by simply arranging a group contingency in one class.
Further, future researchers may consider assessing whether participants’ physical activity
increased during other recess periods throughout the day. Due to the school closures, we were
not able to collect maintenance data to determine if physical activity levels persisted over time.
Therefore, future researchers should systematically assess the extent to which the treatment
effects maintain over time.
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Table 1
Mean Rate of Statements per Minute Across Conditions and Periods

Condition

Period

Baseline
IGC

Presession
Presession
Postsession
Presession
Postsession

DGC

Baseline
IGC
DGC

Presession
Presession
Postsession
Presession
Postsession

Positive Statements
(M)
(range)
Class A
0
0.02
0-0.11
0.02
0-0.15
0.13
0-0.33
0.90
0-1.95
Class B
0
0.02
0-0.11
0
0.08
0-0.33
1.48
0-3.40

Negative Statements
(M)
(range)
0.06
0.32
1.17
0.05
0.70

0-0.18
0-0.62
0-3.87
0-0.21
0-2.57

0.12
0.19
1.52
0.32
0.61

0-0.23
0-0.76
0-5.66
0-0.91
0-1.71
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Table 2
Teacher Social Validity Questionnaire
Section
1

2

3

Category

Questions

Teacher 1

Teacher 2

IGC

DGC

Which game got most students involved?

IGC

IGC

In the future, I would be most likely to
implement.

IGC

DGC

This game seemed to increase physical
activity for the entire class.

5

5

The students enjoyed participating in this
game.

5

5

This game was disruptive before and after
recess.

4

2.5

This game seemed simple to implement.

5

5

I would want to be trained and try
implementing this game in the future.

3

4

I think it would be feasible to implement this
game in my class regularly.

3

3.5

This game seemed to increase physical
activity for the entire class.

4

4.5

The students enjoyed participating in this
game.

4

4.5

This game was disruptive before and after
recess.

4

3.5

This game seemed simple to implement.

4

4.5

I would want to be trained and try
implementing this game in the future.

3

4

I think it would be feasible to implement this
game in my class regularly.

3

3.5

Comparison Which game increased physical activity
most in your class?

IGC

DGC

Note. This table depicts the results of three of four sections of the teacher social validity
questionnaire on a 5-point rating scale ranging from 1 (strongly disagree) to 5 (strongly agree).
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Figure 1
Mean Steps per Minute for Each Session Across Classrooms
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Note. An asterisk above a data point represents a session when the class met the contingency
requirement and received the reward.
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Figure 2
Change in Mean Steps per Minute for Participants in Class A

Change in Steps per Minute (percentage)

250

IGC

200

DGC

150
100
50
0
-50

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

-100

Class A

-150
-200
-250

Participants
Students

Note. Each bar represents the percentage of change in mean steps per minute from baseline
during the group contingency comparison phase for Class A. Bars above the x-axis denote an
increase in the mean steps per minute from baseline and bars below the x-axis denote a decrease
in the mean steps per minute from baseline.
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Figure 3
Change in Mean Steps per Minute for Participants in Class B
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Note. Each bar represents the percentage of change in mean steps per minute from baseline
during the group contingency comparison phase for Class B. Bars above the x-axis denote an
increase in the mean steps per minute from baseline and bars below the x-axis denote a decrease
in the mean steps per minute from baseline.
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Figure 4
Mean Rate of Positive and Negative Statements per Minute During Presession and Postsession
Periods in Class A
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Figure 5
Mean Rate of Positive and Negative Statements per Minute During Presession and Postsession
Periods in Class B
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Figure 6
Mean Rate of Statements per Minute During Postsession Periods When Participants in Class A
Received or Did Not Receive the Reward
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Figure 7
Mean Rate of Statements per Minute During Postsession Periods When Participants in Class B
Received or Did Not Receive the Reward
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Appendix A
Letter of Invitation for Schools
Project Title: A comparison of interdependent and dependent group contingencies to increase
physical activity in students during recess
Principal Investigator: Dr. Kimberley Zonneveld, BCBA-D, Associate Professor
Department of Applied Disability Studies
Email: kzonneveld@brocku.ca Ph: (905) 688-5550 x6708
Principal Student Investigator: Madeline Asaro, M.A. Student
Department of Applied Disability Studies
Email: ma16lp@brocku.ca
INVITATION
Your school is invited to participate in a research project that aims to increase the amount of
physical activity students engage in during recess. We will compare the effects of two
interventions called an interdependent group contingency (IGC) and a dependent group
contingency (DGC) to increase physical activity in the entire class. Both interventions have been
shown to be effective at increasing physical activity in children, but we want to see which one, if
either is better and/or quicker. To determine this, we will measure the number of steps each
student takes during recess through a pedometer. Both interventions encourage physical activity
and involve rewarding the entire class if the students reach the step goal.
WHAT’S INVOLVED
We will begin by teaching the students how to wear a pedometer. We will have them wear it for
several days during recess to practice how to put it on and take it off. At the same time, we will
work together with the classroom teacher to determine a list of 10 activities and items the class
enjoys. We will then have students complete an individual survey to determine which of these 10
activities and items they like best. These will be used as rewards for meeting the step goal in this
study.
To get a better idea of the amount of physical activity the students are already engaging in during
recess, we will first measure the number of steps they take during recess before either
intervention is implemented. Both interventions we are comparing are similar. In each condition,
the type of intervention being used will be announced to the class before recess. After the
researcher tells the students it is time for recess and asks them to line up, the researcher will hand
out the pedometers and ask the students to put them on. In the IGC, the class will be told that if
everyone increases the number of steps they take at recess, the whole class will get a reward. If
the whole class doesn’t take more steps, then they will have to try to get the reward during
another recess. In the DGC, the class will be told if one student (the hero) in the class increases
the number of steps they take at recess, the whole class will get a reward. If the hero doesn’t take
more steps, then the class will have to try to get the reward during another recess. The hero will
be randomly selected, will change every recess, and will be a secret to the students. The reward
for both interventions will be randomly select from the pre-determined list of preferred activities
and items the teacher and students developed.
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In addition to the number of steps students take during recess, we will also collect information on
the types of peer statements students use. This will provide valuable information, especially in
the event that both interventions are equally effective. For example, if both interventions are
equally effective, but one reliably increases positive peer statements, future teachers and
practitioners will likely use the intervention that increases positive peer statements. We will
collect this information by videotaping student interactions before and after each recess period
when the researcher is with the students. This will ensure in the
future educators and practitioners have all of the relevant information to choose an intervention
that not only increases physical activity but also positive peer statements.
This study will require minimal classroom time. Each session will last approximately 30 minutes
– the length of recess plus roughly five minutes before and after recess. The researcher will
implement everything related to the intervention including handing out and collecting
pedometers, collecting data, and delivering the rewards. Occasionally, we may ask the teachers
to deliver the reward if they agree and if it is more appropriate for them to provide it. For
example, if the reward is an extra 5 minutes of recess during a recess the research team is not at
the school, we will ask you to deliver this to the students. Teachers will approve the list of
rewards we use for their classroom prior to the start of the study.
This study will take place over the course of approximately 1 to 3 months. We cannot determine
the exact duration of the study in advance because the total number of days that we will need to
run sessions at the school will depend on a few factors: the school schedule, teacher preference,
weather, the research team schedule, as well as the consistency of the number of steps students
take at recess across intervention conditions. We will be onsite 1 to 5 days per week throughout
the study and will work with each individual teacher to find days that he or she prefers and that
are the least disruptive to ongoing activities in his or her classroom. It should be noted that the
greater the number of days we can be onsite each week, the shorter the overall duration of the
study. We will follow all school procedures regarding notifying relevant school personnel of the
days we will be onsite.
POTENTIAL BENEFITS AND RISKS
There are several benefits to participating in this study. Both interventions have been shown to
be effective at increasing physical activity in students; therefore, the students may benefit
from participating in this study by increasing their level of physical activity. Physical activity has
been associated with numerous positive benefits for children and youth, including but not limited
to: improved cardiovascular health, bone density, mental health, self-confidence, cognitive skills,
overall academic achievement, and decreased symptoms of anxiety and depression. If you and
the teachers wish, we would be happy to train the teachers how to implement these interventions
in their classroom at the conclusion of the study free of charge. Finally, the results of this study
will add to existing literature regarding the effects of group contingency interventions on
increasing physical activity and will assist clinicians and educators in determining which
variation is better and/or quicker.
PUBLICATION OF RESULTS
The class and individual results may be published in professional journals and presented at
conferences or workshops. Please note that only pseudonyms will appear on any representation
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of the data. While the province, age, sex, and diagnosis (or lack thereof) of the students will be
made available, the name or specific location of residence of the students will not be made
available in any published reports.
Feedback about the results of classrooms in your school participating in this study will be made
available to you throughout the study upon request. Similarly, you can request the final results of
the study, which we will either mail or email you (depending on your preference). If
requested, we will send you this feedback one month after the study ends. Throughout the study,
you may contact Dr. Kimberley Zonneveld at 905-688-5550 ext. 6708 or through email
at kzonneveld@brocku.ca or Madeline Asaro at ma16lp@brocku.ca.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact Dr.
Kimberley Zonneveld or Madeline Asaro using the contact information provided above. This
study has been reviewed and received ethics clearance through the Research Ethics Board at
Brock University (18-348) and the TDSB External Research Review Committee. If you have any
comments or concerns about student and teacher rights as research participants, please contact
the Brock Research Ethics Office at (905) 688-5550 Ext. 3035, reb@brocku.ca.
If you are interested in learning more about this study or would like your classroom to
participate, please contact Dr. Kimberley Zonneveld or Madeline Asaro using the contact
information provided above. We are looking forward to the opportunity to work with you.
Best Regards,
Dr. Kimberley Zonneveld, BCBA-D
Associate Professor
Department of Applied Disability Studies
KZONNEVELD@BROCKU.CA

Madeline Asaro
M. A. Student
Department of Applied Disability Studies
MA16LP@BROCKU.CA
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Appendix B
Research Consent for Teachers
Project Title: A comparison of interdependent and dependent group contingencies to increase
physical activity in students during recess
Principal Investigator: Dr. Kimberley Zonneveld, BCBA-D, Associate Professor
Department of Applied Disability Studies
Email: kzonneveld@brocku.ca Ph: (905) 688-5550 x6708
Principal Student Investigator: Madeline Asaro, M.A. Student
Department of Applied Disability Studies
Email: ma16lp@brocku.ca
INVITATION
You are invited to participate in a research project that aims to increase the amount of physical
activity students engage in during recess. We will compare the effects of two interventions called
an interdependent group contingency (IGC) and a dependent group contingency (DGC) to
increase physical activity in the entire class. Both interventions have been shown to be effective
at increasing physical activity in children, but we want to see which one, if either is better and/or
quicker. To determine this, we will measure the number of steps each student takes during
recess through a pedometer. Both interventions encourage physical activity and involve
rewarding the entire class if the students reach the step goal.
WHAT’S INVOLVED
This study will require minimal classroom time. Each session will last approximately 30 minutes
– the length of recess plus roughly five minutes before and after recess. You will have to be
present in the classroom during the time before and after recess. We will work with you to
determine a list of 10 activities and items the class enjoys. Then, we will have students complete
a survey to determine which of these 10 activities and items they like the best; these will be used
as rewards for meeting the step goal. The researcher will implement everything related to the
intervention, including handing out and collecting pedometers, collecting data, and delivering the
rewards. Occasionally, we may ask you to deliver the reward if you agree and if it is more
appropriate for you to provide it. For example, if the reward is an extra 5 minutes of recess
during a recess the research team is not at the school, we will ask you to deliver this to the
students. Teachers will approve the list of rewards we use for their classroom prior to the start of
the study.
This study will take place over the course of approximately 1 to 3 months. We cannot determine
the exact duration of the study in advance because the total number of days that we will need
to run sessions at the school will depend on a few factors: the school schedule, teacher
preference, weather, the research team schedule, as well as the consistency of the number of
steps students take at recess across intervention conditions. We will be onsite 1 to 5 days per
week throughout the study and will work with you to find days that you prefer and that are the
least disruptive to ongoing activities in your classroom. It should be noted that the greater the
number of days we can be onsite each week, the shorter the overall duration of the study. We
will follow all school procedures regarding notifying relevant school personnel of the days we
will be onsite. At the conclusion of the study, we will ask you to complete a survey letting us
know your perspective on the interventions.
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POTENTIAL BENEFITS AND RISKS
There are several benefits to participating in this study for you as an educator and for your
students. Since the interventions are being implemented during recess - an already scheduled
break from educational material - it requires minimal classroom time. Participating in this study
presents no greater threat than you would experience outside of the study. If at the conclusion of
the study, you would like to be trained on one or both of the interventions, we would be happy to
provide this training free of charge.
Low levels of physical activity in children is a major concern in Canada and interventions aimed
at increasing physical activity are needed. Since children spend the majority of their time in
school, using pre-existing appropriate times for physical activity is critical in improving the
physical activity levels of Canadian children. Both interventions have been shown to be effective
at increasing physical activity in students; therefore, your students may benefit from participating
in this study by increasing their level of physical activity. Physical activity has been associated
with numerous positive benefits for children and youth, including but not
limited to: improved cardiovascular health, bone density, mental health, self-confidence,
cognitive skills, overall academic achievement, and decreased symptoms of anxiety and
depression.
Finally, the results of this study will add to existing literature regarding the effects of group
contingency interventions on increasing physical activity and will assist clinicians and educators
in determining which variation is better. We hope to increase the physical activity of the
participants and demonstrate an effective behavioural intervention that can be easily applied in a
variety of other school settings.
CONFIDENTIALITY
Your responses to the survey questions, video recordings, and any other information you provide
us is considered confidential. Only members of the research team will have access to this. We
will refrain from using identifying information in e-mail correspondence, during presentations,
or in the publication of these results. Once the study is complete, your name will be changed
into a pseudonym. This pseudonym will be the name that appears on any representation of your
responses to survey questions. A master list that links pseudonyms to real names will be stored
on a network secured through Brock University’s Information Technology Services.
Paper data collected during this study will be stored in a locked cabinet behind a locked door.
Electronic data, including video recordings will be kept on a network secured through Brock
University’s Information Technology Services. All data will be kept for 2 years, after which time
paper data will be securely shredded, and all electronic data (excluding video recordings) will be
securely deleted from the secure network. Only the principal investigator and the students under
her supervision will have access to the data.
VOLUNTARY PARTICIPATION
Participation in this study is voluntary. You may decline to answer any questions. Further, you
may decide to withdraw from this study at any time up to and including the last study session and
may do so without any reprisal from Brock University. If you choose to withdraw from the
study, you will have the opportunity to decide what happens to your data. You may ask for it to
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be securely destroyed, for it to be used in the study, or for it to be returned to you. If you choose
to have the data returned to you, Madeline Asaro will be available to meet with you to return
your data.
PUBLICATION OF RESULTS
Your confidential survey responses may be published in professional journals and presented at
conferences or workshops as part of this study. Please note that only pseudonyms will appear on
any representation of this information. While the province you teach in and your sex will be
made available, your name and the specific location of your school will not be made available in
any published reports.
Feedback about your classroom’s results will be made available to you throughout the
study upon request. Similarly, you can request the final results of the study, which we will either
mail or email you (depending on your preference). If requested, we will send you this feedback
one month after the study ends. Throughout the study, you may contact Dr. Kimberley
Zonneveld at 905-688-5550 ext. 6708 or through email at kzonneveld@brocku.ca or Madeline
Asaro at ma16lp@brocku.ca.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact Dr.
Kimberley Zonneveld or Madeline Asaro using the contact information provided above. This
study has been reviewed and received ethics clearance through the Research Ethics Board at
Brock University (18-348) and through the TDSB External Research Review Committee. If
you have any comments or concerns about your rights as a research participant, please contact
the Brock Research Ethics Office at (905) 688-5550 Ext. 3035, reb@brocku.ca.
PARTICIPANT CONSENT
I , ______________________________, agree to participate in the study described above. I have
made this decision based on the information I have read in this form. I have had the opportunity
to receive any additional details I wanted about the study and understand that I may ask
questions in the future. I understand that I may withdraw this consent at any time.
Please note that members of the research team are under obligation to follow mandatory
reporting laws. That is, if any instance of child abuse is disclosed to or observed by a member of
the research team, that member is required to report it to child protective services.
If necessary, I consent to participate in this study: Yes No
Teacher’s Name: ___________________________

Ph./Email: _____________________

Signature: ______________________________________
(dd/mm/yy)

Date: _____________________
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Appendix C
Research Participant Invitation Package
Research Participation Invitation
A Comparison of Interdependent and Dependent Group Contingencies to Increase Physical
Activity in Students During Recess
Dear Parents/Guardians,
Your child is invited to participate in a research project with his/her entire class that aims to
increase the amount of physical activity he/she engages in during recess. We will compare the
effects of two interventions: an interdependent group contingency (IGC) and a dependent group
contingency (DGC). Both interventions have been shown to be effective at increasing physical
activity in children, but we want to see which one, if either, is better and/or quicker. To
determine this, we will use a pedometer to measure the number of steps your child takes
during recess. Both interventions encourage physical activity and involve rewarding the entire
class if the students reach the step goal.
The attached consent form provides detailed information about this research, the potential
benefits and risks, and information about how we will keep your child’s data confidential. This
study has been reviewed and received ethics clearance through the Research Ethics Board at
Brock University (18-348) and through the Toronto District School Board External Research
Review Committee. If you have any comments or concerns about your child’s rights as a
research participant, please contact the Brock Research Ethics Office at (905) 688-5550 Ext.
3035, reb@brocku.ca.
Participation is completely voluntary and will not affect your child’s participation in other
classroom activities and education. In addition, your child can withdraw from this study at any
time. If you have any questions or concerns, please feel free to contact us.
If you would like your child to participate in this research project please sign and return the
attached form to his/her classroom teacher by (date).
Thank you for your time,
Dr. Kimberley Zonneveld, BCBA-D
Associate Professor
Department of Applied Disability Studies
KZONNEVELD@BROCKU.CA

Madeline Asaro
M. A. Student
Department of Applied Disability Studies
MA16LP@BROCKU.CA
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Research Consent for Participants
Project Title: A comparison of interdependent and dependent group contingencies to increase
physical activity in students during recess
Principal Investigator: Dr. Kimberley Zonneveld, BCBA-D, Associate Professor
Department of Applied Disability Studies
Email: kzonneveld@brocku.ca Ph: (905) 688-5550 x6708
Principal Student Investigator: Madeline Asaro, M.A. Student
Department of Applied Disability Studies
Email: ma16lp@brocku.ca
INVITATION
Your child is invited to participate in a research project that aims to increase the amount of
physical activity he/she engages in during recess. We will compare the effects of two
interventions called an interdependent group contingency (IGC) and a dependent group
contingency (DGC) to increase physical activity in his/her entire class. Both interventions have
been shown to be effective at increasing physical activity in children, but we want to see which
one, if either is better and/or quicker. To determine this, we will measure the number of steps
your child takes during recess through a pedometer. Both interventions encourage physical
activity and involve rewarding the entire class if the students reach the step goal.
WHAT’S INVOLVED
We will begin by teaching the students how to wear a pedometer. We will have them wear it for
several days during recess to practice how to put it on and take it off. At the same time, we will
work together with the classroom teacher to determine a list of 10 activities and items the class
enjoys. We will have students complete an individual survey to determine which of these 10
activities and items they like best. These will be used as rewards for meeting the step goal in this
study.
To get a better idea of the amount of physical activity the students are already engaging in during
recess, we will first measure the number of steps they take during recess before
either intervention is implemented. Both interventions we are comparing are very similar. In
each condition, the type of intervention being used will be announced to the class before recess.
After the researcher tells the students it is time for recess and asks students to line up, the
researcher will hand out the pedometers and ask the students to put them on. In the IGC, the class
will be told that if everyone increases the number of steps they take at recess, the whole class
will get a reward. If the whole class doesn’t take more steps, then they will have to try to get the
reward during another recess. In the DGC, the class will be told if one student (the hero) in the
class increases the number of steps they take at recess, the whole class will get a reward. If the
hero doesn’t take more steps, then the class will have to try to get the reward during another
recess. The hero will be randomly selected, will change every recess, and will be a secret to the
students. The reward for both interventions will be randomly select from the pre-determined list
of preferred activities and items the teacher and students developed.
In addition to the number of steps students take during recess, we will also collect information on
the types of peer statements students use. This will provide valuable information, especially in
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the event that both interventions are equally effective. For example, if both interventions are
equally effective, but one reliably increases positive peer statements, future teachers and
practitioners will likely use the intervention that increases positive peer statements. We will
collect this information by videotaping student interactions before and after each recess period
when the researcher is with the students. This will ensure in the future educators and
practitioners have all of the relevant information to choose an intervention that not only increases
physical activity but also positive peer statements.
With your consent, sessions will be video-taped to help us collect accurate data and to measure
the researcher’s behaviour. The majority of video recording will be done behind the students;
therefore, it will mainly include the back or side of students’ heads/faces. Only members of the
research team will have access to these videos.
This study will take place over the course of approximately 1 to 3 months. We cannot determine
the exact duration of the study in advance because the total number of days that we will need to
run sessions at the school will depend on a few factors: the school schedule, teacher preference,
weather, the research team schedule, as well as the consistency of the number of steps students
take at recess across intervention conditions. We will be onsite 1 to 5 days per week throughout
the study and will work with each individual teacher to find days that he or she prefers and that
are the least disruptive to ongoing activities in his or her classroom.
POTENTIAL BENEFITS AND RISKS
Although your child may not enjoy all aspects of this study, participating in this study presents
no greater risk than he or she would experience during recess outside of the study. There may be
a chance that a child overexerts him or herself at recess or that while running and playing
he or she may fall. To mitigate this, the research team will have up-to-date CPR training.
Some students may feel worried that they will not reach the predetermined step goal. They may
also become upset if the secret hero or the class does not achieve the goal. We will maintain a
positive environment for the entirety of the experiment, regardless of the outcome for each
specific recess. We will try to schedule sessions frequently to
ensure that if students becomes frustrated that the class did not receive the reward, they will have
another opportunity soon to get the reward. We will not deliver reprimands or other forms
of punishment for not reaching the step goal nor we will not tell the students what reward they
would have won if the goal was achieved.
Both interventions have been shown to be effective at increasing physical activity in students.
Therefore, your child may benefit from participating in this study by increasing his or her level
of physical activity. Once we identify the superior intervention, we can teach the teachers this
relatively simple strategy so the students can continue to increase their physical activity during
recess.
Low levels of physical activity in children is a major concern in Canada and interventions aimed
at increasing physical activity are needed. Since children spend the majority of their time in
school, using pre-existing appropriate times for physical activity is critical in improving the
physical activity levels of Canadian children. Since the intervention is being conducted during
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recess - an already scheduled break from educational material - it requires minimal classroom
time. Physical activity has been associated with numerous positive benefits for children and
youth, including but not limited to: improved cardiovascular health, bone density, mental health,
self-confidence, cognitive skills, overall academic achievement, and decreased symptoms of
anxiety and depression. By participating in this study, we hope to increase your child’s physical
activity and demonstrate an effective behavioural intervention that can be easily applied in a
variety of other school settings.
CONFIDENTIALITY
Your child’s data, video/audio recordings of your child, and any information you provide us is
considered confidential. Only members of the research team will have access to the data and
video recordings. We will refrain from using identifying information in e-mail correspondence,
during presentations, or in the publication of these results. Once the data are fully collected, your
child’s name will be changed to a pseudonym. This pseudonym will be the name that appears on
any representation of your child’s data. A master list that links pseudonyms to real names will be
stored on a network secured through Brock University’s Information Technology Services.
Paper data collected during this study will be stored in a locked cabinet behind a locked door.
Electronic data, including video/audio recordings, will be kept on a network secured through
Brock University’s Information Technology Services. All data will be kept for 2 years, after
which time paper data will be securely shredded and all electronic data (excluding video
recordings) will be securely deleted from the secure network. If you provide consent for video
recordings, all video recordings will be stripped of all personal identifiers. Only the principal
investigator and students under her supervision will have access to the data.
VOLUNTARY PARTICIPATION
Participation in this study is voluntary. You may decline to answer any questions or have your
child participate in any component of the study. Further, you may decide to withdraw from this
study at any time up to and including the last study session and may do so without any reprisal
from Brock University. If you choose to withdraw your child from the study, you will have the
opportunity to decide what happens to his or her data. You may ask for it to be securely
destroyed, for it to be used in the study, or for it to be returned to you. If you choose to have the
data returned to you, Madeline Asaro will be available to meet with you to return your child’s
data.
We will also obtain verbal assent from your child to participate in this study. If your child
revokes assent for four consecutive sessions, we will excuse him or her from the study.
PUBLICATION OF RESULTS
Your child’s class and individual results may be published in professional journals and may be
presented at conferences or workshops. Please note that only pseudonyms will appear on any
representation of your child’s data. While the province, age, sex, and diagnosis (or lack thereof)
of your child will be made available, the name or specific location of residence of your child will
not be made available in any published reports.
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Feedback about the results of the classroom will be made available to you throughout the study
upon request. Similarly, you can request the final results of the study, which we will either mail
or email you (depending on your preference). If requested, we will send you this feedback one
month after the study ends. Throughout the study, you may contact Dr. Kimberley Zonneveld at
905-688-5550 ext. 6708 or through email at kzonneveld@brocku.ca or Madeline Asaro
at ma16lp@brocku.ca.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact Dr.
Kimberley Zonneveld or Madeline Asaro using the contact information provided above. This
study has been reviewed and received ethics clearance through the Research Ethics Board at
Brock University (18-348) and through the (school board name) External Research Review
Committee. If you have any comments or concerns about your child’s rights as a research
participant, please contact the Brock Research Ethics Office at (905) 688-5550 Ext.
3035, reb@brocku.ca.
PARTICIPANT CONSENT
I , ______________________________, agree to allow my child to participate in the study
described above. I have made this decision based on the information I have read in this form. I
have had the opportunity to receive any additional details I wanted about the study and
understand that I may ask questions in the future. I understand that I may withdraw this consent
at any time.
Please note that members of the research team are under obligation to follow mandatory
reporting laws. That is, if any instance of child abuse is disclosed to or observed by a member of
the research team, that member is required to report it to child protective services.
If necessary, I consent to my child participating in this study: Yes No
Video Consent
Please note that video consent is not required for your child to participate in this study.
If you provide video consent, the name or specific location of residence of your child will not be
made available in the video. The majority of video recording will be done behind the students;
therefore, it will mainly include the back or side of the students’ heads/faces.
I agree for video recordings of my child to be used for data-collection purposes only. I am aware
that these videos will only be viewed by members of the research team. Yes No
Notification of Results
I would like to be notified of the final results of the study: Yes No
I would like to receive a graph of the class’ progress in the study: Yes No
Child’s Name: ___________________________________
Parent/Guardian Name: ____________________________ Ph./Email: _______________
Signature: ______________________________________ Date: __________________
(dd/mm/yy)
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Research Participation Invitation
A Comparison of Interdependent and Dependent Group Contingencies to Increase Physical
Activity in Students During Recess
Dear Parents/Guardians,
Thank you for your response and allowing your child to participate in our research project. To
keep things consistent within and across all classrooms, we have made a minor change that we
would like to make you aware of. Specifically, we are switching from video recording to audio
recording to gather information on the types of peer statements students say to one another
before and after recess.
Because we have made this change, we would like to determine whether you consent to our
research team audio recording your child. We will only use the video camera to record
pedometer placement on the children whose parents previously provided video consent. We will
not record any children’s faces in any of the videos. Please note that audio consent
is not required for your child to participate in this study.
I agree for audio recordings of my child to be used for data-collection purposes. I am aware
that only members of the research team will listen to these audio files.
Yes No
Child’s Name: ___________________________________
Parent/Guardian Name: ____________________________
Signature: ______________________________________ Date: __________________
(dd/mm/yy)
This study has been reviewed and received ethics clearance through the Research Ethics Board at
Brock University (18-348) and through the Toronto District School Board External Research
Review Committee. If you have any comments or concerns about your child’s rights as a
research participant, please contact the Brock Research Ethics Office at (905) 688-5550 Ext.
3035, reb@brocku.ca.
Participation is completely voluntary and will not affect your child’s participation in other
classroom activities and education. In addition, your child can withdraw from this study at any
time. If you have any questions or concerns, please feel free to contact us. Please let us know
your decision by date.
Thank you for your time,
Dr. Kimberley Zonneveld, BCBA-D
Associate Professor
Department of Applied Disability Studies
KZONNEVELD@BROCKU.CA

Madeline Asaro
M.A. Student
Department of Applied Disability Studies
MA16LP@BROCKU.CA
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Appendix D
Research Assent for Students
Project Title: A comparison of interdependent and dependent group contingencies to increase
physical activity in students during recess
Principal Investigators (PI): Dr. Kimberley Zonneveld, BCBA-D, Assistant Professor
Department of Applied Disability Studies;
Ph: (905) 688-5550 x6708; Email: kzonneveld@brocku.ca
Principal Student Investigators: Madeline Asaro , M.A. Student
Department of Applied Disability Studies
Email: ma16lp@brocku.ca
“We are going to play two games with your class to see which one is a better game. I will come
to your class just before recess and explain how the game works. Each recess that I am here, you
will play one of the two games. During recess, you will wear a pedometer that will count how
many steps you take. If it’s okay with you, I will take some notes and video record what we
do. We are going to have video cameras in the classroom. They will record me, the researcher,
talking to the class and you talking to your friends. You will see when we start a
nd stop the video cameras. You can tell me you don’t want to be video recorded or that you want
to stop at any time. When you come back from recess, I will look at the pedometer that I gave
you at the beginning of recess to see how many steps you took. With each game, your whole
class has a chance to win a reward together! If you decide you don’t want to play the
game during any recess you can tell me or a teacher outside and you won’t get in
any trouble. It’s completely up to you if you want to play this game! Now can you write your
name and check the box “yes, I want to play” or “no, I don’t want to play”
Name: _____________________________ Date: __________________
(dd/mm/yy)
Yes, I want to play
No, I don’t want to play
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Appendix E
Data Collection Sheet
Session Data Sheet : Class_Phase_Session#_SessionPeriod_Date
Session Number: _____________ Date: ___________ Evaluator: __________ Classroom: N1
Session Session Session
Phase
Start
End
Duration

Hero
Step Goal
Pedometer
Met
Number
Y

Pedometer
Number

Student
Pedometer
In Class
Name
0

1

Y

N

2

Y

N

3

Y

N

4

Y

N

5

Y

N

6

Y

N

7

Y

N

8

Y

N

9

Y

N

10

Y

N

11

Y

N

12

Y

N

13

Y

N

Session Notes

N

# of Steps
Steps per Step
in
minute Goal
Session

Tampered Notes (at
with
a club?)
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Pedometer Student
Pedometer # of Steps Steps per Step
In Class
Number
Name
0
in Session minute Goal
15

Y

N

16

Y

N

17

Y

N

18

Y

N

19

Y

N

20

Y

N

21

Y

N

22

Y

N

23

Y

N

24

Y

N

26

Y

N

27

Y

N

28

Y

N

29

Y

N

30

Y

N

Tampered
with

Notes (at
a club?)

Procedural Integrity
Pre Session
Script
Y

N

Hero
Selection
Y

N

Arm Bands
Y

N

Post Session
Script
Y

N

Reward
Selection

Reward
Delivery

Y

Y

N

N
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Appendix F
Indirect Preference Assessment
Favourite Rewards: Class A
Please pick your top 5 favourite things!
Number 1 should be your most favourite item, number 2 your second most favourite item,
number 3 your third most favourite item, all the way to 5.
If you see anything you don’t like, put an ‘X’ beside it.
Item
1. 1 piece of gum and you can chew it during
that class period
2. 1 pen and you can use it during that class
period
3. Stickers

4. Detailed colouring page

5. Bookmark

6. Candy cane

7. Sour key candy

8. Hot chocolate

9. 15 minutes of free time right after recess

10. 15 minutes of music right after recess

Pick Your Top 5 / Put an X
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Favourite Rewards: Class B
Please pick your top 5 favourite things!
Number 1 should be your most favourite item, number 2 your second most favourite item,
number 3 your third most favourite item, all the way to 5.
If you see anything you don’t like, put an ‘X’ beside it.
Item (class B)
1. Cool pencil

2. Eraser

3. Stickers

4. Colouring pencil

5. Colouring page

6. Highlighter

7. Coloured gel pen

8. Paint brush

9. Extra recess time

10. Paint

Pick Your Top 5 / Put an X
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Appendix G
Teacher Social Validity Questionnaire
1. Which game increased physical activity most in your class (circle one):

RED GAME
BLUE GAME
2. Which game got most students involved (circle one):
RED GAME
BLUE GAME
3. In the future, I would be most likely to implement (circle one):
RED GAME
BLUE GAME
Please rate how strongly you agree with each statement from 1-5.
Blue Game
1. The blue game seemed to increase physical activity for the entire class.
1
2
3
4
5
Completely disagree
Neither agree nor disagree
Completely agree
2. The students enjoyed participating in the blue game.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

4

5
Completely agree

4

5
Completely agree

3. The blue game was disruptive before and after recess.

1
Completely disagree

2

3
Neither agree nor disagree

4. The blue game seemed simple to implement.

1
Completely disagree

2

3
Neither agree nor disagree

5. I would want to be trained and try implementing the blue game in the future.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

6. I think it would be feasible to implement the blue game in my class regularly.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

Red Game
1. The red game seemed to increase physical activity for the entire class.
1
2
3
4
5
Completely disagree
Neither agree nor disagree
Completely agree

81
2. The students enjoyed participating in the red game.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

4

5
Completely agree

4

5
Completely agree

3. The red game was disruptive before and after recess.

1
Completely disagree

2

3
Neither agree nor disagree

4. The red game seemed simple to implement.

1
Completely disagree

2

3
Neither agree nor disagree

5. I would want to be trained and try implementing the red game in the future.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

6. I think it would be feasible to implement the blue game in my class regularly.

1
Completely disagree

2

3
Neither agree nor disagree

4

5
Completely agree

Any additional comments of feedback:
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________

