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Abstract. We present the results from a 90-min session in which 196 fourth
grade students from 13 classes from 11 schools performed a series of engaging,
hands-on activities. These four activities were designed to help students
understand how rockets fly. During the activities, students use skateboards, toy
cars, springs, balls, and water rockets to model the physics behind a rocket
launch and predict the proportion of water that will lead to maximum elevation.
A subset of the classes took a post-test involving 22 basic physics questions,
presented in the form of a 60-min online synchronous interschool tournament.
The other subset of classes also answered the same questions online in sixty
minutes, though in this case they were not presented as a tournament. The
students who participated in the tournament improved significantly more than
the rest. Moreover, students with weak academic performance who participated
in the tournament improved the most, reducing the gap with the academically
stronger students. Lessons involving hands-on experiments using skateboards,
toy cars and water rockets are already highly engaging. However, this experi-
ence shows that using technology to connect schools synchronously through an
online tournament is a powerful mechanism for boosting student engagement
and learning in core science concepts. Furthermore, we compared learning
outcomes with a previous year face-to-face interschool tournament. With the
online synchronous interschool tournament, students learned twice as much as
they did with the face-to-face interschool tournament.

Keywords: Technology-enhanced learning � Affective and motivational
effects � Interschool tournaments � Collaborative learning � STEM teaching
and learning

1 Introduction

Teachers are facing enormous challenges due to several new demands. There are new,
deeper and more cognitively demanding contents and practices to teach [1]. There is
also an emphasis on using and developing crosscutting concepts. In addition to this,
there are new requirements to increase integration among the different science disci-
plines, as well as integration with mathematics and other subjects [2]. Achieving such
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integration is not easy for teachers that have been educated in specific contents and
trained to teach isolated subjects, with no strategies to connect with the content from
other subjects. There is also increasing emphasis on implementing student-centered
teaching strategies [3], teaching kids how to learn by themselves, and a hands-on
approach to learning. Furthermore, there is also a demand to teach so-called 21st

century skills [4]. These radically new skills are now highly valued and needed in order
to create a competitive advantage, while older skills are becoming obsolete due to
increased automation of the economy. This means that teaching teamwork and col-
laboration has become increasingly relevant, as well as developing students’ inter-
personal strategies, such as turn taking, social sensitivity and empathy [5]. On the other
hand, all of these demands must be implemented in a completely new class environ-
ment, where students have ubiquitous access to individual mobile devices. These
devices are loaded with highly attractive and addictive apps, such as messaging apps
and online games. This means that the teacher is in constant competition for the
students’ attention. This competition inside the classroom is entirely new and incred-
ibly powerful. Such competition simply did not exist, even just a couple of years ago.
On the other hand, teachers have to teach to a more diverse population from wider
cultural backgrounds and with increasing demands for social inclusion.

However, teaching practices have proven to be somewhat out of line with recent
changes. Several studies of classroom practice show that almost no change has taken
place over the last century [3, 6]. Teachers are used to teacher-centered strategies, and
some of them can be very effective when using such strategies. For example, on the
Programme for International Student Assessment (PISA), the top-performing Organi-
zation for Economic Co-operation and Development (OECD) countries use more
teacher-centered teaching practices in mathematics than other countries [7]. This is a
good strategy, one that can be considered as being locally optimal. Furthermore, it is a
very well proven and robust solution. Leaving this local maximum requires huge leaps,
and this can be risky.

In order to prepare and adapt to these challenges, teachers constantly receive
methodological and technological suggestions. Recently, [8] suggest 26 effective
teaching strategies. For some of them, there have been extensive empirical studies of
their effect. For example, in a comprehensive study of science teaching, [9] studied 23
programs. Seven inquiry-based teaching programs using science kits did not reveal any
positive outcomes in terms of student achievement in science (effect size of 0.02
standard deviations). Six programs that integrate video and computer resources and are
based on cooperative learning revealed positive outcomes. Although these studies
cover a wide range of strategies, none of them are based on the idea of interschool or
interclass tournaments.

Using tournaments is an effective strategy that was first proposed in the seventies,
albeit as an intergroup tournament within a single class [10]. However, this strategy has
not been widely adopted by schools. Interclass or interschool tournaments are easier to
handle for the teacher, since he/she is the coach of the whole class. Interschool tour-
naments are an effective engagement strategy that activates inter-group social com-
petition and collaboration mechanisms. These social mechanisms are hardwired and
were very powerful during hunter-gather tribal life [11, 12]. The hunter-gatherer brain
is particularly well adapted to collaborating and learning from others in order to
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compete with neighboring groups. Cooperation is a very powerful weapon for com-
petition. With interschool tournaments the strategy is to activate this social mechanism
and the students’ sense of belonging to their class or school [13–15]. Doing so boosts
student engagement, collaboration, teamwork, and learning.

In this paper, we focus on a strategy based on student collaboration and social
mechanisms to increase engagement. The strategy consists of online synchronous
interschool tournaments. Such a strategy depends heavily on communication tech-
nology in order to link different classes and schools synchronously. The goal of this
paper is to research whether existing levels of student engagement and learning with a
tried and tested, hands-on lesson can be further enhanced using an online synchronous
interschool tournament.

2 Methods

Since 2013, thirteen low Socio Economic Status (SES) schools from two districts in
Santiago, Chile, have been developing a hands-on activity in fourth grade. This activity
is carried out in a lesson based on what is known as “modeling instruction” [16], where
students have to learn to use, adapt and build models. In this particular lesson, students
do experiments using different models in order to understand how rockets fly. The
students study a sequence of four experiments during a 90-min lesson. The main goals
of the lesson are to help the students understand basic notions of physics, such as
motion and forces, as well as some basic scientific practices, such as modeling, making
predictions with models, using empirical measurements to validate or reject a model,
explaining the results and carrying out a peer review process with the written expla-
nations. One of the experiments involves jumping from a skateboard (Fig. 1). The
students experiment by jumping under different load conditions, such as having dif-
ferent loads in their backpacks. This experiment is a modeling instruction activity,
where the jumping student models the water, while the skateboard models the rocket.
This experiment is an initial hands-on activity that introduces the students to the
concept of the conservation of momentum. A second experiment involves balls and a
toy car used as a cart, as shown in Fig. 1. This is another way of modelling water
rockets, where the balls model the water, and the cart models the rocket. This exper-
iment provides the students with a second view of the concept of the conservation of
momentum. The third experiment involves a cart with a spring and a ball, as shown in
Fig. 1. Students experiment using different numbers of balls, while reflecting on how
this is similar to the water rocket. In this case, the cart models the rocket, the ball
models the water, and the spring models the air pressure inside the plastic bottle (the
rocket). The fourth experiment consists in throwing the bottle after pumping air to a
certain pressure. This is done in 5 different conditions. Each condition corresponds to a
fraction of water, which goes from without water, a quarter of water, half of water,
three quarters of water, to the bottle filled with water. Each of the first 3 experiments
takes about 15 min, but the last lasts 25 min.

Every year, the students take a pre-test and an identical post-test comprising 15
multiple-choice questions that look to measure conceptual understanding of each of the
four experiments. Most questions have 5 options but some of them have 3, others 4 and
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others 6 or more. Each question is graded on a scale of 1 (minimum) to 7 (maximum).
This is the standard scale used in Chile. For questions 1 to 15, answering at random
produces an average score of 2.1, whereas for questions 16 to 22 random answers lead
to an average score of 2.2. Student performance on the pre-test has been only slightly
above the results obtained by answering at random, although the difference is statis-
tically significant. There are some questions with intuitive answers, where the level of
the students’ responses was well above the random score. However, other questions are
more difficult. Therefore, the students’ performance on these questions has traditionally
been below the random score.

In 2016, there was a change in the activity, with the introduction of an online
synchronous interschool tournament. The tournament was conducted using a STEM
platform in the cloud. This is a platform where the classroom teacher and a remote
teacher track student performance in real time, detect which students are having dif-
ficulty, and provide just-in-time support using a chat function included in the platform.
This platform has the ability to synchronize whole courses from different schools to
perform online and synchronous tournaments between schools.. In this paper, we
analyze the effect of this technological intervention. The activity was held in November
and December of 2016. A total of 367 fourth grade students took the pre-test during a
single session. In the following 90-minute session, the students then went to a science
lab to take part in the experimental lesson. This lesson included four experiments.
During December, 239 students took the post-test. Several schools could not take the
post-test during December due to time constraints that are typical at the end of the
school year. In total, 196 students took both the pre-test and post-test. The statistics
shown in this paper will be restricted to these 196 students. Of the 196 students, 88
were girls and 108 were boys. For the purpose of our analysis, we also classify students
according to their academic performance. In order to do so, we use their Grade Point
Average (GPA) for the year in science and math. Those with a GPA below their class
average are classified as academically weak students, while the rest are considered
academically strong. Therefore, using this classification method there are 96 academ-
ically weak and 100 academically strong students.

Not all schools could participate in the online synchronous interschool tournament.
Given the time and scheduling restrictions, only three classes were able to participate.

Fig. 1. Four types of question on the pre-test and post-test. For the first type of question, the
students have to say in which direction and at what velocity will the skateboard travel. For the
second type of question, they have to say where the cart will go and at what velocity when the
balls are released under different conditions (i.e. number of balls). The third type of question asks
the students where the cart will move when the spring is released under different conditions.
Finally, the fourth question is about water rockets, such as the proportion of water that is needed
in order to reach maximum elevation.
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Therefore, 31 students from these three classes participated in the online synchronous
interschool tournament, while 165 students answered the same questions online using
the same platform, although not in tournament mode.

It is important to note that during the pre-test and the 4 experiments conducted in
the science lab the students knew that there was a tournament. However, they did not
know whether they were going to be able to participate in the online synchronous
interschool tournament. The classroom teachers also did not know whether their stu-
dents would participate in the tournament. Nevertheless, all of them knew that their
average performance was going to be automatically published on the online platform
and listed alongside the average performance of the other classes. Throughout the year,
the class’ average performance in every session is automatically published on the
online platform. Furthermore, it is listed alongside the average performance of the
classes from the other schools.

As mentioned previously, this exact same lesson has been taught in the same
schools since 2013. The only difference in this case was the inclusion of the online
synchronous interschool tournament. In 2013, students did not participate in an online
synchronous interschool tournament. However, they did participate in a face-to-face
tournament that took place in the municipal gym. A total of 204 students participated
that year and took the same pre-test and post-test as the students in 2016. The post-test
was taken a couple of days before the tournament. We will therefore also compare the
effects of both types of tournament.

3 Results

First, we analyze the results from 2016. As shown if Fig. 2, the 165 students that did
not participate in the tournament (no tournament condition) performed only slightly
better on the post-test when compared with the pre-test. In that sense, the learning is
moderate. The effect size is 0.11 standard deviations and is statistically significant. On
the other hand, the 31 students that participated in the online synchronous interschool
tournament (tournament condition) enjoyed a high level of improvement. The effect
size is 1.09 standard deviations, and it is also statistically significant. It is important to

Fig. 2. Performance on the 15 questions on the pre-test and post-test, as well as the 7 extra
questions on the post-test, for both the group of 167 students that did not participate in the
tournament, as well as the 31 students that did participate in the online-synchronous interschool
tournament.
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note that the students who participated in the tournament did much worse on the
pre-test than the other students. However, on the post-test they did much better.
Nevertheless, on the 7 completely new questions (questions 16 to 22), which measure
generalization and a deeper conceptual understanding, both groups performed simi-
larly. Although there is a small difference, it is not statistically significant. Given the
poorer performance on the pre-test by the students who participated in the tournament,
the fact that the students performed similarly on questions 16 to 22 suggests that the
improvement was greater for the online synchronous tournament group.

It is interesting to compare learning according to gender. As shown in Fig. 3, girls
in the no tournament condition did not improve. The effect size is −0.02. However, in
the tournament condition the effect size was 0.65. On the other hand, boys in the no
tournament condition improved and the effect size was 0.25 standard deviations.
However, boys in the tournament condition enjoyed a marked improvement. In this
case, the effect size was 1.48 standard deviations.

Let us consider the learning outcomes of the academically weak and academically
strong students. As shown in Fig. 4, the academically weak students did not improve in
the no tournament condition. However, they improved considerably in the tournament
condition. In this case, the effect size was 1.24 standard deviations. On the other hand,
the academically strong students improved in both conditions. The effect size for the no
tournament students was 0.47 standard deviations, while for the tournament students
the effect size was 1.06 standard deviations. It is also very interesting to note that even
though the academically weak students in the tournament condition performed much
worse on the pre-test than the academically weak students in the no tournament con-
dition, they performed slightly better on the generalization questions (questions 16–22).
Although the difference is not statistically significant, the tournament condition made it
possible to close the gap that was present on the pre-test.

Now, we will compare the results obtained in 2016 with the results obtained in
2013. Although they are different students, all of them were fourth graders from the

Fig. 3. Performance by boys and girls on the 15 questions included on the pre-test and post-test,
as well as on the 7 extra questions on the post-test, for both the group of 167 students that did not
participate in the tournament, as well as the 31 students that did participate in the online
synchronous interschool tournament.
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same schools. As mentioned previously, the lesson involved the same four experi-
ments. This lesson has been taught at the same schools since 2013. However, in 2013 a
face-to-face tournament was organized instead. A couple of days after taking the
post-test, all of the classes met at the municipal gym. These classes participated in a
tournament based on launching water rockets. However, the score for each school
depended heavily on the post-test. All of the students knew this was the case several
days before taking the post-test. This was a highly attractive activity for the students.
However, the logistics of organizing the event were not easy, as 13 classes from 11
schools had to be transported at the same time from their respective schools to the
municipal gym. Moreover, according to the organizers and teachers, the whole activity
was very demanding and exhausting. Therefore, the superintendent decided to cancel
the tournament in 2014 and 2015. However, in 2016 the tournament was replaced by an
online synchronous tournament. The plan was to connect schools using technology and
therefore avoid transporting the classes. It is therefore very important to compare the
effect of the face-to-face tournament in the municipal gym with the online synchronous
tournament. Figure 5 shows the effect size of both tournaments. In 2013, the
face-to-face tournament had an effect size of 0.51 standard deviations, whereas in 2016
the online synchronous tournament had an effect size of 1.10 standard deviations.

Therefore, the effect size of the online synchronous interschool tournament is more
than twice the effect size of the face-to-face tournament. This really is a completely
unexpected finding. It shows that technology cannot only solve a logistical problem of
a very engaging educational activity; it can also produce highly impressive improve-
ments in learning outcomes.

Let us now analyze how the type of tournament impacts the learning outcomes
according to gender and the students’ academic performance.

As shown in Fig. 6, the effect size for girls in the 2013 face-to-face tournament is
0.54 standard deviations, whereas for the 2016 online synchronous interschool tour-
nament it was 0.65 standard deviations. This is an increase of 20% in the effect size. In
the case of boys, the increase in the effect is greater. In the 2013 face-to-face

Fig. 4. Performance by academically weak and academically strong students on the 15
questions on the pre-test and post-test, as well as on the 7 extra questions on the post-test, for
both the group of 167 students that did not participate in the tournament, as well as for the 31
students that did participate in the online synchronous interschool tournament.
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tournament, the effect size is 0.50 standard deviations, whereas in the 2016 online
synchronous interschool tournament it was 1.48 standard deviations. This is an increase
of 196% in the effect size. This is a huge increase. Given that in the face-to-face
tournaments the learning outcomes are similar among boys and girls and that this is not
the case with online synchronous tournaments, it seems that the networking technology
has a significant effect on boys for tournaments; much higher than the effect on girls.

Figure 7 reveals the performance by academically weak and academically strong
students for both tournaments. The effect size for academically weak students involved
in the 2013 face-to-face tournament is 0.22 standard deviations, whereas in the case of
the 2016 online synchronous interschool tournament it was 1.24 standard deviations.
This is an increase of 464% in the effect size. This is a huge increase in effect size. On
the other hand, for the academically strong students who participated in the 2013
face-to-face tournament the effect size was 1.00 standard deviations, whereas for the
2016 online synchronous interschool tournament it was 1.06 standard deviations. This
means that the effect sizes are similar.

Fig. 5. Performance on the 15 questions on the pre-test and post-test, as well as at the 2013
face-to-face tournament and on the online synchronous tournament held in 2016.

Fig. 6. Performance on the 15 questions on the pre-test and post-test, as well as at the
face-to-face tournament in 2013 and on the online synchronous tournament in 2016.
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4 Conclusions

STEM teaching and learning is a huge challenge. It requires a significant change in
teaching practices in order to teach new crosscutting concepts, increase integration
across subjects; all within the context of a classroom where mobiles devices are
ubiquitously present and constantly competing to attract the students’ attention. Several
powerful teaching strategies have been suggested. For example, [8] propose 26 “sci-
entifically proven approaches”. These include hands-on activities, making or producing
practical knowledge, student participation, asking for self-explanations and undoing
misconceptions. Hands-on experimental work has been studied in particular [17]. This
leads to highly engaging and meaningful activities. Another proposed strategy is to
increase the level of excitement, such as in games [18], particularly social games.
Games activate the mechanism of social facilitation [15], where people and other
animals perform better when other subjects are around [19, 20]. Another important
strategy is to activate the mechanism involved in the sense of belonging. This is the
sense of being accepted, valued, and included. According to [21] “belongingness
appears to have multiple and strong effects on emotional patterns and on cognitive
processes” p. 407. This is a great motivational resource available in every school and
class. Interestingly, the list [8] of 26 strategies does not include the strategy of running
interclass or interschool tournaments. This is a powerful strategy for activating social
mechanisms, such as a sense of belonging, teamwork, engagement, and excitement.
Moreover, technology can make a big different to implementing this strategy.

Data collected from these tournaments show that online and synchronous tourna-
ments between courses have a greater effect on boys than girls. This effect is consistent
with other results from evolutionary psychology. According to Geary [22, 23], boys
tend to form larger groups, which is normal when preparing for inter-tribal conflicts.
Girls instead tend to form much smaller groups, with more intense and lasting relations.
Thus, boys are more easily motivated by large group collaboration in preparation for

Fig. 7. Performance on the 15 questions on the pre-test and post-test, as well as at the
face-to-face tournament in 2013 and the online synchronous tournament in 2016.
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inter-group conflicts. Therefore, a prediction of evolutionary psychology is that the use
of the competition mechanism between courses should motivate more boys than girls to
prepare and pay attention in the tournament.

There is an extensive literature on the importance of play for learning both in
humans and in other animals [24]. In addition, since at least the decade of the 70, there
are studies of the important effects on learning and attitudes of the competitions and
tournaments between teams [25, 26]. However, to the best of our knowledge there are
two questions that have not been addressed before. Firstly, with the use of technology,
do online synchronous interschool tournaments enhance hands-on experimental ses-
sions that are already engaging, such as the ones involving water rockets? The second
question asks whether the learning outcomes obtained with online synchronous
interschool tournaments is similar to or better than those obtained with face-to-face
tournaments, where students from several schools meet at the same physical place in
order to participate in an interschool competition? These tournaments are run using
strategies from TV shows in order to increase engagement. Students wear school
uniforms and display their school flags in order to enhance the sense of belonging.
Music and school songs activate the tribal mechanism of intergroup competition. It is
not clear whether technology-enhanced tournaments can trigger the same emotional
mechanisms and produce the same level of engagement. However, our results from
years of interschool tournaments give some preliminary empirical evidence to suggest
that technology makes possible to implement online synchronous interschool tourna-
ments that can make an important difference to learning STEM in elementary schools.
This finding is very interesting and we do not yet have a definitive explanation. One
possibility is that the online and synchronous tournaments between courses, allow to
individualize and account with much more precision the contribution of each player.
Although the STEM platform periodically announces only the team’s score, it never-
theless constantly appoints the student by name and gives him/her feedback on his
individual performance and congratulates him personally for his/her successes. That’s
impossible to do with hundreds of students playing in a face-to-face tournament in a
gym. This is a facility that provides technology for online and synchronous tourna-
ments, and offers a great advantage over face-to-face tournaments. In the near future we
hope to study this impact in more depth, and also include other STEM contents.
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