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Abstract. Raising awareness among young people, and especially stu-
dents, on the relevance of behavior change for achieving energy savings
is increasingly being considered as a key enabler towards long-term and
cost-effective energy efficiency policies. However, the way to successfully
apply educational interventions focused on such targets inside schools is
still an open question. In this paper, we present our approach for en-
abling IoT-based energy savings and sustainability awareness lectures
and promoting data-driven energy-saving behaviors focused on a high
school audience. We present our experiences toward the successful ap-
plication of sets of educational tools and software over a real-world In-
ternet of Things (IoT) deployment. We discuss the use of gamification
and competition as a very effective end-user engagement mechanism for
school audiences. We also present the design of an IoT-based hands-on
lab activity, integrated within a high school computer science curriculum
utilizing IoT devices and data produced inside the school building, along
with the Node-RED platform. We describe the tools used, the organi-
zation of the educational activities and related goals. We report on the
experience carried out in both directions in a high school in Italy and
conclude by discussing the results in terms of achieved energy savings
within an observation period.
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1 Introduction

The Internet of Things (IoT) and smart cities have been two very active research
fields during recent years, with a considerable amount of resources invested into
building related infrastructures, creating large-scale smart city and IoT instal-
lations around the world. The capability of easily integrating cheap ubiquitous
sensors into information systems has accelerated the growth of Ambient Intel-
ligence (AmI) and the capacity of responding to specific situations according
to context-awareness principia [20]. However, the question remains: how can we
utilize such smart city and IoT deployments, in order to produce reliable, eco-
nomically sustainable and socially fair solutions to create public value? This is
especially true in the case of the educational domain, where it is more complex
to integrate such solutions, given the restrictions in time and resources in school
environments available for carrying out novel activities.

At the same time, there is an increasing interest in getting schools involved
in raising awareness about climate change and energy efficiency. In this context,
the importance of the educational community is evident, both in terms of size
and future significance. Today’s students are the citizens of tomorrow, and they
should have the scientific and technological skills to respond to challenges like the
climate change. The relevance of sustainable energy and energy saving behavior
is gaining increasing interest in schools and in educational programs. Indeed, in
the last decade schools have been the target of studies, education initiatives as
well as energy efficiency actions in several countries. There has also been inter-
est recently regarding the design of educational activities for energy awareness
centered around IoT-enabled experimentation approaches. It is a means through
which Europe can meet its goals, by equipping citizens, enterprise and industry
in Europe with the skills and competences needed to provide sustainable and
competitive solutions to the arising challenges [5].

In terms of research questions, which we were interested to answer through
our work, the first one would be “how to engage and motivate end-user groups of
students to participate in energy-saving educational activities”. The second one
would be “whether IoT-based and data-driven educational interventions towards
sustainability awareness actually work inside the classroom”. In other words, we
wanted to look into the issue of motivating a school community using either more
“soft” methods like gamification, or more technical hands-on ones, like IoT-based
educational lab activities to educate students on the subject of sustainability.

Having in mind these questions, we discuss here our findings from apply-
ing gamification and competition mechanics in an Italian high school, with the
purpose of getting the students more engaged into energy-saving activities in
the context of a research project, entitled Green Awareness in Action (GAIA).
With respect to related work, several gamification approaches exist for increasing
awareness in energy sustainability topics [7]. In this context, the original contri-
bution of our work consists in proposing a gamification and IoT-based approach
designed to be integrated into the education cycle (e.g., introducing the concept
of Activity Class) with a data-driven educational methodology leveraging either
a fixed sensor infrastructure or sensors offered by cheap sensory boards rather
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than designed as a standalone activity. On the other side, several experiments
have been done with IoT-based activities targeting STEM education (e.g. [12])
without being linked to challenges like e.g., sustainability.

In this paper, we present the tools developed to support such approach, in-
cluding an educational toolkit, comprising IoT devices and measurements data
directly produced from school buildings. This toolkit allowed us defining edu-
cational activities within the school’s computer science curriculum, leveraging
IoT devices for environmental data acquisition and the integration with sensor
measurements. It is worth noticing that our approach consists in leveraging an
AmI approach to raise students’ awareness on sustainability topics and moti-
vate their behavior change instead of deploying building automation tools. We
describe the organization of the activity and related curricula and educational
goals to raise students’ awareness in behaviour-based sustainability. Finally, we
report on the experience carried out in both directions in a high school in Italy
and conclude by discussing the results in terms of achieved energy savings in the
observation period. The activities described here were conducted in this school
during 2 school years, 2017-18 and 2018-19. As mentioned above, they include
the application of both “soft” (gamification and competition) and “hands-on”
(lab kit) mechanisms in order to engage high school students.

The paper is structured as follows. Section 2 discusses related work. In Sec-
tion 3, we briefly describe the goals of the GAIA project and the real-world IoT
infrastructure deployed in several school buildings and the list of tools developed
within GAIA for supporting educational activities targeting behaviour-based en-
ergy savings. Section 4 discusses aspects related to gamification and competi-
tion, mostly related to activities in the schools during school year 2017-18, while
Section 5 discusses aspects related to hands-on lab activities conducted during
school year 2018-19. Our results indicate that both approaches can lead to inter-
esting results; in our case, the increased engagement of the students led to both
actual energy savings, as discussed in Section 6, and positive learning outcomes.
Section 7 concludes the paper with insights into future work.

2 Related work

The European Union is placing a strong focus on energy efficiency with initia-
tives like Build Up [8], a portal for energy efficiency in buildings. Overall, the
percentage of school buildings among non-residential ones in Europe is around
17% [4]. Regarding the current state of the art in inclusion of sustainability and
other related aspects in the educational domain, there is a lot of activity tak-
ing place with respect to inclusion of makerspace elements in school curricula,
aided by the availability of IoT hardware as well. The work in [18] summarizes
recent activity within the Maker Movement approach, presenting relevant recent
findings and open issues in related research. Eriksson et al. [10] discuss a study
stemming from a large-scale national testbed in Sweden in schools related to the
maker movement, along with the inclusion of maker elements into the school cur-
riculum of Sweden. Furthermore, there is a growing number of research projects
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and activities that focus specifically on energy efficiency within the educational
domain such as ZEMedS [1] and School of the Future [21]. Other recent projects
like Entropy [2] target diverse end-user communities and do not focus specif-
ically on the educational community. Moreover, several recent works focus on
university curricula for teaching Internet of Things (IoT) leveraging a learning-
by-doing and hands-on approach [6, 9, 13, 23], while the design of IoT-enabled
educational scenarios in high and junior schools is less investigated. Porter et
al. [19] argue that the lack of students’ engineering experiences in primary and
secondary education is in part due to the fact that very few teachers have an
engineering/technology background and that the collaboration with universities
and professionals would help coping with this issue. Along this direction, Gianni
et al. [11] report on the usage of a toolkit [15] for rapid IoT application pro-
totyping with a group of high school students. Analogously, [14] proposed the
application in schools of a plug-and-play toolkit together with some suggestions
for successful implementation of activities in high schools. An educational frame-
work leveraging ubiquitous, mobile and Internet of Things technology for science
learning in high schools has been proposed within the UMI-Sci-Ed project, while
also investigating students’ stance on IoT-enabled education activities [12].

There are examples of IoT-driven educational activities performed with the
additional objective of increasing students’ awareness of societal challenges.
Tziortzioti et al. [22] designed and experimented data-driven educational sce-
narios for secondary schools to raise students’ awareness of water pollution.
Mylonas et al. [17] proposed an educational lab kit and a set of educational
scenarios primarily targeting primary schools for increasing energy awareness
within the GAIA Project. However, these activities are typically conceived with
an approach that cannot be easily applied and integrated into high school cur-
ricula. With respect to gamification utilizing IoT in the context of sustainability,
and specifically for energy and water, a recent survey on the subject is provided
in [7]. However, although there are several examples of using gamification in this
context, there has been little focus so far on the benefits of such an approach
inside classrooms, an aspect we discuss in this work.

3 Overview of the Deployment Environment

The work presented here was conducted in the context of GAIA [16], a re-
search project focusing on energy efficiency in educational buildings, employing
behavioural change strategies, i.e., not using invasive techniques or retrofitting
the buildings with actuators. This project produced a real-world multi-site IoT
infrastructure comprising several school buildings in Greece, Italy and Sweden.
The schools cover a range of local climatic conditions and educational levels (i.e.,
from primary to high school), as well as cultural settings.

Within this infrastructure, hereafter referred to as GAIA IoT Platform, a
large number of IoT monitoring endpoints have been installed inside classrooms
using heterogeneous hardware and software technologies, including different com-
mercial hardware/sensor vendors, as well as open-source solutions. At each site,



Using Gamification and IoT-based Educational Tools in High Schools 5

the following types of measurements are periodically acquired: the power con-
sumption of the whole building and selected rooms/areas, the environmental pa-
rameters of selected classrooms and/or laboratories (typically 5-minutes average
values), and weather conditions and air pollution levels. These measurements,
aggregated at different time granularity (e.g., 5-minute, hour, day, etc.), can be
accessed through a set of REST APIs. A set of software and hardware artifacts
have been produced within the project with the aim of experimenting different
ways for raising students awareness on sustainability and energy consumption
topics, also leveraging data and services provided by the GAIA IoT platform. In
this work we focus on two tools and the activities designed around them:

– a web application (from now on called the Challenge) that serves as a playful
introduction to sustainability and energy-related concepts for students. It
uses gamification mechanisms to increase end-user engagement;

– an IoT-based educational lab kit that uses open-source technologies. It in-
cludes assembled devices and commercial IoT sensors and actuators to allow
students to complete classes/tutorials regarding energy and sustainability.

In this work, we chose to focus on a 2-year experience carried out in a specific
high school located in Italy, where both types of activities have been performed.

4 Gamification and Competition

In this section, we report on our experience in supporting the use of the GAIA
Challenge in three classes of the target school. Overall, the Challenge is an on-
line application aimed at students, designed to raise energy awareness and act as
a playful introduction to sustainability aspects by leveraging gamification me-
chanics. The core of the application is a set of online Quests, grouped into five
subject areas related to energy consumption reduction. The Quests are offered
to students as steps of a “journey”, on top of a game “board”. This journey
can also be enhanced with Class Activities, which are designed by teachers.
For instance, Class Activities can consist in deeper investigation of some topics,
energy-saving actions in the real-life, observation of monitoring data provided by
the IoT platform, etc. The educational activities supported by the Challenge aim
at motivating participants to engage in energy saving topics, by seeing their im-
pact on the school facilities energy consumption over the course of the challenge
and, finally, competing against other classes and schools.

Before introducing the Challenge to the classes, we performed a set of prepara-
tory activities, such as disseminating advertising material in school areas and
classrooms, training teachers through workshops, engaging the school principal
and the technical staff. We also prepared brief eye-catching material, as an ex-
ample of class activity created specifically for that school. Then, three classes
of the high school started to participate to the activities. They conducted the
Challenge Quests individually, while Class Activities were performed in groups.
The students played the Challenge after a short introduction about the topics.
Class Activities carried out by the classes consisted in analyzing monitoring data
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Fig. 1. The “world” of the GAIA Challenge on the left, and the part where students
see the schools’ score, trophies won and power consumption data on the right.

regarding the energy consumption and environmental comfort in the school fa-
cility, spotting possible rooms for improvement, devising and realizing ways of
raising awareness in their school and family communities (e.g., news in the local
newspaper, posts on the school web site, production of videos and presentations).

The students were divided into 5 groups and, to increase engagement, stu-
dents underwent an evaluation. The teacher decided to assign a mark for the
activity, accounted in the students’ final grade for the subject (physics in this
case). The way this was computed was based on peer evaluation, and it was also
proposed by the teachers of the school: first, a grade is assigned to the group
as the average of the grades given by the other groups; then a grade is assigned
for each member of a group by the other members of the same group. Student’s
grade is the weighted average of these two evaluations (25% personal grade and
75% group grade). Such an evaluation mechanism boosted the individual con-
tribution to the group activity and fair cooperation among group members.

All students of the three classes took part to the Challenge’s competition and
they started to climb on the Challenge’s ranking of participating classes from
all schools participating (over 20 schools in total). They also produced some
snapshots like animated GIFs, videos and presentations. Overall, the level of
engagement due to competition achieved in the school was very high. This was
a successful outcome, which, however, can be associated to some unexpected
and risky effects, as we experienced in the final days of the competition. Indeed,
the classes began to continuously monitor the ranking and at a certain point
in time they began arguing on fairness in the Challenge score and behavior
of competitors. This issue was raised when they noticed that after months of
activities, another team surpassed them in the overall score. Essentially, what
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the students then tried to do amounted to “reverse engineering” the way that
the scores were calculated in the Challenge. They basically started to monitor
what the other teams were doing, and whether actions from their side had any
tangible effect on their school’s overall score. At some point, they minimized the
set of possible cases and scenarios for the way scores are calculated. This turn
of events could be summarized as an ideal for the Challenge: our end-users were
more than just engaged, they were thrilled to participate and out-compete other
schools, which they hadn’t even heard of before.

Another aspect was that they assumed the way the other school surpassed
them in the score was a “trick”, suggesting to us that the score counting method
was “unethical”. They noticed that 3 new users were added to a competing
school, thus contributing extra points to the overall class score. They were very
sensitive to this issue and stated that they were also ready to cancel all the
project-related activities, since they perceived the process as anti-pedagogical,
or even unethical. From their point of view, they were not complaining because
they were no longer the best team, but against what they perceived as not fair
play. The students also proposed a solution to the score “issue”, as perceived
by them. Essentially, the problem was that there was an assumption from the
students’ side that new students could be added to a certain school after an
initial period and that all students from the other schools had registered early
on. As a way to counter such complaints in the future, we setup some measures
to reduce the probability of cheating behaviours, namely: i) registrations are
allowed only for a limited period, teachers may request an extension providing
a motivation, ii) the teacher’s guide to the Challenge has been enhanced asking
the teacher to control the identity of users registered to their class.

In terms of other overall comments about the contribution of gamification to
the engagement, in several of the other schools participating in the project we
saw increased engagement. Moreover, during 2 school years (2017-18, 2018-19)
we announced 2 “competitions”, where all schools in the project were called to
participate and for certain categories they should use the Challenge to score
more points or create content to share with their peers. As a general observa-
tion, during the time period that the competitions ran, there were very easily
identifiable spikes in the end-user activity in the Challenge, as seen in Fig. 2.

Fig. 2. A chart depiction of the end-user visits to the Challenge, with the time periods
of 2 competitions marked and showcasing the effect on engagement.
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5 IoT-enabled educational activity

We focus now on the experience carried out in the design and experimentation of
an ”hands-on” IoT educational activity with the twofold objective of (i) increas-
ing students’ awareness on the relevance of behavior change for achieving energy
savings through a data-driven approach, thanks to real-world data gathered by
the GAIA IoT platform, while also (ii) integrating such IoT-enabled experiment
into a upper secondary school curriculum. The second aspect, i.e. designing the
activity so that it could fit within the educational program of at least of one the
subjects offered to students, was a key element to encourage teachers in devot-
ing effort to contribute to the design and experimentation as well as in actively
engaging students in proficiently taking part to the activity. The activity has
been mainly designed to fit in the computer science curricula, although it can
be further developed with actions carried out in the framework of additional
subjects, such as sciences and physics. More specifically, the activity has been
designed as a set of computer science lectures for a class of students of the 4th
year of a Scientific Lyceum in Italy. The learning objectives for that year are
defined at high level by the Ministry of Education5 and then customized by each
teacher. They generally consists in: learning a programming language, basics of
coding, data modeling and tool for data access, manipulation and persistence,
web programming. Moreover, the use of the acquired knowledge to support a
study on topics in science and physics subjects is also welcomed.

In this context, the activity was designed to develop the theme of sustain-
ability and energy awareness by first providing students with monitoring data
gathered from the environment they live in (e.g., the school hall and the com-
puter science laboratory) by using the sensor infrastructure deployed within the
GAIA Project in a selected set of rooms and areas in the school (see Section 3)
and a sensor board (called LabKit) that was given to students to gather environ-
mental parameters in some of the remaining areas. Thanks to these tools, first,
the students have access to a real-world dataset, which they can learn to ma-
nipulate and query through appropriate tools in order to derive meaningful data
about the school environment they live in (energy consumption, environmental
comfort, etc.). Based on such findings, students, with the help of the teachers,
can decide on actions for further investigation (e.g., changing their behaviour to
save energy, studying the factors that influence the comfort in school environ-
ments, etc.). Second, they can enhance the experience with programming tools
to develop programs for data manipulation, sharing and visualization.

The material we prepared for computer science teachers consists in: the
LabKit sensor board, documentation and examples for using a programming
environment for developing programs for pushing sensor data from the LabKit
to the GAIA IoT platform mand simple web applications for data visualization.
Hereafter, we describe the LabKit and the programming environment selected
and extended for its usage within the GAIA Project and, then, report on the
experience with a computer science class of 22 students.

5 https://www.miur.gov.it/liceo-scientifico-opzione-scienze-applicate (in Italian)
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5.1 Lab Kit and programming tools

The LabKit has been assembled utilizing the following components to minimize
costs and ease replicability (shown in Fig. 3):

1. Raspberry Pi model 3B or 3B+: Raspberry Pi v3;
2. GrovePi, which is an add-on board that couples to the Raspberry to ease

the connection of external sensors;
3. GrovePi Sensors, i.e., light, temperature, humidity, sound sensors, together

with buzzer, LEDs and a Button; and
4. an LCD screen, allowing an immediate feedback on gathered measurements.

Fig. 3. Sample photos of the Raspberry Pi-based IoT hardware used in classrooms.

We chose Node-RED [3] as the environment to be used by students, since
it leverages a flow-based programming environment for easily interconnecting
hardware devices, online services and developing IoT applications. Indeed, Node-
RED is a visual tool that allows users with minimal programming skills rapidly
assembling and deploying an IoT application, and can be used in schools for
performing simple experiments with sensors and IoT data processing in classes.
Integrating Node-RED with the APIs of the GAIA IoT platform, and, optionally,
local sensor kits, thus allows enriching the educational activities with the use
of real sensor data, while leveraging a tool supported by a wide open source
community and a rich documentation.

Node-RED comes with a set of ready-to-use customizable nodes allowing to
design and deploy simple applications by simply dragging and dropping nodes
from the palette and connecting them according to the desired flow. On the
other side, Node-RED can also be easily extended by developing and adding
new nodes to the repository. This extensibility provides a flexible support to the
design of educational activities at a customizable difficulty level, which can be
adapted to the class level and syllabus. For instance, teachers may assign tasks
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to students for programming a custom data processing function or graphical
widget and add them to Node-RED. In order to foster a data-driven approach,
not merely limited to local usage of measurements gathered through the LabKit ,
we developed an additional Node (called GaiaNode) to access sensors and API
of the GAIA IoT Platform as data sources in Node-RED. The software and
documentation is available as open source on GitHub. The GaiaNode plug-in for
Node-RED is a set of nodes that allows interacting with the GAIA IoT platform
to retrieve measurements gathered by the fixed sensor infrastructure deployed
in the schools involved in the GAIA Project, as well as pushing values of the
LabKit sensors (e.g., Raspberry Pi sensors) into the platform.

5.2 Data-driven Education for energy awareness

Hereafter, we describe one of the IoT-enabled educational activities that tar-
geted high schools and integration with existing computer science curricula. The
pedagogical goals aiming at increasing students awareness on energy topics are:
awareness, observation, experimentation and action. The main steps of this IoT-
enabled education activity are summarized in Table 1. The activity has been
designed by researchers with a computer networks background, with the help
of the computer science professor of the high school. A total of 22 high school
students participated in the activity, carried out weekly in a 2-hour computer
science class slot from February to end of April 2019.

Students chose to monitor the temperature of their computer science lab,
since they experienced a too high and uncomfortable heat. The availability of
the LabKit allowed them to monitor the conditions in the lab and correlate with
outdoor conditions retrieved through the GAIA IoT Platform. They measured
very high temperature values (in the range of 25 − 30◦C) also in cold days and
during night, when heating was supposed to be off. They also analyzed these
data while varying the room conditions (windows on/off, curtains open/closed).

Since radiators in the laboratory were not equipped with thermostatic valves,
they couldn’t turn their observations into direct energy saving actions (e.g.,
regulating radiators). As an outcome of the discussion on Day 9 they elicited a
set of questions and energy-saving proposals and decided to submit them to the
school principal. This resulted in a 20-minutes discussion with the principal on
pragmatic actions for guaranteeing comfort while achieving energy savings. The
discussion was initially focused on the experimental findings in the computer
science laboratory and, at the end, was extended to other critical areas of the
school. The discussion ended up with a set of actions to be performed by the
school principal and ideas for follow-up activities to be performed by students.

5.3 Evaluation

We gave a questionnaire to students to assess their satisfaction and engagement.
The questionnaire is shown in Table 2 and was derived taking into account similar
surveys in related work (e.g., [12], [11]). Answers were given on a Likert scale
(1-5). It was submitted to students after the end of the activity. Fig. 4 shows the
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Table 1. Template of IoT-enabled educational activity in high schools

Day Activity description Educational Goal

1 Introductory seminar about energy con-
sumption awareness and carbon foot-
print calculation

Introduction

2 Introduction to the IoT. Definition and
examples of deployment and applications
from the Web and the GAIA Project

Understanding the concept of IoT and
related impact in the everyday life

3 Introduction to Node-RED and Flow-
based programming. Notion of node, flow
and deployment in Node-RED

Position Flow-Based Programming using
Node-RED for programming simple ap-
plications for data manipulation.

4 Design of basic Node-RED flow exam-
ples. Use of the GaiaNode plugin for
accessing IoT measurements. Retrieving
energy consumption data of the school

Extending Node-RED with new nodes.
Observation of measurements of energy
consumption and environmental param-
eters in the school.

5 Configuration of Raspberry and temper-
ature sensor to monitor the temperature
in a selected area (e.g., the computer sci-
ence laboratory.

Learning setting up and configuring sen-
sor and computing hardware devices.
Analyzing and processing measurement
data through a spreadsheet

6 Develop a Node-RED flow application
for creating a virtual sensor resource and
pushing LabKit measurements into the
GAIA Project platform

Learning programming a virtual sen-
sor application pushing sensor measure-
ments into the GAIA Project IoT plat-
form.

7 Develop a web-based Dashboard applica-
tion to visualize temperature values

Developing programs for data access and
visualization leveraging web protocols

8 Analysis of monitoring data in different
conditions of the lab (lights on/off, win-
dows open/closed, etc.

Experimentation: taking some actions
and analyzing the impact on the envi-
ronment

9 Discussion on findings and plan of short-
term/long-term actions for further inves-
tigation, development, energy saving etc.

Analyzing data, finding issues and coun-
termeasures, assigning priorities

10 Action (objective and duration of actions
to be decided by students)

It depends on the action decided by the
class

results. Responses were mostly positive about the satisfaction and engagement in
the activity (i.e., Q1,Q2,Q7,Q9 and Q10). However, responses related to easiness
of the activity (Q6, Q8) suggest the need for improvements (e.g., distributing
activities across a longer span, additional documentation/tutorials).

Finally, since this activity was part of the computer science education pro-
gram, at the end of the activity the students took a written exam for assessment
that comprised 5 free-text questions (two questions on IoT and flow-based pro-
gramming concepts, two on Node-RED usage for programming applications, and
one on solutions for sustainability and energy awareness in the school). Students’
scores were: 2 excellent, 3 good, 6 satisfactory, 7 sufficient, 4 insufficient. On av-
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Table 2. Students’ Questionnaire

ID Question

Q1 I am satisfied with the activity

Q2 I am pleased with the activity

Q3 The activity was easy

Q4 The process of the activity was clear and understandable

Q5 I was able to follow the tasks of the activity

Q6 I have the knowledge and ability to follow the tasks of the activity

Q7 Attending the activity was enjoyable

Q8 Attending the activity was exciting

Q9 I was feeling good in the activity

Q10 I found the activity useful

Q11 The activity improved my capabilities in science and technologies

Q12 I liked to observe and use the data and measurements

Q13 I liked the lab activity with Node-RED and the Raspberry Pi

Q14 I learned something new by observing and using the data and measurements

Q15 I learned something new in the lab activity with Node-RED and the Raspberry Pi

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

Q10
Q11
Q12
Q13
Q14
Q15

Not at all A little So and so/Fairly Much Very much

Fig. 4. Results on the questionnaire related to the learning outcome and the experience

erage, the class performed better than previous class exams. According to the
teacher, this was probably due to the fact that previous exams aimed to verify
knowledge acquired through traditional learning methodology on a larger body
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of content, while our IoT activity was more engaging and part of the content
was produced by the students themselves. In addition, the activity was done in
groups and collaboration was an incentive for students to perform better and
meet deadlines, as to not damage their classmates. As a final note, the teacher
also said that the activity was successful in consolidating relations among stu-
dents and between class and the teacher. The students demonstrated increased
engagement compared to lectures in previous months, thanks also to the aware-
ness that their work would have impact on their school environment. Moreover,
the teacher suggested that the timeplan was too strict and the activity would
benefit from additional time (e.g., 3 hours a week instead of two) devoted to the
activity. In that specific case, this would mean performing part of the activity
within other subjects (physics or science), thus requiring the cooperation of a
group of teachers and the enhancement of interdisciplinary aspects.

6 Behaviour-based Energy Savings

Since the common objective of the educational activities presented above is en-
ergy awareness, here we report on an activity performed by students targeting
energy savings in a school environment through behaviour change. The following
is an example of possible decisions that students can take as an effect of aware-
ness improvement through learning, observation and experimentation steps.

Leveraging measurements for their school made available by the GAIA IoT
platform, the class decided to focus on the lighting of the main hall as the
use-case for energy savings. With respect to luminosity, there is a minimum rec-
ommended value of 150 lux for areas like indoor halls. Luminosity sensors are
installed, but given that they produce measurements that are highly related to
their orientation, which is not optimal,the students had to calibrate the val-
ues they saw through the system. Making a rough estimation, students set a
threshold of 400 lux for the values produced by the sensors that they thought
it corresponded to “good enough” lighting. Figure 5 displays the measurements
for power consumed by lights in the hall and luminosity, with the addition of the
400 lux threshold (horizontal line marked in red). Also highlighted in the figure
is the interval during which luminosity in the school hall is above the threshold.

It is evident that between 10:00AM and 5:00PM lights should be turned off.
This was a recurring situation in this school for months, due to its location
(Italy) and orientation; i.e., it is not something that is observed for a single day
or over a short time period. The next step was to act according to the plan for
turning off the unnecessary lights, while also making sure not to leave any part
of the hall in the dark. Lighting should be turned off for sufficient time, in order
to be able to observe the change in the data. It was convenient to calculate the
average values of the lighting system during a “normal” baseline period and after
the intervention. The school analyzed the new data regarding power during the
period in which the light was turned off. With the lighting configured as usual,
power consumption is approx. 4.9kW. When the school acted to keep active only
what is necessary, the power consumption decreased to 1.9kW, thus saving 3kW
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in the process. This practically means that 21kWh could be saved during a single
day, considering the 7 hours of the interval during which this issue was identified.
With such data in hand, students performed simple actions for raising awareness
in the school staff for switching off the lights in the hall when not necessary and
involved their schoolmates in similar actions in classrooms and laboratories.

Fig. 5. An illustration of the period (highlighted) in which there is a waste of electricity.

The potential energy savings analyzed in the previous steps pushed students
to act. They created a set of signs (Fig. 6) to help school staff remember which
switches can be turned off when natural light is enough. They also designed
a poster placed in all rooms equipped with a projector: “Please shutdown the
computer and the projector when not in use”. Also, one of the classes involved
produced a short video to encourage friends and families to join the “battle
for environmental care”. This video gives simple advices for saving energy and
decreasing pollution. Based on achievements due to the short- and medium-
term activities, the school wanted to support students in taking further measures
within a longer time span, to obtain the best results in terms of energy efficiency.
Students periodically observed and analyzed the impact that these changes have
in the long term and monitored progress toward achieving their objectives.

7 Conclusions and future work

The educational community is one of the most interesting target groups for sus-
tainability and energy-related activities. The successful introduction of such ac-
tivities into the curricula of schools in Europe is still an open issue. We presented
our experiences from utilizing mechanisms such as competitions, gamification
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Fig. 6. Examples of simple interventions that the students made in the building.

and IoT-based, hands-on lab activities to increase the engagement of students
at a high school in Italy. Our results, produced during 2 school years, provide
some interesting insights regarding the creative ways the aforementioned mecha-
nisms can be used to trigger the interest of high school students. The inclusion of
competition and gamification aspects with students as end-users can greatly in-
crease their engagement, especially when having groups/schools competing with
each other. This helped us to distill some lessons:

– Direct and informal support to teachers: teachers were the gateway to our
end-users; having gained the trust and attention of teachers is the first step
to establishing a connection with the students as well.

– Provide short and captivating material: schools tend to have little time avail-
able to dedicate to extra-curricular activities, information should be as en-
gaging and codified as much as possible.

– Co-design of tailored activities: teachers have to be involved in tailoring the
proposed activities by taking into account their background and syllabus.

– Competitiveness is key for engagement but has to be handled with care: in
our case, a rapid increase in engagement came close to backfire.

With respect to our future work, we plan to continue this line of research by
applying our tools to school communities in other European countries.
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