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Abstract: The LES Project (LES-Llavor Energètica i Salut. Del cole a casa i a la societat, in English:
Energy and Health Seed. From school to home and society) is seen as an opportunity to increase
the visibility of the role of science and women scientists in their actual contexts and to present
architectural research as essential in mitigating climate change and improving people’s health. The
goal of this research was to reach the greatest range of people possible through intergenerational
transfer. However, the main receptors and drivers were students aged between 8 and 10 years old
who were responsible for transmitting energy and environmental conditioning concepts and their
interrelations with strategic performance in buildings. Awareness was raised through scientific work-
shops implemented in primary schools that had energy and air quality deficiencies and opportunities,
and the concepts were extrapolated to housing. Two schools in different socioeconomic districts
(vulnerable and middle-income families) were selected as a strategy to provide details about the
perceptions of energy benefits in both schools’ families. The results of the experience were highly
satisfactory. Children from 8 to 10 years old were interested and ready to understand and transfer
key concepts about energy efficiency and health improvement through the transformation of the
buildings surrounding them. The dissemination of the project and social awareness reached the
primary students of the two schools selected for the project and the entire educational community
(students, teachers, families and all of society). Currently, we are working on a second stage that will
allow for a broad volume of replicability of the workshops, with schoolteachers taking the lead in
these actions. For this purpose, LES has the support of the Department of Education of the Generalitat
de Catalunya.

Keywords: energy performance; building retrofit; inter-generational awareness; co-benefits; women
leadership; renewable energy

1. Introduction

Urban areas characterised by a high density of buildings and by a significant period
since construction require a deep renewal of their building stock to address the pressing
challenge posed by the climate emergency. According to reports from the European
Commission, approximately 75% of the EU’s real estate is inefficient, and only between
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0.4% and 1.2% of buildings are renovated every year [1]. It is concerning that the ratio of
the renovation of existing residential stock remains low despite the great global efforts that
are being made. For example, the European Green Deal by 2050 establishes decarbonisation
objectives or aids aimed at supporting these political strategies, such as Next Generation
funds and local subsidies [2], which are a perfect complement to activate the dynamism of
society and fuel energy improvement actions in their homes.

In large cities, most of the land is already built on, which makes it a priority to continue
developing strategies and policies that promote and support energy improvements in
buildings. For example, Barcelona has the oldest building stock in Spain. Homes in
peripheral neighbourhoods have an average age of around 50 years. In the old town and
nineteenth century expansion districts, the average age of buildings is over 100 years, which
pre-dates the first Spanish thermal regulations of 1979 (NBE-CT-79) [3] and consequently
the introduction of thermal insulation. Therefore, it is necessary to seize every opportunity
to work on stimulus and awareness-raising initiatives in Barcelona aimed at promoting
investment in and the activation of energy efficiency measures in homes and buildings.
Communication campaigns on energy efficiency improvements often tend to focus on the
energy, environmental or economic benefits, but they tend to overlook and underestimate
the co-benefits of wellbeing and health [4–6].

People tend to focus more on addressing climate change or reducing energy bills than
acting out of an awareness of the impact on comfort and health [7–10]. The EnerValor1
project highlights that people are more willing to carry out improvements on their homes
for functionality and aesthetic purposes than for energy efficiency reasons. The findings of
Rueda et al. [11], which were based on surveys, show that 70% of respondents recognise
the implementation of sustainability criteria due to regulatory requirements rather than
personal interest. Only 17.6% of respondents implemented energy efficiency measures
due to an interest in energy benefits. EnerValor2 shows that people’s interest in energy-
efficient rehabilitation focuses on very specific, partial actions. Sometimes, they are linked
to active systems rather than the passive optimisation of the envelope [12]. People prioritise
aesthetics and energy efficiency over comfort and health because aesthetic changes are
easily noticeable, while energy improvements may not directly show health benefits due to
complex interactions with other variables. Moreover, people are predisposed to carry out
actions in the energy area if they have a figure who provides them with support in terms of
technical, administrative and economic aspects to make such actions possible at the global
level. Furthermore, a study by Vima-Grau et al. [13] indicates that the main deficiencies
in the residential sector in the vulnerable neighbourhoods in Barcelona are linked to the
building envelope and habitability conditions.

The public’s recognition of health effects resulting from aspects such as the hygrother-
mal behaviour of buildings and indoor air quality was heightened by the impact of
COVID-19 [14]. This presents an opportunity to inspire individuals to take steps towards
enhancing the living conditions in their households [15–20].

In addition to the aforementioned points, social interaction is a positive factor that pro-
motes individual energy-saving behaviours [21–26]. Li et al. [27] stated that “low-difficulty
energy-saving behaviours are susceptible to interpersonal and passive interactions, while
high-difficulty energy-saving behaviours are susceptible to public relations and active
interaction”. Similarly, when people are aware of the energy they consume and compare it
to others’ consumption, they may be motivated to make adjustments and level up their
energy efficiency.

Beyond traditional social communication processes, there is a growing emphasis on
the intergenerational transfer of knowledge from children to parents [28]. This could be
an opportunity to stimulate the adoption of energy renovation practices in the residential
sector. In Belgium, Pearce et al. [29] conducted surveys with children aged 6–12. Their
results showed that most of the children performed energy conservation measures out of
personal preference or their willingness to conform to a set norm instead of producing
an environmental impact. This was especially true among the older children. In China,
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Wang et al. conclude that in families with permissive, open parenting styles, children
have a significant effect on their parents’ willingness to save energy, and children over
the age of 18 appear to be effective in influencing parents’ willingness to invest in energy-
efficient products [30]. Wang et al., also pointed out that energy-efficiency-promotion
behaviour is influenced by individual psychological and city contextual factors [31]. This
cross-knowledge and perception of the climate impact is not only evident at the energy level
but also in fields such as conservation biology, where key practices of intergenerational
learning are reviewed [32].

The LES project arose as an opportunity to share the LES team’s knowledge and
scientific evidence on energy efficiency in buildings, covering various aspects such as user
perceptions of benefits and co-benefits, technical and design perspectives on deep energy
rehabilitation and sustainable school architecture, innovative interventions and energy
poverty in metropolitan areas. It took advantage of a call from Barcelona City Council
to promote education, culture and scientific outreach to a broader audience, particularly
for those who are less familiar with the subject matter. In doing so, it aimed to prevent
the potential decline of these scientific endeavours, which is commonly referred to as
“Death Valley”.

The main objective of this project was twofold: to enhance the recognition of archi-
tecture as a discipline with significant scientific impact through representative figures of
both sexes (three women and three men) and to raise social awareness about the benefits
and co-benefits of energy-related actions in buildings, particularly in improving comfort
and health.

This work was structured into three phases. The first phase focused on the design of
a knowledge transmission model, which targeted children directly and engaged families
indirectly through students. It also involved the establishment of energy-related concepts
and scientific workshops and the integration of renewable energy sources while considering
a social perspective that addressed socioeconomic levels, multiculturalism and gender. The
second phase was the implementation phase, in which scientific workshops were held in a
pilot school and in two demonstration schools in diverse neighbourhoods. Additionally,
the web platform’s structure and content, tailored to potential recipients, was developed in
this phase. The third phase was the qualitative assessment phase, in which the project’s
objectives were validated through a focus group session with the team. This session
assessed the relevance and effectiveness of the concepts and experiments in promoting
energy awareness. The phase also evaluated the project’s feasibility and identified areas for
improvement to achieve the desired outcomes.

Three in-person workshops were conducted, starting with a pilot school involving fifty
students and subsequently expanding to two demonstration schools with the participation
of two hundred students, resulting in a total of two hundred and fifty students and fifteen
participating teachers. The workshops involved engaging experiments that explained
16 concepts related to energy and environmental conditioning.

Considering the household composition in the areas surrounding the schools, it is
estimated that the potential replicability of the knowledge reached 265 families. The
methodology developed in this project is expected to continue to be implemented in other
schools and territorial contexts beyond Barcelona. This will be facilitated through the
distribution of “scientific kits” to entities responsible for education and the support of the
web platform.

2. Literature Review

Highlighting the potential contribution of science in the field of architecture offers
an opportunity to present society with an alternative perspective on the impact of energy
efficiency in residential buildings. For the successful implementation of the LES project,
which targets students and families, an intergenerational communication model is essential.
An active, cooperative learning model not only facilitates knowledge transmission to
students but also transfers energy-related topics and opportunities to families, which



Buildings 2023, 13, 2213 4 of 27

fosters actions related to energy retrofitting. Scientific workshops were used to transfer this
information to students, and a web platform was established to ensure accurate, extensive
delivery to families. Furthermore, the project leveraged the presence of teachers to expand
the social reach and raise awareness among them, to transfer the acquired knowledge to
their homes and to stimulate them to incorporate it into their academic programmes or
share it with their colleagues.

2.1. Energy Concepts Addressed in the LES Project Aimed at Enhancing Building
Energy Performance

Children can act as effective agents for promoting energy-saving behaviours within
families [33,34]. The EURONET 50/50 project offers an effective means of reducing energy
consumption in buildings through the implementation of best use practices. Some projects
exist that evaluate the impact of improvement measures in economic and environmental
terms [35,36]. However, there is limited evidence of projects that focus on user awareness
and education.

The European project ZEMedS centres on the architectural impact and energy be-
haviour of buildings coupled with good use practices [37–40] or ENoLL [41]. These projects
involve all stakeholders (technicians, administrators and users) and aim to develop techni-
cal and financial toolkits for architects and technicians, provide mentoring for teachers and
administrative staff and produce flyers and materials about good use practices for students.
Regarding the concept of deep renovation, especially concerning an improvement in the
energy efficiency of residential buildings and its impact on occupants, there is generally
less awareness among younger audiences, who are a key target.

Through their research findings, the LES project team underscores the need to acti-
vate knowledge on building envelope vectors for energy improvement, considering usage
patterns and seasonality. For instance, the EnerValor 2 project (Beyond the EPC require-
ments, potential and risks of energy efficient mortgages in the promotion of efficient homes.
PID2019-104561RB-I00, MINCIU) found that Spanish adults were more aware of the bene-
fits of upgrading heating or cooling appliances for better economic returns but less aware
of passive strategies [12]. This may be attributed to the fact that these appliances need to be
replaced more frequently due to their durability, and their intrinsic upgrade entails energy
performance improvements driven by technological advances in the industry. But another
component is the lack of awareness of passive energy strategies, which may also result
from a lack of knowledge about building construction and building science. Schools, in
particular, tend to prioritise conceptual understanding (e.g., solar radiation and heat gain)
over practical implementation (e.g., shading devices and installation).

Energy envelope strategies for winter and summer seasons play a crucial role in the
Mediterranean climate [42]. Factors such as solar radiation and ventilation throughout
the year can create contradictions when design parameters are established. This design
complexity can become an architectural challenge that leads to interesting strategies. For
instance, performing a comprehensive evaluation of the design and management of solar
shading devices management can help to modify thermal bridges in residential buildings
and enhance their energy performance during winter. It also has significant potential to
reduce or eliminate cooling demand during summer and sometimes makes the presence of
mechanical air conditioning systems unnecessary.

The LES project aims to tackle the challenge of effectively communicating energy
concepts related to building envelopes to children, who may perceive them as complex.
The passive energy concepts addressed in the project include conductivity, thermal bridges,
airtightness, solar radiation and the relationship of these concepts with occupancy and
ventilation. The project informs children about the impact of these concepts on co-benefits
such as health, wellbeing and comfort. Additionally, the project seeks to raise awareness
about the importance of incorporating renewable energy sources (RES) in existing buildings
as a key aspect to neutralise their energy consumption and thereby respond to the current
climate emergency. The co-benefits associated with renewables go eyond their energy
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impact and include enhancing a building’s prestige and reputation at an individual level,
creating new employment and business opportunities and alleviating energy poverty.

To ensure the clear understanding of the impact of energy concepts on buildings,
analogies are established between energy concepts and common actions in everyday life.
For example, energy loss through building envelope elements is explained through the
analogy of a water bottle with holes. This comparison helps to illustrate the concept
of energy inefficiency in buildings. Another analogy is made by relating the use of a
thermometer to assess a patient’s health to the use of probes and instruments to measure
the thermal comfort of a classroom. These analogies serve as effective communication tools
to explain complex concepts and make them more understandable to younger students.

2.2. Social Perspective: Socioeconomic–Cultural–Gender

Another relevant social need that the project seeks to address is the promotion
of gender diversity and the recognition of women’s contributions to science and con-
struction fields that have historically been male-dominated. In addition, the selection
of demonstration schools with culturally diverse families and varying socioeconomic
backgrounds [43] serves as a social component that addresses inequalities and allows for
cross-sectional results.

2.2.1. Short-Term Audience

• Students as direct participants;

This call was focused on the age range of 8 to 10 years, which corresponds to the
middle cycle of primary education. This teaching stage was selected because it is the period
when the development of skills such as oral expression and comprehension, socialisation,
curiosity and logic are combined. According to Piaget’s theory, children between the ages
of 7 and 11 begin to use logical thinking in certain situations, but they have not yet fully
developed abstract thinking [44]. During this period, spatial, temporal and numerical
concepts are introduced. Children also start to ask questions, predict the consequences
of actions, consolidate their sense of responsibility and understand how phenomena are
related. These skills are critical for the success of scientific activity aimed at understanding
how energy performance in buildings is relevant in the context of climate change.

• Profile of demonstration schools. Intercultural and social perspective;

The schools selected for this project met two criteria: a high volume of multicul-
tural population and location in socioeconomically diverse neighbourhoods, specifically
vulnerable [45] and middle-income areas.

The school in a low-income neighbourhood in this study is characterised by a high
proportion of students in vulnerable situations. The families in this district have structural
and economic limitations (Table 1) that hinder their ability to undertake energy rehabili-
tation actions. This has a negative impact on their comfort and health. This project aims
to challenge conservative cultural norms and promote women’s leadership. The school
experiences a high student turnover due to its open enrolment model, with students coming
from countries across four continents, including Honduras, Ecuador, Bolivia and Pakistan
(which represent 9.1% of the inhabitants).

Table 1. Profile of demonstration school’s people. Own elaboration based on idescat source [46].

Neighbourhood Socioeconomic
Index

Percentage of
People with Low
Education Level

Percentage of
Low-Skilled Workers

Low income EUR 8582/person 20.6% 22.7%

Middle income EUR 16,937/person 10.9% 5.2%

Barcelona average EUR 16,386/person 14% 7.5%
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The other school is located in a middle-income neighbourhood (Table 1), where afflu-
ent households have the capacity to invest in energy improvement actions and enhance the
environmental quality of their spaces. The challenge in this neighbourhood is to motivate
residents to take community-level energy actions, such as improving their building enve-
lope and incorporating renewable energy sources. The foreign population in this area is
primarily from Italy, China and France and represents 18% of the inhabitants, with residents
from various countries across four continents.

• Teaching staff and families in student education as indirect participants.

The project not only educated the younger generations of our society, with 250 students
involved, but also extended to their families. Notably, the current social model and
the diversity of family units allowed reaching more than one family per child, which
expanded the spread of the network [47,48]. By working in schools and engaging teachers
(approximately 30 people), the project aimed to raise awareness of the importance and
impact of energy improvements in residential and educational sectors among families and
their close circle of friends.

2.2.2. Potential Future Audience

The importance of scaling the proposal to as many educational communities and con-
texts as possible was addressed by providing eight scientific suitcases, each accompanied
by a corresponding user manual. In addition, alliances were fostered with schools and
public administrations (Consorci d’Educació de Barcelona and Departament d’Educació de
la Generalitat).

Another crucial aspect of social outreach revolves around teachers, who played a
significant role as implementers in future schools. This involvement enabled them to
enhance their skills and understanding of passive energy efficiency concepts in buildings
along with renewable energy sources and their associated benefits and co-benefits. This
empowered the teachers to incorporate these concepts into academic programmes that
target younger age groups.

2.3. Active and Cooperative Learning for Two-Way Transmission of Knowledge

This project developed two-way transmission to effectively promote energy awareness.
It involved direct awareness among the students through experimental scientific work-
shops, which enabled them to acquire building energy knowledge. Additionally, indirect
awareness was built, as the students shared the knowledge they gained with their families,
which was supported by the LES website.

2.3.1. Enhancing Knowledge Transmission: Experimental Scientific Workshops for
Children Aged 8–10

The literature emphasises a need to develop active pedagogical models with children
to enhance their understanding and retention of concepts [49–54]. By engaging students
in hands-on activities and interactive experiments, this project aims to create a dynamic,
immersive learning environment that promotes active participation and deepens under-
standing of energy concepts. This approach not only enhances students’ knowledge but
also fosters their curiosity and critical thinking skills, which establishes a strong foundation
for lifelong learning.

Pedagogical methodologies involving cooperative and active teaching were a driver
for professional development within the LES research team’s experience [55–62]. Scientific
experimental workshops were selected as the most suitable approach to provide a visual
representation of scientific principles. In this approach, students take direct responsibil-
ity for the learning process while mentors play a supporting, advisory role. Scientific
workshops were used to allow the students to experiment with energy efficiency concepts
and to measure the impacts associated with them. The students manipulated objects to
embody concepts such as measuring air quality or demonstrating renewable energy sources
using photovoltaic-powered fans or the perceived temperatures of various materials. The
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students were encouraged to work together in groups, discuss their findings and learn
from each another, which helped them to develop teamwork skills that were essential to
promote collaborative, respectful interactions between the students in this project and in
their future academic and professional careers.

This direct channel of transmission not only reached a larger number of students but
also involved their teachers. The teachers had the opportunity to develop their skills and
understanding of energy concepts. This empowered knowledge can be incorporated into
their future academic programmes and can help them to assist colleagues in adapting
the materials to their students’ specific needs. Furthermore, the teachers can apply these
concepts in their own homes and share them with their immediate family, which can foster
a culture of energy efficiency beyond the classroom. Ultimately, this collective effort can
have a positive impact on society as a whole.

2.3.2. Intergenerational Transmission of Knowledge between Students and Families:
Web Platform

To promote intergenerational communication between children and families and
encourage the replication of these initiatives in new schools, this project leveraged the
ongoing process of digitalisation. The widespread adoption of digital technologies has
become a reality [63–65], including among children. This was partly accelerated by the
COVID-19 pandemic, which made online education the primary pedagogical resource for
maintaining learning without social contact [66–70].

Research has shown that digital pedagogy in schools tends to favour a hybrid model [71],
particularly for older age groups like secondary school and university students [72,73]. This
approach has been found to lead to improved learning outcomes for students, regardless of
their socioeconomic background [74].

While the LES project utilised a web platform to enhance knowledge transfer and
awareness at home, it is crucial to acknowledge the potential risks of an excessive reliance
on digital tools [75–83], particularly for 8- to 10-year-old students. Therefore, the web
platform was designed in a way that continued to promote practical and experimental
activities instead of replacing them with a digital experience.

This intergenerational communicative model, supported by the web platform, actively
involved households in the project. It fostered discussions among the students and their
families on the energy performance of buildings, inspired by the activities carried out by
the children. It also promoted information about the quality standards that should be
demanded in the residential sector and information about opportunities and potential
actions to renovate the housing stock. By creating awareness about potential deficiencies
in their homes and offering additional information on improvement options, the project
aimed to empower households to take proactive steps toward energy efficiency.

3. Methodology

The LES project emerged as an opportunity to showcase the potential impact of
applied science in architecture to young generations through experimental workshops. It
aimed to provide high visibility to women in traditionally male-dominated fields such as
construction and science. The project’s strategy focused on integrating science as a concept,
technique as a procedure and technology as a tool to create meaningful connections.

To ensure the effectiveness of its objectives and the transfer of knowledge, the project
was divided into three phases (Figure 1): (1) novelty: the design of the experience, (2) the
results and discussion about the concepts, the educational model and the potential for
replicability, and (3) conclusions: the validation of the objectives and the reformulation of
the initial design of the experience.
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Figure 1. Methodological approach. Instruments, basics and stages of study. Source: Self elaboration.

4. Experimental Demonstration

Once the guidelines for the experimental design model had been established, the
scientific workshop was held in the pilot school. Based on the results obtained from this ex-
perience, some adaptations were made to ensure success in the two demonstration schools.

4.1. Pilot Phase: Initial Design of the Workshops

The student age group provided opportunities and limitations, such as attention span
and the ability to assimilate multiple concepts. Therefore, during the design of the scientific
workshops, the suitability of the pedagogical model was evaluated in collaboration with
organisations specialised in educational innovation and research (i.e., CESIRE).

Initially, the project included nine energy concepts, as indicated in the first stage [84].
However, for the pilot test, these concepts were intertwined to create three sessions focused
on the fundamentals of the law of the conservation of energy [85]: how to gain energy in
summer, how to lose energy in winter and how to generate energy throughout the year
(Figure 2). The pilot experience was conducted considering factors such as thematic focus,
duration and location in line with the intended design.
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In the initial testing phase, the proposed approach was applied in two classes of the
pilot school (third grade class and fourth grade class) involving a total of fifty students.
The results highlighted the pedagogical challenges associated with the use of digital tools
among the students, including peer conflicts and decreased concentration levels, which
affected the concept assimilation.

Consequently, it was decided to reduce the emphasis on digital tools and instead
introduce data sheet templates for each topic, using digital tools in a selective, task-oriented
manner. For example, the data sheet templates helped to promote a deeper understanding
of the functions of the devices beyond their mere manipulation. Teams were also created
with rotating group leaders assigned to each concept to ensure greater student engagement
and participation (Figure 3).
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To continue with the project’s de-digitalisation approach, a model based on the natural
expressiveness of the students through images was devised to assess the impact of the
workshops on the students. Instead of conventional surveys, the students were encouraged
to create drawings that captured their learning and comprehension of the concepts. These
creative outputs offered valuable insights into the concepts that resonated most with the
students and how they interpreted and internalised the knowledge. Moreover, these
drawings served as visual stimuli to engage families in exploring the project’s website and
to inspire schools that could be interested in replicating the workshops. One remarkable
example of a student’s creative output was a storybook (Figure 4) that beautifully captured
the essence of the project, showcasing the integration of science in architecture. The
authorship of the students’ drawings was carried out using their first names to preserve
their privacy.

The drawings contributed to raising awareness of the topics that had the most impact
on the students and how they were interpreted. In some cases, a compilation of concepts
from the first and third sessions was represented (Figure 5), while in other instances, the
drawings showed topics in greater depth in one session (Figures 6–8).
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As a common denominator, the drawings reflected the students’ assimilation of con-
cepts such as teamwork (Figure 8), their active role in the workshop and their ability to
understand the fundamental concepts conveyed (sun entering, water escaping and device
for measuring things, among others).
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4.2. Demonstration Phase of the Scientific Workshops: Intermediate Design and Execution
of the Workshops

The demonstration schools phase involved the participation of a total of two hun-
dred students divided among two third grade classes and two fourth grade classes per
school. In total, the project engaged approximately 250 students, 15 teachers and over
265 potential families.

The workshops were conducted by pairs of members, consisting of one senior re-
searcher and one researcher, with a focus on maintaining gender parity. The senior re-
searchers brought their expertise in the field of architectural technology from the Barcelona
School of Architecture. Although they were part of the same department, their individual
specialisations covered various areas including conditioning and services, construction,
rehabilitation and legal aspects of architecture. This wide range of expertise allowed for a
comprehensive approach to the project, incorporating different perspectives and leveraging
their collective knowledge.

The sessions were organised within a themed week entitled “energy efficiency and
sustainability”, as defined by the school. The objective of the sessions was to provide
content over three days.

• On the first day, the project was introduced by the lead researcher, who was a woman.
The objective was to explain the significance of science in the field of architecture, with
a particular emphasis on highlighting the role of women. The day concluded with the
development of experiments in session 3 entitled “Producing energy all year round”.

• On the second day, all team members facilitated sessions 1 and 2. Session 1, entitled
“Heat gains in summer”, focused on exploring the impact of three energy concepts:
occupancy, ventilation and solar radiation. These concepts were demonstrated using
sensors to measure air characteristics such as temperature, relative humidity and CO2
levels. Session 2, entitled “Heat loss in winter”, examined the impact of four energy
concepts: conductivity, insulation, thermal bridging and infiltration.

• The third and final day was dedicated to evaluating the qualitative impact of the
workshops. The participants were given a brief questionnaire to assess whether they
had shared and communicated the activities with their family members, identify the
concepts that had the most impact and create free-format drawings. As recognition
of their participation in the workshops, the participants were awarded a scientific
diploma that certified them as researchers of the project.

4.3. Towards a Replicability Phase: Final Design of the Workshops and Resulting Material

The final material package was created to enable autonomous replication by other
schools in Barcelona during the initial stage. These materials were specifically designed to
support the replication of the workshops and to ensure consistent, effective implementation
across different schools. They included:

• Eight scientific suitcases (Figure 9): these suitcases contained the necessary materials
for conducting the workshops and implementing the activities. They are currently
stored at the headquarters of the Department of Education and Education Consortium
to be provided to new schools interested in replicating the workshops.
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• Audiovisual user manual by session: each session was accompanied by an audiovisual
user manual that provided guidance and instructions to implement the activities [86].

• Organisational charts (Figure 10): one organisational chart was included per session,
outlining the structure and flow of the workshop activities. It can be used as a handy
reference guide for future replication by teachers in other schools to promote the
scalability and sustainability of the project.

Buildings 2023, 13, x FOR PEER REVIEW 12 of 27 
 

support the replication of the workshops and to ensure consistent, effective implementa-

tion across different schools. They included: 

 Eight scientific suitcases (Figure 9): these suitcases contained the necessary materials 

for conducting the workshops and implementing the activities. They are currently 

stored at the headquarters of the Department of Education and Education Consor-

tium to be provided to new schools interested in replicating the workshops. 

 

Figure 9. Scientific suitcase material. Source: Self elaboration. 

 Audiovisual user manual by session: each session was accompanied by an audiovis-

ual user manual that provided guidance and instructions to implement the activities 

[86]. 

 Organisational charts (Figure 10): one organisational chart was included per session, 

outlining the structure and flow of the workshop activities. It can be used as a handy 

reference guide for future replication by teachers in other schools to promote the 

scalability and sustainability of the project. 

 

Figure 10. Organisational charts from the scientific sessions. Source: Self elaboration. 

The following provides a detailed overview of the organisation and concepts ad-

dressed in session 2 (Figure 11), which corresponded to the session that covered the great-

est number of topics and involved greater complexity, considering the age of the target 

audience. This session specifically focused on heat loss during winter and examined the 

concepts of conductivity, insulation, thermal bridging and infiltration. 

Figure 10. Organisational charts from the scientific sessions. Source: Self elaboration.

The following provides a detailed overview of the organisation and concepts addressed
in session 2 (Figure 11), which corresponded to the session that covered the greatest number
of topics and involved greater complexity, considering the age of the target audience. This
session specifically focused on heat loss during winter and examined the concepts of
conductivity, insulation, thermal bridging and infiltration.
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4.4. Example of Structure and Content of Session 2

The session began by introducing the concept of conductivity through the most com-
mon building materials used in residential buildings (metal, wood and ceramic). The
participants were prompted to think about which material would feel colder or hotter to
the touch and to make an intuitive guess about which material would become hotter when
placed on a radiator or behind a window with a high solar incidence.

To further explore this concept, an insulation layer was added between the radiator
and the material, which surprised the participants with the realisation that the metal plate
did not stay hot for long. Observations were recorded on a specific data sheet to facilitate
further debate and reflection (Figure 12).
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After visualizing the effectiveness of insulation in reducing energy transfer, the session
moved on to discuss the impact of discontinuous insulation in the building envelope
(thermal bridges).

To engage the participants and provide a mental break, a change in location from the
classroom to the schoolyard was proposed. The change in location was accompanied by a
physical activity, such as a 5 min run in the schoolyard, to increase the participants’ body
temperature and make the impact of wearing a coat as a thermal insulator more evident.

The participants were asked to put on their jackets or coats (the activity took place
on a relatively cold day) and become aware of the sensation of coldness on their face and
hands, which represented the equivalent of a thermal bridge in a building (corresponding
to the presence of a column, floor or balcony). This helped them to understand that just as
they felt the cold on their face (indicating heat loss), buildings also experience similar heat
loss when thermal bridges are present.

Given the complexity or level of abstraction of certain concepts (such as thermal
bridges or air infiltrations), analogies were used, such as a bottle with holes in it, to
emphasise the idea of energy losses in a building or the use of jackets with exposed or
protected zippers to protect ourselves from the cold on the street.

By using these relatable examples and analogies, the session aimed to make the
abstract concepts of thermal bridges and infiltration more tangible and understandable for
the participants.

4.5. Design of the LES Web as a Gateway for Transmission to Families and
Educational Communities

The final experimental demonstration and the LES project generated two main sets of
materials: scientific suitcases with their support material and a web platform. Empowering
families and communities through this platform is crucial to facilitate intergenerational
knowledge transfer on the significance of energy rehabilitation in buildings. The LES
platform was generated with information from the results of predecessor projects by the
LES team (EnerValor, Smart Rehabilitation 3.0 [87,88], EnerValor 2 [89,90] and ZEMedS [91])
and new solar-tensed protections for sustainable educational architecture workshops [3].

The platform sections represent the target audiences of the project: students, fami-
lies, potentially replicating schools and the students and their families, in addition to an
introductory section that presents and contextualises the project itself.

In the initial phase, the web platform was divided into four sections: (1) technical
guides to provide support information for children to understand the scientific concepts
related to the energy efficiency and environmental conditioning of buildings, (2) social
exchange between schools to discuss the scientific workshops, (3) gamification with game-
like activities based on the scientific workshop concepts and (4) the dissemination of results
through social networks.

After the demonstration phase and in line with the goal of promoting increased direct
interaction between families and students, the “gamification” section was replaced with a
“Knowledge Consolidation” section. In designing this section of the website, the flipped
classroom model [92] was carefully considered as a valuable resource to stimulate debate,
curiosity and learning among the students and their families.

The final outcome of the web platform is the “Introduction” section, which provides
a general description of the LES project, while the “Resources” section provides families
with information and guidance on the potential of energy rehabilitation, covering admin-
istrative, technical and economic aspects. The “Scientific Workshops” and “Knowledge
Consolidation” sections offer resources to foster intergenerational communication between
students and families, including videos of the workshops conducted in the three schools,
photographs of the most significant moments and outcomes and a collection of drawings
by the students representing the concepts that resonated most with them. Additionally, the
“Schedule and Team Workshop” sub-section provides conceptual sheets that synthesise the
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contents and structures of the three sessions and serve as a support element to facilitate
knowledge transfer from students to their families (Figure 13).
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The “Will the Scientific Workshops be Replicated?” section provides resources for the
autonomous replication of the workshops in new schools, including a summary of the
workshop setup, three summary sheets that provide more detailed content and structure of
each session in the user manual and contact information to obtain the necessary materials
for replicating the experimental scientific workshops.

Currently, the website has introduced a new section called “Newsletter”, which will
allow us to announce new stages of work and showcase the achievements obtained. For ex-
ample, the project has received the UPC Social Commitment [93], which includes a financial
reward to invest in the development of the project. This funding will be allocated to activate
the content dissemination phase at the Catalan level to promote widespread replicability.

5. Qualitative Assessment of the Experimental Demonstration

Once the workshop model had been designed and implemented in the three schools, an
evaluation process was conducted through a focus group involving all team members. The
final survey generated for the final assessment enabled the evaluation of various thematic
aspects, including quantity (minimal, adequate, excessive), difficulty (easy, appropriate,
difficult) and specific parameter evaluation.

Figure 14 presents a summary of the overall assessment analysed. Red shading
indicates low ratings, which were intentionally sought for certain aspects. For example,
positive scores were observed for the activities that involved conceptual play within the
same session, indicating no negative impact. Additionally, low ratings were recorded for
the initial knowledge of the students and teachers, which was aligned with expectations.
This underscores the importance of implementing an awareness plan through schools to
promote energy efficiency in buildings, focusing on passive actions and renewable energies.
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5.1. Energy Concepts in the Scientific Workshops

The evaluation encompassed the number of topics covered, their complexity, the
students’ prior knowledge level and the level of interest shown. Using a scale from 1
to 5, the assessment gauged the lack or excess of each concept, with level 3 indicating a
minimum or adequate level. All the analysed topics scored above the average value. The
number of topics slightly exceeded the appropriate range. The complexity of the concepts,
specifically designed for the target age range, was perceived to be high (rated 3.7), as
anticipated in the project design (hence the inclusion of three thematic sessions focused
on models of energy conservation). Notably, the students showed a low level of prior
knowledge of the explained topics (rated 2.67), as announced in the project. However, the
students’ interest level aligned with the expected outcome (rated 4), which validated the
effectiveness of the pedagogical model designed for this purpose and demonstrated that
these themes can be introduced at earlier ages to establish a stronger energy foundation of
knowledge in the building sector.

To examine the results in greater depth, the complexity, knowledge level and interest of
the students were analysed for each of the topics covered in the workshops (Figure 15). No
topic reached an excessively high level of complexity according to the students’ skills. The
topics that reached a higher level of complexity were occupancy, air quality, temperature
evolution and renewable energies. The topics that were easier to convey and showed easy
assimilation were the use of solar thermal energy to heat water in homes and two seemingly
challenging topics: infiltrations and thermal bridges.
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Figure 15. Energy topics. Source: Self elaboration.

Regarding prior knowledge, it was observed that topics such as temperature, renew-
able energies and ventilation were familiar to the students, and they had knowledge above
the level expected by the project team. The students had a lower level of knowledge
about the remaining topics, including thermal bridges and air infiltration in buildings, as
anticipated. However, the specific topic of CO2 content in the air was less predictable in
terms of prior knowledge.

The interest in the experiments conducted in the workshops was high in all cases,
as observed in Figure 16. Particularly notable were the experiments involving renewable
energies, such as using fans and flashlights powered by photovoltaic panels, and those
related to air quality, in which the students assessed the air quality conditions based
on ventilation ratios and occupancy. Another experiment that sparked interest among
the students was related to conductivity, in which the students measured the surface
temperature of materials in contact with a heat source. Notably, the concept of thermal
bridges, which was identified as somewhat complex, generated interest among the students
when it was presented using the metaphor of a water glass.
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5.2. Workshop Educational Model

Quantitatively, the time dedicated to the sessions, the time allocated to each topic
and the materials and resources used were evaluated. Additionally, a specific qualitative
assessment was conducted on aspects such as the location of the activities and their impact
on the workshop development.
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Regarding the quantitative assessment, once again, a scale ranging from 1 to 5 was
used to evaluate the lack or excess of each concept, with level 3 indicating an appropriate
level. The overall results indicated that the time dedicated to the sessions was at an
appropriate level (rated 3.11). However, the time allocated to each topic globally was
slightly below the desired level (rated 2.78).

The utilisation of materials and resources in each workshop was analysed in relation
to the students’ abilities (Figure 17) (1 = very agile, 3 = adequate, 5 = very complex), and an
overall assessment close to the appropriate level was obtained, with a tendency towards
elements that were highly intuitive and easy for the students to understand and operate,
particularly those related to the workshop on renewable energies.
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Figure 17. Educational model. Material and resources vs. students’ skills. Source: Self elaboration.

On a quantitative level, the level of difficulty assessment indicated an overall tendency
above the appropriate level, which did not reach the maximum level of difficulty in any case.
However, further effort is required to align the content to facilitate its use and ultimately
evaluate the results obtained.

Finally, opinions were collected regarding the location of the activities, that is, whether
they were conducted inside or outside the classroom (schoolyard). The participants were
asked to assess the appropriateness of the location, with 1 indicating inappropriateness
and 5 indicating appropriateness. The results indicated that the evaluation tended to be
highly positive, which suggests that the chosen locations were suitable for conducting the
activities (rated 4.11).

Additionally, feedback was collected on the impact of the workshop dynamics and
the decision to relocate certain activities from inside to outside the classroom. The results
primarily indicated a positive and timely evaluation of this mobility (rated 4.11 out of
5). However, a slight distracting effect was perceived, which should be considered to
complement it with a slight increase in the time allocated for the next activity in order to
re-engage the students’ attention after the change in location.

The survey also provided the participants with an opportunity to respond to an open-
ended question. In their responses to “Do you consider that other emerging elements
can contribute optimally to the understanding of the topics covered?”, the participants
highlighted the potential benefits of using scaled models of concepts such as infiltrations
or thermal bridges, which enabled the students to associate the concept with a building
model. They also suggested incorporating additional visual support, such as drawings on
the board (for example, a conceptual section of a building to explain its actual location),
videos or clue games to stimulate the students’ curiosity.

The incorporation of these new elements could enhance understanding and en-
gagement among students, particularly when they address complex topics like thermal
bridges and infiltrations. By providing tangible representations and interactive experi-
ences, students can develop a deeper comprehension of these concepts and engage in the
process actively.
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5.3. Perception and Potential for School Replicability

According to the observations made at each school, the research team assessed the
students’ perception of the workshop implementation and the potential for concept replica-
tion beyond the school context (Figure 18). Various aspects were evaluated, including the
level and ease of comprehension of the concepts that were addressed, as observed in the
students, the degree of interest expressed by the students, the need for concept repetition
during the workshop, the level of participation and the potential for concept replicability
by the students based on their acquired knowledge.
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Figure 18. Perception by school. Source: Self elaboration.

The results showed that the level of understanding and interest of the students in the
topics covered in all three cases was above the value that was considered adequate. The
need for concept repetition was low in all the demonstration cases (rated 1.85 out of 5) and
slightly higher in the initial pilot school (rated 2.5 out of 5). Student participation exceeded
the average value and tended to be high in all cases (3.7 out of 5 in middle-class-district
schools), particularly in the case of the vulnerable neighbourhood school, where the ratio
reached 4.38 out of 5. Regarding the potential for replicability observed from the students’
attitude, it was similar overall regardless of the school (rated 3 out of 5).

The results indicated that not all the teachers had appropriate prior information about
the topics and content covered (an average score of 2.67 out of 5 was obtained, where
5 represents the maximum knowledge value). However, their participation during the
workshops exceeded the average expectation in all cases (rated 3.44 out of 5). It was consid-
ered that the assimilation of concepts and the communication methodology employed was
positive in all cases (rated 4 out of 5). Specific observations from the respondents served to
confirm the differences in perception and participation of the schoolteachers in each case,
considering that the involvement of the teachers varied significantly across the schools. For
instance, in schools 1 and 3, some of the teachers were highly engaged and some were less
participative (in a socioeconomically middle-class neighbourhood). However, in school 2
(in a vulnerable neighbourhood), this discrepancy was less pronounced.

5.4. Web Platform as a Tool to Enhance Intergenerational Communication

To discuss the adequacy of the web platform design, the following main aspects related
to its structure and content, its potential for communication among students and families
and its potential for communication among schools that could replicate the design were
analysed (Figure 19).
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Figure 19. Web structure and contents. Source: Self elaboration.

The results obtained were positive in all four aspects. The content of the website
was deemed helpful in facilitating and enhancing communication between the students
and their families regarding the proposed topics and in promoting the replication of the
workshops in new schools. The structure of the website was considered coherent with its
educational and communication function beyond the school, and there was consistency
between the objectives and the content. However, specific comments suggested that one
area for improvement would be to emphasise the target audience of each section of the
website. This enhancement is believed to make the website more user-friendly and able to
encourage users to navigate through it (Figure 20).
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5.5. Analysis of Web Traffic from Google Analytics

The website was designed as a support tool for knowledge consolidation among
students and the promotion of intergenerational knowledge transfer within the family en-
vironment. This aspect made the potential users the families involved in the demonstrative
phase described in this study, which included 250 students and 16 teachers.

To assess the level of activity on the website, the traffic statistics generated by Google
Analytics were analysed. The total number of users was 369, which demonstrates that the
website, as a tool for families to discuss and reflect on topics related to energy efficiency,
comfort, health and others, functioned as expected. The nationality extended beyond local
boundaries. This impact could be attributed, in part, to the diverse range of nationalities
among the families of the demonstration schools. Specifically, visualisations from The
Netherlands, Finland and the United States were observed during specific periods following
the workshops with the students, the distribution of diplomas and the communication
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of the availability of videos and images showcasing the students’ participation in the
workshops on the project’s website. Another key moment of increased national and
international visualisations (including the United States and China) was attributed to
the announcement of the fourth edition of the UPC Social Commitment award and its
subsequent resolution, in which the LES project was recognised as one of the three winning
initiatives (Figure 21). These data can be associated with the fact that the initiative generated
a certain level of interest.

Buildings 2023, 13, x FOR PEER REVIEW 21 of 27 
 

of the availability of videos and images showcasing the students’ participation in the 

workshops on the project’s website. Another key moment of increased national and inter-

national visualisations (including the United States and China) was a�ributed to the an-

nouncement of the fourth edition of the UPC Social Commitment award and its subse-

quent resolution, in which the LES project was recognised as one of the three winning 

initiatives (Figure 21). These data can be associated with the fact that the initiative gener-

ated a certain level of interest. 

 

Figure 21. LES web activity data from Google Analytics (last access June 2023). 

The website analytics for the 6-month period revealed that most visualisations were 

concentrated in the “Presentation of the Project” section, with 921 views, followed by the 

“Scientific Workshops” section, with 346 views (Figure 22). It is important to highlight 

that the high volume of views on the homepage (in relation to the number of the initial 

target audience, 265 families) was a result of it being the contact link for the project, serv-

ing as the gateway to accessing the subsequent sections. Additionally, it is noteworthy 

that even though the replication phase for schools has not yet begun, the “Will the Scien-

tific Workshops be Replicated?” section has already garnered 213 users. 

 

Figure 22. Views of each section of the web. 

Figure 21. LES web activity data from Google Analytics (last access June 2023).

The website analytics for the 6-month period revealed that most visualisations were
concentrated in the “Presentation of the Project” section, with 921 views, followed by the
“Scientific Workshops” section, with 346 views (Figure 22). It is important to highlight
that the high volume of views on the homepage (in relation to the number of the initial
target audience, 265 families) was a result of it being the contact link for the project, serving
as the gateway to accessing the subsequent sections. Additionally, it is noteworthy that
even though the replication phase for schools has not yet begun, the “Will the Scientific
Workshops be Replicated?” section has already garnered 213 users.
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5.6. Future Research Lines

The success of replicating this project hinges on teachers’ interest and skills in carrying
out the scalability phase, as the project foresees teachers as the primary drivers of replication.

After completing and evaluating this initial demonstrative phase, efforts have com-
menced to activate a second phase of local replicability. The objective is to validate the
adequacy of the toolkit and user manuals as tools to enable teachers to independently
conduct the workshops.

For this local replicability stage, collaboration with the Department of Education of the
Generalitat de Catalunya has been established, which oversees 2663 public kindergarten
and primary schools (according to their own source). Based on the results, necessary
adjustments will be made to enable broader replication through engagement with new
educational entities at the national and international levels.

Another new phase will allow for the consolidation and optimisation of the methodol-
ogy based on the feedback received and the expansion of the objectives to encompass more
concepts and parameters beyond energy efficiency, working with other resources such as
water, materials and waste.

6. Conclusions

This study provided communication and dissemination tools that allowed for the
objective of designing a communication process on energy efficiency and co-benefits such
as comfort and health, assimilable by 8- to 10-year-old students, who become amplifiers
outside the school environment. From the development of the workshops to the generation
of the educational materials for students to replicate at home and the creation of materials
for teachers to replicate them periodically in schools, the web platform is a reference that
provides information support for all potential audiences.

The methodology allowed for the identification of the most suitable topics, relevant
communication tools, the necessary intensity and tracking indicators that validated the
effectiveness of the communication strategy. The results of the surveys conducted with
university teachers responsible for the workshops showed that the workshops were highly
effective. It was observed that the students had little or no prior knowledge of the topics,
except for temperature and renewable energy concepts (as shown in Figures 4–6). The level
of interest and understanding generated by the new concepts was generally extensive, with
slight exceptions in complex concepts such as thermal bridges and infiltrations.

Consequently, it was determined that the key concepts related to building energy
efficiency were received with interest and understood by the children in the indicated
age range, which will likely lead to medium-term changes in educational planning in
schools. The time dedicated to each session and topic was found to be appropriate, as
were the changes in location during the sessions, which were timely to maintain the
children’s attention. In the future, it would be interesting to quantify the knowledge
acquired through regular activities, not only through tests but also through competitive
and/or collaborative games.

A side note on a complementary topic is the perception of gender and science. The
project workshops, which were mainly led by women with a PhD in architecture, served as a
mirror in which many of the female students could see themselves and imagine themselves
as scientists of the future. The reading of Hart’s book [94] (the translation of the original
title into Catalan language is ’Les noies són capaces de tot’) also had an impact, which
was reflected in a drawing that synthesised almost all the LES key concepts: conductivity,
thermal bridges, IAQ data sheets, renewables and female leadership (Figure 23).

Once the communication methodology had been defined and validated through the
workshops and the web platform with replicable and disseminable content had been
created, the LES project entered a new phase, in which its deployment to other schools
within the city and other interested territories is anticipated. The successful replication of
this project hinges on the enthusiastic engagement and well-developed skills of teachers
during the scalability phase.
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