Natural Hazards
https://doi.org/10.1007/s11069-025-07661-x

ORIGINAL PAPER |

®)

Check for
updates

Education on landslides: assessing interventions in Rio de
Janeiro

Marcos Barreto de Mendonca'® - Isadora de Toledo Machado Peixoto Fortuna’
Suellen de Oliveira de Castro?

Received: 17 May 2025 / Accepted: 29 August 2025
©The Author(s), under exclusive licence to Springer Nature B.V. 2025

Abstract

Risk reduction guidelines only based on structural actions have proven limited and it
highlights the need for non-structural measures like creating a risk reduction culture linked
to social actors’ participation to reach the established goals. The educational workshop
“Someday the Slope Will Fall” was launched in 2017 to outspread participatory scientific
communication on landslide disaster risk. This workshop has been held in schools, mu-
seums and communities in Rio de Janeiro State, which is often hit by such events. The
workshop addresses physical and social factors linked to landslide risks by integrating
interdisciplinary and interactive strategies. The present study is an analysis on this work-
shop’s implementation and impact on students’ learning, as well as on how it increased
their awareness of this topic based on a 2024 experience lived in a public high school in
Rio de Janeiro City. Students’ initial perceptions about the addressed topic were assessed
through educational activities. The process was evaluated through questionnaire applica-
tion and mediators’ observation. The conducted interactive activities triggered students’
interest in the workshop and encouraged their effective participation in it. Students showed
significant knowledge and proficient debate skills on nearly all assessed topics two months
after the workshop. The findings were a positive step forward in disaster risk reduction
education because they provided a set of educational tools aimed at reducing risk for land-
slide hazardous events in combination to an evaluation process that could be extrapolated
to other scenarios.

1 Introduction
Global-scale increase in the frequency and magnitude of landslide-related disasters, and in

the territorial extension affected by them, has been observed in recent decades (Hernandez-
Moreno and Alcéntara-Ayala 2017; CRED-UNISDR 2019; Brasil 2024). Intense and fast
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urbanization processes in association with climate change (Gariano and Guzzetti 2016)
have increased population exposure to natural hazards, mainly in developing countries (da
Silva Rosa et al. 2015). Mountain regions are quite susceptible to these phenomena and, in
addition to that, the social urbanization process has compelled impoverished populations to
move to areas unsuitable for habitation, and it increases their exposure to hazardous events
like landslides (Tominaga et al. 2009; Valencio 2009; Marchezini and Wisner 2017). Mil-
lions of Brazilian citizens have been exposed to hydrogeological hazards such as floods and
landslides (de Assis Dias et al. 2018); from 1991 to 2024, 1.562 landslide-related disasters
were recorded countrywide (Brasil 2024).

Risk reduction measures must exceed structural interventions focused on slope stabi-
lization in areas prone to landslides. It is essential pursuing complementary approaches
aimed at reducing society vulnerabilities by taking non-structural measures. Public policies
focused on disaster risk reduction (DRR) must adopt understandable approaches, embody
knowledge from different fields (physical and social processes), engage multiple society
sectors and prioritize people-centered measures (UNISDR 2015; Marchezini and Londe
2018). Social participation in risk management processes is essential; however, achieving
effective community engagement by several society sectors and fostering their integrated
and collaborative work in risk management is a significant challenge. Overall, such partici-
pation is inadequate, because the most vulnerable populations are often excluded from these
processes (Eyerkaufer and Sedlacek 2018).

Educational initiatives must go beyond knowledge transmission and embrace a dialogi-
cal perspective to be effective; thus, learners must be recognized as active participants in
knowledge co-construction. Freire (2016) stated that “teaching is not about transferring
knowledge, but about creating the possibilities for its own production or construction”. This
approach reinforces democratic actions that allows participants to see themselves as agents
of transformations and changes.

Education should be referred to as essential process to increase society’s awareness of
collective participation as the path to achieve highly effective public DRR policies, because
it helps better recognizing and understanding natural/environmental conditions and human
actions/inactions capable of leading to disasters, promotes behavioral changes at individual
and collective level, encourages advocacy and rises expectations for social policies aimed
at risk reduction processes (Petal 2009). However, knowledge on this topic must be co-con-
structed based on the cultural frameworks of local communities, about experiences lived by
them and about specific contextual realities. It is necessary setting dialogical relationships
among all stakeholders (including the academia, policy makers and, most of all, hazard-
exposed populations) through risk management activities (Cadag and Gaillard 2012; Ross et
al. 2024; Graveline et al. 2025) such as disaster risk reduction education (DRRE).

Despite the existing initiatives in formal (e.g., schools, universities) and non-formal
(e.g., museums, non-governmental associations) settings, DRRE is a relatively new field
that lacks consolidated implementation methodologies. Shortage of validated methods and
challenges faced to assess these initiatives’ short- and long-term impacts are significant
gaps in the scientific literature and in DRRE practices (Johnson et al. 2014). According to
the Theory of Meaningful Learning (Ausubel 2000; Novak 2011), knowledge acquisition is
more effective when new concepts are connected to learners’ prior knowledge, emotions and
actions. Interactive activities must aim at cognitively (minds-on), emotionally (heart-on)
and experientially (hands-on) engaging participants in fostering motivation and in creating
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an environment conducive to meaningful learning (Wagensberg 2001; Teran and Almeida
2014a, b). Such strategies also support personal empowerment and citizenship exercising
because they make students feel capable of acting in their realities and of transforming
them. Some interventions have shown integrated approaches that combine environmental
education to behavior change and civil engagement, mainly in Brazil (Matsuo and Silva
2024). Coates (2021) addresses how DRRE initiatives in Rio de Janeiro schools have tack-
led socio-environmental vulnerabilities through context-specific strategies. It is essential
investigating how participatory educational workshops can promote sustained meaningful
learning and enhance students’ awareness of landslide risks within the DRRE context.

The aim of this study is to analyze the impact of a participatory educational workshop on
high school students’ conceptual understanding and perception of landslide risk in light of
the Meaningful Learning Theory. Senior high school students from a public school in Rio
de Janeiro Metropolitan Region enrolled in the discipline ‘Citizenship and Environment’
attended the workshop. The Someday the Slope Will Fall workshop was part of the exten-
sion project “Living Slopes” (Mendonga 2024) implemented at Federal University of Rio
de Janeiro (UFRJ).The workshop follows an interdisciplinary design aimed at physical and
social aspects of landslide disasters. The adopted methodology includes interactive activi-
ties like landslide simulations and the assessment of their impacts. The activities followed
interactive models capable of providing attendees with meaningful learning experiences.

The current article is organized into sections, as follows: the first section briefly intro-
duces the adopted theoretical framework (the Theory of Meaningful Learning), the sec-
ond section describes the methodological approach adopted for workshop implementation
and assessment; the third section focuses on introducing and discussing the results and the
fourth section presents the final considerations.

2 Methodology
2.1 Theory of meaningful learning

The Theory of Meaningful Learning developed by Ausubel (2000) states that new knowl-
edge is acquired when it is integrated to learners’ cognitive structure and gets connected to
pre-existing concepts. This process results in a more personal and meaningful understand-
ing of the learned concepts, which can be applied on a daily basis and lead to a more endur-
ing understanding.

Ausubel (2000) differentiates meaningful learning from rote learning because contents in
the second case are merely memorized without genuine personal meaning making. Learning
is an on-going process and meaning can be built from prior knowledge initially added to
one’s cognitive structure through rote mechanisms (Lemos 2011). Such an association with
prior knowledge is not limited to formal learning contexts, it also encompasses non-formal
education contexts and knowledge acquired through daily experiences and local knowl-
edge (Oliveira and Coutinho-Silva 2020). This process holds particular relevance for risk
management processes that require the integration of local knowledge systems. Exploring
attendees’ prior experiences with a subject matter, validating the unique knowledge each
individual brings along and fostering collective scientific knowledge construction through
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educational workshops, such as those focused on disaster risk reduction, are common
practices.

The theory by Ausubel (2000) emphasizes four essential knowledge construction prin-
ciples, namely: progressive differentiation whose general concepts are introduced before
the specific ones, integrative reconciliation, which links new knowledge to prior learning,
sequential organization, which arranges contents logically and progressively arranges the
contents and (4) consolidation, which reinforces and stabilizes learning through reviews and
practices. This theoretical framework can work as basis to design formal and non-formal
educational activities (Oliveira and Coutinho-Silva 2020).

2.2 Sequence of teaching activities applied for educational workshop
implementation

The sequence of activities designed for the “Someday the Slope Will Fall” workshop imple-
mentation and assessment has seven steps, as shown in Fig. 1.

Qualitative approach was applied to investigate students’ perceptions about landslides
and disasters before and after the workshop. Short questionnaires with open- and closed-
ended questions were sent to the students for the pre-workshop assessment and the answers

Lesson on environmental impacts + mind k
maps creation
) +7 days
Risk perception questionnaires
administration (pre-workshop)
+1 day
"Someday the Slope Will Fall” workshop
implementation
+7 days
First learning assessment (1 week post
workshop)
+61 days
Second learning assessment (2 months post
workshop)

Fig. 1 Timeline of the teaching activities sequence adopted in the present study
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were subjected to content analysis (Bardin 1970) based on three main stages: pre-analy-
sis, material exploration and results’ treatment through interpretation. This methodology
enabled categorizing attendees’ answers, finding the patterns, observing conceptual under-
standing shifts and potential misconceptions. The effective role played by the workshop in
participants’ knowledge construction process was also assessed.

2.2.1 Lesson on environmental impacts and creating concept maps

The schoolteacher taught students about environmental impacts as part of topics to be intro-
duced in the discipline ‘Citizenship and Environment’. These lessons covered concepts like
positive and negative environmental impacts, and were in compliance with CONAMA Res-
olution N. 001/86' (Brasil 1986). Keywords for mapping the concepts used to plot graphic
representations of the knowledge were applied to help consolidating students’ learning
through visually associating human activities with environmental impacts (Moreira 2010;
Novak 2011). These concept maps reflect students’ mindset and highlight Meaningful
Learning (Moreira 2010) and potential misconceptions about the investigated topic (Novak
2011). Students were provided with a categorized list comprising human activities environ-
mental aspects (causes) and environmental impacts (effects) to help them make accurate
connections and to plot the maps. Students presented their maps to the class in a seminar.
They shared their conclusions and got feedbacks from their peers and from the teacher. This
approach was designed to encourage debate and active learning. This stage was not formally
assessed since it took place without supervision by the lead researcher.

2.2.2 |dentifying risk perception

Two questionnaires were applied before the workshop to assess students’ perceptions about
landslide-associated risks. The first questionnaire was applied one day before the interven-
tion and it focused on attendees’ general awareness of risks observed in their neighborhoods
without specifically targeting landslides, as highlighted in the following questions: Where
do you live?; Are there any risks/hazards in your neighborhood? If yes, please specify it.
The second questionnaire was applied on the following day, right before the workshop. It
was done to investigate their perceived association between rainfall and landslides Most
landslide events observed in Brazil are triggered by intense rainfall events (Guidicini and
Nieble 1984). This second questionnaire comprised the following questions: Do you enjoy
the rainy weather? Please explain why; What thoughts or concerns come to your mind when
it rains?

2.2.3 Implementing the "Someday the Slope Will Fall" workshop

The workshop followed the components described in Appendix 1. It covered physical and
social processes underlying landslide disasters, their associated impacts and the mitigation
measures taken. The workshop followed an interdisciplinary approach to address the topic,
a problem-based learning (PBL) methodology, participatory activities and experiments. All

National Environmental Council (CONAMA) is a Brazilian federal regulatory body responsible for setting
environmental guidelines. This resolution provides the conceptual framework applied to assess environmen-
tal impacts in Brazil.
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the activities were based on the literature and on students’ prior experiences (Valéncio et
al. 2009; Shaw et al. 2011; Selby and Kagawa 2012; Mendonga and Valois 2017; Zhu and
Zhang 2017; Mendonga et al. 2019). The 50-minute activity was structured over four the-
matic modules (Fig. 2), namely: conceptualizing disaster and landslide, introducing soil—
type information, physical simulation of landslide processes, discussing about triggering
natural and anthropogenic factors, and discussing about mitigation measures, community
participation protocols and the introduction of early warning systems.

2.2.4 Learning assessment

A questionnaire was applied one week after the workshop to assess students’ understanding
of the topic as post-workshop assessment. This questionnaire held seven questions: How
would you define a disaster? Give some examples; Are all landslides necessarily disasters?
Justify your answer; What are the primary causes of landslides?, What mitigation measures
can prevent landslides?, What actions should be taken when a landslide hazard is identified
in your community?, How are communities warned about landslide risks?, How does the
early warning system for landslides work?.

The second post-workshop assessment took place two months after workshop imple-
mentation. It followed the stimulated recall methodology, which assesses attendees’ ability
to retrieve key information through visual prompts and to apply knowledge to specific con-
texts. This approach not only enables identifying the memorized content, but also identi-
fies whether attendees can set practical connections between the addressed concepts and

Ji |
Module 3

|
Module 4
|

Fig.2 Overview of how the “Someday the Slope Will Fall” workshop were set. Module 1 introduces land-
slide and disaster concepts without a physical model, Module 2 uses the model to show soil influence on
slope weakness; Module 3 represents a hillside and it aims at connecting concepts to real slopes, Module
4 addresses emergency actions linked to imminent landslide situations
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Table 1 Cards’ content used for
the second learning assessment

Causes

Mitigation measures

Construction debris
Terrain excavations
Ground overload

Lack of public policies
Climate change

Waste accumulation
Inadequate landfills
Water leakage
Insufficient investment
Deforestation

Sewage leakage

Warning siren

Rain gauge network
Psychological support
Civil defense coordination
Evacuation protocols
Drainage systems
Hospital preparedness
Fire Department response
Environmental education
Emergency shelters
Urban planning regulations

Intense rainfall events Ambulance services

Poor-quality constructions Retaining walls

Reforestation

Table 2 Risks perceived by stu- Perceived risks
dents in their neighborhoods

Number of answers

Military operations

Drug trafficking and military operations
Armed robberies and shootings

Drug trafficking

Theft and pedestrian run over

— N~ B~ O 2

Heavy rainfall events and water shortage

real-world scenarios, since this process is a key meaningful learning indicator (Falcao and
Gilbert 2005; Rocha 2008; Pereira and Coutinho-Silva 2011). A card-based activity was
carried out with 27 cards. Card contents encompassed causal/triggering factors for landslide
events (13 cards) and landslide risk mitigation measures or disaster impact reduction strate-
gies (14 cards)—Table 1.

3 Results and discussion

The findings are presented in the same sequence adopted to the teaching activities described
in the previous section.

3.1 Identifying risk perception (pre-workshop assessment)

Answers from 27 questionnaires were analyzed to identify how students perceive risks
in their neighborhoods. The perceived risks were military operations (n=7, 26%), drug
trafficking and military operations (n=9, 33%), armed robberies/shootings (n=4, 15%),
theft and pedestrian run overs (n=2, 7%), drug trafficking alone (n=4, 15%), heavy rain-
fall events and water shortage (n=1, 4%), as shown in Table 2. Notably, 99% respondents
mentioned risks associated with urban violence. Processes linked to relativizing risk pro-
cesses are likely the outcome of hazardous events’ frequency because the occurrence of
geo-hydrological events (landslides and floods) is much lower than that of urban violence.
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This phenomenon is consistently observed across multiple landslide-susceptible areas
where communities prioritize immediate daily hazards over episodic ones (Heitz et al. 2009;
Thiene et al. 2017; de Mendonga and Gullo 2020).

In total, 29 participants completed the second pre-workshop questionnaire (Table 3).
Notably, only three respondents (10%) mentioned environmental hazardous events associ-
ated with rainfall events. The remaining respondents emphasized beneficial rainfall-related
aspects. Similar findings were reported by Mendonga and Abrantes (2022), who applied the
same questionnaire in two public schools in Northern Rio de Janeiro City, where only 12 out
of 365 respondents (3%) mentioned rainfall-related adverse impacts in their neighborhoods.
These findings corroborated the observed risk-relativizing pattern because students often
emphasized positive rainfall-associated events rather than negative ones.

3.2 Implementing the "Someday the Slope Will Fall" workshop

It was coordinated by three extension project mediators (including two co-authors of the
current study). Module 1 addressed core landslide and disaster concepts, and emphasized
the difference between an isolated event and a disaster. Initially, some attendees mistak-
enly gave affirmative answers when they were asked about whether every landslide was a
disaster. Examples of isolated landslides that did not affect the social system and that, con-
sequently, did not lead to hazardous situations were introduced to the students. According
to Ausubel (2000), this process reflects progressive differentiation and integrative reconcili-
ation principles. Students reorganized their understanding about the investigated topic by
establishing connections between new knowledge and their previous ideas.

The second module enabled exploring the influence of soil type on slope stability. Dif-
ferent soil types were placed in PVC cylinders. It was done to show the difference between
soil angles at rest after the cylinders were removed leaving the soil unconfined. The close
association between soil angle at rest and soil strength was explained to participants — it
was shown that maximum soil shear stress can hold without sliding. The wider the angle
and the steeper the mound of soil after the cylinder is removed, the higher the soil strength

Table 3 Categories of students’ answers about their perception of rainfall-associated events

Response category Example excerpts Num-
Overall Description ber of
feeling answers
Positive Sleeping and/ P17: “To rest and stay home” 52%
or resting P18: “It creates a good atmosphere for sleeping” (n=15)
P29: “Staying home, getting warm under a blanket, sleeping”
Positive effect P2: “I believe rainfall cleanses one’s soul, I love the smell of it 31%
induced by and it makes me happy” (n=9)
rainfall P4: “It reminds me of holidays at my grandmother’s house”
P12: “I like to think about how cold it is”
Negative Flooding P3: “It floods the place I live in” 10%
events P26: “Flooding, mainly because I live in Rio” (n=3)
P20: “People in the lowlands. Everything gets flooded”
Rainfall- P14: “When it rains, I cannot do anything” 7%
induced P23: “Crowded subway, wet shoes, everything that is bad” (n=2)
discomfort
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(Lambe and Whitman 1969). The aim of this activity was to highlight that slope stability
also depends on soil type, but there can be spatial variability across different regions.

Students had a hard time understanding the concept of soil strength. Classroom objects
such as a wooden and a steel table were used to illustrate material resistance and to relate
it to the magnitude of force each one of them can resist to. This analogy helped students
to connect prior knowledge to new concepts, according to the integrative reconciliation
principle, which was defined by Moreira (2010) as the associations set between pre-existing
concepts within one’s cognitive structure and newly acquired knowledge Students were able
to correctly tell what soil type was more resistant, or, as they said, “the soil that could bear
more weight”. This process also reflects progressive differentiation (Ausubel 2000) because
students initially had an overall understanding of soil types and they gradually refined their
understanding of this subject.

The third module used an interactive model to address additional natural and anthropo-
genic factors likely influencing landslides and their overall impacts. The model was enclosed
in a glass case and it represented a slope formed by a layer of potentially unstable granular
material over a high-resistance substrate simulated by an inclined Styrofoam board (Fig. 3).
Students were asked to increase the model’s slope inclination by using a small hydraulic
jack to force the soil to slide down. It was done to show the association between slope
steepness and susceptibility to landslides. Initially, they had a hard time understanding how
slope angle increase could happen in real-world scenarios. Then, the workshop mediators
introduced the common practice of cutting a slope to allow construction sites on inclined
terrains. In this case, portions of the hillside are excavated to create horizontal plateaus to
build houses and roads on them. At this point, concepts like slope angle and soil type were

ema de sirenes ¢

Fig. 3 Front diagonal view of the model representing a hillside. It was used to implement workshop
Module 3. Granular soil is observed on the left side of the slope, whereas soil with vegetation cover is
seen on the right side of it
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associated with each other, with emphasis on the need for following technical guidance at
the time to build on hillside areas.

Students observed the impact of the investigated phenomenon on buildings and urban
infrastructures during landslide simulations. They concluded that it was not a mere isolated
landslide event, but the simulation of a disaster. The simulation was also used to trigger dis-
cussions about the role of vegetation in slope stability. The experimental slope was divided
into two partitions and presented to attendees. One of the partitions only comprised gravel,
and the other one encompassed gravel in combination to plastic plants. The area covered
with plastic vegetation remained stable, whereas the other area slid down (it simulated a
landslide). Then, they identified the role of roots in enhancing soil resistance.

This scenario showed an integrative reconciliation process because students added their
prior knowledge about vegetation and its environmental importance to new concepts associ-
ated with soil strengthening in order to keep it stable. This integration helped reorganizing
their cognitive structure and broadened their understanding about this topic (Moreira 2010).

A volunteer slowly poured water from a watering can onto the slope to make attendees
perceive the effect of rainfall events as the main agent triggering the landslides. It was pos-
sible seeing the landslide process after some time of water infiltration (Fig. 4). The students
were questioned about how water helped making the slope slide. Most answers blamed “soil
weakening by water infiltration” for the landslide. They were told that rainwater infiltrates
the ground and increases the pressure on the soil, which reduces soil strength. Once again,
students were asked why the landslide did not happen in the model side covered with plastic
vegetation. It was done to reinforce the importance of preserving vegetated areas on slopes.
Their answers were correctly linked to the effect caused by plant roots, and it has evidenced
a Meaningful Learning process. Integrative reconciliation enabled students to connect new
knowledge about soil strength and the role of vegetation to what they had previously learned
about landslides.

Participants were asked about other human actions assumingly influencing slope sta-
bility, besides excavation and deforestation. Some students identified waste dumping and
sewage discharge right on the slope. This conclusion opened room for discussions about
the role of waste and sewage discharge in slope overloading, which is similar to the role
of continuous light rainfall, which helps increasing water pressure on the soil. These dis-
cussions corroborated previous research about how inadequate sanitation systems in urban

Fig. 4 Student interacting with
the model to simulate a rainfall
event on the slope
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peripheries help causing slope instability and increasing the risk for disasters (Nogueira and
Paiva 2018; Gomes et al. 2024). Contents addressed in previous lessons about environmen-
tal impacts before the workshop were mentioned as students identified human interventions
in the model. The aim of this approach was to consolidate the association between new
contents and previously constructed knowledge.

The fourth and final workshop module addressed measures that can be adopted by
residents living in risk areas when they face potential landslide situations. Students were
asked about emergency actions such as the need for emergency area evacuations during
heavy rainfall events. The early warning system was mentioned, with emphasis on “rainfall
thresholds” that trigger alerts to residents living in risk areas and instruct them to immedi-
ately move to a safe location like public emergency shelters. The students were introduced
to the two audible alerts issued by Rio de Janeiro City in these situations: one works as
preparatory warning due to heavy rainfall forecast in the area and the other informs the
need for seeking immediate emergency shelter. Two students shared their experiences with
evacuation sirens. They highlighted that many residents ignore the warnings, either because
they do not know where to go to or because they do not trust the system. This scenario
prompted a discussion about the relevance of having residents previously informed by the
Civil Defense about emergency shelter locations in their neighborhood and their evacua-
tion routes. Residents should get mobilized and advocate for the implementation of these
resources in coordination with governmental agencies when they are not available in their
communities. This conversation between mediators and students was an example of active
student participation in educational activities because the educational content was improved
by the incorporation of local reality aspects to it. What was experienced in the classroom
showed that purely informational educational actions are not enough to generate the neces-
sary behaviors in hazard-exposed populations. Actually, it is essential to adopt an integrated
approach to combine scientific knowledge to bottom—up capacity building (Benadusi 2014).
The discussion moved towards the rain gauge used by the municipal government to mea-
sure rainfall indices, which, in their turn, are used as basis to trigger warnings in each city
region. Other communication channels to signal landslide hazards were also mentioned,
such as SMS alerts and the local mobile app called “Alerta Rio” [Warning Rio]. Emphasis
was given to the role of the Civil Defense agency in managing disaster-risk processes, since
it is primarily responsible for coordinating preparedness and response actions focused on
socio-environmental disasters or emergency situations. The main aims of this agency are to
protect lives, reduce damage and promote community resilience (Liberato 2020).

Finally, it was emphasized that students must become spokespeople to inform and act
as agents of change in disaster-risk prevention processes in their communities. Accord-
ing to UNESCO (2017), meaningful learning should happen throughout life by combining
formal, non-formal and informal education in order to strengthen individual and collec-
tive resilience. This approach enables applying knowledge acquired in the classroom in
daily practices, besides fostering greater awareness and social engagement in risk mitigation
processes.

3.3 Learning assessment
The analysis of results recorded for the first post-workshop assessment counted on 19 stu-

dents. It was carried out one week after the workshop and showed satisfactory outcomes
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Table 4 Rate of hits recorded for questions in the first post-workshop assessment questionnaire

Questions Number of hits
What is a disaster? Provide an example 89% (n=17)
Is every landslide a disaster? Justify your answer. 74% (n=14)
What are the main causes of landslides? 74% (n=14)
What can we do to prevent landslides on slopes? 89% (n=17)
What can we do if there is landslide risk in our community? 79% (n=15)
How is the population informed about the risk for a landslide event? 95% (n=18)
How does the equipment to warn the population about such a risk work? 63% (n=12)

Table 5 Rate of hits recorded for questions in the first and second post-workshop assessment questionnaires.
Total number of answers in 1st post-workshop assessment=19; total number of answers in 2nd post-work-
shop assessment=26

Questions Ist Assessment—7 days after the  2nd Assessment—68
workshop days after the workshop
What is a disaster? Provide an example 89% (n=17 hits, 19 students) 85% (n=22 hits, 26
students)
Is every landslide a disaster? Justify your 74% (n=14 hits, 19 students) 73% (n=19 hits, 26
answer students)

for disaster and landslide definitions, their causes and warning systems. Accuracy rates
recorded for questions related to these topics were higher than 70% (Table 4). Rainfall was
the most often mentioned event among landslide causes since it was the answer in 17 out of
19 responses. This is a noteworthy finding in comparison to that of risk perception question-
naires applied before the workshop, since the prior-to-workshop questionnaire did not show
any connection between rainfall and landslides. In addition, some respondents (37%, n=7)
did not recall the name of the equipment adopted to measure rainfall events (rain gauge), but
they understood its concept and how it worked. Rain gauges were presented at the end of
the workshop, when participants were in a hurry to leave for work or lunch, and it could had
reduced their attention and engagement in the activity. According to Rennie and Johnston
(2004), Novak (2011) and Moreira (2012), context has straight influence on learning.
Johnson et al. (2014) stated that lack of long-term validation of learning from educational
interventions is a common DRRE limitation. However, although the long-term timeframe
may not be the most appropriate validation, the herein conducted assessment activity took
place approximately two months after the workshop and the first workshop activity.
Accuracy rates in the second post-workshop assessment were comparable to those of the
first one (Table 5). The number of respondents to the second questionnaire (26 individuals)
was larger than that to the first one (19 individuals) because the number of students in the class-
room was different. Tis factors came up as an study limitation, since it could represent bias
to the results. Questionnaires answered by those who did not attend the first post-workshop
assessment were included in the analysis, and it might have potentially affected the straight
comparison between the two post-workshop assessments. However, it was not possible ensur-
ing that the same individuals answered to both questionnaires, because they were anonymous.
With regards to the second post-workshop assessment, students were asked to attend an
activity with cards whose contents were described in Table 1. They were asked to classify
different actions presented on the cards into two categories, namely: “causes of landslides or
landslide-related disasters”, and “mitigation actions”. The meaning of “to mitigate ” was pre-
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sented before the cards were introduced to attendees. One of the students shared examples of
mitigation actions adopted at the disaster response stage, most specifically during flood and
landslide-related disasters that took place in Rio Grande do Sul State (Brazil) in April 2024
(dos Santos Alvala et al. 2024). His story highlighted a meaningful learning process, since
he used the word ‘mitigation” in contexts different from the one presented by the mediator.

After each card was disclosed, students marked their answers in their notebooks and
shared them, and their justifications, with the group. This process triggered discussions
about a range of hazard-related issues; however, it also revealed some specific conceptual
gaps. Findings were summarized in Table 6 in order to clearly differentiate topics that had
opened room for substantial debate from those seen as likely barriers to it.

The use of cards featuring these concepts’ visual representations linked to the first, third
and fourth difficulties helped attendees to give correct answers based on recalling the work-
shop through the presentation of graphical stimuli. Stimulated recall techniques suggested
by Falcao and Gilbert (2005), Rocha (2008) and Pereira and Coutinho-Silva (2011), which
are based on visual objects available at the workshop and representative images of the
addressed concepts (such as the use of cards), proved effective.

The role of Civil Defense, in its turn, required stronger reinforcement because students
could not properly identify its competence in disaster-risk contexts, even after they were
exposed to visual stimuli. This topic was addressed at the end of the workshop, when stu-
dents were eager to leave the room for lunch and/or work. This finding points toward the
influence of contextual factors on Meaningful Learning, as emphasized by Rennie and John-
ston (2004), Novak (2011) and Moreira (2010).

After spending two months without educational activities specifically focused on this
topic, students correctly addressed 85% of contents linked to all 27 topics assessed through

Table 6 Summary of discussed topics and difficulties

Topics triggering substantial discussion Concepts posing difficulty

1. The term “rain gauge”, although
students explained that warnings come
up when rainfall measurements exceed a
given threshold - they could not recall the
gauge’s specific name

1. Slope overload caused by waste and debris accumulation

2. Irregular constructions leading to additional stress in slope
massifs

3. The effect of rainwater, and pipes and water tanks’ leaks in
saturating the soil and reducing its shear strength

4. The impact of sewage discharge on the soil (both pollution
and increased saturation)

5. The role of trees, particularly of their roots, in increasing
soil strength
6. Public sanitation, drainage and safe construction policies

7. The use and purpose of retaining structures to prevent slope

failures

8. Psychological support for victims of disasters

9. Sirens, shelters, ambulances and firefighters in imminent
landslide risk

10. Environmental education in awareness and community
preparedness

2. The role of Civil Defense in disaster
management and mitigation

3. The concept of soil filling on slopes

4. How excavations influence landslides.
Students observed that excavations in-
crease soil susceptibility, but they did not
recall the role of slope angle modification
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the workshop cards. Therefore, the workshop was effective in help constructing knowledge
on disasters associated with landslides, their causes and risk reduction measures. Thus, it is
possible stating that DRRE is an appropriate risk reduction tool.

Meaningful learning about socio-environmental disasters and their implications played
key role in students’ civil education because it fostered critical thinking and triggered emo-
tional connection to this topic. This learning type not only enhanced awareness of disaster
risks, causes and mitigation measures, but it also helped empower students to preventively
act in emergencies. According to Moreira (2012), the more one learns meaningfully, the
greater one’s ability to acquire new knowledge and to develop the intellectual autonomy
necessary to apply what one has learned in order to solve daily problems.

3.4 Workshop improvement proposal

Efforts to identify the ways to improve results recorded for the implementation and assess-
ment of the investigated workshop were outlined below:

1. Including an additional lesson on the role of the Civil Defense, which would address the
competences of governmental agencies involved in different Disaster Risk Management
(DRM) processes through interactive activities, namely: prevention, mitigation, prepared-
ness, response, restoration and recovery. This activity would include slides and practical
examples to associate previously taught concepts such as mitigation measures and risk
prevention. Based on experiences reported by Mendonga and Valois (2017) and Mendonga
etal. (2019), the lesson could also count on Civil Defense agents’ participation to help bet-
ter integrating new contents and fostering greater interaction with these key stakeholders.

2. Carrying out a workshop on rain gauge construction and use. This activity would teach
students to build rain gauges, install them in their communities, record rainfall data and
collaboratively create rainfall maps. Students’ active participation in building instru-
ments and in data collection would enable them to practice citizen science within the
DRRE context (Marchezini et al. 2017; Paul et al. 2020). This process would allow con-
necting theory to practice, promoting meaningful learning and emphasizing the impor-
tance of adopting monitoring and prevention measures.

3. Assessing the implemented activities throughout the entire school year, with emphasis
on documenting students’ risk reduction actions in their communities, as well as the
process to share the acquired knowledge with people they interact with.

4 Conclusions and final considerations

The current findings have evidenced that the teaching sequence linked the “Someday the
Slope Will Fall” educational workshop, which was based on the Theory of Meaningful
Learning, has successfully achieved the outspread and exchange of knowledge about land-
slide disaster risks by addressing natural and anthropogenic conditioning factors, as well
as risk reduction actions. The activity not only sparked students’ interest, but also actively
engaged them in these actions, since they interacted with mediators and expressed their
willingness to join future project initiatives. The interactive and contextualized approach
fostered students’ connection to real-world issues, besides stimulating critical thinking and
triggering their emotional connection to the investigated topic.
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The study showed that participatory, interdisciplinary educational activities significantly
improved students’ understanding of landslide disaster risks and their associated mitigation
strategies by addressing the proposed research question. Evidence of the first and second post-
workshop assessments pointed out that the understanding of key concepts and the possibility
of applying learned contents in real-life contexts, and they are elements complying with the
Meaningful Learning premise. None of the herein investigated students had spontaneously
associated rainfall events to landslides before the workshop, although the community they
live in is often affected by landslides and floods. Students reached hit rate higher than 80%
in a questionnaire about the addressed topics one week after the workshop, on average. They
showed significant knowledge retention and proficient debate skills on nearly all assessed
topics two months after the workshop. These findings reinforce the potential of educational
interventions in disaster risk reduction and validate their role in strengthening local resilience.

The dialogic relationship between workshop mediators and school students during the
assessed activities made it clear that DRRE can be used as tool to foster collaborative initia-
tives and help improve local living conditions. Students have shared their experiences and
perceptions during the workshop, and it immediately shaped the activity’s content by incor-
porating local specificities highlighted by them. This approach reinforced the relevance of
democratic actions, since each attendee saw itself as transformation and change agent.

The findings are a positive step forward in the field of disaster risk reduction education
(DRRE) since it provides a detailed set of socio-educational activities on landslide hazards
and disasters and their respective methodological principles in combination to evaluation
processes that, in their turn, can be used or adjusted to other scenarios. Although DRRE
effectively promotes society’s engagement in planning and implementing DRR actions, it
is essential making sure that it is not used as justification for shifting the responsibility of
public authorities (who bear the duty of systemic disaster risk governance) for such actions
to residents living in hazard-prone areas.

Despite being a very challenging goal, the DRRE initiative helps to avoid disaster risk
creation processes (Muir and Opdyke 2024) by encouraging students to engage in reflec-
tions about both landslide hazards and environmental injustices leading to vulnerability. The
workshop fosters civil awareness by emphasizing youth engagement, autonomy and collec-
tive agency, and pushes critical dialogue on how social decisions, such as urban planning,
sanitation policies and environmental care can reduce or exacerbate the risks for hazardous
events. This approach is in compliance with a recent work by Muir and Opdyke (2024), who
argued for educational interventions to act in the root causes of vulnerability, and for the
Meaningful Learning principles and the transformative educational perspective advocated
by Moreira (2012), Mendonga and Valois (2017) and Mendonga et al. (2019).

Some promising research directions to be highlighted lie on assessing the impact of
incorporating new stakeholders, such as Civil Defense agents, to educational activities;
implementing a workshop on handmade rain gauges associated with participatory rainfall
distribution mapping; and assessing the workshops’ effects beyond school settings, most
specifically within students’ communities and families.

Appendix

See the Table 7.
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Table 7 Description of main materials used in the workshop, including quantity specifications, notes on ap-
plications and information about the module they were use in

Materials Quantities  Observations Photos Workshop
modules the
materials
were used in

Types 1,2and 1 Kgeach The amount of each soil type Module 2

3 Soil: samples must be enough to fill one

of sandy, clayey PVC cylinder (as specified

and gravel soils below); soil samples must

were used show visible different rest

angles

Colored PVC 3 Units Used for soil placement

cylinder seg- purposes

ments open at

both ends.

Trays 3 Units Used to hold each soil-filled

cylinder
Model 1 Unit Model inside a glass box used Modules 3
to represent the slope, the and 4

vegetation and the buildings
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Table 7 (continued)

Materials Quantities  Observations Photos Workshop
modules the
materials
were used in

Model support 1 Unit Articulated wooden support Module 3

structure frame used for model inclina-

tion adjustment purposes

Hydraulic jack 1 Unit Hydraulic Jack model with Module 3

minimum piston lift of
15 cm to force the glass box
inclination

Broomstick 1 Unit Used as manual actuator to Module 3

handle (rod) operate the hydraulic jack

Siphon Im Used to drain water from Module 3

the model into a reservoir
(bucket) for water collection
purposes

Watering can 1 Unit Used to simulate rainfall over Module 3

filled with water the model

Bucket (or 1 Unit Used to collect water drained Module 3

reservoir) from the glass box during

rainfall simulations
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Table 7 (continued)

Materials Quantities  Observations Photos Workshop
modules the
materials
were used in

Gravel (aquari- 1 Kg Gravel placed on the model to Module 3

um stones) simulate the soil layer prone

to sliding

Informative 4 Units Captions: deforestation, Module 3

signs waste, sewage and soil

excavation

Clinometer 1 Unit Used to measure the slope Module 3

angles of the model at the box
inclination stage

PET bottle rain 1 Unit Used to show rain gauge Module 4

gauge functionality
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