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Abstract: Small-scale physical models of geotechnical problems are thought-provoking didactic
tools that motivate students by arousing their curiosity and facilitating the understanding of
physical phenomena and theoretical concepts. This work presents the development of an
educational video about slope stability failures and its contributing factors. It shows several
small-scale models built in a glass wall tank measuring 150 x 50 x 10 cm. Layers of fine gravel
were placed on a sloping surface of polystyrene to represent a slope with a layer of residual soil
on rock. Toy houses and cars were used to represent anthropogenic agents, and water with dye
represents the groundwater flow. Each model depicts a different scenario of shallow slope
failure. The objective of the video is to show that most slope failures in urban areas result from
natural and anthropogenic factors. Several influence factors are shown: porewater level rise,
excavation, surcharge application, and solid urban waste deposition. The 6-minute video has
had more than 130,000 views on YouTube. Thanks to its simple and concise language, the video
is shown in basic education and science museum, as well as in graduate and undergraduate
courses. A questionnaire survey was carried out with undergraduate students to assess how
helpful the video was for the learning process. This article explains the construction of the
model, the video script, and the strategies for its use, as well as its reception. It was found that
the video promoted motivational and learning benefits of providing context, establishing

relevance, and teaching inductively.

Keywords: Landslides; Physical modeling; Disaster education; Slope stability; Educational

video
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1. Introduction

Landslides are a frequent natural hazard and a major threat to humans and the environment
worldwide (UNISDR, 2017). The rate of rain-induced landslide disasters has significantly
increased in quantity and impact magnitude over time. However, being greatly underestimated,
many were incorrectly attributed to other associated events such as floods, storms or
earthquakes (Petley, 2012; Hernandez-Moreno & Alcantara-Ayala 2017). Despite the fact that
the numbers are underestimated, the International Disaster Database (EM-DAT, 2023), which
uses the criterion of a minimum of ten fatalities for an event to be included in the database,
recorded a total of 371 landslides causing 17,159 fatalities and about 4.8 million affected people
during the period 2002 — 2022 worldwide. It is also important to mention that the participation
of human activity as triggering factors of landslides, in particular in relation to construction and

hill cutting, is increasing (Froude & Petley, 2018).

Based on the Brazilian Atlas of disasters (Brasil, 2023), 1,246 landslide disasters were officially
registered in Brazil between 2001 and 2021, involving 604 fatalities and 4.2 million affected
people. Similarly to what occurs on a global level, these quantities are, however, heavily
understated. The association of data from the 2010 Demographic Census with those deriving
from mappings carried out in risk areas in 872 Brazilian municipalities monitored by the
National Center for Natural Disaster Monitoring and Alerts in 2018 allowed estimating that the
population living in landslide and flooding risk areas, in these municipalities, back in 2010,
comprised approximately 8.3 million inhabitants (IBGE, 2018). Landslide disasters in Brazil
reveal a form of social organization which results in rapid and disorganized settlement of
landslide-prone areas by poor populations (Da-Silva-Rosa et al., 2015). According to Macedo
& Sandre (2022), the ten most affected Brazilian cities between 1988 and 2022 comprised 63%
of the deaths in Brazil. These cities have great importance for their states and metropolitan
areas, and attract internal migration that increases the pressure for occupation of landslide-prone

areas.

The role of the university is highlighted in the Sendai Framework for Disaster Risk Reduction
2015-2030 (UNISDR, 2015), which is the main international tool for disaster risk reduction.
One of its four main priorities is a clear understanding of the disaster risk by means of improving
the knowledge in every educational level to make society more resilient. Oliveira (2009)

assessed the future of Geo-Engineering Education, and highlighted the importance of
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environmental issues in geotechnics since they are associated to problems that may cause great

harm to society, like natural hazards from inadequate land use, and landslides.

Given the current prevision landslide disasters, there is a growing demand for professionals
prepared for the planning and implementation of risk reduction actions, according to the Sendai
Framework strategies. The geotechnical engineer plays an important role in this process since
he or she is the professional who, along with other geoscience professionals, such as geologists
and geomorphologists, seeks to understand and model the different types of landslide
phenomena and their various conditioning factors to propose the most suited mitigation
measures for local realities. This issue, however, is not limited to the landslide mechanism.
Rather, it involves the social system that can influence and be affected by it, at the same time.
Malamud & Petley (2009) highlight that most disasters occur because of complex interactions
involving hazardous processes and social systems, and the only logical way to address disaster
risk reduction is to consider both elements simultaneously, which means an interdisciplinary

approach.

In this context, geotechnical courses are needed to address the issue of slope stability
considering the local reality of the social system using pedagogical resources that facilitate this
understanding by students. However, it has been observed that normally geotechnical engineers
trained in civil engineering courses, even with master's and doctoral degrees, become over-
reliant on theories and their equations, being far from real field conditions, which in the case of
landslide disasters have a major social component. Small-scale models may play an important
role in improving the learning and teaching conditions. Black et al. (2018) advocate for greater
adoption of experiment-based observation/demonstration to be embedded within the
geotechnical undergraduate curriculum to enrich the student learning experience. Becker et al.
(2018) used small scale models to assist students in understanding flow theory and applications.
This work aims to discuss the conception of a didactic video that uses a reduced model to
address the issue of slope stability, presenting the main anthropic aspects that may contribute
to landslides, as well as their consequences. The work also presents how the video was used in
different spaces of education and the evaluation by an undergraduate class in civil engineering

at the Federal University of Rio de Janeiro.
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2. Materials and methods

2.1.  The basis of the design of the video on slope stability

Considering the demands mentioned above, the slope stability video was conceived by

combining two basic principles, the observational method, and the real-world approach.

Engineering schools and professors have been told to adopt some directions to diminish the
deficiencies in engineering education. Among these directions are teaching more about "real-
world" engineering design and operations and producing graduates who are conversant with the

connections between technology and society (Felder et al., 2000).

In a study on effective learning experiences that best support the development of expert
professional practice in engineering courses, Litzinger et al. (2011) mentioned using context-
rich, multifaceted problems as an approach to help students develop more sophisticated
problem-solving skills than those built when solving typical textbook problems. This kind of
approach is a strategy to link abstract content to realistic problems, which also increases the

students’ motivation.

The material used in engineering courses by the instructor can be categorized as concrete (facts,
observations, experimental data, applications) or abstract (concepts, theories, mathematical
formulas, and models). Although the use of these materials varies from one course to another,
the balance between these two categories has shifted toward abstraction in recent decades. In
this context, Felder et al. (2000) pointed out the challenge to provide sufficient concrete material
to have a better balance. According to the authors, introducing new abstract information
grounded in the student's existing knowledge and experience provided by concrete content
helps to encode it in the students' long-term memories. Also, the concrete content should be tied

to "real-world" situations to increase motivation.

Kusakabe (2022), in his work on development and challenges of physical modeling in
geotechnical engineering, reminded the proverb “To see is to believe” to highlight that
observation is the starting point for modern science. Observation should not be limited to
engineering design activities. Rather, it should be extended to any process that requires
consideration on material behavior and its consequences. In fact, some concrete materials, such

as reduced models, have been used to represent various physical processes in geo-engineering
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education to improve student learning (e.g. Atkinson, 2007; Jaksa, 2008; Herle & Gesellmann,
2008; Seo & Yi, 2023).

In this regard, a video of a small-scale physical model interspersed with animation was
conceived to be used in undergraduate courses of Civil Engineering to explain landslides. This
video is a kind of concrete material to introduce the issue, considering the reality of the landslide
disasters in human-occupied slopes, as described in the preceding section. The video was

designed to be used as a thought-provoking didactic tool.

Simple language was used and complex theoretical explanations were avoided to make the

video suitable for the layman.

2.2.  The video script

The video was conceived to address the following key points: to give a context of landslide
disasters in Brazil; to show the building of the small-scale experiment; to conduct the
experiment while addressing the natural and anthropic triggering factors; to address the impacts

of landslides.

Shallow landslides (Hungr et al., 2014) are some of the most widespread natural hazards
worldwide (UNISDR, 2017). Shallow translational landslide was the type of mass movement
chosen to be simulated as it is the most frequent type observed in Brazil, and usually causing
great harm to society (e.g., Wolle & Hachich, 1989; Lacerda, 2007; Coelho-Netto et al., 2007;
Avelar et al., 2011). Some human activities usually found in areas of disorganized land use (e.g.,
cutting and filling to build houses or roads, solid waste dumping deforestation, and inadequate
water supply, sewage and drainage systems) increase the landslides hazard (Mendonca &
Guerra, 1997; Michoud et al. 2011). Therefore, some of those were represented in the model.

Table 1 shows the video script.


https://link.springer.com/article/10.1007/s11069-021-04676-y#ref-CR30
https://link.springer.com/article/10.1007/s11069-021-04676-y#ref-CR48
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Table 1. Script of video available on YouTube (https://www.youtube.com/watch?v=K9i3JyXocgl).

Speech

Images (video time)

Part 1: Contextualization of landslide disasters in Brazil (0:27-1:44)

Narrator: The objective of this video is to explain why landslides occur on the slopes, and to show how
human occupation can influence these disasters.

The problem occurs in several regions of Brazil, especially in the rainy season, and is repeated every
year, causing loss of life, social and psychological damage. In the last 3 years, just over a thousand
people died in landslides in several cities in the state of Rio de Janeiro. Much larger numbers of people,
including children, the elderly and the sick, were displaced or made homeless. Added to this is the
physical damage caused by the destruction of homes, roads and water and sewage networks.

The poor who occupy inappropriate areas in a disorderly fashion are the ones who suffer the most from
this.To understand the causes of these disasters, it is important to analyze the slope’s subsoil.

One of the most common types of landslides occurs where there is a thin layer of residual soil onto the
rock. The thickness of the soil layers below the surface is of a few meters. Below the soil there is rock.

Narrator: When it rains, the water penetrates the ground through the soil layer until it reaches the rock,
when it changes direction and flows down the slope.

If the rain continues, the soil is saturated and the water causes a force that drags the soil down the slope.

Images of landslides, newspaper stories etc. (0:27-1:18)

Animation: A slope profile, showing a thin soil layer is shown.
Blue arrows indicate the downward movement of the rain until it
reaches the rock. Then the arrows change direction (parallel to
the rock top), and the water level rises within the soil. The
drawing shows a wet region within the soil and blue downward
arrows parallel to the terrain. (1:19-1:44)

Part 2: building the small-scale experiment of landslides (1:45-2:37)

Narrator: This model was created to represent a slope. The glass wall allows you to visualize what
happens. An inclined plane made of polystyrene represents the rock. The soil is placed on top of it. A
tank system with colored water and an electric pump represent the entry of rainwater into the land.

Model: footage of the model assembly.

Part 3: conducting the experiment addressing the natural factors (2:37-3:32)

Narrator: The water level rises and increases the pore pressure in the terrain, but the strength of the soil
is still enough to prevent a landslide.

Narrator: However, if the rain continues to soak the soil, the water level will rise until the strength of
the soil is overcome.

At this point, the landslide occurs.

Model: Steady water flow scenes in the model. (2:37-2:56)

Model: Scenes of water level rising and slope failure in the
model. (2:56-3:14)


https://www.youtube.com/watch?v=K9i3JyXocgI
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Narrator: As we can see in this video, the soil slides on the rock and hits everything in front of it with Model: Scenes of the slide in slow motion. (3:14-3:32)
great energy.

Part 4: conducting the experiment addressing the anthropogenic factors

4.a - cut and fill in a slope (3:32-5:02)

Animation: step-by-step execution of two excavations on a slope,
resulting in two plateaus and the “construction” of a toy house on
one plateau and a toy road on the other. Then two landslides hit
the house and the road.

Narrator: A landslide can happen more easily if the slope is steeper. How does this happen? It is
common to make excavations in the ground to have a level where a house or a street can be built. This
makes the back slope steeper and easier to slide off.
Model: show the failure of the small-scale model caused by the
excavation procedure (no flow). (3:32-4:37)

Narrator: an embankment fill may be placed on the slope to make room for construction of houses or Animation: shows the embankment image that looks stable
roads. If this construction is not performed properly, a slide can be triggered by it. (section equal to the end of the excavation animation).

Narrator: Despite its “safe” appearance, the embankment fill constructed without care saturates during

heavy rains, loses strength and slides. Animation: shows the slide hitting the houses. (4:37-5:02)

4.b - solid waste dumped on the land (5:02-5:12)

Narrator: It's even worse when one dumps rubble and solid waste on the slope. Animation: show an accumulation of solid waste on the slope.

Narrator: This material may be weak, and slide easily when it rains. Animation: show the slide of solid waste and debris down the
slope reaching the house below.

Part 5: Final Considerations (5:12-6:12)

Narrator: The objective of this video was to explain how and why landslides occur on the slopes, and Collection of images of slopes and slope failures (5:12-5:38)
show how the occupation can influence the occurrence of disasters. )
Credits (5:38-6:12)

We hope you have understood why landslides occur and which are the actions that should be avoided
to improve the safety of the slopes.
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2.3.  Construction of the small-scale model

For the construction of the small-scale model, a tank of the Soil Mechanics Laboratory of the
Polytechnic School of the Federal University of Rio de Janeiro was used. This tank is used for
modeling water flow problems. It is made of a steel box 1.5 m wide, 1.0 m high and 0.1 m thick
(Figure 1). A glass front wall and the insertion of dye in the water allow the observation of the
flow lines. Below the tank, there is a water reservoir and an electric pump that may be used to
establish a continuous flow in the model. An inclined plane of painted Polystyrene was inserted
inside the tank to represent a sloping rock (Figure 1), on which shallow landslides occur. Fine
gravel was placed on the inclined plane to represent a soil layer. Toy objects were used to

represent houses, trees, roads and vehicles. Figure 1 shows some of the assemblies.

Figure 2 shows the images of the water level rising and the excavation (a, c, respectively), and

the corresponding animations (b, d, respectively).

(2) (b)
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Figure 1. Steel tank for flow models: (a) view of the tank and, below, the water reservoir and the electric pump;

(b) detail of the glass wall and the Polystyrene inclined plane that simulates the rock; (c) slope and toy objects.

Figure 2. Still images of the video: (a) dyed water level flowing in the soil layer; (b) animation representing the

rain infiltration and the rise of the water level; (c) excavation in the slope; and (d) animation representing the

slope excavation.
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3. Use of the video, assessment, and analysis

The video has a total playing time of 6min and 15s and is available on YouTube

(https://www.youtube.com/watch?v=K9i3JyXocgl).

The video has been shown to undergraduate students in two disciplines (“Soil Mechanics” and

“Slope Stability™).

Slope Stability is taught in the last year of the Civil Engineering course. The video is shown to
the students just before they learn to deduce the Factor of Safety of an infinite slope to help
them visualize the translational failure, the flow pattern caused by the rain, its detrimental effect
on the stability, and the human influence. The video also has a motivational effect, as will be
shown later. During the showing, the professor usually pauses the video to emphasize the
position of the water level and the soil movement. Sometimes the video is shown again after

the theoretical class because it allows more discussions.

In the Soil Mechanics classes, the video 1s shown after a theoretical class to illustrate the effect
of the pore pressure in the shear strength. The video is paused just before the water level rises

to emphasize that the slope failure is caused by the pore pressure increase.
In each case, some time is allowed for the students to discuss the video.

The professor observes the reactions of the students during the exhibition of the video. In the
opinion of the professor, the students like the video, and seem attentive during viewing.
Moreover, the video seems to enhance their learning process, and they are more prone to discuss

the subject after watching the video.

To assess more precisely the effect of the video as a didactic resource, two questionnaires were
applied to 44 students, one before and the other after the exhibition of the video. The video was
exhibited after a theoretical class about the safety factor of the slope, in 2022. The students were
asked what part of the video they liked the most. They gave several different answers, but the
small-scale model was the most preferred (45% of the students). Unlike most classes, in this
experiment, the video was shown after the theoretical class instead of before. However, when
asked to comment on the effect of the video on the lecture, several students asked that the video

be shown before the lecture.

11
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The length of the video (6°) was considered adequate by all students, and helped increase the
interest of the vast majority in the subject. Also, most students admitted paying more attention

to the video than to the theoretical class (Figure 3).

What is your opinion about the Which type of approach did you Did the video change your
length of the video? pay more attention to? interest in slope stability and
% shear strength of the soil?
. 0%
= Too short = Theoretical class = My interest decreased
= Adequate = Video = My interest did not change
= Too long = Same attention to both = My interest increased.

Figure 3. Opinions of the students about the video.

Two questions were designed to assess if the students had really learned the topic, and the effect
of the video. The students were asked if the safety factor of a slope could be different if it were
under human occupation (Figure 4), and if they had understood the failure mechanism of an
infinite slope due to rain (Figure 5). It is clear that the video helped the learning process in both

casces.

12



Could the human occupation change the safety factor of a slope ?

100%
90%
80%
70%
60%
50%
40%
30%
20% .
° After the video
10%
0% Before the video
(after a theoretical class)
Yes
No
194
195 Figure 4. Students’ understanding of the influence of the human occupation in the slope stability (before and
196 after the video).
How much did you understand about the failure mechanism of an infinite slope
due torain?
70%
60%
50%
40%
30%
20%
10% -
0% After the video
| could not Before the video (after a
understand, and find | have some theoretical class)
it very confusing  understanding, but | have a fair
many questions understanding, with It is very clear to me
remain unsolved few questions
unsolved
197
198 Figure 5. Students’ understanding of the mechanism of a translational failure due to rain (before and after the
199

video).
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Due to its simple language, and lack of mathematical equations, the video has also been used
in other formal educational structures, such as elementary schools (Mendonga & Valois, 2017),
and in non-formal education, such as science museums (Mendonga et al., 2019). The simplicity
of the approach and the high relevance of the theme have made the video attract a significant

audience on YouTube, reaching more than 130,000 views.

4, Conclusions

The video-model tool presented in this work sought not only to improve the teaching-learning
process, but also to bring the slope stability theme closer to society, contributing for geo-

engineering students to gain skills to tackle more realistic problems of landslide disasters.

The use of the referred video in slope stability and soil mechanics courses meets the convergent
demands of interdisciplinary approach of disasters and the consideration of real-world to
facilitate the learning process. Based on Felder et al. (2000), this kind of approach that addresses
more complex and broad problems helps the students to acquire skills needed to tackle

challenging multidisciplinary problems that require critical judgment and creativity.

The assessment of using the video indicated that the video promoted motivational and learning
benefits of providing context, establishing relevance, and teaching inductively. It is best to

exhibit the video before the theoretical classes.

The video proved very useful as a didactic tool for landslide disaster prevention in several

educational environments, including non formal educational spaces like science museums.

Moreover, the development of other videos using reduced models of different geotechnical
problems is intended since the video usage as a pedagogical tool in the geotechnical engineering
course of the Federal University of Rio de Janeiro has showed positive results. Interaction with

society is also desirable, whenever possible.

14



225

226
227
228

229

230
231

232

233

234

235

236

237

238

239
240

241

242

243

244
245
246
247

Acknowledgements

This research was carried out with the support of the National Council for Scientific and
Technological Development (CNPq) and the Foundation for Research Support of the State of
Rio de Janeiro (Faperj).

Declaration of interest

The authors have no conflicts of interest to declare. All co-authors have observed and affirmed

the contents of the paper and there is no financial interest to report.

Authors’ contributions

Marcos Barreto de Mendonga: Conceptualization, Methodology, Project administration,

Writing — original draft and review.

Leonardo De Bona Becker: Investigation, Methodology, Data Curation, Writing — review &

editing.

Data availability

The video is available on YouTube, https://www.youtube.com/watch?v=K913JyXocgl.

All remaining data produced or examined in the course of the current study are included in this

article.

References

Atkinson, J.H. (2007). The Mechanics of Soils and Foundations. Taylor& Francis.

Avelar, A.S., Coelho Netto, A.L., Lacerda, W.A., Becker L.B., & Mendonca, M.B. (2013).
Mechanisms of the recent catastrophic landslides in the mountanious range of Rio de Janeiro,
Brazil. In Landslide Science and Practice (pp. 265-270). Springer, Berlin Heidelberg.
https://doi.org/10.1007/978-3-642-31337-0_34

15


https://www.youtube.com/watch?v=K9i3JyXocgI
https://doi.org/10.1007/978-3-642-31337-0_34

248
249
250
251

252
253
254

255
256
257
258

259
260
261
262

263
264
265
266

267
268

269
270

271
272

273
274
275
276

Becker, L.D.B. Linhares, R.M. Oliveira, F.S., & Marques, F.L. (2018). Using small-scale
seepage physical models to generate didactic material for soil mechanics classes. In Physical
Modelling  in  Geotechnics  (pp. 527-531). Taylor &  Francis  Group.
https://doi.org/10.1201/9780429438660

Black, J.A. Bayton, S.M. Cargill, A., & Tatari, A. (2018). Centrifuge modelling in the
undergraduate curriculum — a 5 year reflection. In Physical Modelling in Geotechnics (pp.

533-538). Taylor & Francis Group. https://doi.org/10.1201/9780429438660

Brasil (2023). Atlas Digital de Desastres no Brasil. Ministério do Desenvolvimento Regional.
Secretaria de Protecdo e Defesa Civil. Universidade Federal de Santa Catarina. Centro de

Estudos e Pesquisas em Engenharia e Defesa Civil. Retrieved in January 16, 2023,

from http://atlasdigital.mdr.gov.br/ (in Portuguese).

Coelho Netto, A.L., Avelar, A.S., Fernandes, M.C., & Lacerda, W.A (2007). Landslide
susceptibility in a mountainous geoecossystem, Tijuca Massif, Rio de Janeiro: The role of
Morphometric  subdivision of the terrain.  Geomorphology, 87(3), 120-—
131.https://doi.org/10.1016/j.geomorph.2006.03.041

Da-Silva-Rosa, T., Mendonca, M.B., Monteiro, T.G., Matos, R.S., & Lucena, R. (2015).
Environmental education as a strategy for reduction of socio-environmental risks. Revista
Ambiente e Sociedade 18(3), 209-228. https://doi.org/10.1590/1809-
4422AS0C1099V1832015

Felder, R.M., Woods, D.R. Stice, J.E., & Rugarcia, A. (2000). The Future of Engineering
Education II: Teaching Methods that Work. Chemical Engineering Education, 34(1), 26-39.

Froude, M. J., & Petley, D. N. (2018). Global fatal landslide occurrence from 2004 to 2016.
Nat. Hazards Earth Syst. Sci., 18, 2161-2181. https://doi.org/10.5194/nhess-18-2161-2018.

EM-DAT (2023). The International Disaster Database, CRED / UCLouvain, Brussels,
Belgium. Retrieved in April 16, 2023, from http://www.emdat.be.

Herle, 1., & Gesellmann, S. (2008). Demonstration experiments in geo-technical education.
Proc. Ist Int. Conf. on Education and Training in Geo-Engineering Sciences: Soil Mechanics
and Geotechnical Engineering, Engineering Geology, Rock Mechanics, London,

International Society for Soil Mechanics and Geotechnical Engineering, 379-382.

16


https://doi.org/10.1201/9780429438660
https://doi.org/10.1201/9780429438660
http://atlasdigital.mdr.gov.br/
https://doi.org/10.1016/j.geomorph.2006.03.041
https://doi.org/10.1590/1809-4422ASOC1099V1832015
https://doi.org/10.1590/1809-4422ASOC1099V1832015
https://doi.org/10.5194/nhess-18-2161-2018
https://www.emdat.be/
http://www.emdat.be/

277
278
279

280
281

282
283

284
285
286

287
288
289

290
291
292

293
294
295
296

297
298

299

300
301
302

303
304

Hernandez-Moreno G., & Alcantara-Ayala, 1. (2017). Landslide risk perception in Mexico: a
research gate into public awareness and knowledge. Landslides, 14, 351-371.

https://doi.org/10.1007/s10346-016-0683-9.

Hungr, O. Leroueil, S., & Picarelli, L. (2014). The Varnes classification of landslide types, an
update. Landslides 11,167—194. https://doi.org/10.1007/s10346-013-0436-y.

IBGE (2018). Populag¢do em dareas de risco no Brasil. IBGE, Coordenagdo de Geografia, Rio

de Janeiro (in Portuguese).

Jaksa, M.B. (2008). A multi-faceted approach to geotechnical engineering education. Proc. Ist
International Conference on Education and Training in Geo-Engineering Sciences.

Constantza, Romania. Taylor & Francis, 59-71.

Kusakabe, O. (2022). Development and challenges of physical modelling - Japanese
contributions. Proc.10th International Conference on Physical Modelling in Geotechnics.

Seoul, South Korea.

Lacerda, W. A. (2007). Landslide initiation in saprolite and colluvium in southern Brazil: Field
and laboratory observations. Geomorphology, 87 3), 104-119.
https://doi.org/10.1016/j.geomorph.2006.03.037.

Litzinger, T.A., Lattuca, L.R., Hadgraft, R.G., Newstetter, W.C., Alley, M., Atman, C., DiBiasio,
D., Finelli, C., Diefes-Dux, H., Kolmos, A., Riley, D., Sheppard, S., Weimer, M., & Yasuhara,

K. (2011). Engineering education and the development of expertise. Journal of Engineering

Education, 100 (1), 123-150. https://doi.org/10.1002/1.2168-9830.2011.tb00006.x.

Macedo, E.S., & Sandre, L. H. (2022). Mortes por deslizamentos no Brasil: 1988 a 2022.
Revista Brasileira de Geologia de Engenharia e Ambiental, 12(1), 110-117 (in Portuguese).

Malamud, B.D., & Petley, D. (2009). Lost in translation. Public Rev.: Sci. Technol. 2, 164—-167.

Mendonca, M.B., & Guerra, A.T. (1997). A Problematica dos Processos Geodinamicos frente a
Ocupacao de Encostas. Proc. 2nd Panamerican Symposium on Landslides, Rio de Janeiro.

Vol. 2, 935-940 (in Portuguese).

Mendonca, M.B., Ribeiro, F.P., Provenzano, Y.K., Motta, M.R.G., & Kurtenbach, E. (2019).
“Um dia a terra cai”: oficina educativa sobre desastres associados a deslizamentos em um

17


https://doi.org/10.1007/s10346-016-0683-9
https://doi.org/10.1007/s10346-013-0436-y
https://doi.org/10.1016/j.geomorph.2006.03.037
https://doi.org/10.1002/j.2168-9830.2011.tb00006.x

305
306

307
308
309

310
311
312

313
314

315
316

317
318
319

320
321
322

323
324
325

326
327
328

museu de ciéncias. Proc. 11l Congresso Brasileiro de Redugdo de Riscos de Desastres, Belém.

(in Portuguese).

Mendonca, M.B., & Valois, A.S. (2017). Disaster education for landslide risk reduction: an
experience in a public school in Rio de Janeiro State, Brazil. Nat Hazards 89, 351-365.

https://doi.org/10.1007/s11069-017-2968-2.

Michoud, C., Derron, M.H., Jaboyedoff, M., Nadim, F., & Leroi, E. (2011). Classification of
landslide inducing anthropogenic activities. Proc. 5th Canadian Conference on

Geotechnique and Natural Hazards, 15-17.

Oliveira, R. (2009). Geo-engineering education and training. The past and the future. Soils and
Rocks, Séo Paulo, 32(1), 31-38. https://doi.org/10.28927/SR.321031.

Petley, D. (2012). Global patterns of loss of life from landslides. Geology, 40, 927-930.
https://doi.org/10.1130/G33217.1

Seo, H., & Yi, M. (2023). Development of Instructional Modules to Create Aha Moments in
Geotechnical Engineering Courses. Journal of Civil Engineering Education, 149(3).
https://doi.org/10.1061/JCEECD.EIENG-1816.

UNISDR (2015). Sendai Framework for Disaster Risk Reduction 2015-2030. Retrieved in
December 11, 2022,

from https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf.

UNISDR (2017). Landslide hazard and risk assessment - Tech. Rep. United Nations Office for
Disaster Risk Reduction. Retrieved in January 13, 2023,

from https://www.undrr.org/publication/landslide-hazard-and-risk-assessment

Wolle, C.M., & Hachich, W. (1989). Rain-induced landslides in Southeastern Brazil. Proc.12th
Int. Conf. on Soil Mechanics and Foundation Engineering, Rio de Janeiro, Brazil. Vol. 3.

1639-1642.

18


https://doi.org/10.1007/s11069-017-2968-2
https://doi.org/10.28927/SR.321031
https://doi.org/10.1130/G33217.1
https://doi.org/10.1061/JCEECD.EIENG-1816
https://www.emdat.be/
https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf
https://www.emdat.be/
https://www.undrr.org/publication/landslide-hazard-and-risk-assessment
https://www.undrr.org/publication/landslide-hazard-and-risk-assessment

