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RESUMEN
 

El presente trabajo se basa en una evaluación del conocimiento sobre volcanes, volcanismo y preparación 
de amenazas volcánicas en el Ecuador para determinar el nivel de conocimiento que poseen los estudiantes 
de tanto de escuelas y colegios fiscales y privadas en el alrededor de los volcanes Tungurahua y Cotopaxi, 
más de áreas lejanas de volcanes como Cuenca y Guayaquil. También se incluyeron los colegios alemanes 
en Quito, Guayaquil y Cuenca. Los resultados indican un alto porcentaje de desconocimiento en las 
materias investigadas. Las diferencias regionales han sido evidentes, debido a las proximidades a los 
volcanes, así como en función del estado social del origen de los estudiantes. Sin embargo, a pesar de 
anclar los problemas vulcanológicos en el currículo escolar desde el 6. ° grado, no se puede establecer un 
crecimiento del conocimiento entre los estudiantes de 6° y 12° grado.

Palabras clave: amenazas volcánicas, educación, escuelas y colegios, colegio alemán, volcán Cotopaxi, 
volcán Tungurahua

ABSTRACT
 

The present work is based on an evaluation of knowledge about volcanoes, volcanism and volcanic hazard 
preparation in Ecuador to determine the level of knowledge that students have from both schools and tax 
colleges and private schools around the volcanoes Tungurahua and Cotopaxi , more from remote areas of 
volcanoes such as Cuenca and Guayaquil. Also included were the German schools in Quito, Guayaquil 
and Cuenca. The results indicate a high percentage of ignorance in the subjects investigated. Regional 
differences have been evident, due to proximities to volcanoes, as well as based on the social status of the 
origin of the students. However, despite anchoring volcanological issues in the school curriculum from 
grade 6 – no knowledge growth between students in grade 6 and 12 can be established.

Key words: volcanic hazards, education, schools and colleges, German school, Cotopaxi volcano, 
Tungurahua volcano
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INTRODUCTION

Social catastrophes occur especially when a natural originated disaster encounters a 
vulnerable society. There are several reasons for a higher vulnerability in particular in case of 
developing countries such as a lack of sufficient preventive arrangements for civil protection, 
under-resourced early-warning systems, a deficit of health systems, insufficient environmental 
legislations and lack of administrative capacity. Further reasons include foundations of cities 
right on shifting fault lines or close to volcanoes, advancing urbanization, a rapid increase of 
the density of population, no adequate structural engineering and material as well as missing 
construction standards and building regulations or because of a failure to comply, illegal 
colonization of hazard areas and a lack of education or information (BMZ, 2010; Felgentreff et 
al., 2012; Bündnis Entwicklung Hilft/UNU-EHS, 2014; Toulkeridis, 2015).

In 1999 Kofi Annan, the former Secretary-General of the United States,  called for a 
rethink from a „culture of reaction“ to a „culture of prevention“, which describes the disaster-risk 
reduction as the primer strategic goal of Civil Protection in the future. Currently this visionary 
demand can be found for example in the UNESCO (2014) Roadmap which has been used for 
the implementation of the World Programme of Action „education for sustainable development“. 
Besides climate change (1), biodiversity (2) and sustainable consumption and production (3) it 
emphasizes the disaster risk reduction (4) as one of four global main priorities (UNESCO 2014).

As part of disaster risk reduction, education and schooling are decisive factors by mediating 
fundamental knowledge about risk conscious and risk reducing action within the population 
(Hufschmidt & Dikau 2013; Pichler & Striessnig 2013). Children and young people who learned 
about natural risks and their symptoms already have helped to rescue themselves and others 
(Ban, 2008; UN/ISDR 2006). Because of this education and schooling form the main catalyst to 
ensure a humanely and sustainable future (Mönter  & Otto, 2017).

A variety of studies have proven the importance of subject-specific, previous knowledge or 
ideas of children and young people regarding to the learning and problem solving  process (Duit, 
2008; Reinfried, 2015). Pupils should be picked up where they are. According to current state 
of knowledge the independent construction of new knowledge is based on the learners previous 
knowledge. Learning is not to be considered as a passive process but an active process built on 
an already existing state of knowledge (Duit, 2008). To sum up, one may say that learning is 
an active, constructive, purposeful, situated and socially involved as well as integrated process 
(Reinmann & Mandl, 2006; Schnotz, 2011).

Learners often have an idea of geographical/geological concepts, processes and principles 
which are based on a diversity of everyday experiences and information from their living 
environment. However sometimes they don´t match with the reality. Regarding to the process 
of learning those everyday experiences hold a double role: On one side they are indispensable 
connecting factors but on the other side they can become an obstacle during the learning process 
(Duit 2006).

The examination of national and international literature reveals the lack of empirical 
investigations referring to the elementary and high school students ideas and knowledge 
of volcanoes. To the best of our knowledge currently there are eleven studies regarding 
to this topic (including ideas of plate tectonics, mountains, earthquakes, construction and 
processes of the earth, natural hazards). Seven of these have been run with pupils between 
five and eleven years and another four examinations with students between eleven and 
seventeen years. While seven studies are only based on questionnaires or questionnaires in 
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combination with qualitative interviews, the remaining ones are exclusively realized with 
qualitative interviews and sometimes drawing exercises. All of the eleven studies together 
comprised to data of approximately 1,500 subjects.

It’s striking that only two of eleven studies took place in countries which have active 
volcanic activity: New Zealand (Happs, 1982) and the USA (Gobert, 2000). Referring to the 
USA the only active volcanism is in the western part. The study of Gobert 2000 has been 
realized with 47 students in the north-east of the USA though. The others took place in Spain 
(Lillo, 1994), England (Leather, 1987; Sharp et al., 1995; Trend et. al., 2000; Blake, 2005), 
France (Chartrain & Caillot, 2001), Turkey (Dal, 2006) and in Germany (Gapp & Schleicher, 
2010; Hemmer et.al., 2011). 

Furthermore it’s remarkable how only the studies of Chartrain & Caillot (2001) in France 
and Dal (2006) in Turkey deal with students‘ ideas of volcanism as a subject. For these studies 158 
pupils of the 5th, 6th and 9th grade have been detected. In comparison the remaining studies have 
their focus on the construction and structure of the earth, earthquakes, exogenous phenomenons 
and the power and processes of the earth. Since volcanoes/volcanism merely play a marginal role 
these studies cannot benefit the present study. 

Looking at further international studies concerning geoscientific ideas of students and 
learners it’s obvious that only two (Hemmerich & Wiley, 2002, USA; Parham et al., 2010, USA) 
of nine studies deal with volcanoes/volcanism among other topics. The study from 2002 is the 
only investigation analyzing the cause of the volcanic eruptions of Mount St. Helens (USA). The 
other studies refer to geoscientific ideas in general (Barrow & Haskins 1993, USA; Delaughter 
et al., 1998, USA; Dahl et al., 2005, USA; Libarkin et al., 2005, USA; Clark et al. 2011, USA; 
Rakkapao et al., 2012, Thailand; Plapp & Werner 2003, Germany). Again those nine studies 
are based on questionnaires or questionnaires in combination with qualitative interviews and 
questioned 1,645 subjects in total, while 700 took part in the studies from 2002 and 2010.

Above this exist two meta-studies (Dove, 1998; Libarkin, 2006) about every day concepts 
especially from the students point of view that focus, besides several geoscientific topics (e.g. 
earthquakes, landscapes, erosion),  also the subject volcanoes/volcanism. 

In conclusion the main recognizable facts of the introduced studies are: 
• Volcanoes are a popular and interesting topic for many pupils and students (Dahl et al. 2005; 

Hemmer et al. 2011).
• Basically there is a wide range of geoscientific everyday concepts of pupils and students
• Typical pre-concepts of pupils and students are e.g. the idea that volcanoes only exist on 

islands (Libarkin et al. 2005; Parham et al. 2010), that lava always flows out of the hot, liquid 
core of the earth to the earth’s surface (Sharp et al. 1995; Lillo 1994; Dal 2006) and that 
volcanoes can only exist near the equator in warm climates because lava is hot. That’s why 
in their opinion a mountain with snow on the summit can not be a volcano (Libarkin et al. 
2005; Libarkin 2006; Parham et al. 2010).

• There is currently no scientific study worldwide that has studied pupils/students who live in a 
country with numerous dangerous volcanoes and often spend their daily lives in the immediate 
vicinity of high-risk volcanoes. The present study aims to help close this research gap.

The primary aim of the research project was to analyze the (everyday) ideas, the knowledge 
and the attitudes of students about volcanoes/volcanism in high-risk country Ecuador, which 
did not have any instruction in this subject at school. At the same time, it should be examined 
whether and how differentiated these children are already prepared for a volcanic eruption that is 
possible at any given time.
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In addition, the (everyday) ideas, the knowledge and attitudes about volcanoes/volcanism 
were raised by adolescents at the end of their school days. Therefore, students from the 12th 
school year were interviewed in addition.

The extensive results of the survey will contribute to the development and design of 
appropriate teaching and learning environments about volcanoes/volcanism in Ecuador. These 
should help elementary and high school students to build up adequate skills that enable them to 
act in a risk-conscious and reducing manner in an emergency. Geographical education could thus 
contribute to the reduction of vulnerability or to build up  resilience to an acute natural hazard and 
thus ultimately to a necessary disaster risk reduction in Ecuador (Otto, 2016).

VOLCANOES AND VOLCANISM IN THE HIGH RISK COUNTRY ECUADOR WITH 
SPECIAL CONSIDERATION OF COTOPAXI AND TUNGURAHUA

In the Ecuadorian part of the northern Andes are a total of 250 volcanoes. This is one of the 
world’s highest volcanic densities. This means that more than half of the 16 million Ecuadorians 
live in dangerous proximity to them.

The 5,897 m high stratovolcano Cotopaxi is one of 20 active volcanoes in Ecuador 
(Toulkeridis 2011; 2013). The reason for this is the subduction of the oceanic Nazca plate to the 
South American and Caribbean continental plates (Freymuller et al. 1993). The Cotopaxi lies 
spatially between the cities of Quito (60 km south) and Latacunga (20 km north) (Fig. 1). While 
Quito has about 2.2 million inhabitants, about 100,000 people live in Latacunga. Guayaquil is the 
most populous city in Ecuador with about 3.1 million inhabitants.

Fig. 1a: Location of the volcanoes Cotopaxi and Tungurahua in the Ecuadorian Andes 
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The Cotopaxi has two vents, of which the youngest is covered in snow. Two partial 
collapses about 4,600 and 2,300 years ago resulted in lava flows, pebble avalanches, lahars, 
pyroclastic flows, ash and pumice rain and gas emissions. The last four major outbreaks of 
Cotopaxi in 1534, 1742, 1768 and 1877 are described in detail and documented in several studies 
(La Condamine1751, Sodiro 1877, Wolf 1878, Barberi et al. 1995, Aguilera et al. 2004; Aguilera 
and Toulkeridis, 2005; Toulkeridis et al. 2015). Some of these studies describe the destruction of 
nearby villages and surrounding infrastructure through various lahars that travel up to 70 km/h. 
Recent tephrastrigraphic and geochronological studies show a total of 19 major eruption phases 
over the past 2,200 years (Barberi et al. 1995). In addition, between 1532 and 2015 59 minor 
outbreaks occurred. In 27 of them smaller lahars, gas emissions and precipitation of pyroclastic 

Fig. 1b: The active volcano Cotopaxi 

Fig. 1c: The active volcano Tungurahua
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material were detected (Barberi et al. 1995). Based on the previous outbreaks, the statistical 
probability of another major outbreak in 2015 was 72%. For smaller outbreaks it was even higher.

Since the last major eruption in 1877, there has been enormous settlement growth around 
the glacier-covered volcano. While Cotopaxi was inhabited by 30,000 people in the south, east 
and north of Cotopaxi in 1877, about 1,000 people died in outbreaks. Today more than 500,000 
live in the immediate danger zone of the volcano. Calculations showed that the nearest city would 
be reached by a Lahar in less than 30 minutes in the event of a major eruption. Due to the short 
warning time, a timely evacuation is not possible (Aguilera et al. 2004). Despite minor phreatic 
explosions between 1940 and 1942 and seismic activity and gas discharges between 1976 and 
1977, the actual reactivation of Cotopaxi occurred at the end of 2001. This was indicated by 
increased seismic activity, fumarole activity, degassing and minor phreatic explosions (Cerca et 
al. 2005; Toulkeridis 2006 & 2010). Volcanic activity became more and more dramatic until it 
reached it‘s peak in April 2015. The number of earthquakes now rose to a few hundred per day 
and SO2-emissions reached more than 5,000 t per day (IGEPN 2015a and b). Therefore, one 
expected a violent outbreak of Cotopaxi in the following days or weeks.

At 5:27 pm on the evening of August 13, 2015, the largest seismic activity ever was measured. 
It was the first clear indication of an imminent explosion. Only a few hours later, at 4.02 am and 
4.07 am the following day, the first two major explosions occurred, three more at 10.25 am, 1.45 
pm and 2.29 pm (Toulkeridis et al. 2015). The Instituto Geofísico Escuela Politécnica Nacional 
(IGEPN) was initially unable to determine the exact date of the first explosion, so that official 
confirmation was given to the Secretaría de Gestión de Riesgos (SGR) or the public much later 
(IGEPN 2015a and b). This was not due to the duration of the interpretation of the seismic and 
technical data, but to the complete overload of communication networks by countless people who 
reported ash rain on their cars or heard explosions. The first breakout early at 4:02 and 4:07 am was 
the most violent of all that occurred in the entire period from August to November 2015. It was not 
until August 15, 2015, one day after the first explosion, that the IGEPN informed the public about 
possible pyroclastic flows and lahars on the southern flank of Cotopaxi at 7.20 am. This message 
was first spread via Twitter and Facebook, but later also via fax and telephone. It was complemented 
by a photo showing a pyroclastic flow. This caused chaos and panic in the population and led to 
uncontrolled behavior also among officials in the cities of Lasso and Latacunga as well as in smaller 
communities in the southern area of the volcano. The rapid establishment of police checks on roads 
that allowed evacuation could not prevent seven people from being killed in car accidents or heart 
attacks. The results of model calculations (Barberi et al. 1995, Aguilera et al. 2004, Pistolesi 2008, 
Pistolesi et al. 2014) show that lahars could reach Latacunga in about 90 minutes after its formation. 
The SGR’s official request to immediately evacuate the area was distributed via Twitter at 9:00 
am, approximately 80 minutes after the initial message from the IGEPN and 10 minutes before 
the potential arrival of a lahar in Latacunga. The press was also informed about the formation of 
pyroclastic flows and lahars. In reality, there was no pyroclastic flow at all in 2015 and therefore 
not a single lahar. In the afternoon of the same day the IGEPN – supported by observations during a 
flight over the volcano – had a news release, according to which neither the formation of pyroclastic 
flows nor lahars occurred during the explosions. In addition, the photo of the pyroclastic flow was 
replaced by a photo showing the precipitation of pyroclastic material. Also the SGR published 
this new message promptly. What happened on August 15, 2015, was also submitted to the Global 
Volcanism Program of the Smithsonian Institute (Smithsonian Institute 2015). Therefore, increased 
SO2-emissions were measured that day and remobilization of ash deposits on the western flank 
was observed. Ash rain was not reported and the residents reported only a slight smell of sulfur. 
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This report clearly falsified what actually happened (Smithsonian Institution 2015). As a result of 
the initially false and subsequently falsified information and the bad social and political climate in 
Ecuador in 2015, the president of Ecuador called out the state emergency on the same afternoon. 
He also called out an associated report and press ban on the volcano. The last outbreak of Cotopaxi 
with associated ash deposition occurred on November 19 of the same year.

The Tungurahua is also one of the 20 active volcanoes in Ecuador (Fig. 1). Nearly 200,000 
people live in the area around the Tungurahua. The city of Baños, located at the foot of the 
volcano, has almost 20,000 inhabitants. The 5,019 m high volcano is a typical stratovolcano 
with 30° to 35° steep flanks. It has a height of about 3,200m, is protruding from the surrounding 
countryside and has an open crater to the northwest. The Tungurahua is located in the so-called 
Cordillera Real and consists of three different old volcanic structures (Tungurahua I, II and III). 
The first two collapsed after a considerable period of activity on the western sides (Hall et al. 
1999). Today only two remnants of the northern, eastern and southern flanks are found. The 
recent volcano, the Tungurahua III, was formed about 2,300 years ago and consists of scree 
avalanche deposits of the recent partial collapse and continuing series of andesitic lavas. The 
steep flanks of the Tungurahua are the result of continual and alternating deposition of lava 
and pyroclastic flows, ash, slag and lapilli (LePennec et al. 2004; Aguilera & Dueñas 2007). 
In case of Tungurahua III, an active eruption phase has been detected once in a century, lasting 
approximately one decade each. The Tungurahua, which was relatively quiet until 1993, showed 
a significant increase in seismic activity. Finally, in August 1999, the volcano erupted after 80 
years. This last outbreak phase ended in 2016 after exactly 17 years.

In 1999, a major outbreak occurred that led to an evacuation of 26,000 people in Baños 
for three months. However, the evacuation ended abruptly after three months as the population 
forced their return by force (Lane et al. 2003). Later evacuations took place exclusively at night 
and on a voluntary basis on the western flank of the volcano. Characteristic of this last eruption 
phase were phreatic and strombolian explosions. In 2006 eruption clouds reached a height of up 
to 19 km. The wind conditions usually affected the western and southern flanks of the volcano 
(Toulkeridis 2013; Toulkeridis & Zach 2017). During the outbreaks of May 10 to 16 and July 
14, 2006, the pyroclastic flows even reached some villages on the western flank such as Cosúa 
and Bilbao. In this phase the most massive eruptions occurred on August 16 and 17, 2016 with 
a Volcanic Explosive Index (VEI) of three. They produced 20 pyroclastic flows which covered 
large parts especially the western flank. Seven people have been killed, five villages (Chilibú, 
Choglontuz, Palitagua, Palitahua, Capil) completely destroyed and 20,000 ha of agricultural land 
vanished. 5,000 people fled to safe areas where they lived for several months under the poorest 
conditions. The ejected ash cloud blew in a south-westerly direction beyond the ecuadorian 
border (Toulkeridis 2013, Toulkeridis & Zach 2017).

The Cotopaxi and the Tungurahua are among the best observed volcanoes in Ecuador. For 
almost 30 years a permanent monitoring has been carried out here. In Ecuador there are three 
seismological observatories with different levels of surveillance (I, II, III).

Monitoring level I observatories are set up for very dangerous volcanoes near 
populations: Tungurahua, Cotopaxi and Guagua Pichincha. They have more than four 
stations to monitor seismological activity. They have infrasound sensors (not in the Guagua 
Pichincha observatory) and inclinometers, and for some years even electronic distance 
measurements (EDM) and GPS devices to monitor earth surface deformation. Besides this 
they have geochemical monitoring of fluids, monitoring of mud and/or lava flows as well as 
pyroclastic flows (also not in Guagua Pichincha).
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RESEARCH DESIGN OF THE OVERALL STUDY

In order to be able to implement the planned project a specially designed research design 
was developed which is shown in detail in Figure 2.

For (specific) scientific considerations both the appearance and cause level as well as 
the level of action were taken into account when examining the (everyday) ideas, knowledge, 
attitudes and action competences of students about volcanoes/volcanism in Ecuador (Fig 2).

Further important criteria of investigation were the spatial distance of the volunteers to 
active volcanoes and the resulting potential hazards.

In order to be able to work out possible differences in urban and rural living spaces as well 
as social differentiation, both village and city schools as well as state and private Ecuadorian 
schools as well as German schools were included in the investigation.

In addition, students were interviewed who go to school and villages outside the immediate 
area of   Cotopaxi and Tungurahua (control group). For this purpose the cities of Cuenca and 
Guayaquil as well as villages in their surroundings were selected (Fig. 3).

Since the authors are no native Spanish speakers the questionnaire did not ask for open 
questions. For the same reason the Spanish version of the questionnaire was also read by two 
native speakers.

Because it is very popular in Ecuador to give answers that are as neutral as possible to 
interviews, Ecuadorian colleagues have advised not to use the usual five-part Likert-scale in the 
questionnaire, but to use a four-part scale. This forced the students to choose a positive or negative 
answer. The pre-test written in advance with several Ecuadorian children and adolescents showed 
that the four-part Lickert scale was too difficult for 5th and 6th grade students. Therefore it has 
been converted into a two-part yes/no scale. In order to be able to compare the survey results in 
the 5th and 6th grades with those in the 11th or 12th grades, the four-part Lickert-scale was also 
converted into a two-part yes/no scale for the upper secondary school students.

The focus of the study is on children’s concepts of volcanoes/volcanism in Ecuador. 
Therefore children were interviewed who did not learn anything about volcanoes/volcanism at 
school so far. In the current Ecuadorian curricula and also in those of the German schools, the 
topic volcanoes/volcanism in the subject “ciencias naturales” (The subject Sciencias Naturales 
(Natural Sciences) is a compendium in Ecuador, in which several subjects are taught: biology, 
chemistry, physics, geology, astronomy and geography) or geography is only provided from the 
second half of the school year of grade 6. Accordingly, at the beginning of the survey, it means 
at the beginning of the school year 2014/2015, primarily students class 6 had been interviewed. 
For later survey usually children of grade 5. Prior to each survey, inquiries were always made to 
ensure that the participating elementary students in grades 5 and 6 did not have the appropriate 
thematic education.

The questionnaire also gave an impression of which (everyday) ideas, which knowledge, 
which attitudes and skills young people have at the end of their school time about volcanoes/
volcanism. For this information also high school students of classes 11 and 12 were interviewed. 
The village schools in Ecuador all end after the ninth grade, so that no high school students could 
be interviewed here (see below).

As there is usually only one school with a maximum of two parallel classes in the smaller 
rural areas, only a relatively small number of children were able to submit the questionnaire. 
Even a differentiation to state and private schools was not possible here.
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The pretest had also shown that the answer to the questionnaire was also available from the 
younger students in less than one lesson (45 minutes max.). For this reason, the very extensive 
questionnaire was not shortened so that as many different aspects and topics as possible could 
be queried.

Because Cotopaxi and Tungurahua are among Ecuador ‘s most well-known and also the 
most dangerous stratovolcanoes and in their immediate areas of endangerment there is an above-
average population density (Chapter 2), only schools in towns and villages were selected for the 
survey closer and further danger area of   these two volcanoes (Fig. 3). In addition for purposes 
of comparison or control, schools were selected which are far outside of their risk areas (Fig. 3). 
The choice of schools or individual classes was always random.

Fig. 2: Research project and design 
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Fig. 3: The urban and rural settlements selected for the survey located in the direct danger zone of the Cotopaxi and 
Tungurahua as well as the selected reference settlements outside the direct danger zone

In total 1,651 elementary and high school students in 62 classes at 30 schools in 12 cities 
and 11 villages took part in the comprehensive survey. It involved 819 male and 812 female 
learners. 20 subjects did not give information on gender.

All collected data was – after being coded in Microsoft Excel – imported into the statistical 
program SPSS and evaluated with its implemented methods.

This paper presents the first selected results of the questionnaire survey at the German 
schools in Quito and Guayaquil, because they are
1. located in the two largest cities in the country;
2. modern and well above average;
3. are the elite schools of the country;
4. due to the high school fees are only accessible to students whose parents are usually members 

of high society, both in terms of education and their financial and social standing.

The German School in Quito includes a kindergarten, a primary school, secondary schools I 
and II and a vocational school. It is a meeting school with about 1,600 students –mostly from Ecuador.

Every year of the German School in Quito consists of five classes up to secondary level II. 
In primary school (class 1 to 6) and in lower secondary school (class 7 to 9) there are differentiated 
according to the level of performance of the students so-called “national” and “German” classes 
(Table 4). In upper secondary school (grade 10 to 12), the quality of the performance also 
determines whether the students are admitted to the classes leading to the Ecuadorian Abitur 
(Bachillerato) or to the German Fachhochschulreife or to the Ecuadorian Abitur and the German 
Abitur. While geography is taught as a separate subject in the “German” classes, geography is 
taught in the “national” classes in a common subject along with social and historical (“área de 
ciencias sociales”) (Table 4).
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The German School in Guayaquil (Alemán Humboldt) is part of the network of more than 
140 German Foreign Schools (DAS), which are funded by the Central Office for Schools Abroad 
(ZfA) on behalf of the German Federal Foreign Office.

The German School Guayaquil with about 1,500 students attaches importance to the 
individual promotion and multilingualism of their students as well as to the encounter of the 
cultures.

With its pedagogical and academic quality as well as its bicultural profile the German 
School Guayaquil is one of the most outstanding schools in the country.

Geography is taught at this school within the integration subject “ciencias naturales” along 
with physics, chemistry, geology and astronomy. Here the corresponding Ecuadorian education 
plans are decisive.

Here again secondary level I starts with grade 7 and secondary level II with grade 10.
Table 4 gives a differentiated overview of the number and gender distribution of the students/

pupils surveyed in the German schools in Quito and Guayaquil. The homogeneous composition 
of the participants in both Quito and Guayaquil guarantees good statistical comparability.

OVERVIEW: SELECTED TEST RESULTS

Ecuador is the country with the highest volcanic density worldwide (Chapter 2). Hundreds 
of thousands of people live with their families even in the immediate vicinity of one of the 
20 active volcanoes. In the case of a violent volcanic eruption in particular risk-conscious or 
-reducing action enables it to be better able to counter threats and dangers triggered by it or to 
avoid them. In light of the threat potential, the authors hypothesized before collecting:
1. Most of the children of the 6th grade are already instructed in their parents’ home and 

kindergarten to be able to act in a risk-conscious and/or reducing manner in an emergency. 
That’s why many of the sixth grade elementary students already know where there are active 
volcanoes in Ecuador and what they are called.

2. The students in Quito, who live close to the Cotopaxi are better prepared for emergencies by 
their parents and kindergarten than those in Guayaquil, where there is no active volcano in 
the vicinity. It can therefore be assumed that students in Quito, compared to the students in 
Guayaquil, know the locations and names of the active volcanoes and have more knowledge 
about the protection of hazards.

Table 4: Overview of the number of surveyed pupils in classes 6 and 12 of the German schools in Quito and 
Guayaquil (school year 2014/2015). 1) m = male; 2) f = female

Surveyed 
students in 
6th grade

Surveyed 
students in 6th 
grade in total

Surveyed 
students in 
12th grade

Surveyed 
students in 12th 

grade in total

Surveyed 
students in 

total 

m1) f2) m f m f m f m f
Quito 24 15 58 53 16 23 44 50 40 38

Guayaquil 10 11 42 46 17 14 43 40 27 25

In total
34 26 100 99 33 37 87 90 67 63
60 (m+f)

= 30,15 %
199 (m+f)
= 100 %

70 (m+f)
= 39,55 %

177 (m+f)
= 100 %

130 (m+f)
= 34,57 %
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3. In the case of young people (class 12), the survey results are better due to the higher age and 
the almost completed gymnasium school career as with the children (grade 6).

STATISTIC
To be able to verify the hypotheses, knowledge queries were performed by questionnaire 

testing on four independent questionnaire parts. Due to the acute threats posed by the Cotopaxi 
and Tungurahua, the questions in the questionnaire are of particular relevance, directly or 
indirectly examining the existing competence of the pupils in case of a dangerous outbreak. The 
evaluated questionnaire parts contain the following key questions:
1. Where are active volcanoes in Ecuador?
2. Which of the following volcanoes in Ecuador is an active volcano?
3. How can you protect yourself from volcanic eruptions?
4. Which things belong in an emergency backpack? (In Ecuador the possession of an emergency 

rucksack for children and adolescents from the Secretaria de Gestión de Riesgos is mandatory, 
as in the event of a volcanic eruption important aids for first aid or survival includes (radio, 
water, cookies, flashlight, batteries and tuna))

The interviews were methodically designed so that the surveyed students could present 
their knowledge by ticking (yes or no items). From the proportion of correctly answered question 
items a hit rate could be calculated. The statistical evaluation method included, with respect to 
all four questionnaire parts, 2x2 variance analyzes (ANOVA). These were calculated for the 
dependent variable (measurement) hit rate. The ANOVAs contained the sub-subjects factors 
SCHOOL LOCATION and YEAR LEVEL with their two conditions (YEAR LEVEL: grade 6 
vs. grade 12; SCHOOL LOCATION: Quito vs. Guayaquil). The hit rate was based on the average 
percentage of correctly answered questions.

Where are active volcanoes in Ecuador?
The analysis of variance (ANOVA) for the percentage of correctly answered question 

items (hit rate) showed neither a significant major effect for YEAR LEVEL (F (1; 126) = 0.008, 
p = 0.928, η² <0.001) nor for SCHOOL LOCATION (F (1; 126) = 0.044, p = 0.834, η² <0.001). 
Figure 4 illustrates the (insignificant) mean distribution.

Fig. 4: Location of active volcanoes in Ecuador 
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Which of the following volcanoes in Ecuador is an active volcano?
The analysis of variance (ANOVA) for the percentage of correctly answered questions 

(hit rate) showed no significant major effect for YEAR LEVEL (F (1; 125) = 0.215, p = 0.644, 
η² = 0.02). In contrast a significant main effect was found for SCHOOL LOCATION (F (1; 125) 
= 31,163; p <0,001; η² = 0,200) (see Fig. 5). The analysis revealed no significant SCHOOL 
LOCATION*YEAR LEVEL-interaction (F (1; 125) = 0.634, p = 0.427, η² = 0.05). It should be 
noted that in this section of the questionnaire, the students very often chose a possible third check 
option (“don’t know”), which explains the low mean values (Fig. 5).

Fig. 5: Designation of active volcanoes in Ecuador (***: p <0.001, error bars refer to standard errors) 

How can you protect yourself from volcanic eruptions?
The analysis of variance (ANOVA) for the percentage of correctly answered questions (hit 

rate) showed a significant major effect for YEAR LEVEL (F (1; 126) = 16,277, p = <0,001; η² 
= 0,114) (Fig. 6a). In addition, a significant main effect was found for SCHOOL LOCATION (F 
(1; 126) = 4.491, p = 0.036, η² = 0.034) (Fig. 6b). The analysis revealed no significant SCHOOL 
LOCATION*YEAR LEVEL-interaction (F (1; 126) = 0.376, p = 0.541, η² = 0.003).

 

Fig. 6a: Protection against volcanic eruptions (***: p <0,001) 
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Fig. 6b: Protection against volcanic eruptions (*: p <0.05) 

Which things belong in an emergency backpack?
The analysis of variance (ANOVA) for the percentage of correctly answered questions (hit 

rate) showed neither a significant main effect for YEAR LEVEL (F (1; 120) = 0,772; p = 0,381; 
η² = 0,006) nor for SCHOOL LOCATION (F (1; 120) = 0.113, p = 0.737, η² = 0.001).

DISCUSSION

The statistical evaluations of this first case study suggest that the knowledge of Ecuadorian 
elementary and high school students about volcanoes/volcanism seems to be dependent on natural 
conditions (lowland or highland and proximity or distance to active volcanoes). In addition, the 
data collected indicates that – despite anchoring volcanological issues in the school curriculum 
from grade 6 – no knowledge growth between students in grade 6 and 12 can be established.

The first finding corroborates hypothesis 2 and relies on significant effects on the designation 
of active volcanoes and hazard protection (Figures 5 and 6b). The students at the school in Quito 
have a better knowledge on these subjects than the students at the school in Guayaquil. The spatial 
proximity to the active Cotopaxi seems to emphasize in Quito a stronger presence of volcanoes 
and their outgoing everyday dangers in the consciousness of the students. The topography of 
Guayaquil, which is characterized in particular by alluvial soil, location on bodies of water, a 
relatively flat relief and the great distance to active volcanoes, seems to decouple the everyday 
ideas of the students from volcanological problems. Volcanoes are less known and the correct 
risk-reducing behavior is less present in the hazard scenario.

The second finding emerges from all the questions in this case study. First of all – hypothesis 
1 – it can be stated that the children of the 6th grade already have knowledge of the location of 
active volcanoes before the treatment of volcanological topics in school lessons. This can be 
explained by the fact that corresponding averages for the localization knowledge (Fig. 4) are 
clearly above the random level for yes-no questionnaires (50%). Furthermore, no analysis shows 
that – contrary to the hypothesis of hypothesis 3 – with increasing age and almost completed 
high school education the knowledge on volcanoes, it means for their location, designation and 
protection against volcanoes (Fig. 4 to 6b). In the case of hazard protection, it can even be stated 
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that – detached from the physical location of the school location (the main effect is not modulated 
by an interaction, (Fig. 6b) – younger students (grade 6) have significantly better expertise 
than older pupils (grade 12). Possible reasons for this could be that the topic is not sufficiently 
represented in the Ecuadorian grammar school curriculum or is currently being taught to a lesser 
degree at the elite grammar schools in the country. Disaster risk management may play no or only 
a minor role. Perhaps the need for protection is no longer as pronounced in the older students as 
in younger students. On the other hand, a change in the areas of interest among young people 
towards children could also play a role. This could reduce the young people’s intrinsic interest in 
volcanoes/volcanoes. Overall, the knowledge of hazard protection across all groups is extremely 
low and statistically hovers around the random level in yes-no surveys.

In addition, only 23.8% of the surveyed students have an emergency backpack. This means 
that 76.2% of students in the event of a volcanic eruption do not have any essential first aid or 
survival aids. The state’s rule to have one of these is apparently not respected or largely ignored 
by the parents. Maybe the parents are unaware of the potential danger of volcanoes. In no case 
are there any financial reasons that prevent parents from buying an emergency rucksack. For the 
parents of the children and adolescents who visit the German schools in Guayaquil and Quito 
belong – with a few exceptions – to the upper classes of Ecuador.

OUTLOOK

The results of the current study indicate that the location of school locations (elite schools) 
influences the knowledge of children and adolescents about volcanoes and volcanism. For this 
reason, further investigations of the collected data make it possible to focus on the spatial location 
and topographical characteristics of the environment.

For example, it would also be interesting to analyze whether there are conspicuous urban-
rural differences in terms of knowledge and ability to act in relation to volcanoes/ volcanism. 
Possibly, such urban-rural effects are stronger than the effects of the social structure of schools 
(private versus state schools).

Perhaps further research suggests that the children and adolescents of parents who are not 
part of the high society are also poorly educated on disaster risk reduction in the high-risk country 
of Ecuador.
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