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Abstract 
 
The Role of Misconceptions in the Development of a Reliable Geological Knowledge. A 
Statistical Analysis of the Alternative Ideas of Earth Science Bachelor Students at Uppsala 
University  
Despoina Chouliara 
 
The pre-existing knowledge that Earth Science Bachelor students have when they are starting their 
University studies, is influential on the scientific knowledge that they will have built when they 
graduate. This thesis examines the alternative ideas that Uppsala University’s first, second and third 
year Earth Science Bachelor students have on basic geological topics, and whether it influences the 
knowledge that they develop. These topics include; the definition of density, Earth’s magnetic and 
gravity field, heat sources inside the Earth, location and movement of tectonic plates, volcanic and 
earthquake’s distribution on surface, isostasy, weathering and erosion, earth’s past and future, rock 
formation and the relevant age of continental and oceanic rocks. In order to process this, students’ 
alternative ideas were assessed with a 20-item multiple choice questionnaire, which was formed online 
and delivered to all the Earth Science bachelor students of Uppsala University, at the end of the 
academic year. The questions were selected from the Geoscience Concept Inventory (GCI) developed 
by Libarkin & Anderson (2006). The answers of the questionnaire were statistically analyzed with 
SPSS software and students’ scores were calculated. One way ANOVA was performed in order to 
determine if there is a statistically significant difference between students’ scores and the year of 
studies. The expected outcome was that third year students would have higher GCI scores/level of 
conceptual understanding, compared to the first and second year students, and that first year students 
would have the lowest. The results revealed the presence of alternative ideas to all of the students, and 
that even that the year of studies is a factor that affects the GCI scores, students’ final scores, are 
relatively low. The Earth’s scientific knowledge is not acquired by the accumulation of relevant 
information through the years of studies, but the existence of alternative ideas imply a resistance to 
learning or an obstacle in learning science. 
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Populärvetenskaplig sammanfattning 
 
Missuppfattningarnas och alternativa idéers betydelse vid utvecklandet av tillförlitlig 
geologisk kunskap. En statistisk analys av de alternativa föreställningarna hos kandidat-
studenter vid Uppsala universitet 
Despoina Chouliara 
 
De studenter som börjar på universitet har inhämtat kunskap kring olika naturvetenskapliga fenomen 
och företeelser under sin uppväxt och genom undervisningen i grundskola och gymnasium. Detta kan 
ha resulterat i alternativa idéer eller missuppfattningar som står i strid med den vetenskapliga uppfatt-
ningen. När de sedan börjar studera på universitetsnivå, så kan den uppfattning de redan har hamna i 
konflikt med undervisningen och blir till ett motstånd mot kunskapsinlärning. Förståelsen av dessa 
alternativa idéer är därför mycket viktig, speciellt tidigt i en utbildning, då det visat sig i tidigare 
studier att dessa alternativa idéer kan vara mycket motståndskraftiga mot de vetenskapliga förklaringar 
de möter, även efter att de studerat vidare under lång tid. 

Syftet med denna studie är att undersöka om kandidatstudenter i geovetenskap vid Uppsala 
universitet har med sig alternativa idéer och sedan se hur detta påverkar deras kunskap om grund-
läggande delar av geovetenskaperna som jordens magnetfält, källor till värme i jordens inre, platt-
tektonik, vulkaner och jordbävningar, isostasi, vittring och erosion, jordens utveckling och framtid, 
åldern på bergarter och bergartsbildning. Studien genomfördes med hjälp av ett frågeformulär med 20 
frågor i form av en konceptinventering, vilket är ett diagnostiskt verktyg för att studera alternativa 
idéer och missuppfattningar hos elever och studenter. Frågorna valdes från en Internetbaserad resurs 
för s.k. ”Geoscience Concept Inventory”. Dessa skickades ut till studenter på år ett, två och tre på 
kandidatprogrammet i geovetenskap, med frågor som täckte de områden som nämnts tidigare. Därefter 
utfördes en statistisk analys av resultatet och utvärderades med avseende på studenternas kunnande i 
de olika frågorna. 

Ett förväntat resultat var att de studenter som läste på tredje året borde ha mer kunskap och 
förförståelse än de på första året av programmet. Resultatet avslöjade dock att förståelsen hos de olika 
studenterna i många fall var relativt lika och kunskapen i stort sett densamma för alla studenter, 
oavsett antalet år av studier. En slutsats var således att de alternativa idéer som studenterna hade var 
motståndskraftiga mot nya idéer och kunskap, så som teorin beskrivit det och att det är viktigt att ha 
kunskap om alternativa idéer som studenter kan förväntas bära med sig i undervisningen. I den 
geovetenskapliga utbildningen erhålls således inte ny kunskap genom en ständig påbyggnad av ny 
information genom åren, utan är ett slags ”kamp” mellan intuition och logik, strävande mot en mer 
vetenskaplig kunskapslogik. 
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1. Teaching and learning 
 

1.1 Introduction 
 

In the field of Earth Sciences Education, researchers’ main aim is to improve learning and build a 

reliable Earth-knowledge, and this is achieved by investigating the way that students learn. Learning 

process and the evolution of knowledge is a research issue for different areas of psychology, such as 

developmental, clinical, social, cognitive and educational. One of the most studied educational aspects 

of learning science is the relation of new information to prior knowledge, which is proven to be of a 

great importance, since, according to Svinicki (1993-1994) it affects: 

a) How learners perceive new information. 

b) The way students organize new information. 

c) How easily students make connections for new information.  

     Pre-existing knowledge in Earth science and how it affects learning is the main studied axis of this 

thesis, since as mentioned in National Research Council (1997), it may act as barrier in learning 

science. According to Roschelle (1998) the processes of learning comes mainly from the prior 

knowledge and secondarily from the material that is presented by the instructors. So knowledge is no 

more considered as accumulation of information or experience but a gradual shift from the everyday 

learning to the scientific standards (Roschelle, 1998). 

1.2 Pre-existing knowledge. 
 

The pre-existing knowledge of students is of primary importance for the learning process. Knowledge 

that students have before teaching and which is highly encouraged to be taken into consideration when 

designing curricula. 

     The past decades there has been a lot of research, globally, on the field of physical and natural 

sciences, on the effect of the pre-existing knowledge on teaching and learning. Pre-existing knowledge 

includes the knowledge that students have acquired from school, as well as the ideas that they build 

intuitively and through their interaction with the social and cultural environment (Tsagliotis, 1997) or 

as mentioned by Roschelle (1998) the experiences that students have every day which are the 

beginning of knowledge. 

On the condition that the pre-existing students’ knowledge lines with the scientific, it can be used 

as a basis on which a new sum of cognitive elements can be build. Students can accept easier new 

cognitive elements if they can connect them to what they already know.  
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The use of the pre-existing knowledge as a starting point for the beginning of studying a new 

subject is very important, since in most cases student’s ideas do not line with the scientific standard. 

These ideas are called “alternative frameworks”, “alternative conceptions”, “preconceptions” or 

“misconceptions” or “alternative ideas”. They are not misconceptions due to the lack or “bad” 

knowledge, but they are parts of mental models that students create in order to explain the world as 

they understand it (Dove, 1998). This is why they are so well established and they cannot easily 

change, even after teaching (Dove, 1998). According to research, students misconceptions can be 

grouped, they have generality and appear to be the same over time. Teaching process organized on a 

way that these ideas are highlighted and re-structured, is proved to positively contribute to the learning 

process (Kokkotas, 2002). 

The main aim of this research is to reveal whether Uppsala University’s Earth Science bachelor 

students obtain alternative ideas and reveal the degree of their understanding on basic geoscience 

topics (Earth’s magnetic and gravity field, tectonic plates, volcanoes’ and earthquakes’ distribution, 

isostasy, weathering and erosion, earth’s history and future, rock formation and age of rocks) through 

their year of studies. Students from the first, second and third year of studies will participate in this 

research and their level of understanding among their year of studies will be compared.   

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

2 Students’ alternative conceptions 

2.1 Introduction 
 

What are the “alternative conceptions” and “mental models”? Which are the properties that they have 

and how they influence the understanding of people about the Earth? In this chapter the above 

questions will be answered, presenting the theory behind the “alternative conceptions” and “mental 

models” generally, but also in the field of the Earth sciences. 

 

2.2   Alternative conceptions and the theory of mental models 
 

Until the beginning of ‘80s educational systems did not take into consideration the role of the pre-

existing knowledge at the learning process. As a result, this knowledge was unaffected, and the final 

knowledge acquired from students was far away from the scientific. Research in the field of cognitive 

psychology has led to the development of educational approaches that have as a starting point the pre-

existing knowledge and aim at moving the students to science. All these approaches have as a core the 

alternative conceptions of the students and how they could be exploited. 

The core meaning for this approach is the mental model. According to Redish (1994), mental 

models are “a collection of mental patterns people build to organize their experiences related to a 

particular topic”. Mental models are used while trying to explain different phenomena, solving a 

problem, making a prediction etc. Vosniadou (1994) states that mental models are “Dynamic and 

generative representations which can be manipulated mentally to provide casual explanations of 

physical phenomena and make predictions about the state of affairs in the physical world”.  Their 

importance is highlighted with the fact that each individual uses its own mental models during 

cognitive functions and new information is incorporated to them in order to build a base of knowledge. 

Libarkin et al. (2003) define mental models or cognitive models as “Individual’s representations of a 

phenomenon and are used to explain a phenomenon and predict an outcome”. This idea, of the mental 

models, is enhanced by the fact that research on students who were trying to solve problems in physics 

and mathematics, have proven that the errors that they make are not accidental slips, but they are 

derived by concepts that are underlying (Roschelle,1998) and are parts of their mental models.  

Redish (2003) concludes to five principles, concerning the nature and the use of mental models in 

the process of learning: 

• The constructivism principle. Individuals learn by making connections with the knowledge that 

they already have. 

• The context principle. Context affects the knowledge that individuals construct. 

• The change principle .An established mental model is not easy to change essentially. 
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• The individuality principle. Since each one is constructing each own models, different people 

have different models to explain same phenomena and then learn. 

• The social learning principle. Learning for some individuals is easier through social interactions. 

Redish (1994) continues with the properties of the mental models which are: 

 They may have elements that oppugn. 

 They may be incomplete. 

 People may not be aware of how to “run” all these procedures that are present in the mental 

models. 

 They tend to minimize the use of mental energy. 

 They are composed of rules, images and statements as well as information on when and how to be 

used. 

     These properties are responsible for the differentiation of the mental models from the scientific and 

thus lead to the formation of the alternative conceptions. 

 

2.3 Types of misconceptions 
 

The origin of alternative ideas can be various. According to their origin, science misconceptions can 

be classified as follows (National Research Council, 1997): 

• Preconceived notions. These conceptions have their route to the experiences of everyday life. 

One example is that underground water flows in streams, since the water seen on surface flows in 

streams. 

• Non scientific beliefs. Ideas that students have formed due to other than scientific beliefs. These 

could be from religion or myths. One example is the seven-day creation of the earth and life, 

taught in religious courses, that contradicts the scientific view. 

• Conceptual misunderstanding. Scientific information is given to students in such a way that 

does not provoke them to front their paradoxes, resulting in contrast to their nonscientific ideas 

and beliefs. Building, then, fault models to deal with that, they come to a conclusion that these 

models are so weak, making them feel insecure about their own concepts. One example of 

conceptual misunderstanding is a concept of spherical Earth with a flat place on top. 

• Vernacular misconceptions. These misconceptions come from words with ambiguous meaning 

in science and every life. One possible example could be the use of the word “retreat”, from a 

geologist teacher, for a glacier. A student would picture a glacier that stops, moves around and 

continuous at an opposite direction. Replacing the word “retreat” with “melt”, encourages students 

interpret that backward melting at the front of the glacier takes place at a rate exceeding forward 

motion.                                                   
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• Factual misconceptions. They concern falsities that are learned in childhood and kept without 

change till adulthood. One common misconception of this type is that “lighting never strikes twice 

at the same place”. 

More specifically, in the field of Earth sciences Dove (1998) pointed out causes of misconceptions 

that are related to: 

1. Inability to recognize the change. Students are not able to understand changes on Earth, since 

rocks, soils and landforms seem stable to them. 

2. Inadequate pre-requisite knowledge. This explains students’ ideas that soil profiles that are 

shallow are thought to be young even though resistant bedrock or weathering processes that are 

slow, could form a shallow old profile. 

3. The use of everyday language, such as “granite” (for all of the crystalline rocks) or “pebble” 

(from gravel to cobbles). 

4. Oversimplifications. One idea is that water can flow always downwards, while in limestone 

terrains and underneath glaciers, it can also flow upwards.  

5. Similar definitions as “weather” and “weathering” may lead to misconceptions that “weather 

causes weathering”. 

6.  Abstract concepts: related with events that are not occurring today, the geologic scale and the 

expanse of time. 

7. Overlapping concepts, such as porosity and permeability, or volcanoes and earthquakes. 

8. Features that have similar appearance but not similar origin: confusion of the grains of 

sedimentary rocks and the crystals of igneous rocks. 

2.4 Breaking down misconceptions. 
 

The last two general types of misconceptions in science (vernacular and factual), mentioned at the 

previous section (section 2.3), can be corrected easily by students. However scientific knowledge is 

not just promoted when teachers insist on the correct idea, when students have already formed theirs, 

which are nonscientific. It is generally proposed, according to research that has been done on 

misunderstandings about natural phenomena, that new concepts can be learned if pre-existing models 

and alternative ideas are firstly degraded. Students must come up against their own beliefs and then try 

to reconstruct a new model. The steps that need to be followed in order to break down the alternative 

models, which explain a phenomenon, and build up a new one, are (National Research Council, 1997): 

• Identification of the misconception that students have. 

• Students confronting with their misconceptions. 

• Students should be helped to rebuild their knowing, based on scientific data and models. 
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2.4.1 Identification of misconceptions 
 

The first step for overcoming misconceptions is to identify them. For different sciences there are a 

number of developed conceptual tests allowing teachers to identify their students’ misconceptions. 

Another proposed way is by arranging student groups for discussion and interviews and providing 

forums. Additionally, essay assignments asking students to explain their understanding on specific 

issue can also be helpful (National Research Council, 1997). Identification of misconceptions is 

further discussed later in this thesis. 

 

2.4.2 Confronting misconceptions 
 

Confronting misconceptions is a difficult task for teachers and students. While being in class a teacher 

could ask questions and encourage students to provide their explanation for a scientific model and then 

revisit previous concepts after some days or weeks. Teachers should have in mind that it is difficult 

but important not to underestimate these barriers that keep students away from the scientific 

knowledge (National Research Council, 1997). 

 

2.4.3 Overcoming misconceptions 
 

Research based on how we learn is the key for overcoming misconceptions. Building or rebuilding a 

correct framework for their scientific knowledge should be ensured for students. Nowak &Gowin 

(1984) proposed that in order to establish this framework, students have to create their “concept 

maps”. As a result, they make vision of concept groups and the way they interact. However, some 

studies reveal important results on the effect of creating concept maps. Esiobu & Soyibo (1995) 

reported that while students working in groups and constructing concept maps show increase in the 

conceptual learning, students that work individually do not have the same results. Group work is 

highly promoted leading in conceptual learning. 

     One example of a common concept map is the one that follows in figure 1, concerning igneous 

rocks. Boxes are containing nouns and are connected with lines, with verbs superimposing the lines in 

order to make clear of the relationship between the connected boxes. Additionally, active learning 

techniques, diagramming, remedial text, fieldwork and field observations are highly encouraged to be 

used in order to remediate misconceptions (Francek, 2012). 
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             Fig. 1 Concept map on igneous rocks. (Pestrong et al., 2002).  

 

2.5 Piaget’s model for incorporating novel ideas – Cognitive conflict  
 

As it was mentioned at the introduction, learning is no more considered as accumulation of 

experiences and information but a progressive shift from the everyday knowledge to the scientific. 

Conceptual change or conceptual exchange describes the path from student’s conceptions before the 

instruction, to the science concepts that need to be learned. These pre-instructional concepts have to be 

fundamentally re-structured in order to understand and acquaint the scientific knowledge. In this case 

student will be dissatisfied with the current conception he/she has, that he/she will eventually try to 

build a new model to explain the taught idea. This dissatisfaction triggers and marks the beginning of 

conceptual change (Özdemir & Clark, 2007). This process is , however,  hard and slow (Roschelle, 

1998). 

     According to Piaget (1963) when people are incorporating new ideas into their mental models, 

there are three stages were they are assumed to pass: assimilation, disequilibrium and accommodation.   

     Assimilation and accommodation are described as the two types of learning. According to Resnick 

(1983), learners are trying to link newly acquired information to the existing knowledge that they 

have.  In the case that the new information is consistent with the pre-existing knowledge, the kind of 

learning is called assimilation. In case that the new information is inconsistent to the pre-existing, it 

cannot be assimilated. So, new knowledge has to change. Learning of this kind is called 

accommodation.   
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     At the first stage (assimilation), the experiences that people have will be compared with their 

models of the way that a process works. In case that the existing model is not correct, the experiences 

that object with it will be rejected and those that are backing it will be kept. This process goes on till 

the time that enough experiences, sufficiently contradicting, cause disequilibrium, meaning that the 

current model from now on becomes partially or generally invalid. Then the construction of a new 

model is beginning and in case it can explain enough data, the stage of accommodation is reached. 

Piaget’s theory is very important since it incorporates the following (DeLaughter, 1989): 

• If students are not brought to disequilibrium, they will not create new models. 

• Accommodation can be reached with correct and incorrect models. 

• This process never stops. 

• At the stage of assimilation students parrot what they hear from their teacher without 

understanding it. Teachers should bring students to disequilibrium putting them to situations that 

their models are not working. 

• Scientific method and this process are similar. 

In case of existing misconceptions, accommodation is the most important key for learning. Instead 

of just adding new information, learning is more complex and incorporates reorganizing of students’ 

knowledge. Accommodation or conceptual change must happen in order to learn. Mayer (2008) 

described the learning process according to conceptual theory as follows: 

1. Recognize or detect an anomaly. The existing model is not adequate to explain a certain 

phenomena. In this case the student has to face his misconception and discard or replace it. 

2. Construct a new model. This new model will explain better the observed phenomena. 

3. Use a new model. Students are using a mental model when they are trying to solve a problem. 

They have acquired then the ability to use this new model. 

According to Vosniadou (2013) and Özdemir & Clark (2007) a newly introduced idea to the 

students by the instructor has to be :  

• Intelligible-not contradictory and has a meaning that is well understood by the student 

• Plausible-students must see that in addition to their current conceptions, the newly one 

introduced is believable 

•  Fruitful-if the new conception gives student the ability to solve other problems and suggest 

new inquiring areas.  

This way, accommodation will finally be succeeded. 
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3 Review on research concerning alternative ideas in 
Earth sciences. 

 

3.1 Introduction – Educational research on the field of Earth Sciences 
 

The Earth Science Education is a relatively new research field. Τhe main challenge of Earth System 

Science Education (ESS) is to help students understand that Earth is a complex system with processes 

that interact, influences one another and make this planet unique.  

The main ideas that are trivial for the ESS are (Orion & Libarkin, 2014): 

1. Earth materials and Systems. 

2. Plate tectonics and Interactions of Large-scale systems. 

3. The water and its role on Earth’s surface processes. 

4. Weather and climate. 

5. Global climate change. 

     The relevant research for Earth System Science educations focuses on (Orion & Libarkin,2014): 

• Conceptual understanding (providing information about the alternative ideas that students bring in 

class) 

• Affective domain (indicating the importance of affective domain in geoscience education)  

• Assessment in Earth Science System Education. 

King (2008a) made an overview on the Geoscience education, based on already published 

material.  It is indicated ,though, in his work that there is further need for research on the geoscience 

methodologies in education, on the most dominant misconceptions held by students and the efficacy of 

developing professionally initiatives to solve the above issues.     

Most particularly, concerning Earth Science educational research on students’ misconceptions, 

there is literature referring to alternative ideas on earthquakes, earth’s structure, karsts, rocks and 

minerals, weathering and erosion, historical geology, geological resources, tectonics, rivers and 

glaciers.  

From 1982 till 2009 there were 79 studies conducted, according to Cheek (2010), referring to 

students’ conceptions on different subject areas of geoscience. The next table (Table.1) summarizes 

the total number of studies and the studying area, varying from the earth’s interior and processes, to 

plate tectonics and rock cycle, geologic time, climate change and general geosciences. 
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     Τable. 1 Studies and subject area (Cheek, 2010) 
 

Most of the studies (20) are related to climate change processes and Earth’s material and 

structure and a few of them (7) are related to Earth’s processes. Each study used a methodology for 

collecting data. This included interviews, drawings, observations, tasks. Some studies used only one of 

these methods, while some used a combination of different methods. The following table (Table.2) 

summarizes the studies and the method used. 

 

 
Τable. 2 Methods of data collection (Cheek, 2010). 
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The next figure (Fig.2) shows the age groups-samples of these studies. As it can be seen there 

is a wide range of ages, from all the level of  K-12 education (elementary, middle high school and high 

school) to graduate and undergraduate students, pre-service and in-service teachers elementary 

teachers.  

 

 

Fig. 2 Age groups of studies (Cheek, 2010). 

 

     For the scope of this research, it is considered appropriate to make an exposition of the research 

that has been done, and concern alternative ideas of school and undergraduate students.    Francek 

(2012) made a compilation and review of over 500 misconceptions in geosciences among primary (5-

10 years old), middle (11-13 years old), middle/high (6-12 years old), high school (14-17 years old) 

and college students (above 17 years old), pre-service and in-service teachers, teaching geosciences 

concepts and a group of undefined age. Concerning the age group and the number of misconceptions 

published, it is concluded that the greatest number of alternative ideas is among high/middle school 

students and college students. The topics where the misconceptions were examined are related to 

earthquakes, rivers, geological resources, weathering and erosion, karsts, glaciers, historical geology, 

soils, earth’s structure, volcanoes, plate tectonics, rocks and minerals.   Figure 3 summarizes how 500 

misconceptions published, spread among different age groups.  
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                     Fig. 3  Number of misconceptions and age groups.( Francek ,2012). 

     The number of studies that were used to conclude on the number of misconceptions vary according 

to the topic examined. According to figure 4 , misconceptions on different topics originate from either 

peer reviewed sources, including journals and web sources, or web sources where the extend of the 

peer review is not stated. Table 3 summarizes the number of sources per topic studied: 

 

               Topic  Peer reviewed Not known extend of 
peer review 

Erosion      68         0 

Volcanoes      25        12  

Soils      13         0 

Rocks and minerals      51         5 

Rivers      22         8  

Plate tectonics      81        12 

Karsts       9         0 

Historical Geology      46        21 

Glaciers       3        15 

Geologic resources      29         0 

Earth’s structure      27         7 

Earthquakes      33        17 

              

           Τable. 3 Number of misconceptions’ sources per topic studied 
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  Fig. 4 Number of misconceptions, topics examined and number of studies employed for the compilation.  
(Francek, 2012). 
 

3.2  Alternative ideas of school students on Earth sciences according to 
published researches. 

 

According to reviews from Dove (1998) and Francek (2012) students’ alternative ideas are categorized 

according different geoscience topics. 

• Rocks and Minerals 

At primary level, students believe that rocks were created by supernatural forces. Kali et al. (2003) 

mentioned that students have difficulty in understanding connections between the three rock types 

leading to alternative ideas.    

An essential criterion, among students, in order to determine a specimen, is the color. Westerback 

et al. (1985) pointed out that, even primary student-teachers who were taking courses in science 

memorized the rock types in instead of trying to observe its characteristics. 

Francek (2012) mentions that all of the age groups studied in different research misunderstood 

what constituents a rock and mineral. Among high school students a common alternative idea was that 

basalt and granite come from the same magma and that metamorphism can only be caused by 

overburden pressure.  

Additionally another alternative idea that was highlighted by Happs (1982) is that volcanic scoria 

is of a sedimentary origin since the holes in the rocks were explained as being formed in the sea. Dove 
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(1998) elicited that slate was misunderstood for a sedimentary rock because of its layers. Happs 

(1985a) identified another misconception, appearing as confusion between the definition of words 

“rock” and “mineral”. 

Happs (1985a) found also that students confuse human and naturally made materials such as 

bricks and rocks, mentioning that bricks are man-made. 

The next table (Table.4) summarizes alternative conceptions about rocks according to Dove (1998). 

 

 
 
 
 
 

 

 

 

 

                  Τable. 4  Student's alternative conceptions about rocks.( Dove ,1998). 

• Volcanoes, Earthquakes, Earth structure 
 

Leather (1987) conducted a survey among 11 to 17 year old students, in Britain, and revealed that 

most of them believed that earthquakes did not happen in their region. A similar research from Schoon 

(1992) in United States, pointed that 36% of his sample (1000 undergraduates and 5-18 years old 

school students) thought than an earthquake could not occur in Chicago. 

Ross & Shuell (1993) pointed students’ alternative ideas concerning the reason that earthquakes 

occur. Many of the students responded that the earthquake is a shaking on the ground but they could 

not connect it to plate tectonics. In Francek (2012), a common alternative idea among middle school 

students is that earthquakes are caused due to changes in gravity or the electromagnetic field.  

Many studies revealed also that students tend to confuse earthquakes with volcanic activity.  

      As for the structure of the Earth, Lillo (1994), asked 11 to 15 year old students to draw Earth’s 

cross section. Students depicted Earth’s center as hot and melted (with fire or lava) where material is 

coming out through the volcanoes on the surface. In the same paper, middle school students proposed 

that the Earth’s layers are non-concentric and that there is a magnet at the center of the Earth. The 

following, is a table (Table.5) that sums students’ alternative ideas about earthquakes, volcanoes and 

earth’s interior as published by Dove (1998). 

 

 

 

1 Rocks are heavy, dull, large and dark. 
2 Volcanic skoria is sedimentary. 

3 Slate is metamorphic. 
4 Minerals and rocks are the same thing. 

5 Brick is natural. 
6 Marble is man made. 
7 Conglomerate is atype of cement. 
8 Coal is fuel not a rock. 
9 Polished granite is a form of marble. 
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Τable. 5 Students' alternative conceptions about earthquakes, volcanoes and earth's structure. (Dove,1998). 
 

• Historical geology 

The general trend concerning this geosciences topic,  is that students try to oversimplify the 

geologic time, finding it complex, and create a scale with “extremely, moderately, and less ancient” 

time. Ault (1982) indicates that primary school students believe that the age of a specimen can be 

excluded by its color. Furthermore, according to Philips (1991) and his research on high school 

students, the idea that dinosaurs and human living together was dominant. 

 

• Plate tectonics 

Regarding plate tectonics, most of the misconceptions reveal that there is a poor understanding on 

plate boundaries nature, on the speed that tectonic plates move, on what moves tectonic plates and 

how tectonic plates appear on surface. According to the American Association for the Advancement of 

Science's Science Assessment (AAAS), the most common alternative ideas concerning plate tectonics 

are: 

i. Plates are composed of molten rock 

ii. Earth’s plates are located deep in the Earth and cannot be seen on surface 

iii. Earth’s plates are separated with gaps 

iv. Continents move only inches per hundred years 

v. Lithospheric plates cannot bend  

vi. Plates are arranged as layers that are stacked (Margues & Thompson,1997) 

1 Earthquakes do not happen in the UK. 

2 Earthquakes do not happen in the USA. 

3 Earthquakes occur in hot countries. 

4 Earthquakes occur when the Sun heat’s the Earth’s surface causing cracks. 

5 Earthquakes occur when shaken by volcanoes. 

6 Earthquakes “erupt”. 

7 Volcanoes do not have snow on them. 

8 Volcanoes are not found in cold climates. 

9 Magma flows from the center of the Earth. 

10 A magnet is found at the center of the Earth. 
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3.3   Undergraduates’ alternative conceptions concerning Earth sciences 
according to published researches. 
. 

An indication of relevant research is that alternative conceptions that students have in elementary 

classes may persist to highs school and finally in university classes, implying that misconceptions can 

be resistant to teaching or that instruction is not adequate to address them (Kokkotas, 2004). The 

following misconceptions are held by undergraduate students, concerning different topics of 

geosciences. 

• Earth’s structure 

According to research conducted by Libarkin & Anderson (2005) the most common alternative 

idea among college students about the structure of Earth is that the crust has a thickness of several 

hundred kilometers. This is also a finding of Steer et al. (2005). Additionally, many students believe 

that crust and lithosphere are the same, according to Kirby (2011). 

• Rocks and Minerals 

     According to Kirby (2011) college students think that rocks and minerals grow, and interpret the 

massive texture of minerals as a dimensional characteristic (big samples). Additionally, concerning the 

grains of igneous rocks, coarse-grained are thought to be rough and fine-grained, smooth.    

• Geologic time 

     Most of the students have a misconception about the age of the Earth. According to Libarkin & 

Anderson (2005) less than 50% of their sample students would place the age of the Earth at 4-5 billion 

years. In addition, more than 30% believed that life existed at the formation of the Earth and that 

human appeared on Earth when Pangaea existed. 

• Earthquakes 

     According to Kirby (2011) an alternative idea among college students is that earthquakes may 

occur due to subterranean hollow spaces that collapse. Barrow & Haskins (1996) stated that students’ 

thinking about the study of earthquakes and volcanoes together is explained because they are both 

caused by underground pressure. Furthermore, in the same paper it is stated that students are provided 

with more information by the mass media, concerning the earthquakes, than by their own experiences. 

Coleman & Soellner (1995) pointed out that students have a misconception on the prediction of 

earthquakes, thinking that earthquakes can be predicted. 

• Volcanoes 

     Kirby (2011) revealed many alternative ideas of college students about volcanoes. Most common 

are those related to the magma source as being product of the Earth’s outer core, or molten layer 

beneath Earth’s surface, or of a layer deep, in the mantle. As for the volcanic distribution on Earth, 
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Boudreaux et al. (2009) mention that students think that volcanoes can be found in warm areas or near 

the equator and they appear in rocky areas. 

• Plate Tectonics 

     According to Libarkin & Anderson (2005) most of the students have difficulties in understanding 

the location of tectonic plates. After collecting questionnaires and sketches of students’ thinking about 

the location of tectonic plates, they resulted to the following  characteristic schematic representation of  

figure 5 , placing tectonic plates as depicted in pictures 5B, 5C and 5D. 

 

 
             Fig. 5 Students’ ideas about the location of tectonic plates. (Libarkin & Anderson, 2005). 

     When students were asked to draw a sketch of earth’s interior, all of them confused the rheological 

(lithosphere, asthenosphere etc.) with the chemical (core, mantle, crust) distinction of the layers. 

     Another finding of this research is that students could identify the relationship between the tectonic 

plates and earthquakes, but not of the volcanoes with the tectonic plates. 

     Smith & Bermea (2012) used 149 students, for a 5 year period, over which, by employing sketches 

drawn by students, they tried to recognize their alternative conceptions on plate tectonics, after the 

completion of a physical geology or an Earth science system course.  Some of the students’ sketches 

published in their paper are demonstrated in figure 6. 

     At the first sketch (6.A), the author illustrated the earthquake location with the asterisks, revealing 

an alternative conception on the occurrence of earthquakes at a subduction zone. Furthermore another 

misconception revealed is the separation of crust from the lithosphere. 
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Fig. 6 Students’ sketches and alternative conceptions on earthquakes, volcanoes and plate boundaries. (Smith & 
Bermea ,2012) 

In the case of the second drawing (6.B) the same misconception, as in the first case, is revealed, 

concerning the separation of lithosphere and crust. Additionally, the occurrence of earthquakes and 

volcanoes is placed in the trench. 

     The third author (6.C) has also an alternative idea about the lithosphere, separating the crust from 

the lithosphere. Furthermore in this sketch the earthquakes (asterisks) are placed at the sides of the 

plate boundary and magma origination is located in the asthenosphere.   

     The last author sketched (6.D) a trough instead of a ridge with magma rising from the 

asthenosphere and volcanoes existing at the sides of the plate boundary. 
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4. Assessing alternative ideas – Concept inventories 
 

4.1 Introduction 
 

Undergraduate students come from a variety of different backgrounds, schools, beliefs and 

experiences. All of these are factors that contribute to the pre-existing knowledge that they have, when 

they are coming to the classroom. As mentioned in the previous chapters, this knowledge plays the 

most influential role on the learning process. 

     Students coming with a background based on taught concepts that are well comprehended have 

formed the proper basis, on which further knowledge may develop. On the other hand, students having 

alternative ideas, have to deconstruct previous knowledge and prepare the proper foundation for the 

addition of new information.  

     Educational assessment is trying to investigate the degree of students’ learning. In general, the aim 

of assessment is to measure an individual ability. Researchers on the education of different sciences 

have put effort on developing assessment tools, trying to highlight students’ alternative ideas and 

improve learning. “Concept inventories” are used the last years from science, technology, engineering 

and mathematics teachers for assessment of university courses. They are multiple choice questions 

aiming at diagnosing the most common conceptions of the students, what they individually think about 

a specific question and the effectiveness of instruction. The possible questions are usually four, with 

one correct answer and three distractors. The distractors are based on students’ alternative ideas, 

elicited with open-ended questions, interviews or sketches. So, they are based on the most common 

misconceptions. They are further evaluated, in order to fulfill the criteria of reliability and validity. 

     The first concept inventory was designed by Halloun & Hestenes (1985). It is called the “Multiple-

Choice Mechanics Diagnostic Test”, developed to evaluate students’ misconceptions on basic topics 

of mechanics. Later, the Force Concept Inventory (FCI) was developed by Hestenes et al. (1992). FCI 

consists of  29 multiple choice questions, assessing students’ ideas of force and related kinematics. 

FCI changed the way that universities’ education was perceived by the teachers. The instruction of 

physics changed significantly and a novel perspective was brought to the education on academics 

physics. Since then, there are many concept inventories designed to assess students’ misconceptions in 

physics, as the Force and Motion Conceptual Evaluation by Thornton & Sokoloff (1998) or the 

Electricity and Magnetism Assessment by Ding et al. (2006). In other sciences, concept inventories 

have also developed, such as the Chemical Concept Inventory (CCI) for chemistry by Douglas (1996), 

or various concept inventories concerning different concepts in the education of biology. 

     In the field of geosciences, a 30-year period of research considering students’ misconceptions, led 

to the development of two concept inventories. Libarkin & Andersson (2005) developed the 

Geoscience Concept Inventory, covering a variety of geoscience topics and Parham et al. (2010) 
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designed the Volcanic Concept Survey associated with volcanoes and their relation to plate tectonics. 

Furthermore, other evaluation tools are the Geological Spatial Ability Test designed by Kali & Orion 

(1996), the Geological time Aptitude Test (GeoTAT) designed by Dodick & Orion (2003) and the 

“Earth Systems Thinking Tests” by Assaraf & Orion (2005).  

 

4.2   Geoscience concept inventory – GCI 
 

The purpose of designing Geoscience Concept Inventory-GCI was the need of a tool that could be 

used in universities and colleges, in order to assess entry-level students’ knowledge in introductory 

courses at the field of Earth sciences.  

     For the scope of this thesis GCI will be facilitated as the assessing tool of Uppsala University’s 

Earth science bachelor students’ conceptual understanding and knowledge on basic geoscience topics. 

     Recognizing students’ alternative ideas led to the development of many concept inventories used in 

different domains of science. The developers of these inventories are based on similar ideas and 

approaches. They use a content focusing on reviewing texts or on the opinion of people that expertise 

on a domain, choose students coming from the same type of institutions (for example large state 

schools) or students from the similar area and the responses that they design are multiple choice 

questions based on what the developer experiences in the class, from literature reading and 

questionnaires or interviews. The next table (Table.6) compares the GCI with other existing concept 

inventories in Earth Sciences. In contrast to other concept inventories, GCI has the following 

characteristics (Libarkin, 2006): 

• The content of the test is based on students’ conceptions. 

• There is a variety of topics covered. 

• The collected data are the results of twenty studies, from more than 1000 questionnaires and 75 

interviews, and student sample from 10 institutions. 

•  Data were collected during two different periods, in fall 2002 and 2003. 

• The colleges from which data were collected came from a wide area and represent different type 

(public, private etc.) of universities. 

• Differential Item Functioning  (DIF) and Item Response Theory were performed. 

 

 

Differential Item Functioning (DIF) refers to whether two different groups of people, mainly separated 

by ethnicity or gender, with a same skill or ability, have different probabilities at responding the same 

on a questionnaire or a test. (Teresi & Fleishman, 2007) 
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Τable. 6 Geoscience Concept Inventory vs. existing concept inventories (Libarkin and Anderson, 2013) 

 

     Validity and Reliability are key-factors when designing questionnaires. They represent how much 

faith should be put from people on a measurement instrument. They are two different aspects of test’s 

believability (Muijs,2004): 

• Validity refers to whether a test measures what is purposed to measure. The question 

answered from validity is: “Is the instrument the appropriate chosen for what it is needed to be 

measured?”. 

• Reliability refers to the consistency of a measurement. The question answered from reliability 

is: “Are the results consistent?”. 

     A measurement is reliable or constant when its results are reproducible. Developers, in order to 

assure validity and reliability for their test, used processes that are widely incorporated in 

psychometrics. The following table (Table.7) shows some of the measures of validity and reliability 

that were used for the development of Geoscience Concept Inventory.  

 



22 
 

 
Τable. 7  Developing GCI. Measures used for validity and reliability. (Libarkin and Anderson, 2006). 

     From Table.7, it can be seen that there are five major approaches to determine the validity of a test 

(Libarkin & Anderson, 2006):  

• Construct validity refers to the ability of the test to measure the construct that is actually 

studied and is mentioned on the title. For the development of GCI interviews and questionnaires were 

used and the concept of the Earth is covered by various questions from different topics. 

• Content validity refers to how well a test measures the purpose for which it is intended.  In this 

case it was questioned if GCI measures ideas related to geosciences. To overcome this, each of the 

test questions was reviewed by three to ten geologists and then the revised items were reviewed by 

ten to twenty-one faculties to examine whether the questions were correct. 

• Criterion validity assesses whether a test reflects a certain set of abilities. A simple way to 

determine criterion validity is to compare it with a standard that is known. 

• External validity refers to whether the results can be generalized to the world at large. To ensure 

this, developers of GCI piloted the test with students from 49 institutions. Additionally through 

Differential Item Functioning (DIF) they calculated the bias due to gender or ethnicity differences 

of the students. 

• Internal Validity refers to the extent that someone can be able to say that there are no other 

variables than the one measured that causes the results. As an example to the development of GCI, 

a random sample and the expectations of the researchers that could affect the results could be 

selected. Libarkin and Anderson had their items reviewed from geologists and experts in 

education; GCI is administrated by the institution interested and not the developers.  

• Reliability, referring to the consistency of a measurement. The question for the development of 

the GCI is whether the test results can be repeated. The answer to this question is that different 
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populations gave the similar results; the internal consistency reliability of items is 0.69 indicating 

an “acceptable” value and thus promotes reliability.  

4.3 The role of Geoscience concept inventory in assessment 
 

According to Pellegrino et al. (2001) the assessment triangle of Cognition-Observation-Interpretation 

(Fig.7) can give a valuable model for determining students learning. 

• Cognition is a student’s knowledge and skills. 

• Observation gives the opportunity to judge how students are performing. This can be done through 

open-ended questions or multiple-choice test. 

•  Interpretation allows quantifying the observation and coming to some conclusions.      

 

 

 

 

 

 

 

 

Fig. 7 Τhe assessment triangle (Libarkin,2014) 

 

Applying this triangle, in order to understand the learning process in the field of geosciences, is 

the ideal way in ensuring that instruction assessment is possible. The most important step is to 

establish the cognitive process that is evaluated. One possible example concerns students’ thinking 

about climate change (Fig.8). The conceptual understanding of climate change is observed through the 

GCI questions related to climate change and then interpreted by statistical analysis of the responses 

(Libarkin, 2014). 

 

 

 

 

 

Fig. 8 Application of the assessment triangle to conceptual understanding of climate change, (Libarkin,2014) 
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4.4   The strategy of developing GCI 

  
As it was previously mentioned the term “concept inventory” is widely used in science education, with 

the field of physics doing a pioneering work on this. This was the proper foundation for the 

development of GCI. The steps that were followed for its design are going to be analyzed. Each of 

these steps was carefully thought in order to ensure the validity and reliability of the test (Libarkin and 

Andersson, 2006):  

1. Review of concept goals. The topics that would be covered in the test would represent a wide 

variety of the geoscience field, according to the specialization of its authors as well as based on 

the literature of introductory level texts. 

2. Qualitative data collection. The methods used to collect the data were open-ended questions 

and interviews.  

3. Generate test items. In order to generate the test items, coding the questionnaires and interviews 

was employed.  The qualitative data and the development of the items were correlated so that the 

test assesses basic concepts.  The answers and distractors (one of the incorrect answers presented 

as a choice in a multiple-choice test) of the questions were designed to be clear and short and 

written or presented in a similar way. One example of a question developed after the collected 

data is shown in figures 9 and 10 (Fig.9, Fig.10). Figure 9 shows the students’ answers when 

they were asked about the geologic time and the occurrence in time of major events (dinosaurs’ 

appearance and extinction, human appearance). Figure 10 represents a GCI question derived 

from students’ answers. 

4. Reduction of choices to five or fewer.  According to statistical analysis, multiple–choice 

questions should have at least three answers and not more than five since the difficulty that 

students would face in answering the question would be artificial.  The answers chosen are up to 

five (derived from students’ alternative ideas) in order to avoid guessing. 

5. Pre-testing. In order to proceed to the pre-testing, 49 institutions were selected, in 23 states of 

the Unites States and tests were delivered to 3500 students at 60, introductory level, courses 

including oceanography, physical geography, historical geology etc.  

6. Review of the test items internally and externally. Both of the authors reviewed the questions 

but each question was also reviewed and revised by three more experts in the field of 

geosciences and education. 

7. External review by participating faculty. The geoscience faculties that participated in the 

study were asked to give feedback and comments about the questions of the test and also to take 

the test.  
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Fig. 9 Students’ timelines. A) Timeline close to the scientific model B) Student has mixed scientific and non-
scientific ideas C) Non scientific perspective of Earth's history (Libarkin et al., 2005). 

 

         Fig. 10  Question of GCI based on students' responses (Libarkin et al, 2005). 
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8. Revision of test items. Some of the test items were revised according to comments made from 

the participating geoscience faculties. These included changes in figures and re-formulating the 

items (simply or extensively).  

9. Post-testing of pilot courses.  2200 students took part in post test after the end of the semester. 

This step was important in order to check the relation between Rasch (2) and DIF (Differential 

Item Functioning).    

10. Think aloud interviews. 20 students participated in think aloud interviews, during the post 

testing, and were asked to explain their responses to the test questions. This allowed authors to 

understand if there was not correspondence between what students perceive and what the test 

question is designed to elicit. Additionally, misunderstandings during interviews were a helpful 

tool to revise the test items. Finally an important outcome of the interviews was to “measure” if 

students were guessing instead of revealing their alternative ideas. 

11. Item response theory analysis (3). In order to guarantee the validity of the test, Rasch analysis 

was implemented on the results of pre- and post- test. Stable were considered the items that had 

the same relative position on Rasch scale at pre and post testing. Additionally all the items were 

assessed for DIF in relation to gender and race. One of the items was completely removed and 

some of them are still statistically evaluated.  

 
• (2)Rasch Method: The probability of a question to be answered correctly depends on the difficulty of the question as 

well as the abilities or the examinee. The difference of the Rasch model with other models of the Item Response 

Theory is that the analysis model of Rasch is based only the difficulty parameter. In this model it is assumed that all 

of the items have the same ability and the guessing factor is calculated directly but through calculating the standard 

error of the measurement (Choppin, 1983). 

 

• (3) Item Response Theory (IRT): Statistical method that is used in developing- analyzing and scoring of tests, 

questionnaires. It is based on the assumption that the probability of answering correctly an item depends on the 

person and the item parameters. The parameters of the person are called latent traits and one of them is the 

intelligence. The parameters of the items are the difficulty level, discrimination, and the “guessing factor”. 

(DeMars,2010). 

 
 

12. Creation of GCI sub-tests. The current research is focusing on creating GCI sub-tests according 

to the course and research needs with the prerequisite that they are statistically similar. 

     The cycle of the development of GCI is shown in the next figure. It summarizes all of the processes 

mentioned above and gives an example of an item of the Geoscience Concept Inventory: 
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Which technique for determining when the Earth first formed as a planet is most accurate? 

a. Comparison of fossils found in rocks. 

b. Comparison of layers found in rocks. 

c. Analysis of Uranium found in rocks. 

d. Analysis of Carbon found in rocks. 

e. Scientists cannot calculate the age of the Earth 

 

            

      Fig. 11 Cycle of development of Geoscience Concept Inventory (Ward et al, 2010). 

 

4.5  Geoscience Concept Inventory – Community call.   
 

The development of Geoscience Concept Inventory, is based on diagnosing the conceptual 

understanding of students and assessing learning in entry-level courses related to geosciences. In 

August 2011, the developers of GCI published an article, calling the community of geologists and 

earth science educators to collaborate for the expansion of GCI.  This suggests that the test should 

contain more complex questions, covering a wider range of geoscience topics allowing also 

assessment in higher levels of studies. The contribution of the geo-community would focus on 

reviewing the questions of GCI; propose new topics (geophysics, atmospheric sciences), becoming co-

authors to this venue and on-line assessing of students’ learning (Libarkin et al, 2011). 
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4.6  GCI used as an assessment tool in published studies. 
 

 A number of studies have been published using GCI as an assessment tool. Some of them come from 

the developers of GCI, Libarkin & Anderson, (2005), (2006) and (2007) describing the development 

of the test. Libarkin &Ward (2011) promoted GCI as a community based instrument giving the ability 

to geoscientists to use an online test. The rest of the studies focus on students’ or teachers’ 

understanding on a specific topics, such as the geological time, from Teed & Slattery (2011) , on the 

effectiveness of different innovations in instruction , from Steer et al. (2005) and McConnell et al. 

(2006). Additionally, Petcovic & Ruhf (2008) used GCI for assessing the knowledge of pre-service 

elementary teachers. Furthermore GCI has been transformed and used to i.e. middle school students 

and has been translated to Spanish by Llerandi Roman (2007). Finally, Kelemen & Rosset (2009) and 

Hambrick et al. (2012) used GCI as a tool for measuring conceptual understanding in cognitive 

science efforts. 

5 Designing quantitative educational research 
 

5.1 Introduction 
 

Educational research methods are classified in two main categories (Creswell, 2012); 

• Quantitative. Questionnaires simultaneously measure the understanding of many individuals. 

• Qualitative. Interviews can provide a good understanding of an individual. 

     The research method used in this thesis is quantitative. The definition given for the quantitative 

analysis is the following: 

“Quantitative research is explaining phenomena by collecting numerical data that are analyzed using 

mathematical based methods, in particular statistics”(Aliaga & Gunderson, 2000). 

     Through this definition, explaining phenomena is the most important element of a survey, either it 

is qualitative or quantitative, since the aim of every research is to try and explain something. The main 

element that distinguishes quantitative research is that numerical data are collected and this is 

connected with the statistical analysis in the end of the definition. However most of the data needed do 

not appear naturally, but this is plausible through designing instruments that convert into numerical 

and quantitative data phenomena that do not naturally appear.  Possible examples are beliefs and 

attitudes. In this thesis the phenomenon that does not naturally appear and there is a need to be 

quantified is the students’ understanding of basic earth science concepts. 
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     The research questions that quantitative research can give answer to are the following four (Muijs, 

2004): 

1. When we need an answer that is quantitative, for example when there is a need to know the 

number of students that choose to study Earth sciences. 

2. Numerical change is studied by quantitative methods, concerning for example the number of 

students that decided to study Earth science in 2014 and 2015. 

3. When we need to find the state of something or explain phenomena, for example the factors that 

contribute to student achievement through time. 

4. Testing hypotheses. Test for example the relationship between student scores in a test and the 

courses that they have attended during the semester. 

     On the other hand, there are questions that quantitative methods do not suit to and these are (Muijs, 

2004): 

1. Need to explore problem in depth. 

2. Developing hypotheses. 

3. Study complex issues. 

4. Quantitative methods are better at investigating causality and qualitative at investigating in depth a 

meaning or events and circumstances. 

The types of quantitative research are two (Creswell, 2012): 

1. Experimental. It's basis is the experiment. Conducting a test under conditions that are 

controlled and demonstrates a truth or examines if a hypothesis is valid or not. 

2. Non-experimental. 

In this research a non-experimental quantitative research is conducted. 
 

5.2 Designing an non-experimental research 
 
Non experimental research can be varied, including survey or historical research and observation and 

analysis of data that already exist. The most popular non-experimental quantitative research is the 

survey research. They have flexible design and a variety of forms but what characterizes most of them 

is the collection of data via questionnaires administered with various ways; face to face, emails, web 

based etc. Despite the fact that many believe that it is an easy survey, designing it is not simple. The 

stages followed to design a survey study are (Muijs, 2004): 

1. Define research objectives. The first step is defining the research objectives. After finding 

the research objectives, we proceed to research design depending on the research objectives. 

The research objective of this survey is to test the understanding on basic concepts of the 

Earth sciences of Uppsala University’s earth science students.   



30 
 

2. Formulate hypothesis. In order to formulate a hypothesis, there is a need to make a 

prediction between two variables. This way, the relationship between the two variables is 

going to be tested. In this thesis, the level of understanding of Uppsala University’s Earth 

Science Bachelor students’ is examined through the individual total students’ scores in the 

Geoscience Concept Inventory test. Graduate students are expected to have higher level of 

understanding since though the years of studies, more knowledge is acquired. The two 

variables that are examined is the level of understanding (GCI final total score) and the year of 

studies. If the level of conceptual understanding is higher as more knowledge is acquired 

(implying that students’ alternative ideas are effectively addressed or not taken into 

consideration on the theory that knowledge is accumulation of experiences and information), 

then third year students are expected to have the highest GCI total scores (so higher level of 

understanding) compared to first and second year students.   

3. Define needed information. Since research questions and hypothesis are decided, the next 

step is to know what information is needed to be collected in this survey. This is related to 

how students understand density, earth’s gravity and magnetic field, earth’s structure, tectonic 

plates, distribution of earthquakes and volcanoes, weathering and erosion, isostasy and earth’s 

future. 

4. Decide the population.Τhe population is the groups of people were the survey is going to be 

generalized on. In case that it is not possible to test the whole population that the survey 

corresponds to, the population has to be sampled. If the whole population is sampled, the term 

census is used for the population of the survey. In this survey, the population is the Earth 

science bachelor students of 1st, 2nd and 3rd year of the Earth Science Department of Uppsala 

University (census).   

5. Design research instruments. In this stage of the research, the research instrument is 

designed. This is a trivial stage since once the results are collected; there is no possibility of 

rectifying problems with the instrument. In this survey, questions from the Geoscience 

Concept Inventory are facilitated. 

6. Collect data. There are different ways for collecting data; pencil and paper questionnaires, 

telephone or face-to-face interviews or web-based questionnaires. The data in this survey are 

collected with web-based questionnaires. This way of collecting data has certain advantages 

and disadvantages. Web-based questionnaires are similar in design to pencil and paper 

questionnaires, but the answers are directly stored in a database. The main disadvantage is the 

low penetration. The unreturned questionnaires in these cases are a problem, since many of 

them receive rates of response lower than 50% and, on the other hand, it is very rare to receive 

rates of 100%. A general noticed trend is that people feeling strongly or have an ulterior 

motive around the subject, are more likely to participate, as people interested in research, 
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generally. The result is that the sample gets small with low rates of response and the 

hypothesis tested will not be so “statistically strong”.     

7. Analyze data. There are several ways to analyze data as SAS, BMDP, Stata, Splus and 

GBStat that are software packages for statistical analysis. In this survey, data will be analyzed 

with SPSS. It is the most common software package for statistical analysis used in education.  

6 Research on the alternative ideas of Earth science 
graduates of Uppsala University on basic Earth science 
topics. 

 

6.1 Introduction 
 

The basic aim of this research is to highlight if Earth science bachelor students of Uppsala University 

have alternative ideas and conclude to the level of conceptual understanding compared to their year of 

studies. The method that is going to be used is a 20-item questionnaire based on questions from the 

“Geoscience Concept Inventory” as described in chapter 4. 

     The alternative ideas as part of the pre-existing knowledge of the students play a very important 

role in the development of scientific knowledge and generally in learning and this is a common 

derivative of many researches in the field of education generally, but in the field of Earth sciences 

also. This finding is the starting point of this research, as well as trigger. 

 

6.2 The written test with multiple choice questions as a diagnostic tool for 
alternative ideas. 
 

As it has already been mentioned the type of the diagnostic tool that is chosen to be used in this 

research is a written diagnostic test with multiple choice questions. For each question, a number of 

alternative ideas are proposed, from which a student can choose the correct answer. The correct 

answer in some questions is only one, while for others it can be more than one (combination of two or 

three).  

     The choice of this type of diagnostic tool is justified because of some characteristics and 

advantages that it has in comparison to others, which makes it suitable for the scope of this research. 
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6.2.1 Characteristics of the multiple choice diagnostic tool 
 

The diagnostic test (questionnaire) with multiple choice questions has the following characteristics: 

• The questions that it includes are not general, but particular. 

• It is designed in a way to highlight specific alternative ideas of students. These ideas are already 

recorded from previous research studies. 

• The students must have clear idea- knowledge of the topic that each question examines, in order to 

choose the correct one. 

6.2.2 Advantages and disadvantages of the diagnostic –multiple choice question tool. 
 

The advantages of the diagnostic tool with multiple choice questions are  

• The test is checked for its validity and reliability. 

• It can be answered from a big number of students. 

• It is not time consuming. Students can answer the questions in maximum 30 minutes. 

• It can investigate students’ alternative ideas for a wide variety of geoscience topics. 

• This type of test is easy in correcting and analyzing the results- since every false answer reveals a 

specific alternative idea and every right answer means that the student has the scientific 

knowledge on the specific topic. 

     On the other hand there are certain disadvantages that the multiple choice diagnostic tool has: 

• Unfortunately, in the case of the Earth sciences there are not reliable and valid diagnostic tests, 

which can be used or be combined in a way that will correspond to the wide variety of topics 

concerning the Earth. 

• Because of the different topics that this test includes some of the Earth science topics are not 

examined in depth. This limits the scope over which this test can be used. 

 

6.2.3 Indicative use purposes of the diagnostic test. 
 

Taking into account the characteristics of this diagnostic test, as well as its advantages and 

disadvantages, under certain circumstances, it can serve the following purposes: 

• Elicit the alternative ideas of students on a certain topic, on which they have pre-existing 

knowledge. 

• Recognize the points in the learning process where students face difficulties in understanding. 

• Compare the results of similar sample populations coming from different educational systems 

and cultures, in order to control the effect of this factor on the existence of alternative ideas. 

Confirmation of the universal and timeless character of the alternative ideas. 
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• Measure the percentage of students that present conceptual change, by using the test pre and 

post- instructional. 

 

6.3 Distribution of the Diagnostic Test and collection of data. 
 

The questionnaire was distributed via e-mail to all bachelor students of the Earth Science bachelor 

studies of Uppsala University. More specifically, it was sent to: 

• 47 first year students 

• 35 second year students  

• 41 third year students 

• Total number of students was 123. 

The questionnaire had instructions and additional information about the purpose of the survey.  

6.4 Methodology of processing and analyzing data. 
 

The process and analysis of data collected from the sample of Earth Science students of Uppsala 

University was done with SPSS (initials of Statistical Package for the Social Sciences). SPSS is a 

software package that is used for statistical analysis. Using this software, the following statistical 

analysis was conducted: 

• Reliability analysis – Calculation of Cronbach’s alpha. 

• Calculating the average of the correct answers of the sample and the average of the % 

percentage of the correct answers. 

• Frequency analysis and frequency tables for the distribution of the choices among the items of 

each question. 

• Examine the relationship between the final scores of students and the year of studies. 

• Discuss question by question the percentages of the correct and false answers and how the 

false answers where distributed among first, second and third year students . 

6.4.1 Introduction to SPSS 
 

Τhe environment of SPSS has two main windows; the Data Editor and the Output Navigator. 

• The Data Editor has two more options: 

o The Data View, were statistical data are entered. It is similar to an Excel file, looking like a 

grid with rows and columns. The columns correspond to variables, which in this case is every 

question of the questionnaire. The rows correspond to units and each case concerns one 

student’s answers. 
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o The Variable View, were all statistical data are entered. Every row corresponds to a variable 

and every column to the variable’s characteristic. There are eleven characteristics that define a 

variable; Name, Type, Width, Decimals, Labels, Values, Missing, Columns, Align, Measure 

and Role. 

• At the Output View, all the results of the statistical analysis (tables, graphs) appear and they are 

available for further use. 

     There are different ways to enter data in SPSS, depending on the type of the question and the 

answer. For the multiple choice questions, the following way of coding data was used; 

The variables are all the available items of every question and they are coded according to each 

student’s selection with two numbers or values, 1 and 0. These values are translated as:  

 1 = the student understands the basic concept examined by a certain question, 

 0 = student does not understand the concept examined by a question.  

For the two different types of questions (those with one and those with the two or three correct 

answers), the coding of the students’ answers is slightly different. 

     For questions with one correct answer: 

 If a student chooses as correct the correct and scientific answer, then number “1” is entered, as a 

value to the correct choice, meaning that he/she understands the concept examined by the 

question. Number “1” is also entered to the rest of the choices (items of the question), which are 

alternative ideas, meaning that he/she understands that these choices are not correct and correctly 

does not choose them. 

 If a student chooses for correct an alternative idea, then number “0” is entered to the correct 

answer of the question, meaning that he /she does not understand the basic concept as well as to 

the alternative idea chosen, and “1” is entered to the alternative ideas that he/she does not choose, 

translated as understanding that they are not correct. The following is an example of coding data 

for questions with one correct answer: 

   “What does “density” refer to?” 

A. How big something is. 

B. How quickly particles move. 

C. How much material exists in space. 

D. How much air is contained in an object. 

E. How slowly liquids move. 

     A student, who chooses as correct the correct answer (C), will have value “1” for the correct 

answer (C) and number “1” also for A, B, D and E understanding that they not correct. 

     A student who chooses, for example, B as the correct answer will have  “0” value for answer B and 

C , translated as not understanding the concept of the question and value “1” for  A, D and E as 

understanding that they are false and does not choose them. The following table (Table.8) is 

explanatory of the coding of these two possible answers in this type of questions. 
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Question         A         B        C         D        E 

Correct answer         1         1          1         1         1 

Alternative Idea         1         0         0         1          1 

Τable. 8 Coding data for questions with one correct answer. 

     For questions with more than one correct answer, the students gets “1” (understanding the question) 

if  he /she has chosen all the available correct answers and “0” if he/she has chosen less than the 

correct combination. The following is an example of how questions with more than one answer are 

coded: 

How can rocks in the ocean be formed? 

A. By animals. 

B. From continental rocks. 

C. By volcanic activity. 

     If a student chooses A, B and C, then the answer is correct and he/she gets “1” for understanding 

the basic concept. If he/she chooses any two or one, of the three correct choices, then the final mark is 

“0” for not understanding the basic concept, revealing an alternative idea. The following table is 

explanatory of coding data for these types of questions. 

Question           A         B          C  Final question score 

Correct answer            1         1           1              1 

Alternative idea 
(example ) 

           1              0           0              0 

Τable. 9 Coding of questions with a combination of answers. 

 

6.4.1.1 Reliability analysis 
 

The reliability analysis or internal consistency of a diagnostic test is a process that is very important to 

educational research. 

     The aim of a diagnostic test is to determine the level of knowledge or understanding of a 

sample/population on a specific cognitive subject. Thus, a diagnostic tool can be compared to a scale 

which can count or determine the degree of a latent underlying construct. In this case the latent 

underlying construct is the “understanding” of basic topics in Earth sciences. 

     The reliability of a diagnostic test lies to the fact that all the items of the test should measure the 

same construct in the same way, the value of which is determined by the final score. Therefore, in 

order to have a reliable diagnostic tool, individuals with the same level of understanding – construct 
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have the same final scores. So, two students with the same level of understanding, on the basic Earth 

science issues, tested by the diagnostic test, should result at the same final score.  

The reliability of the test is measured with Cronbach’s alpha (α). The formula for the calculation of 

Cronbach’s alpha is (UCLA: Statistical consulting group, 2015) 

   

 

 

 N : the number of items 

 c-bar : average inter-item correlation among the items of the questionnaire 

 v-bar : average variance. 

     According to the formula, when c-bar is high, alpha should be also high. This implies that when all 

of the items of a questionnaire measure the same construct in the same way, Cronbach’s alpha should 

be high. Additionally, high numbers of items imply high alpha value. On the other hand, a low alpha-

value implies that the items of the questionnaire do not measure the same construct. This is possible 

when the scale chosen is not uni-dimensional but more than one constructs are measured. In this case 

all of the items of the questionnaire should measure the some construct, which is the students 

understanding of basic geosciences concepts.  

In order to calculate Cronbach’s alpha in SPSS, the followed steps are (Muijs, 2004): 

 Analyze 

 Scale 

 Reliability Analysis. 

The following figure (Fig.12) is the opening window at SPPS when asked to calculate Cronbach’s 

alpha. All of the test items are selected and dragged from the left to the right column. By pressing 

“OK”, SPSS calculates alpha.  

 
               Fig. 12 Reliability analysis of the GCI test, calculated in SPSS. 
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6.4.1.2 Calculating the mean of the correct answers for each student. 
 

In order to calculate the average of the correct answers of students, the final score if the students 

should firstly be calculated. 

Τhe steps followed in SPSS are (Petrou,2010): 

 Transform 

 Count values within Cases. Only the items that correspond to the correct choices are selected. 

Then, SPSS is asked to count only value “1”, by using the demand “Define value” in order to 

count only the correct answer-choice to all of the questions (Fig.13, noted with the red 

horizontal arrow). 

• In case that only the correct answers from one group of students is needed to be counted- i. 

e first, second or third year students scores- ,the demand on SPSS is “if –> “year of 

studies”=3” (Fig.13, noted with the red vertical arrow). This will count only the means of 

the correct answers of graduate students only. The same process is followed also for the 

second and first year students by changing the year of studies to 2 and 1, correspondingly. 

 

                           
                                  Fig. 13 Calculating total test scores with SPSS. 

For calculating the mean of the correct answers for all students, the command given at SPSS is 

(Cramer, 1998):  

 Analyze  

 Descriptive statistics 

 Descriptives 

At the new opening window the chosen variable is the “Totalscores” for which the mean, 

standard deviation, minimum and maximum values are calculated. 
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6.4.1.3 Examining the relationship between total final scores and year of studies. 
 

Examining if there is, indeed, relation between the final scores and the year of studies is an important 

step, since this will ensure the strength of the hypothesis. Thesis hypothesis will not be valid if the 

year of studies is not related to the total final scores of students. 

     For investigating questions as the one that is needed to be tested for this thesis, concerning the 

relationship between the total scores and the year of studies, “null hypothesis” are formulated 

(Muijs,2004). These hypothesis declare that at the population examined “there is no difference”, “there 

is no relation” answering negatively to the research question. If at the population tested, is found that 

there is a relationship or a difference etc., there are two meanings: 

 The null hypothesis is valid and the relationship, difference etc, occurs by chance. 

 The difference, relationship etc., does not occur by chance and the null hypothesis is not valid, so 

it is rejected. 

     In order to decide whether to reject or not the null hypothesis, the possibility (p-value or Sig in 

SPSS) that the found difference or relationship between the two variables occurring by chance etc, is 

calculated. If the p-value is high, then the null hypothesis is valid and if p-value is low, there is 

difference or relation between the two variables. The critical value that is used in order to judge 

whether the null hypothesis will be rejected or not, is the statistical significance level “α” (alpha) and 

for social sciences and education research is 0.05 (Muijs,2014). So: 

 If  p-value ≥ α, the null hypothesis is not rejected, concluding that there is no difference or relation 

between the two variables. 

 If p-value ≤ α, the null hypothesis is rejected, concluding that there is difference or relation 

between the two variables. 

     In order to compare the mean scores between three or more groups and determine if there are 

significant differences between these means, the one-way analysis of variance (ANOVA) is performed 

(Muijs,2014). One example that one-way ANOVA is used , as in this case, is to compare the means of 

the total scores among students of first, second and third year of studies. The first step, as in many 

statistical analyses, is to determine the two variables, the dependent and the independent. A variable is 

depended when it depends on other factors. For example, the exam scores may change depending on 

the year of study. An independent variable does not depend on other factors i.e. the year of studies 

does not change depending on the exam scores. 

     One important process before analyzing data using one-way ANOVA is to ensure that the data can 

be tested with one-way ANOVA, in order to give a result that is valid. There are six assumptions that 

must be taken into consideration, and even if the data analyzed fail to fulfill one assumption, there are 

possible ways to overcome this. These assumptions are (Muijs, 2014 and Keselman et al., 1998): 
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1. The dependent variable should be continuous. Example of continuous variables is the test 

performance, measured from 0-20.  

2. The independent variable should consist of two or more categorical and independent groups. An 

example of this variable are the students and their year of studies, divided to first, second and 

third. 

3. The observations should be independent. The participants in each group should be different and 

one participant should not be in more than one groups. 

4. There should not be significant outliers-data points that are not following the usual pattern 

(extremely high or extremely low values).  

5. The dependent variable should be normally distributed to each category of the independent 

variable. This is tested with the following command in SPSS: 

 Analyze 

 Descriptive Statistics 

• Explore 

6. Assure homogeneity of variances. This is tested using Levene’s test (Muijs,2014). 

     The first three (1-2-3) assumptions can be tested without using SPSS. The rest three (4-5-6) 

assumptions are tested with SPSS. 

     The demands followed to perform ANOVA with SPSS are:                                                                 

• Analyze 

♦ Compare Means 

 One-way ANOVA.                     . 

Figure 14 (Fig.14) is the opening window in SPSS when demanding the performance of ANOVA. For 

the “Depended List” of the window the depended variable chosen is the “Total scores” and the 

“Factor” is the variance “Year _of _Studies” , that separates the depended value (Total scores) in 

three groups (first, second and third year of studies). By clicking on “Options”, a new window is 

opening, and by choosing “Homogeneity of variances” , SPSS will perform also the test for the 

homogeneities of variance (which is a prerequisite for the ANOVA test).         

                                                                                           

                                                                                                                   .                                                                                                
 

 

 

 

 

 

 
                      Fig. 14 Performing one-way ANOVA in SPSS 
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7 Results 
 

7.1   Introduction 
 

In this chapter the results of the statistical analysis of the designed GCI test with the use of SPSS are 

going to be presented. 

 Section 7.2 presents the results from the reliability analysis. 

 Section 7.3 presents the mean of the correct answers of the students. 

 Section 7.4 presents the results of one-way ANOVA test. 

 Section 7.5 presents a question by question analysis of students’ answers. 

     The students that participated at the survey are 55 with a response rate of 44.7%. From them: 

 Twenty two are females (Appendix A, Table1A). 

 Thirty three are males (Appendix A, Table1A). 

• Eighteen are first year students. 

• Eighteen are second year students 

• Nineteen are third year students. 

     The number of the participants is 55 and their distribution among their year of studies is shown in 

Appendix A (Table.2A) 

 

7.2  Reliability analysis  
 

Cronbach’s alpha that calculates the reliability of the test is equal to 0,715. The maximum value of 

alpha is 1 while an acceptable value for research is ≥ 0, 7 (Santos & Reynaldo, 1999). According to 

this value, this diagnostic test is a reliable tool. The results of reliability analysis are shown in 

Appendix A (Table.3A) 

 

7.3  Mean of the correct students’ answers. 
 

The mean of the correct answers (score) of the students as well as the standard deviation and the 

minimum and maximum of the scores are shown in Table.4A (Appendix A). 

     The mean of the correct answers is 13.76 for the total of 55 students that filled the questionnaire, 

with a standard deviation of 2.680. The minimum score is 6 and the maximum is 20. 

• For the eighteen 1st year students that participated at the survey the mean of the total scores is 

12.44. The minimum score is 6 and the maximum is 17 (Table.5A-Appendix A). 
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• For the eighteen 2nd year students that participated at the survey the mean of the total scores is 

14.44. The minimum score is 10 and the maximum is 19 (Table.5A-Appendix A). 

• For the nineteen 3rd students that participated in the survey the mean of the total scores is 14.37 . 

The minimum score is 11 and the maximum is 20 (Table.5A-Appendix A). 

 

7.4  Test of the relation between total scores and year of studies. 
 

As described in chapter 6 (6.4.3), in order to compare means among three or more groups the one-way 

ANOVA test is used. According to the prerequisites of performing ANOVA is to ensure: 

 Independency of observations. 

 Normally distributed independent variable (Year of studies) 

 Homogeneity of variances. 

The independency of the observations can be assumed. The normality of the distribution can be 

assumed in advanced according to the Central Limit Theorem, assuming that as  the sample size tends 

to infinite, the distribution of sample medium tends to the normal distribution. A sample of 30 

observations is enough to enhance the validity of the theorem. However, since the groups in this 

research have less than 30 observations (18 first-, 18 second- and 19 third- year students), the 

normality test will be investigated with the following numerical and visual outputs (Ghasemi & 

Zahediasl, 2012): 

 Skewness and kurtosis z-values should be in the span of -1.96 to +1.96 (Field,2013) 

 The Shapiro – Wilk p-value test (p-value should be above 0.05), (Shapiro & Wilk, 1965).  

 Histograms, Normal Q-Q plots and Box plots (should visually indicate that the data tested are 

approximately normally distributed). 

     The important aspects that must be taken into account while performing a test for the normality of 

the distribution of the data, is that the data do not have to be perfectly normally distributed and that 

each category of the independent value should be checked. 

     For testing the normality of the distribution, a null hypothesis is formed: “Ho = The distribution of 

this survey’s data does not differ from normal distribution.” The alternative hypothesis that will be 

valid if the null hypothesis is rejected is: “Ha = The distribution of this survey’s data differs from the 

normal distribution”. In order to decide whether to reject or not the null hypothesis, the possibility (p-

value) that the difference from the normal distribution occurs by chance is checked. If this possibility 

is above 0.05 (statistical significance level), then the null hypothesis cannot be rejected and the 

distribution will be considered normal. 

     The results, after testing the normality of the distribution reveal that according to Shapiro-Wilk test 

p-values for first, second and third year students are 0.148, 0.260, 0.110 correspondingly (Appendix 
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A,Table.6A ). All of these values are above 0.05, indicating that the null hypothesis is not rejected, so 

all distributions are normal. Furthermore, after calculating the skewness and kurtosis for the three 

groups (Appendix a, Table.7A), the resulted values are within the span of -1.96 to +1.96 as shown at 

the next table (Table 10). The visual investigation of the histograms, Q-Q plots and box plots also 

indicate that the total scores were normally distributed for the three groups of students.  

 

          Skewness         Kurtosis 

First Year             -1.49             0.45 

Second Year             -0.44             0.12 

Third Year              1.62             0.56 

                         Τable. 10 Z-values of skewness and kurtosis. 

     The homogeneity of variance is going to be tested with Leven’s test (Test of equality of variance). 

The same process followed for testing the normality of the distribution, by forming a null hypothesis, 

is going to be performed in this case. The null hypothesis for the homogeneity of variance is: “ Ho= 

There is no difference at the variances of the three groups, S1
2  = S2

2= S3
2 , so there is homogeneity of 

variances”. The alternative hypothesis, if null hypothesis is rejected, is “Ha= There are differences at 

the variances S1
2  ≠ S2

2 ≠ S3
2 , so there is no homogeneity of variance”. In order to decide whether or 

not to reject the null hypothesis, the possibility, p-value, that the difference among variances occurring 

by chance is checked. If the p-value is above the statistical significance level (0.05) then the null 

hypothesis cannot be rejected and there is homogeneity of variances. The p-value is 0.431>0.05, so the 

null hypothesis cannot be rejected and there is homogeneity of variances (Appendix A, Table.11A). 

     After ensuring that the prerequisites for performing one-way ANOVA are fulfilled, performing 

ANOVA is the next step. The research question and the null and alternative hypothesis that will be 

tested are: 

- Research question: “Is there a statistically significant difference among the means of the 

correct answers among the students of first, second and third years of studies?”    

- Null hypothesis: “There is no statistically significant difference at the means of the correct 

answers of first, second and third year of studies”. 

- Alternative hypothesis: “There is a statistically significant difference at the means of the 

correct answers of first, second and third year of studies”. 

     The next step is to find the possibility (p-value) that this difference occurs by chance (the means are 

by chance different) and then check if this value is higher or lower than the statistical significance 

level (α= 0.05). According to the results of the ANOVA test, p-value equals 0.036 (Appendix A, 

Table.12A). This value is lower than 0.05 (0.036<0.05), the null hypothesis is rejected ( is not valid). 

The alternative hypothesis is valid, proposing that there is statistically significant difference among 
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first, second and third year students and this is indicating that the year of studies is a factor affecting 

the final score of the students (the number of correct answers). 

7.5  Analysis of student answers question by question.  
 

The analysis of students’ answers in every question includes the choices of the students in each answer 

and the number of correct and false answers in every question. Tables and diagrams are going to be 

included. Furthermore, this section includes interpretation of the answers, putting emphasis on the 

false ones, which reveal alternative ideas. The whole questionnaire is available at Appendix C. 

 
7.5.1 Question 1  

 

Density is defined as the mass of a material per unit volume. The symbol used for density is the Greek 

ρ (rho). In order to calculate the density of a material the equation used is  

                                      𝜌𝜌 =  𝑚𝑚
𝑣𝑣
   , m is the mass of material and v the volume. 

     The unit of density in SI is kilogram per cubic meter. One of the most important and common uses 

of density is the interaction of two different materials. One possible example is that wood floats on 

water due to lower density.  

     In the field of Earth science and in Tectonics scale, density is of high importance. Density 

differences, for example, make lithosphere “float” over asthenosphere. Additionally, density 

differences between oceanic and continental crust make the former sink beneath the latter in 

convergent plate boundaries.  

 In the total of 55 participants, 55 cases were valid and 0 were missing (Appendix B, Table 1B) 

Comments 

The concept that this question examines is the definition of density, as the material (mass) existing in 

space (volume). 

     From the N=55 students that answered Question_1, 46 (86.3 %) gave the correct answer choosing 

C, defining density as the amount of material that exists in space. Nine students (16.4%) seem to 

obtain alternative ideas about the definition of density. Among the alternative conceptions, the most 
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frequent are B and D appearing from 4 and 4 students, correspondingly. From the students having 

alternatives ideas about density: 

o Three are 1st year students 

o Four are 2nd year students 

o Two are 3rd year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.1B . 

The problem that students face in understanding density is that mass and volume can be perceived as 

meanings, but density no. Students focus on mass and volume and not to the relationship between 

them. Furthermore, there are misconceptions that are non-causality related as the previous one and an 

example of them is an alternative idea chosen by four students, that spaces between particles are 

occupied by air, leading as a definition for density as the air that exists in an object. 

 

7.5.2 Question 2 

 

Isaac Newton was the first one to formulate the law of gravitational attraction. Gravity can be defined 

as the force that is exerted on a mass due to the gravitational attraction and the rotation of the Earth. 

The equation that provides the gravitational force between any two particles with masses M and m, 

separated by distance r is:  

                                                  𝐹𝐹 = 𝐺𝐺 𝑀𝑀𝑚𝑚
r 2

  , 

G is the universal gravitational constant and is equal to 6.673 x 10-11 m3 kg-1 s-2 .  

     Question 2 was chosen in order to elicit students’ alternative ideas about Earth’s gravity field and 

the reasoning behind the orbital movement of a satellite. A satellite is a planet, moon or machine 

orbiting a planet or a star. Earth is Sun’s satellite since it orbits Sun. The Moon is Earth’s natural 

satellite, which orbits Earth as artificial satellites do. The Global Positioning system is made up by a 

group of satellites. The key for an orbital motion is to achieve a balance between the speed of the 

satellite (centrifugal force) and gravity’s pull. This balance keeps the stability of orbits.  
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 In this question the correct answer is B. The wooden satellite would still be in orbit because 

Earth’s gravity field would have an effect on it. In the total of 55 participants  , 55 cases were 

valid and 0 cases where missing cases (missing answers) (Appendix B, Table 2B). 

Comments 

The concept that this question examines concerns how students understand Earth’s gravity field and 

how they explain the orbital motion of satellites. Earth’s gravity field is responsible for the orbiting of 

satellites regardless the material that they are made of.   

     From the 55 students that answered the question, 48 (87.3%) gave the correct answer choosing B, 

that if a wooden satellite was put in orbit around Earth, it would continue to orbit due to Earth’s 

gravity field. Seven students (12.7%) revealed alternative ideas. Among the alternative conceptions 

given in the question, the most frequently appearing is C that the satellite would float in space since 

Earth’s magnetic field would not have an effect on it, chosen by 3 students. From the students having 

alternative ideas: 

o One student is at 1st year of studies 

o Three students are at their 2nd year of studies 

o Three students are at their 3rd year of studies. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.2B. 

     Most of the students understand the concept examined by this question. However the students 

having alternative ideas take into consideration the material that the satellite is made of and argue that 

the magnetic field is responsible for their orbital motion. Therefore, since the satellite is not metallic, it 

will not be attracted. These students attribute the motion of satellites to magnetic properties and a 

magnetic attraction between the metallic satellite and the Earth’s magnetic field. 

 

7.5.3 Question 3        
 

 
     Earth has one of the strongest magnetic fields in the Solar system and the strongest one among the 

terrestrial planets. This makes Earth unique, since its magnetic field protects its surface from particles 

of high energy and cosmic rays. The explanation of a solid magnet existing in the Earth’s interior is 

not possible, since above the Curie point permanent magnetism cannot remain. Heating a solid magnet 
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above 600 oC, its magnetism is lost. For iron this temperature is 770 oC (1043 K) (Law & 

Rennie,2015). The Earth’s core temperature is <4000 oC, therefore there is another mechanism 

generating the Earth’s magnetic field. The record of the magnetic field of Earth over time can provide 

useful information on how and where it generates. The magnetic North changes its position over 

periods of 10-100 years and flips of the Earth’s magnetic polarity are recorded. This implies that the 

magnetic field is generated in a region in Earth’s interior that can move very quickly and respond in 

the same way. This region is the outer core (Hancock & Skinner, 2003).  

     In the outer core convection currents are caused due to differences in temperature, pressure and 

composition (cool-dense material sinks and hot-less dense material rises).  Due to this flowing liquid, 

electric currents generate and these in turn produce magnetic fields. The metals passing through this 

are charged and they, on their own, create new electric currents and magnetic field. The generating 

mechanism of the Earth’s magnetic field is similar to an electrical dynamo, converting mechanical 

energy to electromagnetic energy (Hancock & Skinner, 2003). 

     A recent study of Tarduno et al. (2015), indicated that according to zircons of the Jack Hill 

conglomerate in Western Australia, dated up to 4.4 Ba, a magnetic field record is preserved over 4Ba 

ago. 

     Next figure (Fig.15) shows Earth’s magnetic field. It is not visible but it can be felt with compass 

needle on the surface of Earth, reaching into space for thousands of miles. The magnetic field of Earth 

is stretched out into a shape that looks like a comet, with a tail behind Earth for millions of miles at the 

opposite side of the Sun.  

 
                 Fig. 15 Earth's magnetic field. (Basavaiah, 2010) 

 In the total of 55 participants, 55 cases were valid and 0 cases where missing cases (missing 

answers). 
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Comments   

The aim of this question is to elicit students’ understanding of the existence of Earth’s magnetic field. 

From the 55 students that answered the question, 44 (80%) gave the correct answer choosing, that 

Earth has a magnetic field due to moving liquid. Among the alternative conceptions given in the 

question, the most frequently appearing one is B, chosen by 9 students. Two students chose A, 

explaining the magnetic field as a result of different crustal compositions. From the students having 

alternative ideas: 

o Five are at their 1st year of studies 

o One is at the 2nd year of studies 

o Five are 3rd  students 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.3B. 

      From the total number of students giving an answer in the question, 44 understand the examined 

concept, while, 11 have alternative ideas about the origin of Earth’s magnetic field. As in question 2 

concerning the gravity field of Earth, students with alternative ideas seem not to understand that 

gravity and magnetism are separate forces, since both of them are connected with the attraction of 

objects. Additionally, according to Dahl et al. (2005) and their research on in-service teachers of 

elementary schools, the idea that the Earth’s magnetic field is caused by gravity, was revealed. 

 

7.5.4 Question 4 

 

The two main sources of heat inside the earth are the energy from the Earth’s formation (primordial) 

and radiogenic heating. 

     The primordial heat is the heat imparted to Earth due to its formation and differentiation and 

develops at the early stages of planetary evolution. More specifically, the heat sources according to 

Rogers et al. (2008) are: 

• Accretional heat. During the accretion, gravitational attraction from the Earth confers velocity to 

planetesimals falling towards it. Due to this motion, these bodies will have a kinetic energy (E) 

which can be calculated as  

                                    𝐸𝐸 = 1
2
mu2  

 m, mass of the body 

 u, velocity of the body before impact. 
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    When hitting the Earth, this kinetic energy converts to thermal energy (heat) and the temperature 

difference, ΔΤ, can be calculated as  

                                     𝛥𝛥𝛥𝛥 = 𝑚𝑚𝑚𝑚2 
2(𝑚𝑚+𝑀𝑀)𝐶𝐶

  

 m, mass of the body that impacts the Earth 

 u, velocity of the body before impact 

 M, mass of Earth 

 C, specific heat capacity of Earth material.  

• Core formation. At the early molten phase of the Earth (metals and silicates were allowed to 

separate), then iron and nickel rich fractions falling “inwards” to forming the core, would release 

potential energy.  

• Tidal heating. It is a heat source that generates in the planetary bodies when their shape is 

distorted due to mutual gravitational attraction. This is observed mainly at the oceans of Earth 

where “bulges” are produced due to the attraction by the Sun and the Moon. These are dragged 

around the Earth as it rotates and ebb and flow is produced and seen at the coasts. Similarly, tides 

are produced on the surface causing heating at the planet, especially in the mantle and the crust. 

• Radiogenic heating. Radioactive decay of isotopes (U, Th, K), lead to radiogenic heating. 

Isotopes like U, Th, K are incompatible (preferentially concentrated in the silicate melt during 

melting or crystallization), meaning that they are abundant in the crust and mantle, more 

specifically in the continental crust.  

 

 The correct answer for question 4 is B and D. From the total of 55 participants, 55 were valid 

cases and the missing cases were 0. 

Comments   

The aim of this question is to reveal students’ understanding of the heat sources inside Earth. In this 

case of question where the correct answer is a combination of two or more choices, the student’s 

answer is correct only if he/she has chosen the correct combination. From the 55 students that 

answered the question, 22 (40%) gave the correct answer choosing , as the main heat sources on Earth, 

the energy from Earth’s formation and the energy from radioactivity. The rest 33 students, 60%, did 

not choose the correct answers, revealing alternative ideas. Among the alternative conceptions , the 

most frequently appearing one, by 10 students (18.2%), is by selecting only B, arguing that the main 

heat sources inside Earth is only the one from its formation. The next most frequent alternative idea is 

elicited from 9 students (16.4%), selecting only D. From the students having alternative ideas: 

o Eleven are at their 1st year of studies 

o Ten are at their 2nd year of studies 

o Eleven are graduate students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.4B 
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     According to bibliography, most of the students do not understand that there is difference between 

the heat sources inside the Earth and on Earth, by choosing mainly the Sun as the main heat source for 

Earth’s interior. However, in this case students do not choose the Sun as the heat source for Earth’s 

interior (C was not a selected answer) rather than reveal a simplistic approach for this topic, selecting 

one of the two correct answers, B or D. 

 

7.5.5 Question 5 

 

 

The conditions under which Earth was formed are characterized by high heat and pressure. So, Earth 

was firstly formed as a molten planet. During the Hadean period (4.6-3.8 Ba) it was bombarded by 

meteors, asteroids and it is suggested that this great bombardment explains the reason that on Earth 

there are no rocks older than 4Ga. This impact caused mixing of the early crustal material into the 

upper mantle (Rogers et al., 2008). 

     During that period of time, Earth was a hostile planet for living organisms. Oxygen existed in 

atmosphere in trace amounts, since UV radiation was breaking down water vapor outgassing of the 

Earth due to volcanism (Rogers et al., 2008). In the primordial “soup” of that period, in the early seas, 

simple organic molecules were concentrated, to form complex molecules that became simple cells. At 

the Achaean period (3.8-2.5Ba) first form of life appeared. It was bacteria (cyanobacteria) that were 

able to survive in these toxic conditions. These cyanobacteria are the oldest known fossils found in 

Western Australia and dated 3.5 Ba. The oxygen that we have on Earth these days, resulted by 

cyanobacteria that photosynthesized during the Achaean period (Cockell, 2008).  

 The correct answer is A, that during the period were Earth was first formed no life would exist on 

land or water. From the total of 55 participants, 55 were valid cases and the missing cases were 0. 

Comments   

The aim of this question is to examine the understanding of students on the appearance of life on 

Earth. From the 55 students that answered the question, 53 (96.4%) gave the correct answer choosing, 

that no life existed on Earth at the time of its formation. Two students, 3.6%, did not select the correct 

answer, revealing an alternative idea. This alternative idea is represented by  item B, arguing  that one-

celled organisms existed during the Earth’s formation, further revealing a misconception derived from 
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scientific ideas or from curricula and media (popular), teaching the concept of evolution (Libarkin et 

al., 2005).  The idea that Earth and life originated at the same time is also reveal from pre-service 

teachers in a research conducted by Trend (2001). The students having alternative ideas are both third 

year students.  

     Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.5B.  

 

7.5.6 Question 6 

 

 

 

At the beginning of Earth’s history, due to collisions between large planetesimals, there were lots of 

amounts of heat released, making Earth a molten planet. As it is suggested in Rogers et al. (2008), 

Earth looked like a “magma ocean”, which was sustained due to accretion heat and the effects of the 
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very dense early atmosphere. As Earth cooled, by losing the early atmosphere due to collisions with 

planetary bodies, the outer molten material solidified, forming the crust (Rogers et al., 2008). 

     A recent study of Sarafian et al. (2014) indicates that the measured apatite’s hydrogen isotopic 

composition of the eucrites meteorites from the Vesta asteroid belt, are the same as the hydrogen 

isotopic composition of carbonaceous chondrites. According to Lécuyer (2014) carbonaceous 

chondrites contain 3-22 wt% water and organic molecules. This, in combination to the same isotopic 

carbon, hydrogen and nitrogen ratio of Earth to the eucrite meteorites, indicate that water on Earth was 

delivered very early, during the primary accretion of Earth (according to Lécuyer (2014) , 50-200 Ma 

after the accretion of the Earth) by carbonaceous chondritic planetesimals.  

 The surface of the Earth when it first formed is best described by choice D. From the total of 55 

participants, 55 were valid cases and the missing cases were 0. 

Comments   

The aim of this question is to examine students’ understanding of the Earth’s history and its surface 

when it was formed. From the 55 students that answered the question, 46 (83.6%) gave the correct 

answer choosing that D, that Earth was covered with molten material. Nine students, 16.4%, did not 

choose the correct answer, revealing an alternative idea. The dominant misconception is E, chosen by 

6 students and arguing that there is no way of knowing how Earth’s surface looked when it first 

formed. From the students with alternative ideas: 

o Two are first year students 

o Three are second year students 

o Four are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.6B 

     Most of the students understand the concept that this question examines. However  some students 

seem not to understand the history of Earth and how it was formed, arguing that there is no way to 

know about the first surface, while others believe that this first surface corresponds to the 

supercontinent Pangaea, formed 300Ma ago , an alternative idea that is possibly derived from 

scientific ideas (Libarkin et al., 2005). 
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7.5.7 Question 7 

 

 

If Earth was cut in half, what would be observed is a (Van der Pluijm & Marshak, 2004): 

• A thin crust on the outside 

• The mantle (most of the Earth’s mass is contained here) 

• The core, in the center. 

The core, with a 3481 km diameter, is composed of iron alloy and is subdivided to inner and 

outer. The inner core is solid and anisotropic, while the outer core is liquid. 

The mantle is composed of hot and solid rock with a peridotitic composition. At 100-200 km, 

mantle undergoes partial melting, producing 2-4% partial melt, indicating a low velocity zone (LVZ). 

According to seismic velocities, the mantle can be divided in 3 layers, caused by phase transitions 

(Van der Pluijm & Marshak, 2004): 
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 Upper mantle :  Moho-400 km depth. 

 Transition zone : 400-670 km depth. 

 Lower mantle : 670-2900 km depth. 

In geological time scales mantle flows due to convection driven by temperature differences. 

     The crust is the outermost part of the Earth. The boundary between mantle and crust is the Moho 

discontinuity.    

 The correct answer in question 7 is E. From the 55 students participating at the survey, 55 cases 

where valid and 0 were missing. 

Comments 

The aim of the question is to examine students’ understanding on the Earth’s structure. From the 55 

students, 42 (76.4%) chose the correct answer, distinguishing the solid inner from the liquid outer 

core. Τhe rest 13 (23.6%) students have alternative ideas. The dominant misconception is choice B, 

concerning a liquid inner core and a solid outer core, related to non scientific ideas possibly from 

films, TV etc (Libarkin et al.,2005). From the students having misconceptions: 

o Six are first year students 

o Three are second year students 

o Four are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.7B 

 

7.5.8 Question 8 
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Defining a tectonic plate as the Earth’s crust and the upper part of the mantle, the correct answer in 

question 8 is A. From the 55 students participating at the survey, 54 were valid cases and one case is 

missing (one student did not answer the question). 

Comments 

The aim of this question is to examine students’ understanding on the location of the tectonic plates. 

From the 54 students that answered this question, 50 (92.6%) answered correctly, choosing A. Four 

students have alternative ideas on the location of the tectonic plates choosing B as the correct answer, 

believing that the tectonic plates are located below earth’s surface. From these students: 

o Two are at their first year of studies. 

o One is at the second year of studies. 

o One is a graduate student. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.8B 

     The majority of the students seem to understand the concept that this question examines, 

concerning where tectonic plates are located. However some students seem not to understand the 

concept of the tectonic plates, revealing the alternative idea that tectonic plates cannot be seen and lay 

beneath surface and within the mantle. These students remove plates from any contact with space that 

is occupied by human related to inability to observe directly tectonic plates personally (Libarkin & 

Andersson, 2005). 

 

7.5.9 Question 9 

       

     The initial model for the movement of tectonic plates was that plates are driven by frictional forces 

because of convection cells in the mantle. However since the friction between lithosphere and 

asthenosphere is very low, this argument   cannot explain plate velocities. The present-day model is 

that the edge forces, applied to plate boundaries, are responsible for the movement of tectonic plates. 

These forces are (Van der Pluijm & Marshak, 2004): 

 Ridge push. Oceanic crust is formed at mid-ocean ridges (MORs) with a rate of 20 km3/a. The 

high topography at MORs is equivalent to high potential energy at the ridge, causing ridge push. 

Gravity is forcing the plate downhill and then flattens at the ocean floor. 
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 Slab pull. Crust is subducted at subduction zones. Since the oceanic crust has higher density than 

the continental, it sinks in the mantle. Gravity causes the subduction of the slab at subduction 

zones. During subduction, phase transition of the slab minerals to minerals with higher density 

occurs (densification), making slab pull the main driving force of the plate motion.   

     The next figure is a schematic representation of the two main forces responsible for plate 

movement. 

 
                          Fig. 16 Slab pull and ridge push moving tectonic plates (Nelson, 2015)   

 The correct answer in question 9 is choice D. From the total of 55 students participating in the 

survey, 54 cases were valid cases and one case was missing. 

Comments 

The aim of this question is to examine students’ understanding on force that is responsible for the 

movement of tectonic plates. From the 54 students that answered the question, 23 (41.8%) selected the 

correct answer, D. 31students have alternative ideas about the forces that move tectonic plates. The 

most frequent is A chosen by 26 students, while 5 students chose E as the correct answer. From the 

students having alternative ideas: 

o Ten are at the first year of studies. 

o Ten are at the second year of studies. 

o Eleven are at their third year f studies. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.9B 

     Most of the students seem not to understand the concept that this question examines and have 

alternative ideas on the driving force that moves tectonic plates.  Thinking of the processes that take 

place at convergent plate boundaries, magma forming at the ridges is thought to push the plates apart 

and moves due to mantle convection. The misconception that magnetism moves tectonic plates is 

found in literature from Marques & Thompson (1997) concerning the magnetic polar wandering as the 

driving force moving plates. 
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7.5.10 Question 10 

     

 

     The theory of plate tectonics is the current model explaining volcanism and tectonism on Earth. 

Most of the large earthquakes and volcanic eruptions occur at plate boundaries, places on Earth’s 

surface where two tectonic plates meet. There are three types of plate boundaries (Van der Pluijm & 

Marshak, 2004):  

 Convergent boundary : Subduction zones 

 Divergent boundary: Mid-ocean ridges 

 Conservative boundary : Transform fault. 

 

 The correct answer for question 10 is C. From the 55 of students participating in the survey, 54 

cases were valid and 1 was a missing case.  

 
Comments 
The aim of this question is to examine students’ conception on the relationship between tectonic 

plates, volcanism and earthquakes. From the 54 students that answered the question, 51 (94.4%) gave 

the correct answer choosing B, relating the occurrence of earthquakes and volcanoes to the edges of 

tectonic plates. The rest of the students, 3 (5.6%), have alternative ideas choosing as correct the 

answers C (two students) and A (one student). From the students having alternative ideas: 

o Two are first year students. 

o One is a graduate student. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.10B 

     Most of the students understand the concept that this question examines, the relationship between 

earthquakes, volcanoes and tectonic plates explaining the former as phenomena occurring at the edges 

of tectonic plates. The most frequent alternative idea assumes that volcanoes and earthquakes are two 

separate phenomena with volcanism occurring at the internal of tectonic plates and earthquakes taking 

place at the edges of them. This reveals an inability to regard volcanoes and earthquakes at two 

phenomena caused by plate tectonics and disregard the need to study them together. 
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7.5.11 Question 11 

 

 
 

As mentioned in section 7.5.10 and explained by the theory of Plate Tectonics, most of the volcanic 

activity on Earth is observed at plate boundaries. The “Ring of Fire” is the direct result of plate 

tectonics and subduction zones, resulting in high magnitude earthquakes and high volcanic activity. 

The next figure (Fig.17) shows the “Ring of Fire”, composed by oceanic trenches and volcanic arcs. 

The Aleutian trench at the north has an associated volcanic arc which is the long chain of volcanoes 

making up the Aleutian Islands. This type of margin, which is tectonically active is called active 

margin (Van der Pluijm &Marshak, 2004).                                                                           

     The other type of margin is called passive. The west coast of Africa is an example of a passive 

margin. There is no tectonic activity taking place (earthquakes, volcanoes, mountain building) or 

subduction and collision (Van  

der Pluijm &Marshak,  2004).  

     Except from the volcanic activity taking place at plate boundaries, intra-plate volcanism is also 

possible as occurring in the middle of the Pacific Ocean. This case is associated with a hot spot, 

responsible for the formation of Hawaii islands. 

 The correct answer for question 11 is B.  From the 55 students who participated in the survey, 54 

cases were valid and 1 case was missing. 
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                                      Fig. 17 Ring of Fire. (Nelson, 2015) 

 

Comments 

The aim of this question was to test the ability of students to understand the volcanic distribution and 

its relationship to plate tectonics and identify active and passive margins. From the 54 students, 38 

(70.4%) answered correctly by choosing B. The rest 16 students (29.6%), have the same alternative 

idea choosing A as the correct answer. From the 16 students with the alternative ideas: 

o Six are first year students 

o Five are second year students 

o Five are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.11B. 

     Most of the students seem to understand the concept of the question, choosing the correct answer, 

with volcanoes occurring mostly at subduction zones at the active margins of the Pacific Ocean.  The 

alternative idea that is revealed with this question is that volcanoes occur at the margins of Pacific and 

Atlantic Ocean concerning coastlines as edges or plate boundaries (Marques & Thompson, 1997). The 

margins of the Atlantic Ocean, though, are not active but passive and at these types of margins, as 

described above, there is no tectonic activity. 
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7.5.12 Question 12 

 

 

Magma’s origin is neither the Earth’s center, since it is solid, nor the mantle, that is also solid. The 

processes of magma formation are related to partial melting of mantle rock (lherzolite) due to decrease 

in pressure (decompression of magma that is ascending), addition of water or carbon dioxide, which 

lowers the solidus of lherzolite, and increase in the temperature of mantle rock beneath oceanic islands 

as Hawaii, at hot spots (Frost & Frost, 2014). The melted material then is stored in a magma chambers 

in the Earth’s crust or the upper mantle (Bachmann & Bergantz, 2008). 

 The correct answer for question 12 is E. From the 55 students participating at the survey, 54 cases 

were valid and 1 case was missing. 

Comments 

The aim of this question is to reveal students’ understanding of magma formation and its origin on 

continents. From the 54 students that answered the question, 28 (51.9%) answered correctly. 26 

(48.1%) students gave the wrong answer. The most frequent alternative idea is D that volcanic 

material comes from a melted layer beneath the Earth’s surface. From the students with 

misconceptions: 
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o Eleven are first year students 

o Ten second year students 

o Seven are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.12B. 

     Most students understand the concept of the question. However there are many students arguing 

that magma comes from a melted layer below the Earth’s surface corresponding possibly to the 

mantle, as a misconception concerning mantle’s physical state shown also in King, 2008, where 

college students express the idea that mantle is liquid. This further reveals a misconception concerning 

the mantle’s state, regarding it as liquid. Students that do not choose that magma forms in pockets, 

have the idea of magma “pool” in the mantle. This is a finding of Kirby (2011) and his research on 

college students, arguing that “Magma comes from molten layer beneath Earth’s crust”. 

 

7.4.13 Question13 

 

 

In this question two types of boundaries are noticed. There is: 

• A divergent boundary, where new oceanic crust is formed at the oceanic ridge.  

• A convergent boundary, where the oceanic crust is being subducted beneath the continental.                                                                                   

     Volcanoes exist on the mid-ocean ridge as well as on the continental plate but not at the oceanic 

trench. Magma at a subduction zone is formed in depth above the subducting plate and rises till the 

overriding crust forming a volcanic arc, parallel to the oceanic trench. 

 The correct choice for question 13 is B.From the 55 students participating at the survey, 54 

answered the questions and only one was a missing question. 

 

Comments 

The aim of this question is to examine the ideas that students have for the location of volcanoes at 

convergent and divergent plate boundaries. From the 54 students that answered the question, 39 

(72.2%) gave the correct answer choosing B while the rest 15 (27.8%) revealed alternative ideas. The 
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most frequent alternative idea is C, selected by 11 students, two students selected D and two students 

selected item A. From the students with alternative ideas: 

o Five are first year students. 

o Seven are second year students. 

o Three are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.13B. 

     Most students understand the concept that this question examines. However some of them come up 

with alternative ideas, placing volcanoes directly on the convergent boundary, on the oceanic trench. 

 

7.4.14 Question 14 

 

 

At a convergent plate boundary, an oceanic plate, which is a dense and thin, subducts into the mantle 

beneath the less dense continental plate. At this type of plate boundaries most of the major earthquakes 

on Earth occur. These earthquakes occur in a zone of the upper mantle, where the cold oceanic plate is 

subducted. The subducting plate is brittle, since it is cold, and due to compression it fractures. The 

zone that fracturing occurs, define an earthquake zone called Wadati-Benioff. The depth of this zone 

reaches the 700Km depth (Papazachos, 1999 and Nelson, 2015). This zone coincides with the 

subduction zone and it can give the trace of the subducting plate.  The next figure (Fig.18) is a cross 

section of the Wadati-Benioff zone at a convergent plate boundary. 
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 The correct choice for question 14 is D. From the 55 students participating in the survey, 54 

answered the question (valid cases) and one was a missing case. 

Comments 

The aim of this question is to examine students understanding of earthquakes at a subduction zone. 

From the 54 students that answered the question 27 (50%) gave the correct answer choosing D. The 

rest 27 students selected items-alternative ideas. The most frequent alternative idea among the wrong 

answers is B, chosen by 17 students. The next most selected answer is C, chosen by seven students. 

The rest three students choose A as the correct answer. From the students with the alternative ideas:  

o Eight are first year students 

o Five are second year students 

o Thirteen are third year students 

  Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.14B. 

     Most students understand the concept that this question examines. In most cases where alternative 

conceptions are revealed, students fail to depict that earthquakes occur at Wadati-Benioff zone, 

showing their occurrence only at the surface trace of the convergent plate boundary. 

 

 

 

 

 

 

Fig. 18 Cross section of Wadati-Benioff zone. (Nelson, 2015c) 
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7.4.15 Question 15 

 

 
 
 
The landscapes of the world are formed by two main energy sources, endogenic and exogenic. The 

mechanism for the endogenic processes is mainly derived from the geothermal heat, while for the 

exogenic is the potential energy from the materials’ height above the base level as well as from the 

solar radiation that Earth receives, giving motion to ice, water and air (Summerfield, 1991).   

     The interaction of endogenic and exogenic processes is responsible for the landscape formation. 

Generally, mountain building is connected to endogenic processes and mountain destroying to 

exogenic processes.  The overall rates, at which these two processes operate, give the balance between 

denudation and uplift at different points on the surface of the Earth and controls the elevation of it 

compared to the level of the sea (Summerfield, 1991). In orogenic belts, the rate of denudation is, at 

first, slower than the crustal’s uplift rate, along the mountain’s peak. So, during the early phases of 

uplift, the region of mountains summit is unaffected till finally the achievement of a steady state 

(Summerfield, 1991). The older mountains have round summits and lower elevation since at the late 

stages of uplift the summit region is affected by denudation.  

 The correct choice for question 15 is B. From the 55 students participating in the survey, 55 gave 

an answer for the question (valid cases) and there is no missing case. 

Comments 

The purpose of this question is to reveal students’ understanding on mountain building and its relation 

to endogenic and exogenic forces. From the 55 students that answered the question, 52 (94.5%) gave 

the correct answer, choosing B. The rest 3(5.5%) of the students revealed alternative ideas with choice 

C being the most frequent. From the students having alternative ideas: 
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o One is a first year student 

o Two are second year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.15B 

     Most of the students understand the concept that this question examines. The students having 

alternative ideas connect the elevation of a mountain not to exogenic but to endogenic processes -plate 

tectonics- and correlate it with the speed of uplift. This is also a finding of the American Association 

for the Advancement of Science, revealing the idea (among 6-12 years old students) that wind and 

weather cannot erode the solid rocks of mountains. 

 
7.4.16 Question 16  

 

Isostasy controls the topography of Earth’s surface. It is an application of the law of buoyancy 

(Archimedes) for the Earth. The crust “floats” on the denser mantle. 

     When applying a load on the surface of the Earth, lithosphere subsides in the asthenosphere. On the 

contrary, when removing the load, lithosphere is again rising. In this question in order to have the 

crustal root moving up within the mantle, removing of load must occur. Τhis is done by erosion, the 

main agent that destroys mountain belts,  moving weathered material from one place to another. In this 

case load is removed, crust is thinner and the crustal root will move upwards within the mantle. 

Furthermore, crustal horizontal extension (in rifting systems) causes thinning of the crust, making it 

move upwards (Van der Pluijm and Marshak, 2004 and Karakitsios, 2001). 
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 The correct answer in question 16 is a combination of A and D. From the 55 students who 

participated in the survey, 54 cases were valid and 1 case was missing (one student did not gave an 

answer). 

Comments      

From the 54 students who answered the question, 28(51.9%) gave the correct answer, choosing A and 

D. From the rest 26 students (48.1%) who have alternative ideas, 21 chose only A as the correct 

answer. From the students with alternative ideas: 

o Thirteen are first year students 

o Seven are second year students 

o Seven graduate students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.16B 

     Most of the students understand that erosion results in thinner crust, however most of them 

revealed an inability to connect tectonic processes with crustal thinning and isostasy. 

 

7.4.17 Question 17 

 

In order to understand how Earth’s oceanic lithosphere is formed, knowing its composition and 

structure are the most important factors. Excluding the areas around the mid-ocean ridges, mud covers 

the seabed. These sediments can be hundreds of meters, underlain by basaltic volcanic rocks.  

     During the phase of rifting, stretching of the lithosphere causes decrease at the lithostatic pressure 

in the asthenosphere, beneath the rift. Due to the high temperature of the asthenosphere, when 

decompression occurs, partial melting is taking place. Asthenosphere has a composition of lherzolite 

(olivine, enstatite, and diopside), so partial melting of lherzolite produces 5% basaltic melt and 

depleted lherzolite as restite. The amount of partial melt causes faster rise, resulting in more pressure 

relief and faster melting, producing 20% of basaltic melt and peridotite and harzburgite as a restite 

(Van der Pluijm & Marshak, 2004). 

Two components compose the oceanic lithosphere distinguishing it to a lower and upper part 

separated by Moho discontinuity (Van der Pluijm & Marshak, 2004): 

1. The lower part consisting of lithospheric mantle.  

a) Upper part : dunite and chromite lenses in harzburgite. 

b) Lower part : lherzolite 

2. The upper part consisting of 3 layers: 
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a) Layer 3: 2-5 km gabbros 

(i) Upper part : plagiogranite 

(ii) Lower part: cumulate 

b) Layer 2b: 1-2 Km sheeted dyke complex 

c) Layer 2a: pillow lavas and sheet flows 

d) Layer 1: Deep sea sediments. 

     Sediments, according to their source, can be classified as (Papatheodorou et al., 2012): 

1. Lithogenous (clastic sedimentary rocks). They are the most common in the oceans and they are the 

product of weathering and erosion of volcanic, sedimentary and metamorphic rocks from the 

continental crust.  

2. Biogenous (biologic sedimentary rocks). The biogenous sediments are formed from the 

accumulation of skeletal remnants of marine organisms. There is a very wide variety of plant and 

marine organisms, but only few of them consist of hard parts that can form characteristic types of 

sediments. At the oceanic shelf, biogenous sediments and sedimental rocks consist of calcareous 

algae, mollusks and bryozoans. In the deep seas, pelagic biogenous sediments consist of shells of 

phytoplankton and zooplankton organisms, of calcareous or siliceous composition. The former 

shells come mainly from foraminifera (Fig. 19A and Fig. 19B), coccoliths (Fig. 19D) and 

pteropods (Fig. 19C) while the latter from diatoms (Fig. 19G) and radiolarian (Fig. 19E). 

              

              

         Fig. 19  Biogenous constituents of deep sea sediments. (Papatheodorou et al. ,2012) 

 

3. Hydrogenous. They are formed by precipitation of soluble elements in the water. Τhese elements 

come from the inflowing river waters or from hydrothermal activity at the mid-ocean ridges. 

4. Cosmogenous. These are formed from meteorites entering the Earth’s atmosphere. While they are 

entering the atmosphere, they ignite because of their friction with the atmosphere and small grains 

are produced that fall at the continents or the oceans. 

So, rocks formed at the oceans can either be of volcanic or sedimentary origin. 
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 The correct answer for question 17 is A, B and C , since as it is described above, rocks in the 

ocean can be formed by animals, from the continents and by volcanic activity. From the 55 

students who participated at the survey, 54 were valid and 1 case was missing. 

Comments  
The aim of this question is to reveal the understanding of students on the formation of the oceanic 

crust and expose their beliefs about the types of rocks that are found in the ocean. From the 54 

students that answered the question, 28 gave the correct answer, choosing A, B and C. The rest 26 

(48.1%) gave wrong answer by not choosing one or two of the 3 correct answers. The distribution of 

the false answers is as follows: 

o Eleven students chose only C . 

o Nine students chose B and C. 

o Four students chose A and C. 

o One student chose B. 

o One student chose A and B. 

Furthermore, concerning the students with the alternative ideas: 

o Twelve are first year students 

o Seven are second year students 

o Seven are graduate students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.17B 

     The majority of the students understand the concept examined by the question. However, most of 

them argue that the rocks found in oceans are only of volcanic or of volcanic and continental origin. 

This reveals an inability to think of other materials existing in oceans, except from those of volcanic 

origin, able to form marine sedimentary rocks. The materials that form a rock are the key factor to 

identify the rock and understand its origin. Additionally students’ view of a static Earth inhibits their 

further thinking from understanding how rocks are formed or if they are formed (Kortz & Murray, 

2009). Furthermore, this is connected to a finding of Ford, 2003 and his research on middle school 

students, revealing the idea that rocks can be generated with only one process. 

 

7.4.18 Question 18 
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Erosion is the material transport of a weathered rock away from the weathering site. Gravity is the 

main force that drives erosion, with the aid of a flowing medium, water or ice (Gifford, 2005) 

The erosion rates depend mainly on (Sewell et al., 2009): 

• Climate: It determines the rainfall and temperature of a certain area, as well as wind patterns and 

strength and sunshine hours. 

• Rock type: It determines the susceptibility of an area to erosion. Different rock types exhibit 

resistance or weakness to the climatic conditions. Resistant rocks form high ground and weak 

form valleys. 

Time affects erosion rates but not directly. 

 The correct answer for question 18 is A and D. From the students that participated at the survey, 

54 answered the question (valid cases) and one case was missing. 

Comments 

The aim of this question was to examine students’ understanding on the factors that affect erosion 

directly. From the 54 students that answered the question, 14 (25.9%) gave the correct answer 

choosing A and D. The rest of the students, 40 (74.1%) revealed alternative ideas. The most frequent 

alternative ideas is A, C and D (rock type, time and climate) chosen by 21 students (38.9%) and A,B,C 

and D (rock type, time, earthquakes and climate) chosen by 9 students (16.7%). From the students 

with alternative ideas: 

o Thirteen are first year students 

o Fourteen  are second year students  

o Thirteen are graduates. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.18B 

     Most of the students seem that do not understand the concept of the question with the time factor 

leading to the majority of the alternative ideas. Time is a factor that affects erosion rates but not, 

directly. As far as earthquakes are concerned and their effect on erosion rates, earthquakes can initiate 

changes affecting erosion rates by breaking down the rock and making it more susceptible to erosion. 

Fault zones exhibit higher differential erosion from the areas surrounding them. 

 

7.4.19 Question 19 

 



69 
 

The following image (Fig.20) is a map by Müller et al.,2008, showing the age of oceanic lithosphere. 

The ages of the oceanic crust vary from 0 to 280 Ma.  Locations marked with red color represent crust 

which is newly formed at mid-ocean ridges and as moving away from the ridges, crust is older 

(marked in green, light blue, dark blue and purple color). The oldest crust on Earth’s surface, 260-

280Ma, exists at the region of the Mediterranean Sea, representing a remnant of an old ocean, Tethys, 

which is currently being destroyed by the subduction of the African plate beneath the Eurasian 

(Papanikolaou,2009).   

 

                  

                                      Fig. 20 Age distribution of the oceanic crust. (Müller et al.,2008) 

     The following image (Fig.21) represents the age distribution of the continental lithosphere. The 

oldest rocks that are found on continents are: 

• Acasta Gneiss, in Canada (4.03Ga) 

• Isua Supracrustal rocks, West Greenland (3.7-3.8 Ga) 

• Minessota River Valley and northern Michigan (3.5-3.7 Ba) 

• Swaziland (3.4-3.5 Ba) 

• Western Australia (3.4-3.6 Ba) 

All of these rocks are lava flows and shallow-water sediments. The newest formed continental 

crust is colored red, dated 0.5 Ba, and the oldest is colored dark blue to dark purple, dated from 2.5-3.5 

Ba.   
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          Fig. 21 Age distribution of continental crust. Poupine, G & Shapiro,2008 

 

      According to plate tectonics, the formation and evolution of oceanic plates is explained. They are 

born as oceanic ridges and destroyed, being subducted at convergent plate boundaries. As the oceanic 

lithosphere moves away from the mid-ocean ridges, cools down and becomes denser. This dense 

oceanic crust is destroyed at subduction zones. On the contrary, light continental crust does not 

subduct. It floats on asthenosphere and drifts on Earth’s surface. The buoyancy of continents prevents 

them from subducting (Van der Pluijm &Marshak, 2004).  

 As a conclusion, the correct answer for question 19 is B. From the 55 students that participated at 

the survey, 55 provided an answer to the question. 

Comments 

The aim of this question is to examine students’ ideas about the age of oceanic and continental rocks. 

This is further connected with their physical properties. From the 55 students answering the question 

47 (85.5%) gave the correct answer and 8 (14.5%) revealed an alternative idea. The idea that oceanic 

rocks are much older than continental is preferred by 8 students: 

o Five are first year students 

o One is second year student 

o Two are third year students. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.19B 

     The majority of the students understand the concept that this question examines providing the right 

answer about the relative ages of oceanic and continental crust. The alternative idea that the rest of the 

students reveal, concerns an inability to connect the age of oceanic and continental rocks with the 
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processes of their formation and destruction and take into consideration their physical properties 

(concerning mainly the density differences).   

 

7.4.20 Question 20 

 

There are many theories proposed about whether Earth is expanding or contracting. The theory of 

plate tectonics, however, casts doubts on these hypotheses. The Australian geologist Sam Carey was 

the first one to invent the theory of “Expanding Earth”. He believed that all continents would fit 

together if globe was shrunk.  

     According to Wu et al.(2011) Earth is neither expanding nor contracting. Using different geodetic 

techniques (SLR-Satellite Laser Ranging, and VLBI-Very Long Base Line Interferometry) and a 

reference frame (ITRF-International Terrestrial Reference Frame), it was concluded that there is no 

presence of statistical significance in the expansion rate that was detected in their study, so Earth’s 

radius is not changing. The Earth’s future is to have the same size as today.  

 The correct choice for question 20 is C. From the 55 students participating at the survey, 55 cases 

are valid and 0 cases are missing. 

Comments 

The aim of this question is to reveal students understanding about the future of the Earth. From the 55 

students that answered the question, 31 (56.4%) gave the correct answer understanding the concept 

examined and 24 (43.6%) revealed alternative ideas. The most frequent alternative idea (chosen by 17 

students) is choice D, that there is no way of knowing of whether Earth is expanding, shrinking or is 

stable. The rest of the alternative ideas are revealed from four students (2 choices for each of these two 

question items) choosing A and B. From the students with alternative ideas: 

o Thirteen are first year students 

o Five are second year students 

o Six are graduates. 

Frequency tables, cross-tabulation results and bar charts are at Appendix B, Table.20B 

     The majority of students have scientific ideas about the shape of the Earth in the future. According 

to bibliography most of the alternative ideas about the future of the Earth are related to expanding or 

shrinking (Libarkin et al.,2005). The answers in this question revealed the difficulties that students 

have in extrapolating concepts that are scientific to a future context.  
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8 Discussion 
 

As already mentioned in this thesis, it is known from previous research that when students are 

beginning to study Earth sciences, they obtain a system of mental models and ideas that are well 

established. These mental models are built as students draw conclusions about the world. 

Consequently, this means that their ability to reason, develop knowledge, interpret, explain and solve 

problems is being affected by these. In practice, this implies that when students are asked to make a 

procedural calculation, the correct answer is not depending on pre-existing knowledge. On the 

contrary, when the given task is to critically think, predict, explain qualitatively or voice their 

understanding, pre-existing knowledge is involved (Roschelle, 1998). This is very important in the 

field of Earth sciences, since in the most of the cases the scientific problems are solved by critical 

thinking, predicting and explaining.    

     Τhe aim of this thesis was to reveal Uppsala University’s Earth science students’ misconceptions 

and examine the correlation between the level of understanding on specific geoscience topics in three 

groups of students, at their 1st, 2nd and 3rd year of studies. The statistical analysis of the answers of at 

the Geoscience Concept Inventory test of Earth Science Bachelor students of Uppsala University, 

revealed that the mental models that students have concerning : 

• Definition of density 

• Earth’s gravity and magnetic field 

• The heat sources inside Earth 

• Appearance of life on Earth 

• Earth’s first surface 

• Earth’s structure 

• Location and movement of tectonic plates 

• The distribution of volcanoes and earthquakes on Earth and their relation to tectonic plates. 

• The source of magma 

• Weathering and erosion 

• Isostasy 

• Age of continental and oceanic rocks and the formation of rocks at the oceans 

• Earth’s future 

include a combination of scientific and non-scientific ideas. The alternative ideas revealed for Uppsala 

University students, have similarities with the ideas attained by other Earth science students in 

different countries and different time periods, as for example published in Libarkin & Andersson, 

(2005). This confirms the timelessness and the universality of the alternative ideas. The dominant 

alternative ideas revealed by the bachelor Earth Science Students of Uppsala University, chosen by 

approximately above 30% of the students that participated at the survey, are: 
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 Heat source inside the Earth is only from Earth’s formation. 

 Tectonic plates move due to the existing lava beneath. 

 Students failed to depict earthquakes at Wadati-Benioff zone. 

 The origin of volcanic material on continents is from a molten area beneath Earth’s surface. 

 Thinning of the crust occurs only due to erosion. 

 African coast is a plate boundary. 

 Rock type, climate and time affect directly the erosion rates. 

 Rocks in the ocean form only due to volcanic activity. 

 Existence o volcanoes on the oceanic trench at subduction zones. 

 There is no way of knowing if Earth is stable, expanding or shrinking. 

     The rest of the alternative ideas that are mentioned below, were chosen by approximately 3- 20% of 

the students and are the following: 

 Density is defined as the existing material in a space 

 A wooden satellite put into orbit around the Earth, would float into space because the magnetic 

field would not have an effect on it. 

 Heat source inside the Earth is due to gravitational force of attraction. 

 One-celled organisms existed at the formation of the Earth. 

 There is no way of knowing about Earth’s first surface. 

 The Earth has an inner liquid and an outer solid core. 

 Tectonic plates are below Earth’s surface. 

 Volcanoes and earthquakes are two separate phenomena. 

     Furthermore, by taking into consideration the means of correct answers at the test, which are 12.44 

for first year students, 14.44 for second year students and 14.37 for graduates , relating them to the 

conceptual understanding (higher score indicates deeper understanding on the examined concept) and 

conceptual change through teaching, it is indicated that there is an advance in understanding between 

first  and second to third year of studies students. This implies that the concepts examined are better 

perceived by second and third year students as the process of learning proceeds, taking into account 

that the year of studies is an affecting factor of the final scores.  

     On the other hand, the means of correct answers between the second and third year students are 

approximately equal and low (14.44 and 14.37 respectively), indicating that there is a resistance to 

teaching process because of the proved presence of alternative ideas to Uppsala’s Earth science 

bachelor students. This aspect is important since according to Petcovic & Ruhf (2008) and Trend, 

(2001) even pre-service elementary teachers, teaching geoscience concepts, have alternative ideas and 

their scores and conceptual understanding is higher when the teaching process concentrated on 

breaking them down. Αdditionally,  Dal (2006) and (2009) mentions that students have alternative 
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ideas when their teachers do not fully understand the concept that is taught. This will eventually 

prevent them from identifying and correcting students’ non-scientific ideas.  

     As a result, the hypothesis tested is not valid and is rejected, since 3rd year students are proven to 

have the same level of conceptual understanding with the second and with a small difference from the 

first year students. Furthermore, the choices of the students indicate that: 

• They have a simplistic mental approach of geoscience concepts without viewing Earth as a system 

as it would be required in order to understand different processes on Earth (many students regard 

the formation of rocks in the ocean as resulting from one process-volcanic activity), (Libarkin et 

al, 2005 and Kortz & Murray, 2009). This is also a trend that is viewed in other fields of sciences, 

with students conceptualizing the world as matter-consisting and not understanding processes 

(Libarkin et al., 2005). 

• Even though many of the geologic phenomena cannot be observed on human time, many of the 

students’ alternative ideas may be derived from TV, books, religion, school, catastrophic films (i.e 

viewing the Earth’s inner core as liquid) (Libarkin,2006 and Bordreaux,2009). Belief systems also 

act as barriers when learning geoscience topics (Bezzi & Happs, 1994). 

• A number of ideas are derived from mixing scientific and non-scientific concepts as the idea that 

Pangaea was Earth’s first surface or that one-celled organisms existed at the Earth’s formation 

(Libarkin et al., 2005). 

• Some of the students’ misconceptions are not connected to their own ideas but are the result of 

different pedagogical practices that are related to imprecise use of everyday language or to 

concepts that are oversimplified.   

     The findings of this thesis are a summary of the alternative ideas of Uppsala University’s Earth 

Science Bachelor students and they could be used for further designing of University’s curriculum. 

Science teachers, sometimes, ignore the existence of misconceptions leading to inadequate acquired 

knowledge after hours of teaching and lectures. Τhe ignorance of the alternative ideas does not bridge 

teaching and learning processes and they can act as critical barriers in learning Earth Science 

(Dal,2007). Knowing the alternative ideas that students have before the teaching process, will help 

teachers organize their didactic processes that aim at the conceptual change of the students and the 

construction of new mental models according to the scientific standards. Identifying alternative 

conceptions in Earth sciences, potentially improves teaching and learning processes.  

It is proposed to use the Geoscience Concept Inventory as a rapid and useful diagnostic tool for 

eliciting students’ misconceptions and with the use of pre and post instructional tests to decipher the 

degree of conceptual change. This way the nature of students’ ideas, knowledge and thinking is better 

perceived (Treagust, 1998). It would be also important and interesting to further investigate the 

alternative ideas that students have.  Additionally, GCI gives the possibility to every instructor to 

generate subtests according to the topic covered in the course or lecture (Libarkin, 2008). It is already 

proven that the use of concept inventories in science has led to better instructional practices.  
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     According to Roschelle, (1998) instructors should firstly aim at refining the pre-existing knowledge 

rather than trying to replace the student’s understanding with their understanding. Secondly, they must 

expect a learning process that is long – lasting and finally they should take into consideration that 

learning and social interactions are inter-depended.     

 Furthermore, interviewing students will allow an in depth investigation of students alternative 

ideas, of their origin and the mental models they accommodate and use, since they are representative 

of  how students organize their conceptual understanding and use knowledge for explaining 

phenomena  and solving geological problems. 

  Further research is needed for instructional strategies that reveal and break down alternative 

conceptions at an instructional level of the field of Earth sciences, as well as on investigating and 

focusing on the underlying mental models within which, alternative ideas are embedded (Vosniadou & 

Brewer,1992). As it is proposed by Dal (2009) , analyzing the way that geologists think, since they 

were students, and the way that they explain natural phenomena, will be a key in  understanding the 

mental models that they accommodate and understand Earth.   

   Finally, especially in the field of Earth sciences it is very interesting to be investigated the effect 

of field trips and studies on the remediation of alternative ideas (Dal, 2009 and Francek,2013) . 

  

Limitations 

The diagnostic tool that was accommodated for the scope of this thesis was sent to all the Bachelor 

students of the Earth Science Department of Uppsala University. From them, only 55 gave feedback. 

This participation statistically reduces the reliability of the results. The results would be more reliable 

and the hypothesis tested would be statistically stronger if the population tested was higher.  

     Additionally, this type of survey (quantitative) does not allow an in depth understanding of Earth 

science students’ alternative ideas and the mental models that they accommodate, but a statistical 

analysis of the existing misconceptions. 
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9 Conclusion 
 

The Earth Sciences is the study of the Earth’s forming matter, solid and liquid.  Because of its 

dimensions, the need to study the Earth as a system of spheres that interact, as well as the inability to 

view Earth as changing in human time, brings up a number of erroneous ideas. These ideas are 

brought by students in the university classrooms, preventing them from building mental models that 

line with the science. This is further enhanced by the fact that scientific problems in Earth sciences 

demand critical thinking instead of procedural calculations. However, teaching process that takes into 

consideration the alternative ideas that students have as well as the mental models in which these are 

incorporated, is of great probability to lead students voluntarily to the conceptual change and the gain 

of scientific knowledge. 

     Earth science educations provides students with knowledge and ability in order to make them 

capable of making conclusions that regard very important subjects as water economization, energy 

preservation and utilization of resources.   

     The field of Earth science education demands further research and should be encouraged, 

especially those research that will contribute to the conceptual change of students alternative ideas.   
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Appendix A 
 

Table A1. Gender frequencies 

Gender 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

male 30 54.5 54.5 54.5 

female 25 45.5 45.5 100.0 

Total 55 100.0 100.0  
 

Table A2. Number of participants per year of studies. 

Year_of_study 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

first 18 32.7 32.7 32.7 

second 18 32.7 32.7 65.5 

third 19 34.5 34.5 100.0 

Total 55 100.0 100.0  
 

Table A3. Reliability analysis  

Reliability Statistics 

Cronbach's Alpha N of Items 

0.714 93 
 

Table A4 . Minimum, maximum and mean of the correct answers of all the students. 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

total scores 55 6 20 13.76 2.680 

Valid N (listwise) 55     
 

Table A5. Minimum, maximum and mean of correct answers for 1st, 2nd and 3rd year students. 

 N Minimum Maximum Mean Std. Deviation 

Total scores 1st 18 6 17 12.44 3.072 

Totalscores 2nd 18 10 19 14.44 2.229 

Totalscores 3rd 19 11 20 14.37 2.314 

Valid N (listwise) 0     
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Table A6. Shapiro-Wilk normality test for the three student groups according to their year of study. 
 
  

Year_of_study 

Shapiro-Wilk 
 Statistic df Sig. 

total scores 

first 0.923 18 0.148 

second 0.937 18 0.260 

third 0.919 19 0.110 

Table A7. Skewness and kyrtosis normality test for the three student groups according to their year of study. 
 

      Statistic        Std. Error 

First year  Skewness       -0.802         0.536 

 Kyrtosis        0.474         1.038 

Second Year Skewness       -0.240          0.536 

 Kyrtosis        0.133          1.038 

Third Year  Skewness        0.849          0.524 

 Kyrtosis        0.577          1.014 
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                 Fig A1. Histograms for the three student groups according to their year of study. 
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Fig A2. Q-Q plots for the three student groups. 
 

  
 

                                     
 
Fig A3. Box plots for the three student groups. 
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Table A8. Test of homogeneity of variances- Levene’s test. 
 

Levene’s Test df1 df2 Sig. 

0.856 2 52 0.431 

Table A9.  ANOVA results. 
 
 Sum of Squares df Mean Square F Sig. 

Between Groups 46.617 2 23.309 3.551 0.036 

Within Groups 341.310 52 6.564   

Total 387.927 54    

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



90 
 

Appendix B 
 

Question # 1: Define density 

Table of  question’s valid and missing cases.  
 

 1d 1a 1b 1c_correct 1e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 

Frequency tables of students’  understanding on the  idea examined by each question’s item. 

Item_1a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.8 1.8 

understanding 54 98.2 98.2 100.0 

Total 55 100.0 100.0  
 

Item_1b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 4 7.3 7.3 7.3 

understanding 51 92.7 92.7 100.0 

Total 55 100.0 100.0  
 
                                                                 Item_1c_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 9 16.4 16.4 16.4 

understanding 46 83.6 83.6 100.0 

Total 55 100.0 100.0  
 

Item_1d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 4 7.3 7.3 7.3 

understanding 51 92.7 92.7 100.0 

Total 55 100.0 100.0  
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Frequency tables of students’  understanding on the  idea examined by each question’s item 
(continued). 

Item_1e 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
 

Frequency table of students’ selections 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 1 1.8 1.8 1.8 

B 4 7.3 7.3 9.1 

C 46 83.6 83.6 92.7 

D 4 7.3 7.3 100.0 

Total 55 100.0 100.0  
 
Frequency histograms of students’ selections 
 

         
Table of answer’s distribution among student’s years of studies. 
 
 Year_of_study Total 

first second third 

Q1_choices 

A 0 1 0 1 

B 2 0 2 4 

C 15 14 17 46 

D 1 3 0 4 

Total 18 18 19 55 
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Bar chart of answer’s distribution among student’s years of studies. 
 

 
 
 
 
  



93 
 

Question # 2:  Earth’s gravity field 
 
Table of  question’s valid and missing cases  
 

 2a 2b_correct 2c 2d 2e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’ understanding on the  idea examined by each question’s  item. 
 

Item_2a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_2b_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 7 12.7 12.7 12.7 

understanding 48 87.3 87.3 100.0 

Total 55 100.0 100.0  
 

Item_2c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.5 5.5 

understanding 52 94.5 94.5 100.0 

Total 55 100.0 100.0  
 

Item_2d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_2e 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
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Frequency table of students’ selections 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 2 3.6 3.6 3.6 

B 48 87.3 87.3 90.9 

C 3 5.5 5.5 96.4 

D 2 3.6 3.6 100.0 

Total 55 100.0 100.0  
 
 
Frequency histograms of students’ selections 

         
Table of answer’s distribution among the year of studies. 

 Year_of_study Total 

first second third 

Q2_choices 

A 0 0 2 2 

B 17 15 16 48 

C 1 1 1 3 

D 0 2 0 2 

Total 18 18 19 55 
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Bar chart of answer’s distribution among the year of studies. 

 
 

 

  



96 
 

 

Question # 3: Earth’s magnetic field 
 
Table of  question’s valid and missing cases  

 

 3a 3b 3c_correct 3d 3e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_3a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_3b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 9 16.4 16.4 16.4 

understanding 46 83.6 83.6 100.0 

Total 55 100.0 100.0  
 

Item_3c_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 11 20.0 20.0 20.0 

understanding 44 80.0 80.0 100.0 

Total 55 100.0 100.0  
 

Item_3d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
 

Item_3e 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
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Frequency table of students’ selections 
 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

A 2 3.6 3.6 3.6 

B 9 16.4 16.4 20.0 

C 44 80.0 80.0 100.0 

Total 55 100.0 100.0  

Frequency histograms of  students’ selections. 
                                                                                

  
Table of answers’ distribution among the year of studies. 
 
 Year_of_study Total 

first second third 

Q3_choices 

A 2 0 0 2 

B 3 1 5 9 

C 13 17 14 44 

Total 18 18 19 55 
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Bar chart of answers’ distribution among the years of studies. 
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Question # 4: Heat sources 
 
Table of  question’s valid and missing cases  
 

 4a 4b 4c 4d 4correct 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_4a 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 3 5.5 5.5 5.5 

understanding 52 94.5 94.5 100.0 

Total 55 100.0 100.0  
 

Item_4b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 15 27.3 27.3 27.3 

understanding 40 72.7 72.7 100.0 

Total 55 100.0 100.0  
 

Item_4c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 11 20.0 20.0 20.0 

understanding 44 80.0 80.0 100.0 

Total 55 100.0 100.0  
 

Item_4d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 11 20.0 20.0 20.0 

understanding 44 80.0 80.0 100.0 

Total 55 100.0 100.0  
 

4correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 33 60.0 60.0 60.0 

understanding 22 40.0 40.0 100.0 

Total 55 100.0 100.0  
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Frequency table of  students’ selections. 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

BD 22 40.0 40.0 40.0 

CD 4 7.3 7.3 47.3 

D 9 16.4 16.4 63.6 

BCD 6 10.9 10.9 74.5 

AD 3 5.5 5.5 80.0 

BC 1 1.8 1.8 81.8 

B 10 18.2 18.2 100.0 

Total 55 100.0 100.0  
 
Frequency histograms of students’ selections. 
 

      
    
Table of answers’ distribution among the years of studies. 

 Year_of_study Total 

first second third 

Q4_choices 

1-BD 7 8 7 22 

2-CD 3 0 6 9 

3-D 6 1 3 10 

4-BCD 0 4 2 6 

5-AD 0 3 0 3 

6-BC 0 0 1 1 

7-B 2 2 0 4 

Total 18 18 19 55 
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Bar chart of answers distribution among the years of studies. 
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Question # 5: Life at Earth’s formation 
 
Table of  question’s valid and missing cases  
 

 5a_correct 5b 5c 5d 5e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_5a_correct 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_5b 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_5c 

 Frequency Percent Valid Percent Cum.  Percent 

Valid understanding 55 100.0 100.0 100.0 
 

Item_5d 

 Frequency Percent Valid Percent Cum.  Percent 

Valid understanding 55 100.0 100.0 100.0 

 
Item_5e 

 Frequency Percent Valid Percent Cum.  Percent 

Valid understanding 55 100.0 100.0 100.0 
 
Frequency table of  students’ selections 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 53 96.4 96.4 96.4 

B 2 3.6 3.6 100.0 

Total 55 100.0 100.0  

 



103 
 

     Frequency histograms of students’ selections. 

                   
   Table of answer’s distribution among the year of studies. 
 
 Year_of_study Total 

first second third 

Q5_choices 
A 18 18 17 53 

B 0 0 2 2 

Total 18 18 19 55 
 

Bar chart of answer’s distribution among the year of studies. 
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Question # 6: Earth’s first surface 
Table of  question’s valid and missing cases  

 

 6a 6b 6c 6d_correct 6e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_6a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_6b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.8 1.8 

understanding 54 98.2 98.2 100.0 

Total 55 100.0 100.0  
 

Item_6c 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 

 
Item_6d_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 9 16.4 16.4 16.4 

understanding 46 83.6 83.6 100.0 

Total 55 100.0 100.0  
 

Item_6e 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 6 10.9 10.9 10.9 

understanding 49 89.1 89.1 100.0 

Total 55 100.0 100.0  
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Frequency table of students’ selections. 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 2 3.6 3.6 3.6 

B 1 1.8 1.8 5.5 

D 46 83.6 83.6 89.1 

E 6 10.9 10.9 100.0 

Total 55 100.0 100.0  
 

Frequency histograms of  students’ selections. 

 
                                                                     
Table of answers’ distribution among the year of studies. 

 Year_of_study Total 

first second third 

Q6_choices 

A 1 1 0 2 

B 0 1 0 1 

D 16 14 16 46 

E 1 2 3 6 

Total 18 18 19 55 
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Bar chart of answers’ distribution among the year of studies. 
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Question # 7: Earth’s structure 

Table of  question’s valid and missing cases  
 

 

 7a 7b 7c 7d 7e 

N 
Valid 55 55 55 55 55 

Missing 0 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_7a 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 

 
Item_7b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 11 20.0 20.0 20.0 

understanding 44 80.0 80.0 100.0 

Total 55 100.0 100.0  
 

Item_7c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.8 1.8 

understanding 54 98.2 98.2 100.0 

Total 55 100.0 100.0  
 

Item_7d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.8 1.8 

understanding 54 98.2 98.2 100.0 

Total 55 100.0 100.0  
 

Item_7e 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 13 23.6 23.6 23.6 

understanding 42 76.4 76.4 100.0 

Total 55 100.0 100.0  
 

 



108 
 

Frequency table of  students’ selections 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

B 10 18.2 18.2 18.2 

C 1 1.8 1.8 20.0 

D 1 1.8 1.8 21.8 

E 43 78.2 78.2 100.0 

Total 55 100.0 100.0  
 

Frequency histograms of students’ selections 

                                                                          
Table of answers’ distribution among the years of studies. 

 Year_of_study Total 

first second third 

Q7_choices 

B 5 1 4 10 

C 0 0 1 1 

D 0 1 0 1 

E 13 16 14 43 

Total 18 18 19 55 
 
Bar chart of answers’ distribution among the years of studies. 
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Question # 8: Location of tectonic plates 
 
Table of  question’s valid and missing cases  

 

 8a_corrrect 8b 8c 8d 

N 
Valid 54 54 54 54 

Missing 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_8a_corrrect 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 4 7.3 7.4 7.4 

understanding 50 90.9 92.6 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_8b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 4 7.3 7.4 7.4 

understanding 50 90.9 92.6 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_8c 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 

Item_8d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
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Frequency table of students’ selections 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 50 90.9 92.6 92.6 

B 4 7.3 7.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency histograms of student’s selections. 

  
Table of answers’ distribution among the year of studies. 
 
 Year_of_study Total 

first second third 

Q8_choices 
A 15 17 18 50 

B 2 1 1 4 

Total 17 18 19 54 

Bar chart of answers’ distribution among the year of studies. 
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Question # 9: Movement of tectonic plates 
 
Table of  question’s valid and missing cases  

 9a 9b 9c 9d_correct 9e 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 

Item_9a 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 26 47.3 48.1 48.1 

understanding 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_9b 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 

Item_9c 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   

 
Item_9d_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 31 56.4 57.4 57.4 

understanding 23 41.8 42.6 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
 
 



112 
 

Item_9e 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 5 9.1 9.3 9.3 

understanding 49 89.1 90.7 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency tables of students’ selections. 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 26 47.3 48.1 48.1 

D 23 41.8 42.6 90.7 

E 5 9.1 9.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Frequency histograms of students’ selections 

 

                                                                             
  
Table of answers’ distribution among the years of studies.  

 Year_of_study Total 

first second third 

Q9_choices 

A 8 10 8 26 

D 7 8 8 23 

E 2 0 3 5 

Total 17 18 19 54 
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Bar chart of  answers’ distribution among the years of studies. 
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Question # 10: Earthquakes,volcanism and tectonic plates. 
 
Table of  question’s valid and missing cases  
 

 10a 10b_corrrect 10c 10d 103 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s  item. 
 

Item_10a 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 1 1.8 1.9 1.9 

understanding 53 96.4 98.1 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_10b_corrrect 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.6 5.6 

understanding 51 92.7 94.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_10c 

 Frequency Percent Valid Percent Cum.  Percent 

Valid 

not_understanding 2 3.6 3.7 3.7 

understanding 52 94.5 96.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_10d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
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Item_10e 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 
Frequency tables of students’ selection. 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 1 1.8 1.9 1.9 

B 51 92.7 94.4 96.3 

C 2 3.6 3.7 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency histograms of students’ selections 
          

    
 

Table of the answers’ distribution among the years of studies  

 Year_of_study Total 

first second third 

Q10_choices 

A 0 0 1 1 

B 15 18 18 51 

C 2 0 0 2 

Total 17 18 19 54 
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Bar chart of answers’ distribution among the years of studies  
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Question # 11: Volcanic eruptions and tectonic plates 

Table of  question’s valid and missing cases  

 11a 11b_correct 11c 11d 11e 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 

Frequency tables of students’  understanding on the  idea examined by each question’s item. 

Item_11a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 16 29.1 29.6 29.6 

understanding 38 69.1 70.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_11b_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 16 29.1 29.6 29.6 

understanding 38 69.1 70.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_11c 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 

Item_11d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
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Item_11e 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 
Frequency table of students’ selections. 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 16 29.1 29.6 29.6 

B 34 61.8 63.0 92.6 

E 4 7.3 7.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency histograms of students’ selections. 

 

    
 
Table of answers’ distribution among the year of studies  

 
 Year_of_study Total 

first second third 

Q11choices 

A 6 5 5 16 

B 8 13 13 34 

E 3 0 1 4 

Total 17 18 19 54 
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Bar chart of answers’ distribution among the year of studies  
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Question # 12: Volcanic material on continents 
 
Table of  question’s valid and missing cases  

 

 12a 12b 12c 12d 12e_correct 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_12a 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 54 98.2 100.0 100.0 

Missing System 1 1.8   

Total 55 100.0   
 

Item_12b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.6 5.6 

understanding 51 92.7 94.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_12c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.6 5.6 

understanding 51 92.7 94.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_12d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 20 36.4 37.0 37.0 

understanding 34 61.8 63.0 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
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Item_12e_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 26 47.3 48.1 48.1 

understanding 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Frequency table of  students’ selections  

 Frequency Percent Valid Percent Cum. Percent 

Valid 

B 3 5.5 5.6 5.6 

C 3 5.5 5.6 11.1 

D 20 36.4 37.0 48.1 

E 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   

 
Frequency histograms of  students’ selections 

   
                                                                  
Table of answers’ distribution among the years of studies.  

 Year_of_study Total 

first second third 

Q12_choices 

B 1 1 1 3 

C 2 1 0 3 

D 6 8 6 20 

E 8 8 12 28 

Total 17 18 19 54 
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Bar chart of answers’ distribution among the years of studies.  

 
 
Question#13-Volcanism at plate boundaries 

Table of  question’s valid and missing cases  
 

 13a 13b_correct 13c 13d 

N 
Valid 54 54 54 54 

Missing 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 

Item_13a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.7 3.7 

understanding 52 94.5 96.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_13b_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 15 27.3 27.8 27.8 

understanding 39 70.9 72.2 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
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Item_13c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 11 20.0 20.4 20.4 

understanding 43 78.2 79.6 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_13d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.7 3.7 

understanding 52 94.5 96.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency table of students’ selections 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 2 3.6 3.7 3.7 

B 39 70.9 72.2 75.9 

C 11 20.0 20.4 96.3 

D 2 3.6 3.7 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   

 
Frequency histograms of students’ selections. 
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  Table of answers’ distribution among the years of studies. 
 

Q13_choices * Year_of_study Crosstabulation 

Count 

 Year_of_study Total 

first second third 

Q13_choices 

A 1 1 0 2 

B 12 11 16 39 

C 3 6 2 11 

D 1 0 1 2 

Total 17 18 19 54 

Bar chart  of answers’ distribution among the years of studies 
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Question # 14: Earthquakes at subduction zones. 

Table of  question’s valid and missing cases  
 

 14a 14b 14c 14d_correct 

N 
Valid 54 54 54 54 

Missing 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_14a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.6 5.6 

understanding 51 92.7 94.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_14b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 17 30.9 31.5 31.5 

understanding 37 67.3 68.5 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_14c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 7 12.7 13.0 13.0 

understanding 47 85.5 87.0 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_14d_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 27 49.1 50.0 50.0 

understanding 27 49.1 50.0 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   



126 
 

Frequency table of students’ selections 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 3 5.5 5.6 5.6 

B 17 30.9 31.5 37.0 

C 8 14.5 14.8 51.9 

D 26 47.3 48.1 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   

 
 Frequency histograms of students’ selections 

  
 
Table of answers’ distribution among the years of studies.  

 
 Year_of_study Total 

first second third 

Q14_choices 

A 0 1 2 3 

B 6 4 7 17 

C 2 1 5 8 

D 9 12 5 26 

Total 17 18 19 54 
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Bar charts of answers’ distribution among the years of studies.  
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Question # 15: Mountain uplift 

Table of  question’s valid and missing cases  
 

 15a 15b_correct 15c 15d 

N 
Valid 55 55 55 55 

Missing 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_15a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.8 1.8 

understanding 54 98.2 98.2 100.0 

Total 55 100.0 100.0  
 

Item_15b_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.5 5.5 

understanding 52 94.5 94.5 100.0 

Total 55 100.0 100.0  
 

Item_15c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_15d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
 
Frequency tables of students’ selections 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 1 1.8 1.8 1.8 

B 52 94.5 94.5 96.4 

C 2 3.6 3.6 100.0 

Total 55 100.0 100.0  
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Frequency histograms of students’ selections. 

 

             
 
Table of answers’ distribution among the years of studies. 
 
 Year_of_study Total 

first second third 

Q15_choices 

A 0 1 0 1 

B 17 16 19 52 

C 1 1 0 2 

Total 18 18 19 55 

 
Bar chart of answers’ distribution among the years of studies.  
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Question # 16: Isostasy 

Table of  question’s valid and missing cases  
 

 16a 16b 16c 16d 16correct 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_16a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.7 3.7 

understanding 52 94.5 96.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_16b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 1 1.8 1.9 1.9 

understanding 53 96.4 98.1 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

16c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 6 10.9 11.1 11.1 

understanding 48 87.3 88.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

16d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 26 47.3 48.1 48.1 

understanding 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
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16_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 26 47.3 48.1 48.1 

understanding 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 
Frequency tables of students’ selections. 
 
 Frequency Percent Valid Percent Cum. Percent 

Valid 

C 2 3.6 3.7 3.7 

A 21 38.2 38.9 42.6 

AD 28 50.9 51.9 94.4 

AB 1 1.8 1.9 96.3 

AC 2 3.6 3.7 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   

 
Frequency histogram  of student’s selections 
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Table of answers’ distribution among the years of studies  
 
 Year_of_study Total 

first second third 

Q16_choices 

C 0 0 2 2 

A 9 7 5 21 

AD 5 11 12 28 

AB 1 0 0 1 

AC 2 0 0 2 

Total 17 18 19 54 
 

Bar charts of answers’ distribution among the years of studies  
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Question # 17: Rock formation in the oceans 

Table of  question’s valid and missing cases  

 17a 17b 17c 17a_b_c_correct 

N 
Valid 54 54 54 54 

Missing 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 

Item_17a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 19 34.5 35.2 35.2 

understanding 35 63.6 64.8 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_17b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 15 27.3 27.8 27.8 

understanding 39 70.9 72.2 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_17c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.7 3.7 

understanding 52 94.5 96.3 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

17a_b_c_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 26 47.3 48.1 48.1 

understanding 28 50.9 51.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
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Frequency tables of students’ selections  

 Frequency Percent Valid Percent Cum. Percent 

Valid 

ABC 28 50.9 51.9 51.9 

BC 9 16.4 16.7 68.5 

B 1 1.8 1.9 70.4 

C 11 20.0 20.4 90.7 

AC 4 7.3 7.4 98.1 

AB 1 1.8 1.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   

 
Frequency histograms of  students’ selections. 

   
 
Table of answers’ distribution among  the years of studies.  

 
 Year_of_study Total 

first second third 

Q17_choices 

ABC 5 11 12 28 

BC 6 1 2 9 

B 0 0 1 1 

C 6 1 4 11 

AC 0 4 0 4 

AB 0 1 0 1 

Total 17 18 19 54 
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Bar chart of answers’ distribution among  the years of studies.  
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Question # 18: Erosion rates 

Frequency tables of question’s items 

 18a 18b 18c 18d 18a_d_correct 

N 
Valid 54 54 54 54 54 

Missing 1 1 1 1 1 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_18a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 6 10.9 11.1 11.1 

understanding 48 87.3 88.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_18b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 14 25.5 25.9 25.9 

understanding 40 72.7 74.1 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_18c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 31 56.4 57.4 57.4 

understanding 23 41.8 42.6 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Item_18d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 3 5.5 5.6 5.6 

understanding 51 92.7 94.4 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   



137 
 

 
18a_d_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 40 72.7 74.1 74.1 

understanding 14 25.5 25.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Frequency tables of students’ selections. 

Q18_choices 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

AD 14 25.5 25.9 25.9 

ABD 3 5.5 5.6 31.5 

ACD 21 38.2 38.9 70.4 

D 3 5.5 5.6 75.9 

ABCD 9 16.4 16.7 92.6 

A 1 1.8 1.9 94.4 

BD 1 1.8 1.9 96.3 

ABC 1 1.8 1.9 98.1 

C 1 1.8 1.9 100.0 

Total 54 98.2 100.0  

Missing System 1 1.8   

Total 55 100.0   
 

Frequency histograms of  students’ selections. 
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Table of answers’ distribution among  the years of studies. 
 
 Year_of_study Total 

first second third 

Q18_choices 

AD 4 4 6 14 

ABD 0 2 1 3 

ACD 5 5 11 21 

D 1 1 1 3 

ABCD 4 5 0 9 

A 1 0 0 1 

BD 0 1 0 1 

ABC 1 0 0 1 

C 1 0 0 1 

Total 17 18 19 54 
 

Bar chart of answers’ distribution among  the years of studies. 
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Question # 19: Oceanic and continental rocks age. 
 
Frequency tables of question’s items 

 19a 19b_correct 19c 19d 

N 
Valid 55 55 55 55 

Missing 0 0 0 0 
 

Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_19a 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 
 

Item_19b_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 8 14.5 14.5 14.5 

understanding 47 85.5 85.5 100.0 

Total 55 100.0 100.0  
 

Item_19c 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 8 14.5 14.5 14.5 

understanding 47 85.5 85.5 100.0 

Total 55 100.0 100.0  
 

Item_19d 

 Frequency Percent Valid Percent Cum. Percent 

Valid understanding 55 100.0 100.0 100.0 

 
Frequency table of students’ selections. 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

B 47 85.5 85.5 85.5 

C 8 14.5 14.5 100.0 

Total 55 100.0 100.0  
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Frequency histograms of students’ selection 

 
Table of answers’ distribution among  the years of studies. 

 
 Year_of_study Total 

first second third 

Q19_choices 
B 13 17 17 47 

C 5 1 2 8 

Total 18 18 19 55 
 

Bar chart of answers’ distribution among  the years of studies. 
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Question # 20: Earth’s future 

Frequency tables of question’s items 

 20a 20b 20c_correct 20d 

N 
Valid 55 55 55 55 

Missing 0 0 0 0 
 
Frequency tables of students’  understanding on the  idea examined by each question’s item. 
 

Item_20a 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

Item_20b 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 2 3.6 3.6 3.6 

understanding 53 96.4 96.4 100.0 

Total 55 100.0 100.0  
 

20c_correct 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 21 38.2 38.2 38.2 

understanding 34 61.8 61.8 100.0 

Total 55 100.0 100.0  
 

20d 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

not_understanding 17 30.9 30.9 30.9 

understanding 38 69.1 69.1 100.0 

Total 55 100.0 100.0  
 
Frequency table of students’ selections. 
 

 Frequency Percent Valid Percent Cum. Percent 

Valid 

A 2 3.6 3.6 3.6 

B 2 3.6 3.6 7.3 

C 31 56.4 56.4 63.6 

D 20 36.4 36.4 100.0 

Total 55 100.0 100.0  
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Frequency histograms of students’ selections. 

 

 
 
Table of answers’ distribution among  the years of studies. 

 Year_of_study Total 

first second third 

Q20_choices 

A 0 1 1 2 

B 0 1 1 2 

C 5 13 13 31 

D 13 3 4 20 

Total 18 18 19 55 
 

Bar chart  of answers’ distribution among  the years of studies. 
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Appendix C 
 

Questionnaire 

“Statistical analysis of the possibly existing alternative ideas of Earth science students of 
Uppsala University.” 

The role of the pre-existing knowledge is proved to be of highly importance in the development of a 

reliable scientific knowledge. This pre-existing knowledge in most cases does not line with the 

scientific standards, leading to ideas that are called "misconceptions" or "alternative ideas".  The 

alternative ideas can act as a basis, over which students can build new cognitive elements, in case that 

they line with scientific standards. On the other hand, they can act as a barrier for the scientific 

knowledge when they contradict with science. Some common misconceptions among earth science 

students have to do with structure of the earth, the location of tectonic plates, geological time, etc. This 

questionnaire is designed as a diagnostic tool to elicit alternative ideas that Earth science students may 

have. This test is clearly diagnostic and the answers are not going to be used for assessment purposes. 

For this reason they are anonymous.  Please answer all of the questions. It will not take more than 30 

minutes. If you have any question concerning this research, the items of the questionnaire or 

something is not clear for you, please feel free to contact me at despoinachouliara@yahoo.gr .  

Thank you in advance for the collaboration. 
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A. Choose your gender. 

o Male 

o Female 

B. Which courses have you attended during your academic studies? 

o Earth Science - Planet Earth, 30 credits (1GV004) 

o Basic Course in Mathematics, 5 credits (1MA010) 

o Linear Algebra and Geometry I, 5 credits (1MA025) 

o Derivatives and Integrals, 5 credits (1MA014) 

o Statistic Methods in Earth Science, 5 credits (1GV064) 

o Landscape Development, 10 credits (1GE143) 

o Rocks and Quaternary Deposits, 15 credits (1GV003) 

o Geophysics: Methods and Applications, 5 credits (1GV012) 

o Resources and Environment, 10 credits (1GV002) 

o GIS and Remote Sensing, 10 credits (1GE100) 

o The Basic Principles of Chemistry, 15 credits (1KB013) 

o Inorganic Chemistry I, 10 credits (1KB208) 

o Geochemistry, 5 credits (1KB200) 

o Sedimentology, Stratigraphy and Palaeobiology, 10 credits (1GV001) 

o Hydrology and Water Resource Management, 10 credits (1HY141) 

o GIS and Remote Sensing, 10 credits (1GE100) 

o Structural Geology and Ground Stability, 10 credits (1GV007) 

o Field Course in Earth Science, 5 credits (1GV031) 

o Field Course in Earth Science II, 5 credits (1GV053) 

Others. (Please include other courses you may have taken. Feel free to write the title in English or 
Swedish). 
 

C.  Which is your year of studies? 
o First (1st) 
o Second (2nd) 
o Third (3rd) 

 
1. What does "density" refer to? 

A. How big something is. 

B. How quickly particles move. 

C. How much material exists in space. 

D. How much air is contained in an object. 

E. How slowly liquids move. 
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2. What would happen if the astronauts put a completely wooden satellite in orbit around 

the Earth? The wooden satellite would... 

A. ...continue to orbit the Earth, because Earth's magnetic field would have an effect on it. 

B. ...continue to orbit Earth, because Earth's gravity would have an effect on it. 

C. ...float off into space because the Earth's magnetic field would have no effect on it. 

D. ...fall toward the Earth because the Earth's magnetic field would have no effect on it. 

E. ...fall toward the Earth because the Earth's gravity would have no effect on it. 

 

3. Why does the Earth have a magnetic field? 

A. The Earth contains crust of different composition. 

B. The Earth has a gravitational force of attraction. 

C. The Earth contains moving liquid metal. 

D. The Earth has an orbit around the Sun. 

E. The Earth does not have a magnetic field. 

 

4. Which of the following are sources of heat inside the Earth? Choose all that apply. 

A. Gravitational energy from the Sun. 

B. Energy from the Earth's formation. 

C. Heat energy from the Sun. 

D. Energy from radioactivity. 
 

5. If you could travel back in time to when the Earth first formed as a planet, what type(s) 

of life do you think you might encounter? 

A. No life would exist in water or on land. 

B. One-celled organisms in water. 

C. Animal and plant life in water. 

D. All types of life in water and on land, except people. 

E. All types of life in water and on land, including people 
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6. What did the Earth's surface look like when it first formed? 
 

        
 
 
 

7. Which of the following do you believe is most closely related to what you might see if you 
cut the Earth in half? 
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8. Scientists often talk about the Earth’s tectonic plates and their role in mountain 
formation, volcanism, and earthquake occurrence. Which of the following figures most 
closely represents the location of the Earth’s tectonic plates? 

9.  

          
 

10. What is the best explanation of the movement of tectonic plates? 

A. Lava moves the tectonic plates. 

B. Currents in the ocean move the tectonic plates. 

C. Earthquakes move the tectonic plates. 

D. Gravity moves the tectonic plates. 

E. Magnetism moves the tectonic plates. 

 

11. Which of the following responses best summarizes the relationship between volcanoes, 
large earthquakes, and tectonic plates? 
 
A. Volcanoes typically occur on islands, earthquakes typically occur on continents, and both 

occur near tectonic plates. 

B. Volcanoes and large earthquakes both typically occur along the edges of tectonic plates. 

C. Volcanoes typically occur in the center of tectonic plates and large earthquakes typically 

occur along the edges of tectonic plates. 

D. Volcanoes and large earthquakes both typically occur in warm climates 

E. Volcanoes, large earthquakes, and tectonic plates are not related, and each can occur in 

different places 
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12. The following maps show the position of the Earth’s continents and oceans. The dots on 
each map mark the locations where volcanic eruptions occur on land. Which map do you 
think most closely represents the places where these volcanoes are typically observed? 
 

        
 
 

13. On continents, where does most volcanic material come from? 
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14. The maps below show the surface of the Earth as viewed from the sky. Which map best 
illustrates where volcanoes, marked with ▲ symbol, would be located? 
 
 
 
 
         
 
 
 
 
 

15. The maps below show the surface of the Earth as viewed from the sky. Which map best 
illustrates where earthquake epicenters, marked with an X, would be located? 
 

 
 

 
 

16. The sketches below represent the outlines of two mountains made up of the same type of 
rock. The mountains have finished growing. Which of the following reasons best explains 
the differences in the two sketches? 
 
A. Mountain I is older than Mountain II 

B. Mountain II is older than Mountain I 

C. Mountain I is on a continent that is moving faster than the continent Mountain II is on 

D. Mountain I is on a continent that is moving slower than the continent Mountain II is on 
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17.  The image below represents a mountain and the crustal root beneath that mountain. 
Which of the following processes will cause the base of the crustal root to move up within 
the mantle? Choose all that apply. 
 
A. Erosion of the mountain 

B. Deposition on the mountain 

C. Thickening of the crust 

D. Thinning of the crust 

                    
 

18. How can rocks in the ocean be formed? Choose all that apply. 

A. By animals. 

B. From continental rocks. 

C. By volcanic activity. 

 

19. Which of the following can directly affect erosion rates. 

A. Rock type 

B. Earthquakes 

C. Time 

D. Climate 

 

20. Which of the following statements about the age of rocks is most likely true? 

A. Rocks found in the ocean are about the same age as rocks found on continents. 

B. Rocks found on continents are generally older than rocks found in the ocean. 

C. Rocks found in the ocean are generally older than rocks found on continents. 

D. Ages of rocks are not precise enough to determine which rock type is older. 

 

21. If you could travel millions of years into the future, how big would the planet Earth be? 

A. Smaller than today 

B. Larger than today 

C. Same size as today 

D. We have no way of knowing 
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