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Abstract 

Contrasting to previous studies that focus mainly on discovering students’ misconceptions about 

earth processes, this study explores the idea of ‘heat’, which emerged in students’ discussion on 

earth phenomena. It has been noted by many research studies that students’ ideas about natural 

phenomena are formed through their personal experiences. Students participated in present 

research also seem to devise their experience of ‘heat’ in their everyday life (e.g. ‘sauna’, 

‘boiling water’) to their explanations’ of the Earth’s phenomena. By adopting Gobert (2000)’s 

protocols on studying students’ conceptions of internal earth dynamics, we tried to classify the 

ideas about how earthquake occurs and volcano erupts, and to further explore the preconceptions 

underlying their elaborations on such earth phenomena. This case study begins with a report on 

the ideas relating to earthquakes and volcanoes by Singapore secondary students (14 and 15 

years old). We argue that the idea of ‘heat’ is employed by students to interpret the unobserved 

internal earth dynamics, which might affect students’ understanding of earth phenomena (e.g., 

volcano, earthquake). 
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Introduction 

 

According to Singapore Geography Syllabuses for Lower Secondary (2006), students at 

secondary one (14 to 15 years) are required to understand earth science in terms of the Earth’s 

material (e.g., rock), structure (e.g., interior of earth) and process (e.g., mountain and volcano). 

Students and educators in some countries perceive the understanding of earth science as the 

complex aspect of geological learning. It is not only because the concepts of earth science are 

intangible and abstract, but also because learning of these concepts is multi-dimensional: it 

requires understanding in Earth’s structure, material and process. Hence, we assume that, similar 

to research conducted in other countries (Bezzi & Happs, 1994; Blake, 2005), Singaporean 

students’ preconceptions in the aspect of earth process exist since those phenomena cannot be 

encountered in everyday life or laboratory. 

This paper discusses the secondary students’ conceptual understanding of causality of 

earth phenomena to support students’ learning (Blake, 2005), since these preconceptions of 

students are the focus of conceptual changes and may influence further learning (Blake, 2005; 

Hayes, Goodhew, Heit, & Gillan, 2003; Vosniadou & Brewer, 1992, 1994). As the ideas of 

‘heat’ are becoming prevalent in explanations of occurrence of earthquake and volcano in both 

previous studies(Bezzi & Happs, 1994; Ross & Shuell, 1993) and the present study, we intend to 

investigate the influences of the ideas stemmed from everyday experiences on the students’ 

understanding. Specifically, the impact of ideas of ‘heat’ on developing the models of causality 

of the two earth phenomena is explored. 
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Previous research on students’ conceptions of earth sciences 

In today’s world, students have wide access to a range of information through various 

media such as television, books and Internet. It is not surprising that students may shape their 

ideas of the world through these media. Numerous researchers devoted themselves to investigate 

students’ prior knowledge in the last two decades (e.g. Driver, 1989; Marques & Thompson, 

1997; Rakkapao, Arayathanitkul, Pananont, & Chitaree, 2007; Ross & Shuell, 1993; Tsai, 2001). 

Some studies reveal that students hold a set of prior knowledge of natural world before 

instructions which are different from the concepts taught in school (e.g. Blake, 2005; Hayes et al., 

2003; Ross & Shuell, 1993; Vosniadou & Brewer, 1992, 1994), and that student’s own sense-

making are critically connected to their authentic experience (Vosniadou & Brewer, 1992). 

Although researchers’ awareness of the way students conceptualize the daily phenomena 

has increased, shortage in science learning research still exists. Previous studies have tried to 

identify students’ existing ideas and  find ways to facilitate conceptual changes (e.g. Panagiotaki, 

Nobes, & Potton, 2008; Vosniadou & Brewer, 1994) in the domains of physics, biology and 

chemistry, whereas the research of existing ideas in earth science has been more limited (Dal, 

2006). 

Research on student’s conceptions of earthquakes and volcanoes has been a topic of 

considerable concern to researchers and educators (e.g., Bezzi & Happs, 1994; Blake, 2005; Dal, 

2007). Students have more preconceptions of these two phenomena than others, because it’s 

difficult to reproduce those phenomena in class (Gobert, 2000; Marques & Thompson, 1997). 

Previous studies reveal that students have little knowledge of the causes of earthquake and 

volcano. There are evidences that students develop their own ideas, mainly non-scientific, of 

understanding of earth concepts before instructions. With regards to causality, naïve ideas are 
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given by students to explain the occurrences of earthquakes due to human causes (e.g., children 

lighted a fire and forgot it), myths (e.g., earth ‘upset’ or God wants it), weather or natural 

disasters (e.g., rain, wind, landslide, etc) (Ross & Shuell, 1993; Sharp, Mackintosh, & Seedhouse, 

1995; Simsek, 2007). In addition to that, there are evidences that students tend to confuse 

volcano with earthquake (Dove, 1998). Bezzi and Happs (1994) and Sharp, Mackintosh and 

Seedhouse (1995) , for example, indicate that students relate earthquakes to volcanic eruption, 

few students suggest volcano get hot and shake to create earthquake. As shown in the  research 

by Ross and Shuell (1993), students define earthquake and volcano by recognizing those earth 

phenomena’s observable attributes such as, earthquake shakes but volcano doesn’t; volcano 

erupts with lava but earthquake doesn’t. This notion may have the origins that both these earth 

phenomena are violent natural disaster and happen in similar area. 

Interestingly, in the several studies, the terms of ‘hot’, ‘fire’ and ‘hot burning’ are often 

used by students to describe volcano (Dal, 2006). ‘Heat’ and ‘magma’ are given by students to 

answer the cause of volcanic eruption frequently (e.g., ‘volcanic eruption are caused by heat 

buildup’) (Gobert, 2000; Hemmerich & Wiley, n.d.). We summarized the common 

interpretations related to ‘heat’ mechanisms in existing studies and those seen in the students’ 

answers as following: 

 Volcanic eruption. Volcano get hot and shake to create earthquake (e.g., Sharp et 

al., 1995) 

 Magma. Magma is pushed up by heat /hot air and cause volcano. (e.g., Blake, 

2005; Dal, 2007; Hemmerich & Wiley, n.d.) 
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 Core. Core act as heat source in causing volcano /earthquake (e.g., core get hot 

and hit surface; core release heat and cause volcano happen) (e.g., Bezzi & Happs, 1994; Ross & 

Shuell, 1993; Sharp et al., 1995) 

The existing literatures help to clarify which notional fields need to be dealt with. As 

students are toward connecting the occurrence of earthquake and volcano with ‘heat’, it is clear 

that in supporting students’ learning in causality of earth phenomena attention must be given to 

the influence of  the common ideas of ‘heat’ proposed in students’ explanations. Gobert (2000)’s 

study identifies and characterizes the types of models held by students in aspects of dynamics 

and causes of earthquakes and volcanoes, starts separating the ideas of ‘heat’ from others. In her 

study, students’ ideas are classified into three types of models different in dynamics and causal 

processes involved in volcanic eruptions, namely, Local models (heat-related and movement 

related), mixed related and integrated models. Her study indicates that students’ ideas of ‘heat’ 

are associated with their explanations of cause of earthquake, volcanic eruption, plate movement 

and magma movements. Herimmch and Wiley (n.d.) apply Gobert (2000)’s typology with minor 

amendments to understand students’ preconception of causality of volcano. Their study reveals 

that most students hold the heat related models in causality of volcano. Based on the findings of 

previous studies, the closer relationship between ideas of ‘heat’ and the notion underlying 

students’ elaborations on such earth phenomena is evident. 

Purposes of the present study  

In support of earlier studies, the ideas of ‘heat’ have also emerged in students’ minds in 

present study to interpret causality of earth phenomena. Students who participated in present 

research seem to devise their experience of ‘heat’ to their explanations’ of the earth phenomena 

(volcano and earthquake). This study will use the students’ notion of ‘heat’ to investigate how 
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they make a connection between everyday encounter with geology and their understanding in 

earth phenomena which explores the question raised by Dal (2006, p. 55) which is ‘to what 

extent do children make connections between everyday encounters with geology and their formal 

classroom learning?’   

This study will enrich the research of students’ earth science learning through the 

exploration of students’ conceptual understanding on causality of earth phenomena .While 

previous studies on earth science learning have focused more on the investigation of a wide 

range of understanding of earth phenomena held by students, this study will explore the impact 

of commonly occurring single ideas repeatedly proposed by students about causality of earth 

phenomena. We argue that the commonly feature in students’ explanations may reflect certain 

alternative framework rooted in students’ minds. Additionally, this study will extend the 

exploration of the process of student’s model construction by discussing the process of 

developing students’ models within group discussion context. 

 

Methodology 

The data for this paper comes from a larger research study known as ‘Voyage to the age 

of dinosaurs’. The main objective of this research project is to develop a game for learning Earth 

system science. The participants were at their Secondary 1 year of study (equivalent to US grade 

7) and they have no prior formal experience from school on the questions that were to be asked. 

The purpose of this interview was to establish deeper understanding of students' preconceptions 

of earth science ideas prior to be exposed to the formal classroom lesson. Interviews were 

conducted with 20 Singaporean students to uncover and analyze their concepts in earth science 

by getting them to respond to a range of questions. During the interviews, the participants 
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discussed topics related to fossil, earth structure and occurrence of earthquake and volcano. In 

this paper, we will concentrate the discussion on occurrence of the two earth phenomena from 

one group which consisted of three students from same school (3 boys-Tony, Ben and Harry).  

Students’ ideas are classified by coding their interpretation of the causes of the two earth 

phenomena. We initially use Gobert (2000)’s coding  scheme for analysis Then the coding 

scheme are modified  to account for the purposes of this study. As mentioned in the previous 

section, Gobert (2000) categorize students’ ideas into the models, namely, Local models, Mixed 

models and Integrated models. Local models in Gobert (2000)’s typology includes two single 

models–heat related models and movement related models. The present study separates heat 

related models from Local models and create a individual type of model which emphasize the 

analysis of the ideas of magma and ‘heat’ more since the present study focuses on the ideas of 

‘heat’ in interpretation of causality of earth phenomena. Additionally, the incorrect, superficial 

models are created in this study to account for the models we observed in our protocols 

(Hemmerich & Wiley, n.d.).  

From our coding scheme, the students’ ideas about causality of earth phenomena were 

classified into the following categories: 

Incorrect, superficial models: Ideas were assigned to Incorrect superficial models if the 

explanations of causality of earth phenomena are related to natural disaster or weather. An 

example of explanation in the criteria of incorrect superficial models is that raining and 

avalanche causes earthquake. 

Heat related models and Movement related models: This study splits Local models in two 

separate models. Students’ ideas related to heat and magma are coded as heat related models. For 

example, the occurrences of earthquakes are caused by heat built up; likewise, ideas related to 
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plate movement and magma movement are assigned to movement related models.  An example 

of explanation in the criteria of Movement related models is that plate movement cause ground 

breakage.   

Mixed Models: Mixed models include the movement related and heat related mechanisms, 

but without explanation of the relationship between them.  

Integrated Models: Contrasting with Mixed models, the causal relationship should 

emerge in integrated models to combine the two mechanisms. Gobert (2000) defines the 

integrated models as ‘well-integrated and include many heat related and movement related 

mechanisms’ (p. 946). Students’ explanations of this type is that magma got hot and heat up 

plates which cause plates to move and then cause volcanic eruption and earthquake. 

As mentioned, this study employs focus group interviews which aimed to elicit 

diversified views within a group context for investigating students’ opinions and views on 

causality of earth phenomena. According to the purposes, the present study intends to adopt the 

Gobert (2000)’s typology to analyze the students’ ideas of causality of earthquake and volcano. 

In contrast to previous studies (Gobert, 2000; Hemmerich & Wiley, n.d.),  the coding scheme is 

adopted by the present study for a qualitative research rather than a quantitative research. More 

specifically, quantitative research may potentially oversimplify the complexity of participant 

opinion through the counting of the relationship between participant’s perception of the causality 

of volcano and earthquake and phenomenon of employing ideas of ‘heat’ to interpret the 

dynamics inside the earth. Also, unlike its quantitative counterpart, qualitative research focuses 

more on the meaning of a phenomenon rather than on behavior. This can help researchers to 

understand the possible impact of ideas of ‘heat’ emerged in students’ mind on the interpretation 

of the Earth’s phenomena. 
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Students’ ideas of ‘heat’ 

 

‘Heat’ is perceived by students to be an attribute of a volcano and core, and is often 

associated with causing earthquakes (Bezzi & Happs, 1994; Marques & Thompson, 1997; Sharp 

et al., 1995). This is consistent with the present findings where students used the idea of ‘heat’ to 

justify the cause of volcanic eruption which is implied through the explanation of a ‘sauna’ and 

‘boiling water’: 

 

Tony: You know how sauna is made or not? They say near volcanoes right the magma is 

under under the magma is here right then the water is just on top of it. so it’s like 

very very hot flowing up lah then the water like very cooked the water like sauna 

like that lah.  

 

We argue that one of the probable explanations that the student uses the above example 

was because of influences from the media which depicts volcanic scenes with violent eruptions. 

In this scenario, ‘boiling water’ is equated to a volcanic eruption which is caused by ‘heat’. This 

concurs with findings by Blake (2005) where students adopted the ‘pressure cooker’ effects of 

‘heat’ to interpret volcanic eruption.  It signifies that students prefer to employ something that 

they physical experience and observe to explain phenomena.  

 In this study, we classify the ideas of ‘heat’ by students according to the following table: 

 

Table 1 Students’ ideas of ‘heat’ 

Prior knowledge of ‘heat’ Excerpts 

Heat makes things rise /expand 

 

1) Ben: The heat is very hot very hot  then 

heat don’t come out then it will gush 

out so it just heat up the magma, the 

magma gets hot then it keeps rising.  

Heat is force 

 

2) Ben: Maybe there’s too much heat on 

the ground then it’s forces this one to 

open it. (Ben) 

Heat is under the earth  

 

3) Tony: The magma is under the ground. 

Ben: This is for example this is the 

magma and here’s all the heat. 
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Table 1 summarizes the preconceptions of ‘heat’ repeated in this study. From the excerpts 

turn 1-2 in Table 1, students’ discourses reveal that student has preconceptions of  heat ‘rising’ 

and  student perceives heat as  kind of powerful energy. In turn 3, students indicate the ideas that 

‘heat’ is together with magma which is under ground. 

As described, researchers in their previous studies on sciences learning reveal that 

students’ existing knowledge and experiences have influences on learning science (Driver, 

Squires, Rushworth, & Wood-Robinson, 1994; Tsai, 2001). Thereby, it’s reasonable to assume 

that the students’ ideas of ‘heat’ reflected in their discussion about causality of earth phenomena 

may have effects on their understanding in this domain. 

 

Students’ understanding of earth phenomena 

 

Volcanoes and earthquakes are principally concepts that we investigate in present study. 

From focus group interview, two common problems emerge which are consistent with previous 

studies. Similar to Marques and Thompson (1997) and Blake (2005)’s findings, students mainly 

make associations with directly-observable elements. They perceive earthquake and volcano as 

violent earth phenomena which ‘shake’/ ‘crack’ the ground of the earth, ‘erupt’ with ‘magma’ 

respectively. The students participated in this study linked the term volcano to ‘heat’ and 

‘magma’. What is interesting is that the students defines volcano as a mountain with ‘heat’ or 

lava. This correlates with previous studies (Blake, 2005; Ross & Shuell, 1993) which state that 

students have some information of magma and plates before formal learning. When asked ‘where 

did you get the information?’, students indicate that the ideas are from parents (Tony) and media 

(Ben) by saying ‘parents taught me (the ideas of plate) parents told me’ and ‘(saw on) discovery 

channel’.   
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Another observation from this study reveals that the unobservable dynamics inside the 

earth are difficult for students to imagine. For example, at the beginning of discussion, the 

students responded that they did not know what caused volcano and earthquake to form.  

To have a deeper understanding of students’ understanding and idea on the causal and 

dynamic process in the interior of earth, we will classify students’ ideas using the typology of 

causal and dynamics mechanisms model (Gobert, 2000; Hemmerich & Wiley, n.d.). The four 

types of models involved in volcano eruption and earthquake occurrence are identified in present 

study: incorrect superficial models, heat-related models, movement-related models and 

integrated models.  

 

Incorrect, superficial models 

Incorrect superficial models are presented at the beginning of the discussion to inform 

causality of earth phenomena. The three boys (Tony, Ben and Harry) state ‘avalanche’, 

‘hurricane’ and ‘rain’ are reasons of earthquake. Particularly, Ben emphasizes that volcano is 

responsible for the occurrence of earthquake. These findings are similar to Ross and Shuell 

(1993)’s findings in that students perceive the occurrence of earthquakes by energies. It’s 

probably because students are trying to look for sources of energy which have enough power to 

crack ground and vomit magma.  

 

Heat related models 

 

 Heat related models are observed at the primary stage of the discussion as well. Ben 

proposes ideas of ‘heat’ to describe the reason of volcano and earthquake initially and insists on 

his ideas in the discussion. Heat is perceived as energy which is underground and forces ground 

breakage. Ben’s initial ideas are as follows: 
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Ben: Maybe there’s too much heat on the ground then it’s forces this one to open it. (At 

the beginning of the discussion) 

 

Additionally, Ben and Tony mention that the magma is underground together with heat: 

 

                 Tony: The magma is underground  

 

   Ben: This is for example this is the magma and here is all heat (In the middle of the 

discussion) 

 

Movement related models 

 

There are a few ideas of plate movement emerged in students’ conversations, whereas 

they do not understand cause of movement of plate. The ideas of ‘friction’ and ‘ground rubbing’ 

are generated by Tony to explain earthquake occurrence. He perceives the plate as ground, 

although he identifies the scientific term ‘plate’ and replaces the ‘ground rubbing’ with ‘plate 

movement’ later. He depicts, 

 

Tony: But I heard is like that you see actually maybe it’s not really split up. At first it 

crash then it start crumbling into each other. It start rubbing each other rub after 

rubbing rubbing rubbing it slowly come up then crack  then slowly when it come 

up slowly behind it cracks then later cannot withstand the friction anymore then 

the earth inside just break lor. Then the earth here just break open lor. That’s 

how it hole. And then when we do friction that time it’s like crashing . 

 

Tony:……The ground rubbing against each other, how to say it’s like rubbing your own 

hand like that until your hand later like  how to say (At the beginning of 

discussions) 

 

At this point, Tony has the understanding that cause of earthquake is related to movement 

related mechanisms, whereas he doesn’t seem to understand the heat-related mechanisms 

involved in plate tectonics. More specificially, he does not understand the reason of plate 

movement.  

Integrated models 
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At the end of discussion, Tony and Ben revise their ideas of dynamics inside the earth 

and assimilate ‘new’ ideas from each other to include more heat-related mechanisms and 

movement related mechanisms.  In their descriptions, ideas of ‘heat’, ‘magma movement’ and 

‘plate movement’ are integrated. The concepts of ‘heat’ raised by students play a role of causal 

agent which is responsible for magma explosion and plate movement. At this point, they have 

‘integrated models’ of causal mechanisms responsible for volcano and earthquake as they have 

integrated heat related and movement related mechanisms in their models. Here Tony and Ben 

respond together, excerpt is below: 

Ben:  Like the [Tony: I think the heat] magma gets hot lah then the, gets hot then [Tony: 

maybe the earth start] the earth start [Tony: shaking] yah just like heated the 

plates and the plates just crack the earth just crack lor (At the end of the 

discussion) 

 

From above analysis of types of models of causal process inside the earth, we notice that, 

contrasting to integrated models, all the three simple models (Incorrect superficial models, heat 

related models and movement related models) are constructed at the beginning of the discussion. 

There may be a process of revising the three existing models and constructing integrated models. 

Additionally, we note that students participated in the present study insist on the ideas of ‘heat’ 

and tend to employ those ideas to reason the cause of plate movement and magma explosion. 

This could be attributed to the fact that students participated in the present study heard phrases 

such as ‘plate movement’, ‘magma’, ‘lava’ and have awareness that these words may have 

connection with earthquake and volcano occurrence, even they have little knowledge about the 

reason. At this point, existing ideas of ‘heat’ may serve to integrate these pieces of knowledge 

and reason about causality of the natural phenomena addressed here.  

These interesting findings attract us to do the further exploration on the relationship 

among ideas of ‘heat’, volcano and earthquake. We try to observe the process of integrated 
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models forming, in other words, investigation on how did the heat-related models and movement 

related models integrate is the focus of the following discussion. 

 

Due to that, we categorize students’ ideas into volcano concept groups and earthquake 

concept groups initially. As elaborated in student’s conversation, magma and plates are 

significant points to portray the causalities of the two earth phenomena as they are ‘observable’ 

elements of those two earth phenomena. In Gobert (2000)’s and Hemmerich and Wiley (n.d.)’s 

protocol, heat related mechanisms are mostly conceptualized with the idea of hot magma while 

movement related mechanisms are conceptualized as plates. Therefore, the present study 

separates the two key concepts (magma and plates) from volcano and earthquake concept groups 

and creates new concept groups respectively. Finally, concepts related to occurrence of 

earthquakes and volcanoes are identified and classified into the four groups: plate, magma, 

volcano and earthquake.  

Page 2222



Earth phenomena              

 

 

 
Figure 1: Initial relationship among concepts groups of magma, plate, volcano and earthquake  

 

From observation and the analysis of Incorrect superficial models, heat related and 

movement related models, we note that several ideas emerged in students’ mind before 

constructing integrated models. Moreover, the ideas of 1) magma is a material of volcano, 2) 

plate is ground, 3) plate movement (but without causality ideas) and 4) volcano causes 

earthquake connect the four concept groups separately (See Figure 1).Additionally, students also 

reveal the perspectives of 1) volcano is associated with heat 2) magma is underground 3) ground 

shaking when earthquake occurs and 4) magma come out when volcano erupts (See Figure 1). 

However, from Figure 1, it is interesting to note that initially there are no intersection between 

magma (volcano) and plate, which means that the causally relationship between heat related 

models and movement related models (i.e. heat as a causal agent in forming convection currents 
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which push plates to move) are not emerged in students’ mind. Given that, it’s reasonable to 

assume that 1) students at this grade level have basic information of volcano and earthquake 

before formal instruction; 2) integrated models is more difficult to build than others as students 

were not conscious of the connection between movement related mechanisms and heat related 

mechanisms (plate and magma) before formal learning. 

 

 
 

 Figure 2: Relationships between ideas of ‘heat’ and the four concepts groups 

 

 In order to develop more sophisticated explanations of occurrence of earthquake and 

volcano, and especially to make sense to the cause of plate movement and magma explosion, 

students generate the ideas of ‘heat’ to interlink those four concept groups (See Figure 2). 

Meanwhile, we notice that the constructed models (Incorrect superficial models, heat related 
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models and movement related models) presented in this study and students’ ideas of ‘heat’ 

support and facilitate integration and inference-making together. This is addressed as following: 

1) The inference students made is that magma movement is based on the attribute of its 

location that ‘underground is heat’ and the preconception of ‘heat make things rise’.  

 

Ben develops and improves his ideas by considering and responding to the questions 

posed by Tony about ‘why would it (magma) suddenly just come out like that?’ and ‘where does 

lava flow come from?’. We note that those questions facilitate them to search their existing 

knowledge and integrate all the information to make sense. With that, Ben states heat is 

responsible for pushing magma to explode. We notice that although some of Ben’s ideas are not 

correct, he is starting to integrate his preconceptions of magma (i.e. magma is underground 

together with heat) with his ideas of ‘heat’ (i.e. heat makes things rise, heat is underground).The 

excerpts from their conversation are as follows:  

               

Tony: ….The magma stores somewhere. I don’t know how they (magma explosion) 

being caused why the lava come out 

 

Ben: The heat is very hot very hot. then heat don’t come out then it will gush out so it 

just heat up the magma the magma gets hot then it keeps rising rising rising. 

 

Tony: One thing I don’t understand. You know why the magma right why would it want 

to why would it suddenly just come out like that 

 

Ben: Because it’s like expand already …   

 

Tony: But I don’t know how the magma, right, want to escape for what. There’s some 

reason 

 

Ben: Expands. Expands until like too hot too hot then it must cannot stand that heat.  (In 

the middle of the discussions) 

 

2) It’s important to note that the interesting inference they made about plate movement is 

based on the ideas that volcano causes earthquake and preconceptions of ‘heat is force’. 
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This question of ‘what cause them (plates) to rupture?’ posed by Ben and Harry 

facilitates Tony to generate sophisticated reasons by integrating the preconceptions. Regarding 

Tony’s ideas, he starts to link magma and heat with plate movement due to the preconceptions of 

volcanic eruption causing earthquake. He also adopts the ideas of ‘heat is force’ from his group 

member (Ben) to make sense of the reason of plate movement. More specifically, he may think 

that plates are forced to rub by the ‘heat’ from hot magma. Excerpts are as below: 

 

Ben: What cause them (plates) to rupture? 

 

Harry: I don’t know what makes the plates rub against each other. 

 

Tony: I still go the ideas of volcanic eruption. Maybe the magma make the plate hot and 

start to (rub)…. (In the middle of the discussion) 

 

3) Students generate the relationship between earthquake and ‘heat’ in indirect ways, which 

is based on the previous inferences of causal relationship in volcano, earthquake and plate 

movement. 

By incorporating Ben’s ideas of the relationship between earthquake and volcano (i.e. 

volcano causes earthquake), Tony states that earthquake happens because there is an enormous 

amount of pressure caused by volcanic activity. His interpretations demonstrate that earthquake 

is a kind of ‘volcanic eruption’, but without the outflow of magma. Then, based on the previous 

inferences of cause of magma movement and cause of plate movement, he explains magma 

explosion is responsible for plate movement which causes earthquake, excerpt is as below: 

 

    Tony: Maybe as the volcano erupts then the magma want to come out then the volcano 

is very safe and then it just press the pressure then plates just move then (In middle 

of the discussion ) 
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4) One of the significant finding is that the ideas of ‘heat’ create a relationship between the 

magma and plates which are not shown in Figure 1. They reason that ‘heat’ and magma 

movement is responsible for plate movement. More specifically, students reason about 

the causal relationship between ‘heat’, magma and plate movement (see Figure 2), 

reflecting that the heat mechanisms and movement mechanisms are incorporated in 

explanation as the excerpts shown under integrated models section. Based on the 

definition of integrated models proposed by Gobert (2000), it’s reasonable to infer that 

integrated models are formed.  

 

Interestingly, the absence of the scientific term ‘convection current’ is revealed in the 

group discussion although related explanation of this conception is mentioned in the integrated 

models by the students. The understandings of ‘convection current’ are generated from heat 

related models and movement related models which are formed by their preconceptions of ‘heat’, 

‘volcano’, ‘magma’ and ‘plate’. Moreover, in present study, the progressively refining of 

students’ models are facilitated by means of keeping posing question to each other like ‘why / 

how magma come out’, ‘what cause them (plates) to rupture?’ and ‘where is lava from?’.These 

findings may mean that ‘scientific information’ or adult conceptions are inspired by students’ 

own imagination, experience and logical thoughts even if students were not given the relevant 

information in class or other formal instructions. 

Based on the above discussion, this study reveals that a certain kind of knowledge base 

built since the scientific vocabulary (e.g. magma, eruption, plates) are acquired by students 

(which may come from media and parents). Students with more sophisticated information of 

earth phenomena can make initial inference from existing knowledge of earth science. Students’ 

ideas of ‘heat’, in this study, are used in further developing the understanding of the dynamics 
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inside the earth. Specifically, ideas of ‘heat’ provide significant sources of information which 

facilitate the inference-making and integrate those scattered knowledge.  

Additionally, in the present study, two elements are identified for facilitating students 

learning in causal and dynamics inside the earth. 

1) Focus group discussion 

Findings of this case study imply that focus group discussions facilitate students to 

integrate ideas of ‘heat’, and form ‘integrated models’. In this workshop, all students are 

provided with the opportunity to share their responses and ideas with their group members. 

During their discussion, learners negotiate the dissonances and similarities between their own 

ideas. Meanwhile, students can obtain requisite preconceptions which are needed to 

understanding causal and dynamics concepts from other group members. An example can be 

found in the discussion of earthquake. From the excerpts shown in previous section, Tony puts 

forward ideas of ‘ground rubbing’ as the reason of earthquake initially. Ben, who insists on ideas 

of ‘volcano causes earthquake’, proposes that heat is an energy forcing ground cracking. Having 

different ideas, Ben queries Tony’s ideas of plate related mechanisms by probing the question of 

the cause of the ground rubbing. To make sense and support his own ideas, Tony looks to his 

preconceptions or knowledge and generates scientific terms ‘plate movement’ whereas he cannot 

respond to Ben’s question. By keeping negotiating the different ideas, Tony further incorporates 

Ben’s heat mechanisms ideas into his initial ideas of plate movement to make sense of the cause 

of plate movement and occurrence of earthquake. 

2) Rich preconceptions 

In this study, we note that both Tony and Ben may have rich preconceptions and 

exposure to the media in earth phenomena and ‘heat’.  They look to those resources to make 
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sense of their interpretations of causality of earth phenomena. Example can be found in the 

discussion of volcanic eruption. Ben perceives volcanic eruption and ‘heat’ as the reasons of 

occurrence of earthquake and insists on these ideas in the whole discussion which indirectly 

promote Tony to employ ideas of ‘heat’ to explain the movement of plate.  

In order to understand causal and dynamics inside the earth, certain ‘correct’ 

preconceptions are needed to support knowledge integration and inference (Gobert, 2000). For 

example, if students do not hold ideas of heat ‘rising’, it cannot support inferring about how the 

‘heat’ acts as a causal agent for the magma movement which causes convection currents to form 

and then push on the plates. Teachers need to identify what students know and understand before 

teaching such topics as the preconceptions not only facilitate learning, but also may act as a 

barrier to further learning. 

Conclusions and implications 

By analyzing and discussing the types of student’s models of the causality of the earth 

phenomena, we observe that the students have the opinions that: 

 Volcano and earthquake have directly observable elements  such as magma, lava, heat, 

shaking and eruption  

 Volcano and earthquake occurs because of powerful energy  

 There are plate-related activities within the Earth (without understanding of cause of plate 

movement) 

 Earthquakes are a complicated process and students do not have the necessary words to 

describe them (e.g., convection current) 
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This study not only presents students’ preconceptions in dynamics inside the earth, but 

also provides information and implications on the process of model construction, from Incorrect 

superficial models to integrated models. 

The findings from this case study provide insight into the influences of students’ 

preconceptions on their understanding of earth phenomena. It reveals that the students shape 

their own ‘information knowledge’ in earth science which could be used to facilitate 'new' 

concepts learning. Moreover, the ‘scientific view’ of unobservable concepts can be created by 

their experiences, existing ideas and analogical thoughts (Blake, 2005).  

In addition, this study reveals that students use scientific terms to demonstrate their ideas, 

but lack of complete understanding. For example, every student uses the term of ‘magma’ when 

responding to the questions of cause of earthquake and volcano. However, they confuse 'magma' 

with 'lava' which are used interchangeably. Upon the probing question posed by a student, none 

of the students is able to give a scientific view of the reason of magma movement. It signifies 

that using the scientific terms in explanation can not imply the understanding of the terms, 

especially in aspect of causality. 

In considering of students’ understanding in earth science, scale is a persistent theme in 

this domain. It is difficult to get an opportunity to observe and reproduce the earth phenomena in 

laboratory. To mediate between these barriers and earth science learning, this study implies 

suggestions on teaching in this domain. This study suggests that instead of following previous 

studies of focusing on how to overcome the preconceptions, researcher may employ those 

preconceptions to serve the understanding of relevant concepts, especially the unobservable 

dynamics of earth. In order to support students to understand the dynamics inside the earth more 

efficiently, educators can take advantage of ideas of ‘heat’ to explain this topic. As found in 
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previous studies and the present study, most students have existing ideas of ‘heat’
1
  from living 

experiences and former learning (e.g., Gobert, 2000; Ross & Shuell, 1993). Volcano and relevant 

materials exposed by media are conceptualized with the image of ‘heat’ by students. Instead of 

introducing the knowledge of dynamics inside the earth right away, teachers could talk about 

‘heat’ first in the class.  The ideas of ‘heat’ can serve as ‘flash point’ to foster the greater 

understanding in this domain.  

Besides, this study implies that students, under motivated environment, can bring their 

ideas with prior experiences to make thinking forward. Students who participated in this study 

are given more opportunities to express their own ideas on explanation of phenomena, and to 

reason on how a certain phenomenon happened. We hope this study could contribute to the 

research of students’ understanding of earth’s process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1
 According to the syllabus of primary schools in Singapore (from the website of Singapore’s Minister of Education), 

‘heat’ is a topic in the geosciences education. 
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