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Abstract  

This study explores prospective primary school teachers’ misconceptions concerning basic 

concepts in chemistry. The data was gathered during the years 2012–2016 among first-year 

primary school teachers in Finland (N=389). The results show that every year, as many as 40–

80% of teachers share the same kinds of misconceptions as children ages 5–12 (depending on 

the investigated concepts). The results further show that the prospective primary teachers do 

not develop a solid foundation in chemistry during their school years, indicating that this area 

should be addressed more effectively in Finnish elementary schools. To raise the quality of 

school instruction, it is crucial that teacher education curricula consider this when methods of 

instruction in science courses are developed for prospective primary teachers. 

 

Keywords: misconceptions, prospective primary teachers, primary science, teacher education 

 

Introduction  

The study of science is learning about natural phenomena and their related concepts and 

developing the ability to explain such concepts scientifically. The foundations for many key 

concepts in science are constructed in primary school. When children attend primary school, 

they bring with them ideas and explanations for everyday phenomena and concepts used in 

science (e.g., Driver, Squires, Rushworth, & Wood-Robinson, 1994; Duschl, Schweingruber, 

& Shouse, 2007; Pine, Messer, & St. John, 2001). Many of these ideas are naïve and the 

explanations tend to be scientifically incorrect. In this paper, we use the term preconception 

when discussing children’s (ages 6–12) ideas and explanations for science phenomena; they 

have these ideas before receiving formal instruction. On the other hand, we use the term 

misconception when discussing non-scientific ideas held by prospective primary teachers that 

have received formal instruction (Vosniadou, 2012). Children’s preconceptions in science 

have been extensively investigated in the past (Allen, 2014; Driver et al., 1994; Osborne & 
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Cosgrove, 1983; Stavy & Stachel, 1985). Preconceptions are known to be deeply rooted 

(Eryilmaz, 2002; Gooding & Metz, 2011); the longer a preconception prevails, the more 

resistant it becomes to change by instruction (Larkin, 2012). To prevent the development of 

ingrained misconceptions later on, teachers should acknowledge and challenge them early (cf. 

Stofflet, 1999). Yet, research shows that teachers have sometimes only a vague awareness of 

children’s preconceptions. Moreover, they tend to underestimate or ignore such 

preconceptions in their teaching (Gilbert, Osborne, & Fensham, 1982; Gomez Zwiep, 2008; 

Halim & Meerah, 2002; Larkin, 2012). To be able to identify and challenge children’s 

conceptual understanding and guide them towards a more scientifically correct understanding, 

teachers need to understand the ideas themselves (Harlen, 1997). This is not always the case, 

as research shows that prospective teachers in many countries have misconceptions in science 

(e.g., Aydeniz, Bilican, & Kirbulut, 2017; Hålland, 2010; Kikas, 2004; Larkin, 2012; Lemma, 

2013; Sopandi, Latip, & Sujana, 2017; Tatar, 2011; Valanides, 2000).  

 

This study focuses on Finnish prospective primary teachers’ misconceptions concerning 

central scientific ideas to be developed by children in primary school. Specifically, the study 

focuses on the categorisation of substances and the phase changes of water, content that is 

targeted in the Finnish national core curriculum for grades 1–6 (Finnish National Board of 

Education, hereafter [FNBE], 2016). Finland has performed well in science in international 

evaluations such as the Program for International Student Assessment, hereafter [PISA], 

performed by The Organisation for Economic Co-operation and Development, hereafter 

[OECD], 2016) and Trends in International Mathematics and Science Study, [TIMSS] 

performed by International Association for the Evaluation of Educational Achievement 

(Martin, Mullis, Foy, & Stanco, 2012). Therefore, it is to be expected that Finnish prospective 

primary school teachers’ knowledge of basic scientific concepts would be better than that 

reported in studies conducted in other countries (e.g., Aydeniz et al., 2017; Hålland, 2010; 

Kikas, 2004; Larkin, 2012; Lemma, 2013; Sopandi et al., 2017; Tatar, 2011; Valanides, 

2000). Previous research has reported that gender influences the comprehension of science 

concepts among high school students (Falvo & Suits, 2009; Scali, Brownlow, & Hicks, 2000; 

Taasoobshiirazi & Carr, 2008; Sopandi, Kadarohman, Rosbiono, Latip, & Sukardi, 2018). 

Results from the PISA assessment (2015) show that boys perform better than girls (OECD, 

2016). Finland is the only country in which there are significantly more girls among top 

performers. Based on this, it is of interest to study whether there are any gender differences 

concerning misconceptions among prospective primary teachers. 
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In Finland, primary teachers become Masters of Pedagogy (with 300 credits of the European 

Credit Transfer and Accumulation System, hereafter [ECTS]1). Only a small part of their 

studies (60 ECTS) comprises the various subjects they will teach as primary teachers in 

grades 1–6 (compare Ball & McDiarmid, 1990). In the new core curriculum for the 

Comprehensive school in Finland (FNBE, 2016), chemistry, physics, biology, geography and 

health education form an integrated subject, called environmental studies in grades 1–6. One 

of the stated objectives of instruction in environmental studies is ‘to guide the pupil in 

perceiving the environment, human activities, and the related phenomena using the concepts 

of environmental studies and in developing his or her conceptual structures from 

preconceptions towards accurate use of concepts’ (FNBE, 2016, p. 258). This poses a 

specific challenge for primary teachers in Finland, as the new national curriculum strongly 

advocates multidisciplinary teaching and learning (FNBE, 2016). Previous research has 

shown that it is especially important to master the individual subjects when working in a 

multidisciplinary setting (Lehman & McDonald, 1988; McPhail, 2018). The prospective 

primary teachers’ prior understanding of concepts must be the starting point and influence the 

instruction and teaching methods within the science courses provided in the teacher education 

program (Knowles, Holton, & Swanson, 2005). 

 

This study is part of a larger research and development project. The overall aim of the entire 

project is through interventions develop and improve the teaching of science for prospective 

primary school teachers, in order to deepen their conceptual understanding of central 

scientific concepts. The aim of the study presented in this paper is to investigate prospective 

primary school teachers’ misconceptions related to central concepts in chemistry (states of 

matter and phase changes of water) before they start the science courses offered to them. The 

data has been gathered over a period of five years.  

The study is guided by the following research questions: 

1. To what extent do prospective primary teachers show misconceptions concerning 

central concepts in chemistry? 

2. Do students from different years show the same set of misconceptions? 

                                                           
1 The European Credit Transfer and Accumulation System, [ECTS] is a tool of the European Higher Education 

Area, it is used across the European Union and other collaborating European countries to help to describe and 

compare study programs between countries. ECTS credits represent learning based on defined learning outcomes 

and their associated workload, 60 ECTS credits are the equivalent of a full year of study (see European 

Comission) 
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3. Are there gender differences related to the misconceptions? 

Relevant Research  

In this section, we first elaborate on the typical preconceptions and misconceptions, held by 

students of various ages, which teachers must address in their teaching. We then examine the 

studies that focus on misconceptions identified among (prospective) teachers. We conclude 

with a brief summary of research on the influence of gender and its possible role concerning 

misconceptions in science. The literature dealing with misconceptions is very broad. 

Therefore, we will focus only on research concerning misconceptions that are relevant to our 

study (i.e. states of matter and phase changes of water), see Table 1. 

 

Scientific literacy is important both when making decisions in everyday life and for further 

studies in science. A central concept connected to scientific literacy is the particulate nature 

of matter. This concept is of great importance in understanding the central ideas of chemistry. 

According to Johnstone (1991) chemistry learning occur on three levels: macroscopic, all that 

we can experience with our senses; submicroscopic, the atoms, molecules, and ions; and the 

symbolic representation with its structural and empirical formulas, as well as chemical 

equations. All these three levels are equally important for the learner, and moving between the 

different levels is often a challenge for a novice (Treagust, Chittleborough & Mamiala, 2003; 

Rees, Kind & Newton, 2018).  

 

Previous research shows that students of various ages have only a superficial understanding of 

the concept of matter (see Hadenfeldt, Liu, & Neumann, 2014). Although atoms and 

molecules are familiar to most students (Lee, Eichinger, Anderson, Berkheimer, & Blakeslee, 

1993), they often encounter difficulty in understanding the submicroscopic nature of matter 

and ascribe macroscopic properties to matter on a submicroscopic levels (Albanesi & Vicenti, 

1997; Krnel, Watson, & Glazar, 1998). When prospective primary school teachers were asked 

to provide a written explanation of the differences between solids, liquids and gases, the 

results revealed misconceptions concerning weight, shape and volume (Tatar, 2011). Students 

had also difficulties explaining the changes on a submicroscopic level when a compound 

dissolves in water (Valanides, 2000). Similar misconceptions concerning compounds, 

elements, mixtures and phase changes have been found among science teachers (Kahveci, 

2009; Sheehan, Childs, & Hayes, 2011). These types of misconceptions most likely originate 

from poor understanding of the particulate nature of matter. 
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An understanding of the submicroscopic nature of matter is also important in order to 

understand phase changes of water (Osborne & Cosgrove, 1983; Bar & Travis 1991). 

Children’s preconceptions about everyday phenomena associated with the phase changes of 

water, such as evaporation, boiling, and condensation, have been thoroughly investigated in 

the past (Osborne & Cosgrove 1983; Bar & Travis 1991; Stavy, 1991). Many studies have 

shown that also teachers and students have misconceptions about phenomenon related to 

phase changes of water. Evaporation is suggested to be a chemical reaction, in which water 

turns into air, hydrogen gas or oxygen gas when water evaporates (Costu, Ayas, & Niaz, 

2010; Hålland, 2010; Valanides, 2000). When it comes to boiling water, misconceptions like 

bubbles in boiling water containing oxygen, hydrogen, carbon dioxide or air have been 

reported (Goodwin, 2003; Lemma, 2013; Valanides, 2000). In a study by Hålland (2010), 

teacher students’ conceptions of dew formation were explored before the students attended a 

chemistry course. When students were asked to explain why water droplets appear on the 

outside of a glass with ice-cold water, the concept of condensation was familiar to them. 

However, their explanations revealed misconceptions: many students thought that a 

transformation was occurring. For example, oxygen is formed into water or heat and cold 

react to form water. Similar results have also been obtained with teacher students with 

different subject backgrounds (Chang, 1999). Although students can associate the correct 

concept to a phenomenon, they tend to encounter difficulty when trying to provide a 

scientifically correct explanation for the phenomenon.  

 

Preconceptions are often confirmed by the experiences of daily life and can therefore take 

root and become difficult to change. They cause problems later on when one confronts newer, 

more sophisticated concepts (Boo & Watson, 2001; Vosniadou, Vamvakoussi, & Skopeliti, 

2008). According to Taber (2001), misconceptions held by older students can be due to earlier 

formal teaching. Besides knowledge about the existence of children’s preconceptions, 

teachers also need to know how to address such preconceptions in their teaching (Gomez-

Zwiep, 2008; Meyer, 2004). Research shows that primary school teachers often lack both the 

subject matter knowledge and the pedagogical content knowledge (see Schulman, 1986) 

needed for teaching essential ideas in science (Abell & Smith, 1994; Benze & Hodson, 1999). 

In short, previous research shows that teachers and prospective teachers in different countries 

share the same kinds of misconceptions concerning state of matter and phase changes of 

water. 
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When the gender difference in explaining scientific phenomena is examined, boys in most 

countries perform on average better than girls do. On average, boys show a greater capacity 

for recalling and applying their knowledge of science and identifying and generating models 

and make predictions based on the models (OECD, 2016). It is suggested that males on 

average are better able to visualise submicroscopic levels of matter due to better spatial ability 

compared to females (Barnea & Dori, 1999; Kaufman, 2009). This, in turn, can be an 

advantage for a conceptual understanding of the submicroscopic levels of matter. Sheehan, 

Childs and Hayes (2011) reported gender differences when comparing the number of 

misconceptions held by prospective science teachers. Female prospective teachers were found 

to hold a greater number of misconceptions than males.  

 

 

Method and Data Collection 

In this section, the development of the questionnaire is described. We then describe the 

procedures of data gathering and analysis. We conclude by reflecting on the limitations of our 

study. 

 

The questionnaire 

The teacher students’ (N=389) misconceptions in both chemistry and physics were sampled 

using a multiple-choice questionnaire. The questionnaire included eight questions with 

concepts from the following areas of science: states of matter, the water cycle, chemical 

reactions, electricity and heat. The questions presented in this paper concern the following 

concepts: states of matter, boiling water and condensation. These concepts were selected 

since they are important in the core curriculum for grades 1–6 (FNBE, 2016). State of matter 

is one of the key concepts in chemistry and therefore important to master in order to 

understand other concepts and phenomena in chemistry. Moreover, the concepts were chosen 

based on previous research showing that preconceptions and misconceptions concerning 

phase changes are common among young children as well as students at the secondary and 

university levels (Ayas, Özmen, & Calik, 2010; Aydenis, Bilican, & Kirbulut, 2017; Aydeniz 

& Kotowski, 2012; Chang, 1999; Goodwin, 2003; Osborne & Cosgrove, 1983; Stavy & 

Stachel, 1985).  
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The questions presented in this study stem from previous studies done by Stavy & Stachel 

(1985), Osborne & Cosgrove (1983) and Bar & Travis (1991). Minor changes have been 

made to the questions to better suit our context and purposes. For example, in the study by 

Stavy and Stachel (1985), the participants classified 30 different substances into solids or 

liquids. In our study, we used only a small part of these substances in a paper-and-pencil task. 

In the first task the students were asked to categorise five different everyday substances 

(flour, syrup, rubber band, cotton wool and iron wire) as either solid, liquid or neither solid 

nor liquid. The questions concerning phase changes of water were taken from Osborne and 

Cosgrove (1983). The second question was ‘What do the bubbles contain when water is 

boiling?’ The students were given four alternatives to choose from. One of the choices in their 

study (‘heat’) was substituted with ‘The bubbles contain oxygen. The oxygen comes from the 

water molecule, H2O’. This option was included since the perception had been found in exam 

answers among earlier groups of prospective primary teachers. The other three alternatives 

were as follows: ‘Bubbles contain oxygen and other gases that are dissolved in water’, ‘water 

vapour’ and ‘air’. The third question included in this study was ‘Where do the water droplets 

on the outside a glass of ice-cold water come from?’ The alternatives were as follows: ‘water 

leaks through the glass’, ‘hydrogen and oxygen gas react and form water outside the cold 

glass’, ‘water vapour in the air becomes liquid water when it is cooled’, ‘coldness is 

transformed into water’ and ‘none of the choices is correct’. 

 

Data gathering and analysis 

The data were collected during the years 2012–2016, at the beginning of a mandatory course 

in science (chemistry and physics, 5 ECTS) for prospective primary school teachers. The 

participants in this study were Swedish-speaking prospective primary school teachers in 

Finland.2 A total of 389 students participated in the study, 303 (78%) of whom were female 

and 86 (22%) of whom were male. An average of 92 students participated each year during 

the years 2012–2014 and 2016. Only 21 students participated in the course in 2015 due to a 

reorganisation of the study program at the university. Students completed the questionnaire 

during their first session in the course.  

 

The data from the multiple-choice questionnaire (diagnostic pretest) were analysed 

quantitatively using the IBM statistics software SPSS 24. The analyses comprise mainly of 

                                                           
2 5.2% of the population in Finland is Swedish-speaking. 
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descriptive statistics. A possible correlation was determined between students’ choice of right 

and wrong answers to the questions about boiling and condensation, and a chi-square test for 

independence was used to test the association between gender and choice of answer to the 

questions.  

 

Limitations of the study 

It is difficult to find reliable and efficient tools to monitor students’ conceptual understanding 

in science. Multiple-choice questions have been widely used in the past (Linn & Gronlund, 

2000; Treagust, 1986), although they do not inform teachers about students’ reasoning 

(Aydeniz, Bilican, & Kirbulut, 2017; Tan, Goh, Chia, & Treagust, 2002). In our study, we 

used a multiple-choice questionnaire as a diagnostic tool to get a first glimpse of students’ 

knowledge about certain concepts that would be covered in the science course. Although 

individual students´ answers may have been random guesses, but since the answers to the 

multiple-choice questions during the studied period 2012–2016 are consistent, and also show 

up in the written exam in the end of the course we therefore consider the tool to be reliable for 

our purpose. 

 

Results  

This study surveyed misconceptions concerning categorisation of different substances, as well 

as misconceptions about boiling water and condensation among prospective primary school 

teachers. We will first present the results on the prospective teachers’ conceptions of the state 

of matter and then on the phase changes of water. We conclude by reporting the gender 

effects in the results.  

 

Categorisation of substances  

The prospective primary teachers were asked to categorise five different everyday substances 

into either solid, liquid or neither solid nor liquid. Figure 1 shows the result as a mean for 

each substance from the years 2012–2016. The results show that most of the prospective 

primary teachers were able to categorise the substances correctly. However, a small group had 

difficulty categorising substances that contain small particles, such as flour, and substances 

that are extensible or soft, such as rubber band and cotton wool. Flour was categorised as a 

liquid by 18.3% of the prospective teachers, whilst extensible and soft substances like rubber 

bands and cotton wool, were categorised as neither solid nor liquid by 14.0% and 28.2%, 

respectively. A viscous liquid, such as syrup, was also difficult for some of the prospective 
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teachers to categorise; 9.5% chose neither solid nor liquid, whilst 3.6% chose solid. A flexible 

substance, such as iron wire, was categorised as neither solid nor liquid by 4.9% of the 

prospective teachers. The variation in the results from each year, 2012 through 2016, is small 

(see appendix A).  

 

Phase changes of water 

Prospective primary teachers were asked about the phase changes that take place when water 

is boiling. The question asked was ‘What do the bubbles contain when water is boiling?’ The 

answers selected for this question during the years 2012–2016 are presented in Figure 2. The 

first bar for each choice represents the mean for all five years and the other bars represent the 

values for specific years. When looking at the mean of the results from all five years, we can 

see that the most common answer, 47.3%, is ‘The bubbles contain oxygen. The oxygen comes 

from the water molecule, H2O’. Only 21.6% of the prospective teachers chose the 

scientifically correct answer, ‘water vapour’. The alternative, ‘air’, is chosen with almost 

equal frequency as ‘water vapour’, at 18.5%. The least common answer was ‘Bubbles contain 

oxygen and other gases that are dissolved in water’, selected by 11.1 % of the prospective 

teachers.  

 

A question concerning the concept of condensation, ‘Where do the water droplets on the 

outside of a glass of ice-cold water come from?’, was included in the questionnaire in the 

years 2013–2016. The answers selected for this question during these years are presented in 

Figure 3. The first bar for each choice represents the mean for all four years and the other bars 

represent the values for each year. We can see that 62.9% of the prospective teachers chose 

the scientifically correct answer, ‘Water vapour in the air becomes liquid water when it is 

cooled’. The answer ‘Coldness is transformed into water’ was chosen by 15.9%. A small 

portion of the prospective teachers, 10.0 %, answered ‘Hydrogen and oxygen gas react and 

form water outside the cold glass’. The choice ‘None of the alternatives is correct’ was 

chosen by 9.8%, whereas only a few, 1.5%, answered ‘Water leaks through the glass’. The 

results from the four years are very similar. Only one year, 2014, deviates from the pattern; 

over 70% chose the correct answer compared to about 50% for the other years. 

 

A correlation was determined between the correct choice of the right answer to both questions 

concerning phase changes, ‘What do the bubbles contain when water is boiling?’ and ‘Where 
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do the water droplets on the outside of a glass of ice-cold water come from?’ The distribution 

of answers is presented in Table 2. Only a small group of the prospective teachers, 13%, 

selected the correct scientific explanation to both questions, whilst 32.0% chose the wrong 

answers to both questions. The question about boiling water seemed to be more challenging 

than the one about condensation (see Table 2). There was no correlation between correctly 

choosing the right answer to the two questions about phase changes of water (r = .07, N = 

297).  

 

In comparing the answers to the two questions concerning phase changes of water, we also 

looked at possible gender differences in the distribution of answers. In Table 3, we can see 

that a larger proportion of males chose the correct explanation (‘water vapour’) to the 

question ‘What is inside the bubbles of boiling water?’ The results show a difference of 4.7 

percentage points between males and females. However, a chi-square test for independence 

indicated no significant correlation between gender and right answer to the question, χ2 (1, n = 

383) = .86, p = .35, phi = .05.  

 

Table 4 indicates there was a larger difference between males and females in the answer(s) to 

the question ‘Where do the water droplets on the outside of a glass of ice-cold water come 

from?’ A larger portion of the males chose the scientifically correct explanation (‘water 

vapour in the air is cooled’); the results show a difference of 14 percentage points between 

males and females. A chi-square test for independence indicated a correlation between gender 

and right answer to the question, although the effect size was small according to Cohens 

criteria, χ2 (1, n = 296) = 4.3, p = .04, phi = .12. 

 

Discussion  

In this study, we show a set of consistent misconceptions shared by many prospective primary 

school teachers. These misconceptions concern key concepts taught in grades 1–6. In the 

literature, the same kinds of preconceptions are reported among children attending primary 

school. To make sure children are on track, primary teachers must be able to consider the 

children’s prior knowledge when they prepare lessons. Teachers’ own misconceptions and/or 

fragmented knowledge can be an obstacle in doing so (Bergqvist, Drechsler, & Chang 

Rundgren, 2016; Larkin, 2012).  
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Categorisation of substances  

The results in the present study indicate that almost 20% of prospective primary school 

teachers have similar problems categorising substances that contain small particles (flour) or 

are soft and flexible (cotton wool and rubber bands) as those reported for children ages 5–12 

(Stavy & Stachel, 1985). The categorisation of flour as a liquid by almost 18.3% of the 

prospective primary teachers in our study indicates they categorise substances based on 

sensory input and macroscopic levels instead of the submicroscopic levels of matter. In a 

study by Papageorgiou and Sakka (2000), primary school teachers defined matter based on 

sensory perception. An example of students’ definition in their study was that matter is 

something that ‘can be sensed’. Similar results have also been found among prospective 

primary school teachers in Turkey. Solid matter was defined as hard and with a specific 

shape, and substances that could be poured were defined as liquids (Tatar, 2011). Students 

having problems with categorisation of substances have been reported to have a poor 

understanding of the particulate nature of matter. We can conjecture that our prospective 

teachers also have similar problems with understanding the atomic nature of matter.  

 

Phase changes  

To understand the water cycle, one needs to understand the reversible changes of water and 

the concepts of evaporation and condensation. The understanding of the particulate nature of 

matter is of importance to the understanding of phase changes. In our study, we asked about 

the phase changes of water. Our results show that most of the prospective primary teachers 

encountered difficulty in choosing the right definition for the phase changes of boiling water. 

The misconceptions among the participants show a lack or a poor understanding of the 

reversible changes of water. Only one-fifth of the students chose the explanation ‘water 

vapour’, whilst almost 50% of the students chose ‘oxygen from the H2O molecule’ when 

asked about the bubbles in boiling water. The results are also similar when we compare 

different years. There might be a misconception among the prospective primary teachers that 

a chemical reaction takes place when water is boiling, since students chose the answer that the 

water molecule is split. In other studies, evaporation has been described as a chemical 

reaction by primary teaching students (Valanides, 2000; Costu, Ayas, & Niaz, 2010). In a 

study by Goodwin (2003), trainee science teachers also showed the same types of 

misconceptions about boiling water as in our study. In his study, 50% answered ‘water 

vapour’ and 25% ‘oxygen and hydrogen’, whilst the rest answered ‘air’ or ‘heat’ when they 

were asked about the bubbles in boiling water. Osborne & Cosgrove (1983) also reported 
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similar results when studying students aged 13–17 years in New Zealand. Less than 10% of 

the younger and less than 40% of the older students knew that it was water vapour in the 

bubbles of boiling water. In the Swedish language, we have only one word describing both 

steam and vapour; in daily life, we use the word when talking about the visible cloud of 

vapour that we can see above a saucepan of boiling water, but also when talking about 

invisible steam. This might influence the choice of answer among the prospective primary 

teachers; since the bubbles in water are transparent, they might think that the bubbles contain 

air or oxygen from the water molecule.  

 

In order to understand the phenomenon of condensation, one must know there is water vapour 

in the air. When asked about the concept of condensation, over 60% of the students chose the 

scientifically correct answer: ‘Water vapour in the air becomes liquid water when it is 

cooled’. It might be easier to reason about the phenomenon of condensation based on 

everyday experiences (such as a sauna and windows on a cold winter day) and thereby choose 

the right alternative. Of course, we cannot be sure that all the students that chose the right 

answer fully understand the concept of condensation. In contrast to the right choice, about 

10% of the students consider condensation to be a reaction between oxygen and hydrogen. 

Similar results were found in a study by Håland (2010), which investigated student teachers’ 

conceptions of dew formation. In his study, some students saw dew formation as a reaction 

between oxygen and hydrogen. Our results are also in line with the results of the study by 

Osborne and Cosgrove (1983), in which they asked children aged 12–17 years the same 

question. 

 

Consistency 

In the literature, there is no consensus regarding whether students use their ideas consistently 

when explaining related phenomena in science (e.g., diSessa 2008; Vosniadou et al., 2008). 

We were interested to see whether there is a correlation between the choices of right answers 

to the questions about phase changes. However, no significant correlation was found. Not all 

students in the group that chose the right answer to the question about boiling water were able 

to choose the right answer to the question about condensation. This may be due to random 

guessing or inconsistent reasoning when they completed the questionnaire. Kirbulut and 

Beeth (2013) found that students did not use scientifically correct ideas consistently when 

they explained the concepts of evaporation, condensation and boiling. In their study, students 

encountered difficulty in transitioning between the macroscopic and the submicroscopic 
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levels. To be able to understand the concepts of boiling and condensation, these concepts 

must be integrated with other concepts such as the particulate nature of matter, chemical 

bonding and temperature  

 

Gender aspects 

Previous studies have reported gender to be a factor that affects students’ learning (Bunce & 

Gabel, 2002; Kelly, 2005). Sheehan et al. (2011) studied misconceptions in chemistry among 

prospective science teachers and found a gender difference when comparing the number of 

misconceptions they held. Female students had more misconceptions than male students. In 

our study, we compared the answers to the questions concerning phase changes of water and 

looked at possible gender differences in the distribution of correct answers. We could not see 

a significant difference between genders in the answers to the question about boiling water, 

although more males than females chose the correct alternative. Regarding the question about 

the concept of condensation, there was a small but significant difference between genders. At 

this stage, we can only speculate about the different outcomes between genders concerning 

the choice of answer. Since it has previously been reported that males on average have better 

spatial ability (Barnea & Dori, 1999; Kaufman, 2009) and have a greater capacity to generate 

models and make predictions based on them (OECD, 2016), they might have an advantage 

when understanding matter on the submicroscopic level. The results from the study by Bunce 

and Gabel (2002) support this. They found that female high school students scored lower than 

male students in a test based on what they had previously learned in chemistry (e.g., the 

particulate nature of matter), but after an intervention using macroscopic, particulate and 

symbolic representations when teaching, the females scored at the same level as the males. 

The results from the PISA assessment (2015) report that students in Finland show among the 

lowest levels of engagement with science outside school (OECD, 2016, p.118–120). There is 

a gender difference in engagement in science-related activities outside school. On average 

across the OECD region, boys are reported to participate twice as often as girls in science 

activities outside school (OECD, 2016). In Finland, boys are also on average more engaged in 

science outside school compared to girls; this may reflect on our results. Males might be able 

to respond correctly to a phenomenon using knowledge they gained from activities outside the 

school and classroom. 
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Concluding Discussion 

Although Finland is one of the top performers in PISA with regard to science education, our 

results show that the misconceptions held by the prospective primary teachers in our study are 

identical to those found in studies from many other countries, in different educational 

contexts. The implications of the results presented in this paper clearly show the importance 

of developing pedagogical methods in the science course(s) during teacher education. The 

instructional components in teacher education must challenge prospective teachers to evaluate 

their ideas and thinking, and in the long term, develop their conceptual understanding. 

Prospective teachers also need more knowledge about children’s preconceptions as well as 

knowledge about how to consider such preconceptions when designing curriculum. An effort 

is needed to bring about a favourable trajectory in science teaching throughout the grades. We 

do not consider prospective teachers´ misconceptions as consistent and dismissive (cf. 

Jaworski, 2001); instead, we use the knowledge of these misconceptions to improve our 

teaching strategies in teacher education. There is a need for more research in designing 

teacher education studies to improve prospective teachers’ understanding of basic concepts in 

science whilst at the same time learn about instruction.  

However, this is not enough. In the field of science education, there has been a focus on 

misconceptions for several decades (e.g., Allen, 2014; Hadenfeldt, Liu, & Neumann, 2014; 

Harlen 1997; Osborne and Cosgrove, 1983; Taber 2002) and therefore it has obviously been 

an area of interest in the Finnish teacher education, that has been researched based since the 

1970s (Aksela, 2010). Research show that changing one´s conceptual understanding is a 

complex process that takes time (Chi & Roscoe, 2002), therefore, it is challenging for the 

prospective primary teachers to alter their conceptual understanding during the limited time 

they spend studying science. Hence, it is of outmost importance that teachers have proper 

resources when they start to work in school practice. Researchers have been actively involved 

in producing research-based teaching materials, that are available for in-service teachers to 

support their teaching in science (e.g. National STEM Learning Centre, UK; National LUMA 

Centre, Finland). There is certainly much work for science educators to evaluate the available 

resources but also to further promote the production of research based educative curriculum 

materials. For example, we have gained understanding of the possible educative features of 

curriculum materials that may offer learning opportunities for teachers close to their practice 

(e.g. Davis & Krajcik, 2005; Ratcliffe, Bartholomew, Hames, Hind, Leach, Millar, & 

Osborne, 2005). 



15 
 

Yet, even more is needed. The prospective teachers need to develop an openness towards 

continuous learning and challenging their own understanding of key concepts when designing 

their teaching and working together with children. We believe that it is easier to develop these 

insights among the prospective teachers within the teacher education than to completely 

change prospective teachers’ all misconceptions. One aspect is to already in the teacher 

education take into account the resources that are available for teachers in science education. 

Prospective teachers need to develop an open but critical relation to resources and gain 

insights of their affordances and constraints in their future work as teachers. They can learn 

how high-quality materials can enhance their professional development throughout their 

professional life as a teacher. 
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Figure 1. Categorisation of everyday substances according to prospective primary teachers. 

Results presented as mean for the years 2012–16, N=389. 
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Figure 2. Distribution of prospective primary teachers’ answers. The graph shows the mean for the 

years 2012–2016 and the values for each year. 

 

 

 

Figure 3. Distribution of prospective teachers’ answers. The graph shows the mean for the years 2013–

2016 and the values for each year. 
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Table 1. Misconceptions about state of matter and phase changes of water identified in research 

  

Type of misconception Reference 

State of matter  

 Misconceptions concerning the 

discontinuous nature of matter 

Sheehan, et al. 2011; Aydeniz, et al.2017; 

Sopandi et al. 2017  

 Attribute macroscopic properties to 

matter on sub-microscopic levels 

 

 Misconceptions concerning weight, 

shape and volume of matter 

 Not able to explain the process of 

dissolution on a sub-microscopic level 

 Not able to differentiate between an 

element and a compound  

Albanesi & Vicenti, 1997; Krnel, et al. 1998; 

Valanides 2000; Tatar, 2011 

Kahveci, 2009; Sheehan, et al. 2011 

Phase changes of water 

 - Boiling and evaporation 

 

 Bubbles in boiling water comprises of 

oxygen, hydrogen, heat, air or carbon 

dioxide 

 

Osborne & Cosgrove 1983; Goodwin 2003; 

Costu, et al. 2010; Lemma 2013 

 Evaporation is a chemical reaction 

 When water evaporates it turns into air 

 Water separates into H2 and O2 when 

evaporating 

 

Osborne & Cosgrove 1983; Valanides, 2000; 

Costu, et al. 2010 

Phase changes of water 

- Condensation 

 

 Oxygen is formed into water and heat 

 Heat and cold react to form water 

 

Chang, 1999; Hålland, 2010 
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Table 2. Distribution of students’ right and wrong choice of answers to the questions about boiling and 

condensation, years 2013–2016 (N=297). 

 

Choice of answers to the 

questions about boiling 

and condensation 

Condensation, right answer Condensation, wrong answer 

N % N % 

Boiling, right answer 

 

39 13  21 7  

Boiling, wrong answer 

 

143 48  94 32  

 

 

 

Table 3. Gender differences in choice of answers to the question ‘What is inside the bubbles of boiling 

water?’ 

 

 Right answer Wrong answer 

Female (N=297) 20.9 % 79.1 % 

Male (N=86) 25.6 % 74.4 % 

 

 

 

Table 4. Gender differences in choice of answers to the question ‘Where do the water droplets on the 

outside of a glass of ice-cold water come from?’ 

 

 Right answer Wrong answer 

Female (N=230) 58.7 % 41.3 % 

Male (N=66) 72.7 % 27.3 % 
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Appendix A. 

Categorisation of everyday substances according to students’ choice of answers during the years 

2012–2016. Results are given as a mean from each year. 

 

 


