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Abstract 
This study investigates the use of student-generated animations in the teaching and 

learning of chemistry. Previous research has identified the potential for animations to 

contribute to student learning in science. In particular, animations have the capacity to 

represent the dynamic processes and motions that may be inherent in some chemical 

concepts. This study focuses on animations that students produced with the support of 

their teacher and their fellow students. The literature review brings ideas together from 

social constructivism, representational pedagogy and analogical reasoning to highlight 

the implications of this research.  

The research investigated a teaching intervention that was designed to investigate the 

following conjecture: That students working in groups to create their own animations to 

represent their conceptions, when supported by their teacher to analyse the animations 

in group discussions, develop their understanding of science concepts. 

The participants in the study were 28 Year 11 Science students and their science 

teacher. The concept the students were learning was states of matter. The teaching 

intervention included training the students in the use of animation software, followed by 

the students working in pairs or groups of three to create animations representing their 

conceptions of solid, liquid and gaseous states of matter. Students were supported by 

their teacher and encouraged to discuss ideas as they constructed their animations. After 

completion of the animations, the teacher facilitated the students to analyse and discuss 

their own animations as well as animations that had been produced by experts. Data 

collection included pre- and post-tests, classroom observation, videorecording of 

lessons, collection of artefacts (the students’ animations) and interviews with the 

teacher and students.  

Use of the student-generated animations created an opportunity to represent and discuss 

conceptions of the states of matters, including dynamic elements of their 

conceptualisations. The teacher’s scaffolding of the groups during their animating, 

helped them to accurately represent their conceptions. The teacher became aware of her 

students’ misconceptions and otherwise hidden understandings as they created their 

animations. In their analysis of the various animations, students identified differences 

and similarities among their animations. As well, by comparing attributes of their 

conceptions of states of matter with attributes shown in their animations, they identified 



those that were matching and mismatching. They also critiqued expert animations of 

states of matter. Data from pre/post-tests, observations and interviews indicate that the 

students improved their understanding of states of matter through the teaching/learning 

process that occurred during the intervention. 

 

 

 

 

 



Chapter 1: Introduction to the Thesis 

1.1. Introduction to the chapter 

Science educators often use animations to support students’ learning, but there is little 

research on the contribution to learning of students creating their own animations 

(Chang & Quintana 2006; Hoban, Macdonald, Ferry & Hoban. 2009; Hoban & Nielsen 

2014). This study addresses a gap in the knowledge about how the student-generated 

animations may contribute to student learning of chemistry. 

This thesis reports on students’ learning during the creation of animations to represent 

their views of a fundamental chemistry concept: states of matter. The study involved 28 

high school students in one private school in Turkey. With the guidance of their teacher, 

the students interacted in pairs or groups to create their own animations and then discuss 

these animations with their classmates. They also analysed and discussed animations 

produced by experts. 

Section 1.2 explains the background to the research and identifies relevant perspectives 

and frameworks. Section 1.3 briefly describes the objectives and scope of the study, the 

research questions and the research methodology. Section 1.4 outlines the significance 

of the study, and Section 1.5 provides an overview of the thesis. 

1.2. Background to the research 

Animations are reported to be helpful in science education by contributing to the 

development of students’ conceptual understanding (Barnea & Dori 1996; Kozma & 

Russell 1997; Wu, Krajcik & Soloway 2001). Several authors have written about the 

use of animations to develop understanding of science concepts in particular (Ainsworth 

1999; Carolan, Prain & Waldrip 2008; Danish & Phelps 2010; Tytler, Peterson & Prain 

2006; Wu, Krajcik & Soloway 2001). Other researchers have focused on animations 

developed by themselves or other experts and their use to visually demonstrate 

scientifically acceptable concepts to students (Barak, Ashkar & Dori 2011; Barnea & 

Dori 1996; Dori, Barak & Adir 2003; Hubscher-Younger & Narayanan 2007; 

Williamson & Abraham 1995). While these studies are valuable, there is still little 

research into students creating their own animations to support science learning (Chang 

& Quintana 2006; Danish & Enyedy 2007; Hoban et al. 2009; Hoban & Nielsen 2014; 

Namvar, Rastgoo, Sattary & Payam 2011; Udo & Etiubon 2011). 



Viewed from the theoretical perspective of social constructivism (Richard & Audrey 

2004), student-generated animations can play a role in science education. The key 

proposition of social constructivism is that learning is an active process of creating 

rather than acquiring knowledge (Duffy & Cunningham 1996), and it is positioned as a 

social activity rather than an individual activity. Representational pedagogy and 

analogical reasoning are additional theoretical frameworks that support this thesis. The 

application of these theoretical approaches to the study will be discussed in Chapter 2.  

The social constructivist approach adopted in this study emphasises the importance of 

social interaction in the construction of meaning and suggests that learning involves the 

interactive processes of sharing, discussion and negotiation. Social interactions give 

shape to students’ animations because students develop their understanding of scientific 

animations through interaction and negotiation with their teacher and peers in activities 

within their classroom community (Danish & Enyedy 2007). The conjecture of this 

study is that students who work in groups to create animations that represent their 

conceptions, when they are supported by their teacher to discuss and analyse their 

animations with their peers, develop their understanding of science concepts.  

The teacher in this study encouraged students to improve their animations and their 

understanding of a fundamental chemistry concept while they were creating and 

analysing their animations. In Vygotsky’s terms, the teacher operated as the more 

knowledgeable other (MKO) in the class and scaffolds learning so that students operate 

in the zone of proximal development (ZPD) (Vygotsky 1978). ZPD is ‘the distance 

between the actual developmental level as determined by independent problem solving 

and the level of potential development as determined through problem solving under 

adult guidance, or in collaboration with more capable peers’ (Vygotsky 1978, p. 86). 

Barlex and Carre (1985) argue that to be consistent with working within Vygotsky’s 

ZPD it is essential that teachers should help students to give expression to their own 

ideas in the learning process. For the visual materials used in learning especially, 

students need assistance in becoming aware of what to attend to and what to ignore 

(Barlex & Carre 1985). In this study, the assistance of both the teacher and the group 

influenced the final form of the students’ animations. 

A representational construction framework (Tytler Prain, Hubber & Waldrip, B 2013c) 

informed the pedagogical approach adopted in this study. This framework explains how 



and why representational construction supports students’ learning in science. In this 

study, the main focus of this approach is its contribution to knowledge about 

 students’ engagement with student-generated 

representations in science learning (Prain & Tytler 2013). This study employs a 

‘representational challenge’ (Tytler et al. 2013c, p. 59) to initiate and enrich discussions 

that generate scientific understanding. The aim of the representational challenge is ‘to 

build students’ representational resources associated with key science concepts’ (Tytler, 

Hubber & Prain, et al. 2013a, p. 51). The challenge in this study was for the students to 

use animations to represent their views of states of matter.  

The principles of analogical mapping (Gentner 1983) also play an important role in the 

analysis of student-generated animations. Aubusson and Fogwill (2006) argue that it is 

important for a teacher to cooperate with students as they generate their analogies 

together (animations in this research), not by telling students what to present but by 

asking questions about their analogies and exploring their views. This includes 

requiring students to explain and elaborate the ideas they have about science 

phenomena, the reasoning underpinning these views, and the ways in which these ideas 

are being illustrated in their analogical representations. Even though it is difficult to 

create student-generated analogies, once students create an analogy their science 

understanding improves and they can interpret the analogies independently (Aubusson 

& Fogwill 2006; Cosgrove 1995; Fogwill 2007; Aubusson & Fogwill 2006; Harrison 

&Treagust 2006). The next section explains the research objectives and scope of the 

study. 

1.3. Research objectives and scope of the study 

The study set out to investigate the ways in which student-generated animations 

contributed to students’ learning processes in chemistry. It aimed to answer the 

following questions: 

Main Research Question:  

How do student-generated animations contribute to students’ learning in chemistry? 

Sub-questions: 

1. In what ways do student-generated animations influence conceptual learning? 

2. How do interactions among students influence learning when creating 

animations? 



3. How do interactions between teachers and students influence learning in the 

animation creation process? 

4. How do analysis and discussions of the animations contribute to students’ 

learning? 

The study involved an intervention based on sociocultural theory (Vygotsky 1978), 

representational construction approach (Tytler et al. 2013) and analogical mapping 

(Gentner 1983). It was designed to explore how students use their animations in their 

learning of science. The specific interventions were negotiated with their teacher and 

took into account the contexts of individual classes. The interventions targeted the 

development of key concepts of the states of matter that the teacher was addressing at 

the time the research was conducted in the school. The intervention consisted of a 

lesson sequence of four phases: training in the software program, creating animations, 

class discussions, and reflective discussion.  

Phase 1 of the intervention was training of the students to use the animation software 

program, K-sketch, which allowed them to use simple Flash animation to create 

dynamic animations from their static sketches. This continued into Phase 2, where 

students created animations in pairs or groups of three to represent their conceptions of 

states of matter. The teacher supported the students to organise and discuss their related 

Chemistry ideas as they generated their animations. The animation creation phase was 

followed by Phase 3, a class discussion in which they first analysed and discussed their 

own and their classmates’ animations, before analysing and discussing a sample of 

animations that had been produced by experts. The teacher invited them to comment 

and critique their own animations and those of experts. After this teaching intervention, 

in Phase 4 the teacher led a reflective discussion about learning process that they had 

been involved in the preceding lesson sequence.  

Chapter 3 explains the study’s mixed-method research methodology, in which a 

combination of quantitative and qualitative methods were used. Pre- and post-tests were 

used as indicators of possible changes in students’ understanding of the chemistry 

concepts. Elements of design-based research and a case study methodology also 

informed the research design. Design-based research principles suggested the 

construction of the conjecture and the use of an intervention to test the conjecture. The 



case study method informed the selection of a case for the application of the 

intervention and data gathering. 

A wide range of data were collected during the intervention activities. Students 

responses to pre- and post-intervention tests were collected. Students were observed in 

class during the process of creating their animations. Discussions with group partners 

and the teacher were audio- or video-taped during these classes. Students were 

interviewed about their perceptions of their learning during the intervention and about 

the role the teacher played. These interviews were audiotaped. The teacher-guided 

follow-up classes in Phases 3 and 4 were video-recorded. The teacher was also 

interviewed about her experiences and perceptions of the intervention. All audio and 

video recordings were transcribed and translated from Turkish to English. The data 

transcripts were analysed and reported in English. Pre- and post-test data were analysed 

quantitatively using Wilcoxon signed-rank test. 

Throughout the animation creation process, students were encouraged to show in their 

animations the understandings of the chemistry concepts that were negotiated in their 

group . The analysis of student-generated animations together with interactions with 

their teacher and group partners were used to interrogate student learning and 

demonstrated the pedagogical processes that influenced this learning. 

1.4. Significance of the study 

In chemistry education, students need to understand the dynamism of chemical changes 

and the structures of molecules (Ben-Zvi, Eylon & Silberstein 1986; Harrison & 

Treagust 2000). Animation software programs about chemical concepts involving 

dynamic process and motion may play a role in helping to develop this understanding. 

Research focusing on the effectiveness of computer-based representations has found 

that such representations help students in their conceptual understanding of chemistry 

(Ainsworth 1999; Prain & Waldrip 2008; Tytler, Peterson & Prain 2006).  

However, there has been little research into the efficacy of how students create 

animations of scientific concepts (Ardac & Akaygun 2004; Hoban & Nielsen 2014; 

Kozma & Russell 1997; Kozma, Chin, Russell & Marx 2000; Tytler 2000; Udo & 

Etiubon 2011) and especially concepts in chemistry (Hoban & Nielsen 2010; Hoban et 

al. 2009; Hubscher-Younger & Narayanan 2007; Prain & Waldrip 2008). This study 

aimed to investigate the ways in which student-generated animations supported 



students’ learning in chemistry. Previous researchers have shown the effects of student-

generated animations on conceptual understanding and have offered pedagogical 

reasons for creating animations, such as enjoyment, motivation, interest and 

engagement (Chang & Quintana 2006; Vermaat, Kramers-Pals & Schank 2003). Other 

studies have explored how student animations influence effective learning (Barnea & 

Dori 1996; Carolan, Prain & Waldrip 2008; Kozma & Russell 1997; Wu, Krajcik & 

Soloway 2001,). However, the way the software programs, teacher support and peer 

collaborations in combination can help students’ learning and thinking processes has 

rarely been reported in the literature.  

This thesis makes the following conjecture:  

When students work in groups to create their own animations to represent their 

conceptions supported by their teacher and discussions to analyse animations, 

they will develop understanding of science concepts. 

It argues that generating student animations combined with interactive discussions 

creates an opportunity to represent dynamically the elements of students’ 

conceptualisations about the states of matter. The study seeks knowledge about the 

strengths and weaknesses of the selected animation program for students' learning and 

makes recommendations about effective teaching strategies and learning environments. 

In addition, this research sets out to extend knowledge of the role played by discussions 

during and after student-generated animations. The findings of the study have 

implications for science teaching. 

1.5. Overview of the thesis 

The thesis has five chapters. This section gives a short overview of the four remaining 

chapters.  

Chapter 2 reviews the research literature relevant to science learning through the use of 

student-generated animations. It also explicates the theoretical frameworks 

underpinning this study, namely, social constructivism, sociocultural theory, 

representational pedagogy and analogical reasoning. Previous research about the 

multiple facets of representations and the use of ICT while enhanced science learning is 

also identified and discussed.  



Chapter 3 provides background information and establishes the context of the research. 

It explains the methodology used in this research and the methods of data collection and 

analysis. The trustworthiness of the research methods is discussed and the researcher’s 

field questions briefly explained. Information regarding ethical conduct of the research 

is also presented. 

Chapter 4 presents the data collected from the study in one school in Turkey. Students’ 

pre-and post-tests results are reported, as are the audiotaped and videotaped data from 

the intervention. Findings specific to the four phases of the intervention are presented in 

separate sections. These findings provide information relevant to each of the research 

questions and form the basis of the discussions in Chapter 5. 

Chapter 5 addresses the main research question and each of the four sub-questions. The 

implications of the study for science teaching and learning are discussed. Potential areas 

for future research are then identified before the concluding statement about the 

research is elaborated. 

  



Chapter 2: Literature Review 

2.1. Chapter overview 

This chapter analyses previous research relevant to student learning with generated 

animations in science. In particular, it considers research on the role of representations, 

animations and student created animations in science learning. It locates this in 

Vygotsky’s sociocultural theory and representational challenge. This chapter also 

clarifies key points within the relevant literature to the research. In outlining the 

theoretical foundation for this study, the chapter draws on social constructivism 

development in science representation.  

The remainder of this chapter is divided into five sections. Section 2 examines the 

theoretical framework for the research. This section has a discussion of Vygotsky’s 

(1978) sociocultural theory about active learning processes through interaction with 

partners and interaction with teachers and how it might be appropriate in science 

education. In addition, it explains the representational construction approach with its 

four main principles. The key element of the representational construction approach is 

‘Representational Challenge’, which provides a central perspective for this study. 

Analogical mapping is also discussed as a basis for mapping student animations against 

other representations and conceptualisations. Section 3 discusses the representations and 

defines the terminology used by providing examples from the literature. Different forms 

of chemical representations are highlighted in this section. Section 4 discusses research 

on using technology and animations in school science. In this section, the effectiveness 

of information and communications technology in contributing to students’ 

visualisation and students’ learning is considered. Section 5 reports on the use of 

student-generated animations, providing examples from the literature. Section 6, the 

conclusion, provides a synthesis of the theoretical and pedagogical frameworks used in 

framing this research.

2.2. Theoretical framework 

The theoretical framework of this study is underpinned by sociocultural theory and 

research in the fields of representational construction and analogical reasoning. Each of 

these is now discussed in order to elaborate elements that are critical to this study of the 

teaching and learning of science through student-generated animations.  



2.2.1. Sociocultural theory  

This study draws on a social constructivist approach to learning, which is influenced by 

Lev Vygotsky’s (1978) sociocultural theory. According to a constructivist perspective, 

learning is a process of active constructing by students, and new knowledge is 

constructed on a framework of previous understanding. Students add new observations 

and experiences into their existing mental models and actively use their existing 

knowledge to build new understanding and knowledge of the world (Ernest 1998; 

Gredler 1997; Maxim 2013; Prawat & Floden 1994).  

Application of the general principles of constructivism into social settings is called 

social constructivism. Social constructivism focuses on learning where individuals 

interact in a group to construct knowledge for one another, collaboratively creating a 

small culture to solve a given task through shared meanings (Richard & Audrey 2004). 

It emphasises that culture plays a significant role in the cognitive development of a 

person and that individuals create meaning during their interactions with each other and 

with the environment (Ernest 1998; Gredler 1997; Prawat & Floden 1994).  

Critical to social constructivism is that learning and knowledge are constructed, and 

social interactions play a fundamental role in the development of cognition and 

learning. For Vygotsky (1978), everything is learned on two levels: through interaction 

with others, and integration into the individual’s mental structure.  

Every function in the child’s cultural development appears twice: first, on the 

social level, and later, on the individual level. In other words, first it appears 

among people and then appears inside the child’s mind. This applies equally to 

voluntary attention, to logical memory, and to the formation of concepts. All the 

higher functions originate as actual relationships between individuals (p. 57). 

Another aspect of Vygotsky’s (1978) sociocultural theory is the zone of proximal 

development (ZPD), which he describes as a zone where learning occurs in a supportive 

learning environment. He defined the zone of proximal development as  

The distance between the actual developmental level as determined by 

independent problem solving and the level of potential development as 

determined through problem solving under adult guidance or in collaboration 

with more knowledgeable others (p. 86).  



There is a gap between the actual competence level of students and their level of 

potential development. Actual competence level is characterised by the problems 

students can solve independently and the potential development level characterised by 

the problems students can solve only under adult guidance or interaction with more 

capable peers. The main features of ZPD are assistance and experience at the level 

students can experience, and they can learn. Students have an existing level of 

understanding and need assistance to reach the next level. Where useful instruction or 

guidance is given to students, they can develop higher mental functions (Vygotsky, 

1978). Students who have less experience with a concept or an area will need more 

guidance than the students who have had more experience with that concept or area 

(Oakes & Lipton 1999). 

The expression, more knowledgeable other (MKO) refers to anyone who has better 

understanding or a higher knowledge level than the learner, with respect to a specific 

concept, task or process is able to provide the learner scaffolds (Maxim 2013, p. 135). 

The MKO is often a teacher or older adult, or it may be a peer, a younger person, or 

these days a computer. In the classroom environment, the teacher becomes the 

supporting MKO for students in the ZPD and scaffolds the learning by helping them to 

connect new knowledge to existing knowledge (Maxim 2013). According to Vygotsky 

(1962), scaffolding is integral to ZPD because it assists the interactions between MKO 

and learner in the learning process. Students first try what they can do individually and 

then what they can do with assistance from their MKO (Powell & Kalina 2009). 

Students learn the new concepts based on what they can do on their own.  

Scaffolding occurs when students are asked to perform a task and support is provided 

by the teacher to enable them to complete the task. An example might be learning the 

alphabet. When students learn the alphabet they might miss a letter, but they can learn 

to correctly recite the alphabet on their own if their teacher repeats the alphabet aloud 

together with the student while showing the missing letter in a different colour. 

A feature of social constructivist theory and Vygotsky’s sociocultural theory is 

collaboration and learning with peers. The critical point here is creating a social 

environment for learners. Vygotsky (1981) asserted that children learn through their 

interactions with others, so students should work not only with a teacher (MKO) but 



also other students; they can exchange and test many different ideas in collaboration 

with others. 

Vygotskian emphasis on peer collaboration in learning is broadly consistent with the 

principles of cooperative learning. Cooperative learning has been described as a kind of 

small group instruction in a social setting in which students solve the given tasks 

(Slavin 1990). In cooperative learning, students work not only with their teacher but 

also other students with whom they exchange many different ideas. When they work 

together on activities or tasks in a group, each member of the group may have a 

different internalisation of knowledge depending on their existing knowledge because 

knowledge is constructed on learners’ previous knowledge, experience and background 

(Doolittle 1995; Powell & Kalina 2009; Doolittle 1995; Sharan 1990).  

These theoretical concepts involving the active constructing of knowledge by students, 

interactions with the teacher and students, ZPD with scaffolding and MKO, and 

cooperative learning activities can guide teaching and learning any flexible classroom 

environment. The next section explains the representational construction approach that 

supports this study.  

2.2.2. Representation Construction Approach, Representational Challenge 

In this section, the principles of the representation construction approach and how 

representational construction supports science learning are explained. Representational 

challenge will be also discussed as a pedagogical manifestation (or strategy) of 

representational construction in science teaching and learning.  

Representation construction approach 

Representation construction is based on learning as ‘meaning making’, which is 

consistent with the social constructivist theory of learning. There are four main 

principles of the representation construction approach to teaching and learning (Tytler et 

al. 2013a, b, c). Before explaining the principles in detail, some analysis of the 

perspectives and principles is now represented.  

Many researchers have focused on the effectiveness of multiple representations to 

develop conceptual understanding in science (Ainsworth 1999; Carolan et al. 2008; Saul 

2004; Wu et al. 2001). Waldrip and Prain (2013) state that understanding different 

representations and their translations into one another, and understanding their proper 



usage are critical to science education. Students are required to represent and translate 

their learning with multiple representations in order to reach conceptual understanding 

in science learning (Ben-Zvi et al. 1986; Harrison & Treagust 2000). While there is 

extensive research on students’ learning from expert representations (Barak et al. 2011; 

Barnea & Dori 1996; Dori, Barak & Adir 2003; Kozma & Russell 1997), the body of 

work investigating students’ own representations for learning is less well developed. 

The representational construction approach provides a contribution to knowledge about 

students’ engagement with their own representations in science learning, especially in 

junior secondary school (Prain & Tytler 2013). Reporting on the use of the 

representational construction approach, Waldrip and Prain (2013) write: 

Students and teachers generated various representations of target concepts, and 

knowledge construction was viewed as the process of making and transforming 

these different representational modes, as they scaffolded understandings in 

relation to their perspectives of the real world. (p. 16)  

Waldrip and Prain’s (2013) approach uses multiple representations of conceptual 

understanding for effective science learning. A key feature for effective learning they 

identify is ‘reaching general classroom negotiation of representational understanding’ 

(p. 16). Students need to explain their representations to reveal their understanding of 

concepts. They are expected to develop key science ideas through multiple 

representations and these are reported and scrutinised in classroom discussions. Waldrip 

and Prain (2013) conclude:  

Students learn most effectively in science and engaged more, where they were 

challenged to develop meaningful understandings, where individual learning 

needs and preferences were catered for, where a range of assessment tasks were 

used, where the nature of science was represented in its social, personal and 

technological dimensions. (pp. 16-17) 

These findings are consistent with earlier research conducted by Tytler, Waldrip and 

Griffiths (2004). When Tytler et al. (2013c) began work on representational research, 

they were aware that representations are used extensively in science classrooms. 

However, they wanted to know more about teachers’ understandings and perspectives 

of how to use different representational modes in science topics to promote learning and 

to motivate students. Initially they surveyed 20 teachers after they had been involved in 

an intervention promoting use of representation in science class to obtain information 



about teachers’ beliefs and practices regarding the usage of different representations in 

science teaching and learning. They also conducted four individual case studies of 

teachers to explore the role of representations in science classes and then created a 

framework from those studies for the representational construction approach. They also 

researched the effects of representational work on students’ engagement, conceptual 

learning and capacity to organise representations. Findings from their survey with 20 

teachers indicated that teachers 

• mostly focused on resources and students’ learning styles rather than multi-

modal representations 

• thought that different representations should be used for the same topic because 

not every model is suitable for every student, and some models are better than 

others for some students 

• thought using these multiple models make the topic more tangible 

• became aware of different modes of representations 

• perceived that a representational approach increased students’ interest 

• used different modes of representations but did not focus on any particular 

modes as being correct (Waldrip & Prain 2013, p. 18). 

Analysis of these survey results and case studies showed that there were challenges for 

teachers in employing a representational construction approach. The teachers found that 

this approach initially could be more time consuming than their usual teaching method 

but they recognised the significant achievements in the quality of student learning that 

emerged. They also became aware of individual students’ needs and differences in their 

understanding. Teachers noted that there was a lack of representational resources for the 

development of teaching and learning sequences. Some thought that this approach was 

limited because they were concerned that all students did not possess the cognitive tools 

needed to create representation of some science concepts that were part of the 

curriculum they studied (Waldrip & Prain 2013). 

The representational construction approach also improved learning by providing 

multiple representations, which taught students to create representations in time frames. 

In general, the teachers claimed that the representational approach had benefits for 

teaching and learning. It improved construction of knowledge by students, improved 



student engagement and achievement, provided different perspective for students’ 

thinking and was ‘productive, diagnostic and formative’ (Waldrip & Prain 2013, p. 25).  

The teachers involved in Tytler et al’s (2013a) case studies and surveys identified a 

range of conditions for the effective use of the representational construction approach. 

These include:  

• The task and the representational work should have a strong fit with each other. 

• Strong teacher scaffolding is required. 

• Teacher guided public negotiation of representational adequacy is required. 

• Students need to understand the purpose of representational adequacy and create 

links for their understanding (Waldrip & Prain 2013, p. 26). 

Finally, Waldrip and Prain (2013) claim that students could have difficulties or 

limitations when representing the concepts in two dimensions. Technology could 

promote ‘mastery skills’ (p. 27) that indicates students’ understanding in science 

concepts while they were creating their own representations.  

Tytler et al. (2013b) developed principles for the representation construction theory that 

take into account the analysis given here. These principles underpin the  

representational construction approach to teaching and learning, including a learning 

process for both teachers and students. The four principles of the representation 

construction approach will now be outlined. 

The first principle is: ‘Teaching sequences are based on sequences of representational 

challenges’ (Tytler et al. 2013b, p. 34). Students actively create representations to 

explore and make claims about phenomena. Teachers explain key concepts, important 

ideas and their representations to guide students in the beginning stage of a topic. 

Students are supported to explore before they are given the canonical forms and to use 

models to organise representations, improve their representations and solve problems. 

There is a back-and-forth between student-generated representations and teacher-

introduced representations that encourages and challenges students to improve and 

organise their understanding.  

The second principle is: ‘Representations are explicitly discussed’ (Tytler et al. 2013b, 

p. 35). Teachers have two roles during class discussions, namely, to support students’ 

own representations and to provide scaffolding. In these discussions, students are 



helped to understand that multiple representations are necessary when using aspects of a 

concept, and that in a guided process, group agreement on ‘generative representations’ 

(p. 35) also assists the resolution of a problem. Teachers’ scaffolding and classroom 

discussions are necessary both during and after constructing representations.  

The third principle is: ‘Meaningful learning involves representational/perceptual 

mapping’ (Tytler et al. 2013b, p. 35). Students have a task in strong perceptual contexts. 

They are supported to make mapping or reasoning between visible features of objects, 

likely implications and representations activities. Student engagement in perceptual 

context is important. Activity sequences need to engage students in learning as 

personally meaningful and challenging, according to students’ interests and values.

The fourth principle is: ‘Formative and summative assessment is ongoing’ (Tytler et al. 

2013b, p. 35). Students and teachers continuously evaluate the process to assess the 

sufficiency of representations and their explanations of them . Formative and 

summative assessments allow students to generate further representations. Support is 

also essential for students to coordinate and re-present multiple modes during the 

learning process. The approach behind these principles presents significant challenges 

for both students and teachers. These representational challenges are explained in the 

next section. 

Representational Challenge 

Representational challenge is central to the representational construction approach and 

it underpins its second principle, namely, ‘Representations are explicitly discussed’ 

(Tytler et al. 2013b, p. 35). It includes construction of students’ own representations, 

discussion and improvement of these representations in a class environment, and the 

role of representation in learning and knowing. It involves a new organisation or 

synthesis of existing representations, and is related to how a concept or phenomenon 

should be represented and explained. It also acknowledges individual differences in the 

ways students transfer their thinking to their representations and explain their 

representations. 

The first part of a representational challenge occurs when students create their 

representations, explain them or comment on what they did or did not represent, and 

how their representations are related to each other. All these are parts of the ‘challenge.’ 

Students are challenged to make a reasoned claim about the phenomena they are 



studying. It is important that students learn to put forward not only their reproductions 

of known representations, but also the challenges they will face in the interpretation, 

synthesis and organisation of representations of new phenomena (Tytler et al. 2013a).  

The second part of representational challenge includes ‘class or group discussions.’ In 

most cases, representational challenges are group work; they compare, contrast and 

discuss the group’s responses to a challenge. They involve the relationship between 

students’ representational responses in small groups (or as individuals) by creating 

representations. The teacher plays an active role during the discussion by questioning, 

shaping and assessing students’ representations. These teacher-guided discussions in the 

classroom environment ‘generate and clarify meaning’ (Tytler et al. 2013c, p. 61) and 

cause ‘shared understanding of the appropriateness and efficacy of various 

representations, and their role’ (p. 51).  

While students need to explain key ideas through multiple representational modes 

linked to science phenomena and share their personal work and experiences with their 

classroom, teachers too are challenged to develop their understandings of the science 

concepts when planning and organising representational work. They need to decide 

what representational abilities would be satisfactory for students’ learning and to 

provide scaffolding to students for their active roles in the construction of multiple 

representations (Waldrip & Prain 2013).  

This section has introduced key aspects of sociocultural theory, social constructivism 

and the representational construction approach relevant to this research. In the next 

section analogical mapping will be discussed. The principles and findings of research in 

representational construction approach have much in common with science education 

research into analogical thinking. It is therefore appropriate to consider the role of 

analogy in science teaching and learning.

2.2.3. Using analogies in science instruction 

An analogy is ‘a partial similarity in particular circumstances on which a comparison 

may be based’ (Macquarie Concise Dictionary 6th ed. 2013). In science education the 

meaning of analogy is extended to include ‘the process of identifying similarities 

between two concepts … [and] abstract ideas in familiar terms’ (Aubusson, Treagust & 

Harrison 2009, p. 200). Used in this way, analogies clarify, illustrate and construct 



meaning by making the unfamiliar (what one is trying to explain) familiar in terms of 

ideas that are analogically similar.  

Analogies create relations between previous familiar knowledge and experiences and 

new contexts and problems (Harrison & Treagust 2006); they open new perspectives for 

students from teachers’ perspective (Venville & Treagust 1996). Analogies help 

students to understand complex, abstract concepts by creating opportunities for them to 

compare real world similarities with new or abstract concepts (Treagust, Harrison, 

Venville & Dagher, 1996). Students are then able to develop a more scientific 

understanding of concepts, especially abstract concepts, because analogies provide new 

material that can be easily integrated to students’ existing knowledge (Duit 1991).  

Why do teachers need to use analogy in science and chemistry teaching? When used 

appropriately, analogies are especially effective for explaining relations between 

scientific ideas and ‘ideas that students find familiar’ (Coll 2006, p. 73) and for 

illustrating and modelling abstract or difficult scientific concepts such as:  

• atomic bonds and the conservation of matter (Coll 2006; Coll & Treagust 2002; 

Duit 1991)  

• fundamental chemical concepts such as solubility (Taylor & Coll 2002)  

• the use of complex instrumental techniques such as nuclear magnetic resonance 

spectroscopy (Coll 2006) 

• molecular structure, chemical reactivity and equilibria and stereochemistry (Coll 

2006).  

An analogy has two attributes: the base analog and target analog (Aubusson et al. 2009). 

The familiar concept (which is used to facilitate the explanation) is called the base 

analog, and the unfamiliar concept (which is to be explained) is called the target analog. 

Target and base analogs have certain features that can be mapped as being similar and 

dissimilar, both types needing to be identified. Mapping is described as ‘the intellectual 

process of identifying attributes of the analogy and the analysis of the match and 

mismatch of each attribute’ (Aubusson & Harrison 2006, p. 4). According to Niebert 

and Gropengiesser (2014), the mapping process requires reflection on highlighting and 

hiding. 

It should not be assumed that students are able to map the shared attributes of the target 

and base analogs without their teacher’s support (Coll 2006). Aubusson et al. (2009) 



claim that when using analogies effective learning occurs when the teacher assists 

students to map the features of the target and base analogs. The teacher needs to discuss 

and explain the similarities and differences in the target–base analog relationship. The 

explanation and discussion of analogies are more valuable in learning than the analogy 

itself. Even though an analogy may sometimes not represent a phenomenon accurately, 

the explanation of its match and mismatch properties helps create understanding of that 

phenomenon (Aubusson & Fogwill 2006; Fogwill 2007). Niebert & Gropengiesser 

(2014) showed that even students and scientists use the same analogies but they map 

them differently. The thinking and discussions that occur during mapping are crucial to 

understanding related science concepts (Fogwill 2006).  

Analogical research in science education has shown that when students interpret 

analogies on their own they often generate misconceptions about the scientific concepts 

(Harrison & Treagust 2006). For example, Vosniadou and Schommer (1988) showed 

that even though five- and seven-year-olds were able to find the similarities between 

target and base analogs, students are less likely to develop misunderstandings when they 

work with their teacher during the mapping of the similarities and differences of the 

analogies.  

The use of student-generated ideas is crucial in analogical mapping. Justi and Gilbert 

(2003) suggest that teachers should discuss and guide rather than show and tell so that 

students are able to construct their own analogies. When students discuss their student-

constructed analogies, they are more likely to be able to map their own analogies than 

the analogies provided by their teacher (Harrison & de Jong 2005; Harrison & Treagust 

2006). When students create an analogy, they use their own familiar concepts (base 

analog) to represent the unfamiliar concept that is to be explained (target analog). Self-

generated analogies can deepen their understanding of science because once they create 

an analogy, it is easier for meaningful learning to arise (Aubusson & Fogwill 2006; 

Cosgrove 1995; Fogwill 2007). Even though students find it difficult to build their own 

analogies, when they do so, they can map it easily (Harrison & Treagust 2006).  

Aubusson and Fogwill (2006) say that while students’ own independent analogies may 

lead to misunderstandings, when a teacher works with students to co-design and ensure 

careful mapping, sound concept development is a consistent outcome. Explanations and 

discussions about matching and mismatching properties make analogies powerful 



learning tools. Students generating their own analogies provides an opportunity for the 

teacher to intervene to highlight when clear understanding exists. Careful questioning 

deepens understanding because students can build on and modify an existing cognitive 

framework.  

Aubusson et al. (2009) argue that using analogies along with the mapping of the match 

and mismatch of each attribute can contribute to effective science teaching and learning. 

To maximise the advantages and minimise the limitations of analogies, Treagust, 

Harrison and Venville (1998) recommended a guideline for teaching analogies, which 

they called the FAR guide (see also Harrison & Treagust 2000). The guideline has three 

stages: pre-lesson focus; in-lesson action; and post-lesson reflection (see Figure 2.1).  

 

Figure 2.1: The FAR guide (Treagust et al. 1998) 

In the ‘Focus’ stage, the teacher decides whether or not students are familiar with the 

concept: Do they know something about the concept that is to be explained? This gives 

the teacher some ideas of the kinds of difficulties the teacher and the students may have 

during instruction In the ‘Action’ stage, the teacher discusses in class presentations the 

similar and different features of the target and base analogs, and the suitability of the 

analogy in explaining a science concept. The ‘Reflection’ stage takes place after the 

analogy has been shown in class. The teacher draws a conclusion after considering the 



benefits and constraints of analogy, discussing with the class how to improve the lesson 

using the analogy, and asking students to reflect on the lesson. These steps do not have 

to be distinct; they can be woven together throughout the process of working with the 

analogy (Treagust et al. 1998; Aubusson et al. 2009). 

In summary, analogies are powerful tools in science education. Analogies help teachers 

to understand and express the concept being taught and to guide students in their 

process of understanding. According to Cosgrove (1995), the best analogies are student 

generated. However, without teacher support, analogies often create misconceptions for 

students (Harrison & Treagust 2006). When analogies are used effectively, as with the 

FAR guide, for example, they are valuable in teaching because they provide an easy 

way of explaining abstract concepts using familiar concepts. Students need to 

understand and map the analogies, while being aware that analogies are approximations 

of some reality (Coll 2006).  

So far in this section, a range of theoretical approaches has been discussed. It may be 

useful to present a summary of how they are connected. In the following paragraphs the 

relationship between the representational construction approach and sociocultural 

theory is described. 

The principles of the representational construction approach are consistent with learning 

view in terms of Vygotsky’s sociocultural theory. Firstly, representational construction 

approach based on productive use of students’ own representations for learning and 

students are active learners who construct their own understanding (Maxim 2013; 

Ernest 1998; Gredler 1997; Prawat & Floden 1994). Secondly, in representational 

construction work, a teacher’s function is more knowledgeable person, MKA (Vygotsky 

1978). The teacher becomes the supporting tool for students to provide scaffolding 

(Vygotsky 1978). Students firstly create representations alone or with peers and then 

extend their understanding through guided public negation by the teacher. There is a 

need for strong scaffolding in the representational construction approach based on 

teachers’ perspectives. In addition, Vygotsky asserted that during scaffolding in ZPD, 

each individual has a unique type of internalisation to attain the idea. Tytler, Waldrip 

and Griffiths (2004) also found that students learn most effectively where their 

individual needs were met. In the representational construction approach, the teachers 



also agreed that representational construction depends on each students’ own ability 

linked with other subjects supported by each individual’s internalisation. 

Representational challenge is also consistent with Vygotsky’s (1978) theory. Tytler et 

al. (2013a) argue that effective learning in science always occurs with students’ 

knowledge-production processes. Students construct their own knowledge actively and 

they need ‘scaffolding’ (Vygotsky 1978) during the construction process. In addition, 

group work and negotiations underpin Vygotsky’s (1978) cooperative learning because 

representational construction mostly uses group work to challenge student 

representations. Cooperative learning also uses small group work to solve a given task 

in a social setting (Slavin, 1990). According to Vygotsky (1981), children learn by 

interactions with others and also teachers work with students in cooperative learning. 

Students have discussions with each other, exchange their ideas during group work and 

also get support from their teachers when they need in cooperative learning. The 

representational construction approach uses students’ representations along with their 

discussions, negotiations and collaborations in group work. This allows representational 

construction and cooperative learning to have a strong fit with each other.  

The next section discusses the representations in science and especially chemistry 

teaching by providing examples from the literature.  

2.3. Representations 

In this section, representations of different levels of chemical concepts will be discussed 

by providing examples from the literature. Mastery of chemical concepts involves 

understanding three levels of chemistry: macroscopic, microscopic and symbolic 

(Johnstone 1993). The macroscopic level includes chemical phenomena that we directly 

experience in our daily lives or in the laboratory (Gabel 1999; Treagust, Chittleborough 

& Mamiala 2003). It refers to observable and tangible chemical phenomena such as a 

colour change or the heat felt and light seen in burning a match. For example, at the 

macroscopic level there are many directly observable attributes when silvery liquid 

mercury mixes with a red-brown bromine liquid. Observable changes include a colour 

change and the appearance of white crystals. The microscopic level deals with how 

atoms and molecules behave during physical and chemical changes such as the 

combination of mercury (Hg) atoms with bromine (Br2) molecules to form mercury (II) 

bromide (HgBr2) molecule in a regular array. At this atomic and molecular level the 



changes in the arrangements of atoms cannot be directly observed. The chemistry is 

abstract and far from the direct sensory experience of students. The microscopic level of 

changes occurs in the particle level, so this level is also described as the molecular or 

particulate level. The symbolic level refers to representations of chemical phenomena 

using a variety of media including symbols, mathematical formulae, drawings, models, 

equations (Chittleborough, Treagust & Mocerino 2002) such as the chemical symbols 

used for elements and compounds (e.g. Hg, Br), or its properties and behaviour (e.g. +, 

→, (g)) (Talanquer 2011).  

Chemistry educators and researchers have long been seeking effective ways to help 

students to develop their understanding of chemical concepts (Ainsworth 1999; Carolan 

et al. 2008; Danish & Phelps 2010; Tytler et al. 2006; Wu et al. 2001). In the conceptual 

understanding of chemistry, one of the most important skills is the ability to understand 

and explain relationships between the macroscopic and microscopic level. Students are 

required to represent and to translate chemical problems across these levels in order to 

both develop and to communicate their conceptual understanding (Ben-Zvi et al. 1986; 

Harrison & Treagust 2000). However, the literature shows that many students have 

difficulty in understanding chemical representations because of the abstract, 

unobservable and particular nature of chemistry at the microscopic level (Barnea & 

Dori 1996; Wu et al. 2001).  

Kozma and Russell (1997) also suggest that the microscopic level of chemistry is 

problematic for students, who often struggle to explain chemical phenomena at this 

level. In addition, a sound understand of chemistry requires agreement about the three 

levels of representation and the ability to learn chemistry with symbolic representations, 

but students often use symbolic representations without understanding the meaning of 

the chemical concepts associated with these representations (Nakhleh 1993; Nurrenbern 

& Pickering 1987; Sawrey 1990 cited in Wu et al. 2001). For example, students use the 

symbolic formula of water as H20, to represent a molecule of water but they have 

difficulties in conceptualising water molecules when they see water in a beaker full of 

water. In other words, students experience problems mapping relationships of chemical 

representations across different chemical levels (Gabel 1999).  

Chemical representations take different forms, formulas, structures, symbols, or 

metaphors across these chemical levels (macroscopic, microscopic, and symbolic), but 



the literature consistently shows that students have problems understanding varied 

representations in chemistry. Barnea & Dori (1996) have therefore recommended that 

teachers show and elaborate on the connections across multiple forms of representations 

to support learning of students in chemistry classrooms. In one example, they reported 

on a study in which molecular modelling with geometric and symbolic representations 

were all used concurrently to illustrate the chemical structure and bonding of molecules. 

The results showed that students who studied the geometric and symbolic 

representations of molecules with molecular modelling software achieved higher scores 

on chemical structure and bonding concepts questions than the control group of students 

who studied the subject in the traditional way. Their study also implied that working 

with different representations of molecules, geometric and symbolic, improved 

students’ three-dimensional perceptions and helped them to clarify a relationship 

between the molecular formula and geometric structure of molecule. 

Chemical representation types, other than symbolic representations, including physical 

models, allow students to develop their mental models in the macroscopic world and to 

manipulate concrete objects representing of individual atoms and molecules. Students 

have mental models of chemical phenomena. When they construct concrete models they 

compare the fit between the mental and physical models and may alter each to ensure a 

closer match (Stieff, Bateman & Uttal 2005). It can also be implied that physical models 

such as ball and stick models act as a visualisation tools for students.  

Visualisation tools can help the students’ conceptual understanding in chemistry by 

making connections across the macroscopic, microscopic and symbolic levels to 

represent aspects of the same phenomena at different levels (Ferk, Vrtacnik, Blejec & 

Gril 2003). Visualisation and learning with representations can promote students’ 

understanding, particularly in chemistry education (Eilam & Poyas 2010). Rapp (2007) 

stresses the importance of visualisation in the learning of chemistry. He argues that 

visualisation, makes learning active for students, increases student engagement with 

chemistry and promotes interactivity among students, all of which contribute to the 

construction of mental models during the learning process.  

Despite the fact that physical models offer some assistance in the teaching of chemistry, 

research suggests that teachers need to be cautious when they are using different kinds 

of representations such as physical models because representations can be open to 



misinterpretation. For example, ball-and-stick representations can be used to build 

three-dimensional conceptualisations of molecules and contribute to the sense of the 

molecule as a three-dimensional image and the relative size of each atom. However, 

there is a risk that students may assimilate inappropriate attributes of the representation, 

such as the spherical structure or colour of the balls in the molecular models, and 

generate misconceptions (Harrison & Treagust 2000). In addition, there can be 

inaccuracies in the angles or bond lengths of molecules (Barnea & Dori 1996). 

Therefore, teachers should emphasise that representative models are limited to 

particular attributes of phenomena and scientific ideas (Ferk et al. 2003). Physical 

models in the science-education context are tangible, easily observable models of 

chemical situations. However, the use of physical models is also restricted and limited 

in the classrooms as students cannot always create concrete representations easily. For 

decades, chemistry educators have attempted to use and improve other representation 

types with fewer limitations for students’ conceptual understanding such as computer 

modelling or computer-based animation. The next section considers computer-based 

technologies in modelling and animation. 

2.4. Representations with technology and animations 

In this section, the role and effects of teaching and learning with representations using 

information and communications technology (ICT) in chemistry education will be 

explained with a supporting literature review.  

How molecules and atoms behave during physical and chemical changes is not easily 

shown and illustrated in chemistry. This microscopic world of chemistry is visually and 

conceptually challenging. ICT can help students to learn chemistry by allowing them to 

visualise chemical processes and explain unobservable concepts (Barnea & Dori 1996; 

Kozma & Russell 1997; Udo & Etiubon 2011; Wu et al. 2001). 

In recent years dynamic ICT animations have become inescapable visualisation tools for 

learning science concepts. For example, ICT can help students to move between the 

microscopic chemical level (molecular world) and macroscopic chemical level 

(observable world). ICT animations can easily show the behaviour of water molecules 

(microscopic level) during phase change (macroscopic level) and assist students with 

the transition between these levels. Such transitions support higher-order and critical 



thinking skills and enhance the effective learning of science. (Barak et al. 2011; Dori et 

al. 2003; Williamson & Abraham 1995). 

Studies consistently show that teachers who make use of computer-based science 

simulations in the instruction of chemistry concepts help students to develop their 

conceptual understanding and also increase their performance in chemistry tests (Chang 

& Quintana 2006; Hübscher-Younger & Narayanan 2007; Udo & Etiubon 2011). At the 

microscopic level of chemistry, showing the dynamic nature of the molecules with static 

pictures is especially difficult. Computer animations can show the dynamic features of a 

situation ‘directly and explicitly’ ( Hübscher-Younger & Narayanan 2007, p. 235) and 

help students to visualise dynamic processes in chemistry (Chang & Quintana 2006). 

The following paragraphs detail a few of the many studies that have investigated the 

effects of computer animations in chemistry education.  

Williamson and Abraham (1995) investigated the effects of computer animations on 

students’ visualisation of chemistry concepts. Their study included computer animation 

sequences to visualise chemical processes at the microscopic level. They used the 

animation sequences as a visual tool in lectures and as an assigned activity in a 

computer laboratory. Three treatment groups included a control group, a lecture 

animation group, and a group that viewed the animation sequences in both the lecture 

and the computer discussion session. The students (N = 400) in this study were enrolled 

in two sections of a general chemistry course. One lecture section was randomly 

assigned as the experimental group, and the other was the control group. The two 

lecture sections received the same instruction except for the use of animations. Students 

were also enrolled in 16 discussion/laboratory sessions. Each section included one hour 

of discussion and three hours of wet laboratory per week. In addition, there were three 

discussion sections and the computer laboratory work was done during these discussion 

sections. Students viewed the animation sequences and answered worksheet questions. 

Students could view the animation repeatedly. Only students who missed no more than 

one lecture and attended all of the computer sessions were included as subjects in the 

lecture/computer lab animation group. Only students who missed no more than one 

lecture section were included as subjects in the lecture-only animation group and the 

control group. A Particulate Nature of Matter Evaluation Test (PNMET) instrument was 

used to determine the nature of the students’ visualisations, including students’ 



drawings, students’ explanations, and multiple-choice explanations of concepts. 

Conceptual understanding was measured by the PNMET results.  

Williamson and Abraham’s (1995) study showed that the usage of animations was 

associated with an increase understanding according to scores, with 56% of the control 

group students, 73% of the lecture animation group and 77% of the lecture/computer lab 

animation group students achieving an adequate understanding of the phenomena and 

being able to draw microscopic views of the phenomena. In addition, 3-D computer 

representations allowed students to understand the micro-level dynamic interaction of 

the molecular structure and helped them to make connections between the physical 

phenomena (macro level) and unobservable abstract phenomena (microscopic level). 

The researchers argued that ‘use of the animations caused the students to begin to think 

in particulate terms and to attend to more details concerning the behaviour of particles’ 

(p. 532). Stieff et al. (2005) have also argued that 3-D representations, which include 

dynamism such as animations, can increase students’ understanding during their 

learning process.  

Dori, Barak & Adir (2003) investigated the effects of computer molecular models 

(CMM) and web-based teaching on the students’ learning. Their study consisted of 

seven chemistry faculty and six chemistry teaching assistants, 215 students who 

attended three web-based chemistry courses and 53 students who participated in a 

survey. Participating in CMM was optional for students. The 215 students were divided 

into a control group (N = 120) and experimental groups (N = 95). The project included 

downloading two shareware programs. One of these programs was used to write the 

structural formula of the molecule, and the other to view and manipulate the complex 

molecule in three representational forms: framework, ball & stick and space filling. The 

experimental group students used CMM software to represent complex molecules such 

as vitamin A, vitamin B, vitamin C, nicotine, caffeine, adrenaline, TNT and DDT. They 

were asked to compute its molecular weight, to construct hybridisation and electrical 

charge distribution for each of the carbon atoms in the molecule and to research 

information about the molecules’ daily use or application on the web. According to the 

pre- and post-test results, the experimental group students achieved higher scores than 

the control group and higher scores on the course final exam. The experimental group 

students were also able to transition across 1-D, 2-D and 3-D molecular representations 

better than control groups. Semi-structured personal interviews with faculty and 



teaching assistants showed that none of them had used information technology before 

for teaching a general chemistry course, but the analysis of the students’ survey showed 

that 95% responded positively when asked about their experience with chemistry in a 

web-based and CMM environment. This shows that the majority of students were keen 

on learning chemistry with web-based sources. From the students’ interviews and the 

researchers’ observations, the researchers argued that web-based sources created an 

exciting learning environment and students found that web-based materials and 

assignments were valuable and useful in their learning. In addition, by the end of study, 

students’ motivation to study chemistry was enhanced and their understanding of 

molecular 3-D structures had improved based on pre- and post-test results. Finally, the 

researchers’ findings indicated that the web-based learning tools could contribute to 

students’ higher order thinking. 

Barnea & Dori (1996) studied the effect of CMM on students’ understanding and 

constructing of new concepts of chemical structure and bonding. This study included 

three classes of 10th grade high school students as the experimental group and two 

classes of 10th grade students as the control group. The experimental group attended 

three computer laboratory classes of two hours each and worked on geometric shapes of 

molecules with molecular modelling software. The control group was taught using 

‘conventional frontal method-a deductive approach’ (p. 633). Valance State Electron 

Pair Repulsion theory was demonstrated by using a blackboard in the classroom and 

rigid models in the control group. The study showed that working with the computers 

enhanced the motivation of most students and made learning more individual. This 

means that when they were deciding about the molecular structure of molecules or 

identifying them as polar or nonpolar, students were independent of their teachers and 

did not require much assistance from them. They just needed approval from their 

teachers when they disagreed on the shape of molecules. In addition, students who used 

CMM were more energetic than the control group students. Students in the control 

group were able to visualise molecules in different kinds of display models such as 

coloured lines, space filling, quick filling, and ball & stick representational models, and 

were ‘internalising the idea that different models are just different ways of representing 

the same substance’ (p. 633). The findings suggest that computer-based molecular 

modelling can contribute to a better understanding of chemical bonding and improve 3-

D perception of molecular structure.  



Wu et al. (2001) also examined the effects of using computerised models. They used the 

software program, eChem, to allow students to build molecular models and multiple 

representations at the same time. This study built on earlier research that showed that 

multiple multimedia representations allowed students to visualise the behaviours of 

molecules and understand the related chemical concepts (Kozma & Russell 1997). The 

participants in Wu et al’s (2001) study were 11th grade high school students who used 

the eChem program during a six weeks period. Students were asked to make 2-D and 3-

D transitions, compare structural differences linked with 2-D structural formulas, 

identify types of bonding based on chemical formulas and determine polar, nonpolar 

molecules. The results of the study indicate that students’ understanding of chemical 

representations improved, according to the pre- and post-tests results. The program 

helped students to make transitions between two-dimensional and three-dimensional 

models, and contributed to their understanding of isomers and the polarity concept. 

In a study by Barak et al. (2011), 1335 elementary school students were divided into 

two groups – experimental and control – to study the effects of animated movies on 

science thinking skills and motivation to learn science. The students who studied 

science with the animated movies were scored higher on measures of motivation to 

learn science and enjoyment of science. Students who learned science with animations 

also made more connection with daily life than students who studied science with 

traditional methods such as textbooks pictures. The combined use of the animated 

movies with classroom discussions and written assignments encouraged students to 

exchange their ideas verbally in discussion groups and exchange their ideas in written 

text assessments. Group discussions and group assignments increased students’ 

understanding of science concepts. The use of animated movies helped students to 

explore new concepts and enhanced their understanding and ability to explain scientific 

concepts. Furthermore, it was associated with their motivation to learn science ‘in terms 

of self-efficacy, interest and enjoyment in comparison to students who studied science 

in a traditional way, using only textbooks with still-pictures’ (p. 844). This result is also 

supported by Hübscher-Younger and Narayanan (2007), who claim that animations 

illustrate complex and dynamic processes for students as well as allowing learners to 

make daily life connections with their existing knowledge. 

Finally, some suggestions derived from the literature about the use of visualisation and 

animations in teaching and learning will be summarised. Animations are helpful when 



complicated structures and dynamic process are involved (Dori & Barak 2001; Najjar 

1998), especially when verbal explanations are added to visual representations 

(Kaberman & Dori 2009; Najjar 1998). Animations should be used when they are 

directly related to the curriculum and have potential to contribute to the learning of the 

curriculum (Hoffler & Leutner 2007; Mayer, Heiser & Lonn 2001). They should not be 

used when students can imagine the subject and concretise it independently because it 

can limit students’ imaginations and can be time consuming (Schnotz & Rasch 2005). 

In addition, students should be encouraged to communicate while learning with 

animations (Barak et al. 2007; Betrancourt 2005). In short, the use of computer 

animations has potential as a powerful tool for science lessons when it is used 

effectively. In the next section, student-generated animations will be explained and 

discussed.  

2.4.1. Student-generated animations  

This sub-section will examine animations generated by students to explain science 

concepts, using examples from the literature. Section 2.4 drew attention to a selection of 

studies that show the importance of computer-based animations for promoting students’ 

learning in chemistry, but there is limited research into student-generated animations for 

students’ learning of chemistry concepts (Chang & Quintana 2006; Hoban et al. 2009; 

Hoban & Nielsen 2010; Hoban & Nielsen 2014). Student-generated models or 

animations are not new ideas (Udo & Etiubon 2011), but there is limited research on 

animations that focuses on using the social constructivist approach to support students’ 

understanding and learning. 

There are different sorts of student-generated animations. Clay animation is one of the 

most frequently used student-generated animation tools in schools, but it is also time 

consuming and difficult to use when trying to show the movement of models (Barab, 

Hay, Barnett & Keating 2000; Chang & Quintana 2006; Schank & Kozma 2002). 

Moreover, creating an animation with clay has generally been used for the teaching of 

art or literacy rather than science (Hoban et al. 2009). Another way to construct 

animations is to use computers as animation tools. As discussed in Section 2.3, 

animations promote active learning, visualisation of chemical processes, interpretation 

and reasoning (Papert 1991). As well, the construction of animations helps to make 

learning more enjoyable, practical, motivational and encouraging (Chang & Quintana 

2006). Constructed models can also provide feedback to teachers about students’ deep 



understanding because ‘building a model is like thinking aloud’ (Stieff et al. 2005, p. 

111). They also help students to create, modify and discuss representations (Danish & 

Enyedy 2007) rather than be unthinking consumers of science and passive learners of 

scientific representations (diSessa & Sherin 2000; Greeno & Hall 1997).  

If clay animation or other time-consuming, student-generated animations are to be 

avoided, special software programs for student-generated computer animations are 

needed. In Hoban et al’s (2009) study with the Slowmation (abbreviated from ‘Slow 

Animation’) software program, elementary school pre-service teachers (N = 29) created 

their own science animations. After a two-hour workshop, participants created a 

Slowmation on a chosen topic that had been assigned at the beginning of the course. 

The study also sought to determine whether their use of Slowmation for their own 

animations resulted in them using it in their teaching. Data collected from three 

interviews, two concept maps and created animations were analysed. Changes in 

scientific knowledge about a topic were identified according to the number of new 

concepts or insights that were added to their concept maps. A major increase in science 

knowledge was identified as one adding four or more new concepts or exploring one 

concept deeply. A minor increase in science knowledge was identified as adding two or 

three new concepts. Little or no increase was identified as adding one new concept or 

no change. The results showed that the majority of pre-service elementary teachers (N = 

19/29) had a major increase in scientific content knowledge; about one third of pre-

service elementary teachers (N = 9/29) had a minor increase; one person had no 

increase in scientific knowledge; and pre-service teachers (N = 4/13) used the approach 

in their teaching classes. These data are consistent with the argument that creating 

animation improves students’ content knowledge in learning because students need to 

understand the concept before they create an animation. This result also supports the 

view that when students create their own animations, they will learn more effectively 

through sharing their understanding of a concept (Hoban & Nielsen 2010; Hoban & 

Nielsen 2014).  

Hoban and Nielsen (2010) have also studied the Slowmations made by the pre-service 

teachers in this research project. An innovative teaching technique ‘5Rs’ 

(Representation 1: Background; Representation 2: Storyboard; Representation 3: 

Models; Representation 4: Photographs; Representation 5: Animation) was used to 

encourage students to make their own animations. The 5Rs was also used at the end of a 



topic as a summative assessment. Results show that creating animations helped students 

to learn a science concept because the 5Rs method allows them to think about a science 

concept in multiple ways. Comparison of students’ interviews before and after creating 

a Slowmation shows the process often improves understanding of a concept. Even so, 

Hoban and Nielsen (2010) acknowledge their research is insufficient for knowing how 

constructing representations influences students’ learning. They call for further research 

into ‘to better understand how students learn about particular concepts by videoing 

students over several hours as they create a Slowmation and encourage them to think 

aloud (p. 37).  

Another study of the student-generated animations was conducted by Chang & 

Quintana (2006). They used Chemation, which allows students to create their own 

animations about science concepts and evaluate their visualising, interpreting and 

reasoning skills. The sample for the study included two chemistry teachers and 73 

seventh-grade students. Results of the pre- and post-tests showed that student-generated 

animations, as an instructional aid, have an encouraging effect on the learning 

environment of middle-school students. The animations were found to support 

visualisation of dynamic and abstract concepts. The results of this study should 

encourage designers of software programs to explore the educational value of active 

animation programs. Thus there is a prima facie case for using animations to support 

student learning of complex ideas in chemistry 

This section of the literature review has analysed just a selection of the many research 

studies that show how animations have a significant role in science education (Chang & 

Quintana 2006; Danish & Enyedy 2007; Hoban & Nielsen 2010; Hoban et al. 2009; 

Olele 2008, cited in Udo & Etiubon 2011). This dissertation will proceed to explore the 

more specific question: How do student-generated, computer-based animations 

influence students’ learning in chemistry?

2.5. Conclusion 

The literature review brings ideas together from Vygotsky’s social constructivism, the 

representation construction approach and use of analogy, and highlights their 

implications for this research. How they support the theoretical framework of the study 

will now be summarised in four parts. 



1. To have a meaningful learning, students need to engage in the learning process. 

Taking a social constructivist view suggests that learning should be an active 

process rather than passive; learners construct their knowledge. The principles of the 

representational construction approach also suggest that when students are active 

and create their own representations, their conceptual understanding of science is 

deepened. Aubusson and Fogwill (2006) assert that understanding in science is also 

deepened when students are active and build their own analogies.  

2. When students identify their current understanding through analogies, 

representations or animations, teachers can identify particular points where 

difficulties arise and they might need to challenge and to influence students’ ideas. 

This is an opportunity to students and teachers to interact ways where the teacher 

uses the ZPD for student learning, and student-generated analogies or 

representations find a place in the ZPD. Barlex and Carré (1985) argue that, 

consistent with Vygotsky’s ZPD, it is essential that teachers help students to give 

expression to their own ideas in the learning process. The principles of 

representational challenge approach are also relevant to this approach.  

3. When student-generated animations are used in science classes as learning tools, 

meaningful learning is enhanced by students explaining and commenting on them 

using representational mapping. Because students need help in their visual learning 

especially, student- and self-generated analogies and animations and the 

representational construction approach will all take place in the ZPD. Students are 

not always aware of what they should attend to and what they should ignore (Barlex 

& Carré 1985).  

4. Group work is an important consideration in this study. When students work 

together and discuss in groups rather than work individually, they develop their 

cognitive strategies and develop their understanding of what they are doing. 

Learners in groups develop a common understanding about tasks and how to 

accomplish them. Students discuss with others, share their ideas and socially 

negotiate, thereby realising there are many ways other than their own to solve 

problems or to reach a conclusion (Jonassen, Peck & Wilson 1999). Student 

interaction makes learning easier and helps cognitive development. When students 

create their animations with their partners in groups, they need to listen to each other 

and exchange ideas during the process. The representational construction approach 

aims for group agreement to reach a resolution on generative representations.  



How these factors came together to design a student-generated animation class will be 

presented in Chapter 3. 



Chapter 3: Methodology 

3.1. Chapter overview 

This research explored a representation-creation pedagogy intervention based on an 

active process of learning with a teaching sequence that included four phases: training 

in the software program, creating animations, class discussions, and reflective 

discussion. In this intervention, students first created their own animations to illustrate 

and explain their views of science concepts and then compared their animations with 

those of classmates and experts. 

This chapter outlines the methodology used in this research. Section 3.2 explains the 

theoretical and methodological foundations of the research design. Section 3.3 explains 

the pilot study. Sections 3.4 and 3.5 describe the research design, the participants, and 

the context of the research. Section 3.6 identifies the interventions that were used in the 

research. Section 3.7 describes the data collection methods. Section 3.8 explains the 

types of research data and their trustworthiness Section 3.9 discusses the ethical 

considerations of the research. Section 3.10 explains the method of reporting, and 

Section 3.11 provides a summary with key points.  

3.2. Theoretical Perspective of Methodology 

This study investigates students’ learning in chemistry when they create their own 

animation representations using a software program with the support of their teacher. 

The research design was underpinned by social constructivism, the representational 

construction approach and analogical reasoning. In this context, two groups of Turkish 

Year 11 high school students engaged in animation creating activities. The framework 

for these activities is articulated in the following sections of this chapter. In this section, 

the theoretical framework informing the methodology will be presented.  

Social Constructivism 

In the context of the social constructivist view of learning, creating animations is an 

active process in which the students interact with each other and their partners in a 

classroom environment. Students create their animations in a social environment; they 

exchange their ideas, while at the same time providing support to each other, which 

guides each person to clarify his or her views of scientific concepts. They learn through 

their interaction in the group, they elaborate their thinking to their partners, because 

each group member has a different internalisation of knowledge depending on their 



previous knowledge (Powell & Kalina 2009). In the methodology of this research, the 

choice of group work in constructing an animation was influenced by social 

constructivist theory and Vygotsky’s (1962) social cultural theory. 

A key feature of Vygotsky’s social cultural theory is the role played by a more 

knowledgeable person (MKO) to help students in a social learning environment. During 

the animation creation process, the teacher was the supporting MKO who moved 

between groups of students to enable them in their zones of proximal development 

(Vygotsky 1962).  

Representational Construction Approach 

The principles of representation construction include a learning process for teachers and 

also students. How these principles of the representational construction approach 

supports the methodology of this research is presented in terms of related principles. 

The first principle is ‘teaching sequences are based on sequences of representational 

challenges’ (Tytler et al. 2013b, p. 34). This principle is an important framework of the 

research because students create a new chemical representational animation with the 

support of their teacher and discuss the animation when making claims about the states 

of matter. Students are supported during exploration to identify the problematic nature 

of phenomena. While students are creating their animations, the teacher moves around 

the class, watches their animations, listens to their discussions and answers some of 

their questions. The teacher also asks guiding questions during the creating animation 

process. These elements of the intervention are consistent with the first principle of the 

representational construction approach (Tytler et al. 2013b). 

According to this same principle, ‘there is a process of alignment of students 

constructed and canonical representations’ (Tytler et al. 2013b, p. 34). In this study, this 

alignment takes place in the discussion held during a follow-up lesson. In this 

discussion lesson, the teacher presents students’ generated animations to the whole class 

and discusses the best features of each animation to develop a new ‘ideal animation’. 

The teacher also shows some expert-generated animations to the whole class and invites 

students to identify matches and mismatches between the animations the students 

themselves had generated in comparison with those of experts.  



The discussions during the animation creation process also overlap with the second 

principle of representational construction approach, which is, ‘Representations are 

explicitly discussed’ (p. 35). According to this principle, the teacher supports students 

to construct their own representations and scaffolds their learning during class 

discussions.  

Analogical Reasoning 

The intervention in this research required the students’ to discuss their own animations 

about particular science concepts. The pedagogical purpose of having these discussions 

after producing the animations is to provide a learning environment in which they can 

show their understanding of the concepts and how they might develop them further 

using analogical reasoning (Aubusson et al. 2009; Fogwill 2010). The guideline in these 

discussions is consistent with Treagust et al’s (1998) Focus-Action-Reflection (FAR) 

guidelines for teaching with analogies and models (See section 2.2.3). 

3.3. Research design 

The nature of the research questions shaped the research design of the study. It involved 

both quantitative and qualitative research methods to obtain the participants’ 

perspective of the teaching/learning experience. An advantage of this mixed method 

approach is that it has potential to provide ‘a more comprehensive picture of what is 

being studied’ (McMillan & Schumacher 2006, p. 401). Qualitative data collection 

included in-depth interviews, observations and video-recordings. The study also drew 

on quantitative methods to gather evidence of learning outcomes by employing 

statistical analysis of pre- and post-tests. Thus the nature of data collected in this 

research is not confined to either qualitative nor quantitative research alone in seeking 

answers to the research questions (see also Creswell & Plano Clarke 2007; Silverman 

2013).  

This research has also been informed by case study methodology in that it investigates a 

bounded system (Stake 2003; Sturman 1994). The research is bounded by location, 

which is in one of the private colleges in Turkey; by time, as only two months was 

available to conduct the research in Turkey; and by the curriculum context, namely, 

states of matter. In this research, the features established the boundaries of the case. The 

case study method provides a framework to explore the complexity of interdependent 

activities (Stake 2003). The intervention in this study combined a range of practices 



drawn from compatible, but different, theoretical frameworks. This produced a teaching 

sequence for investigation that consisted of interdependent elements including students 

creating their own animations, teacher guidance and discussions to critique the 

animations. The aim of this study is to investigate the ways in which student-generated 

animations contributed to students’ learning processes in chemistry and there are 

multiple sources of data for triangulation purposes: interviews, focus groups, video 

records and artefacts. Therefore, this research has been informed by case study 

methodology in the selection of a bounded case for investigation and methods of data 

collection.  This study also was influenced by elements of design-based research, which 

will explained in the next sub-section. 

3.3.1. Designed-based research 

Design-based research (Brown 1992; Collins 1992) refers to inter-disciplinary mixed-

method research that takes place within authentic settings and involves close 

cooperation with teachers and students. According to Wang and Hannafin (2005), 

design-based research (DBR) is  

a systematic but flexible methodology aimed to improve educational practices 

through iterative analysis, design, development, and implementation, based on 

collaboration among researchers and practitioners in real-world settings, and 

leading to contextually-sensitive design principles and theories. (p. 6)  

According to Confrey (2006), the central idea behind DBR is that such studies ask 

questions about how to design teaching to improve student learning, selection of tasks, 

activities and the resources used:  

DBR seeks to document what resources and prior knowledge the student brings 

to the task, how students and teachers interact, how records and inscriptions are 

created, how conceptions emerge and change, what resources are used, and how 

teaching is accomplished over the course of instruction, by studying student 

work, video records, and classroom assessments. (p. 135) 

DBR brings together specific methods and techniques, such as video recordings, 

discussions and statistical analysis. Because of the need for rich diverse sources of 

evidence on the designed interventions, DBR data collection methods require large 

amounts of data (Brown 1992) and the triangulation of multiple source of data, such as 

interviews, focus groups, video records and artefacts, to ensure generalisable use of 



designs in other learning settings. For evaluating students’ reasoning in DBR, Cobb and 

Gravemeijer (2008) also recommend methods such as interviews with students and 

using videos to observe and assess the whole-class performance, rather than traditional 

paper-based assessment, The aim is not only to track learning outcomes but also to 

gather evidence on how to design the learning activities such as tasks, materials, 

interactions and instructional sequences (Reimann 2011).  

Cobb & Gravemeijer (2008) describe DBR as ‘formulating testable conjectures’ (p. 70). 

The design of classroom norms, tasks and materials, and activities is driven by a central 

idea (Confrey & Lachance 2000) and gives a mediating role to the teachers in 

classrooms. Data collection needs to be carefully planned to test the conjectures. It 

should cover the whole learning process rather than only students’ learning and 

classroom practices (Reimann 2011). Edelson (2002) suggests that the teaching should 

be video- or audio-recorded and that all recordings be transcribed to provide data 

sources for investigating the conjectures. In this research, it is conjectured that when 

students work in groups to create their own animations to represent their conceptions 

supported by their teacher and discussions to analyse animations, they will develop their 

understanding of science concepts. 

In this research, the central task is creating analogies by using a software animation 

program and using an intervention in two classes. Different kinds of data were 

collected, such as classroom discourse, semi-structured interviews, and classroom 

discussions. The researcher is trying to understand that what is going on in the learning 

process through the teacher and through the students, as well as through the pre- and 

post- tests and student work artifacts.  

Another common characteristic of DBR is the close involvement of the researcher with 

the study of the participants. In this research, the researcher designed the proposed 

teaching sequence and teaching approach in consultation with the teacher. The 

researcher also gathered the data with the close co-operation with the teacher. The 

teacher carried out all activities after negotiation with the researcher. Furthermore, as 

part of the research process, the researcher provided a summary of the findings to the 

teacher so that she could comment on them. Thus the research was conducted with, 

rather than on, the teacher and her class.  

Although this research draws on DBR the research is not claimed to be DBR. In DBR a 



series of iterations with progressive improvements in the design of the intervention 

would be expected (Confrey 2006). In this research, the limited access to the school and 

the late withdrawal of another school from the research, together with the time required 

to translate and analyse the large, diverse data set, meant that only modest modifications 

in the design were possible. These modifications were based on a limited pilot study. 

Consequently the focus of this research is on the extensive data obtained in what could 

be considered a single intervention. Future work could involve a series of such 

intervention.  

Considering the methodological elements of this research, as outlined above, it is clear 

that this research is neither a pure rendition of these elements nor restricted to a single 

methodology. Rather, it is informed by a range of compatible aspects drawn from 

appropriate methodologies that are nested within each other. Figure 3.3.1 seeks to 

provide a representation of this nested methodology. 



Figure 3.3.1 The methodological position of this research 

 

This research design was guided by the following four questions: 

1. In what ways do student-generated animations influence students’ conceptual 

learning? 

2. How do interactions among students influence learning when they are creating 

animations?

3. How do interactions between teachers and students influence learning in the 

animation creation process? 

4. How do analysis and discussions of the animations contribute to students’ learning? 

Designed-based research 
(Brown, 1992; Collins, 

1992)  

Case study (Stake, 2003; 
Sturman, 1994) 

Intervention (Confrey & 
Lachance 2000) 



Engagement with the first question required identifying students’ explanations of states 

of matters during their creating of the animations with the software program. Students’ 

interviews provided evidence for the effectiveness of the animations. The second and 

third questions required gathering data and analysis of student–student interactions and 

teacher–student interactions. The interviews contributed to the analysis of the 

interactions between student partners and with the teacher. In response to question four, 

the researcher used the video recordings and interviews of the follow-up class 

discussions. 

3.4. The pilot study 

A preparatory pilot study for this research was completed in Australia two months 

before the research was undertaken in Turkey in 2013. In this period, the researcher 

undertook the animation creation part of this research. The participants in the pilot study 

were pre-service science teachers in their science methods class. The purpose of the 

pilot study was to test whether the affordances of the software and technology permitted 

students to collaborate in the creation of animations to represent views of kinetic theory 

of matter. This group selected for the pilot was, in part, a sample of convenience. The 

participants were considered suitable because it was anticipated that they would already 

possess sound understandings of the relevant science. Hence, the capability to animate 

rather than the knowledge of science would be the primary influence on determining 

whether the proposed software and technology could facilitate the collaborative 

animation that was sought in this investigation. The researcher first introduced the K-

Sketch software animation program to the whole class. After they learned how to create 

animations in the K-Sketch program, they used it to draw their scientific animations in 

small groups. They discussed their work with their classmates in the groups and they 

received guidance from their teacher. For pre-service teachers, the process of learning 

the K-sketch program and creating group animations took three continuous hours. All 

groups created animations that facilitated discussion of views of kinetic theory of 

matter. 

This pilot study helped the researcher become familiar with the sequence of steps 

needed for instructing users of the animation program and provided an opportunity for 

gain insights into the time frame of the study. It also suggested ways the K-sketch user 

guide worksheet should be modified. A follow-up discussion which the class was also 

added to the research design to gaining more clarification about students’ ideas and 



understanding after the representation creation process. Just before the 2013–2014 

academic year started in Turkey, the design of the study was approved by the 

researcher’s supervisor. Only small changes were needed for tutorial 4 on the K-sketch 

animation user guide worksheet (See Appendix 4). Rectangular or square shapes rather 

round shapes would be drawn so as not with resemble to molecular shape shown in the 

textbooks.  

3.5. Participants and Context of the Study 

The research was conducted in two classrooms of a private K–12 college located in East 

Anatolia Region of Turkey. A second school had originally agreed to participate in the 

research but unfortunately, after the researcher arrived in Turkey to carry out the 

research, the school advised that it was withdrawing from the project. The student 

population in the participating school was homogeneous. The socioeconomic statuses of 

most students’ families were high at this private school, with only a limited number of 

students eligible for scholarships.  

General secondary education in Turkey covers the education of children between 15 and 

18. In public high schools students attend six classes each day, which last for 

approximately 40 minutes each. In private high schools, the daily program is typically 

longer, up to eight classes each day, also including a lunch period. All 9th graders are 

taught the same classes nationwide, with minor differences in certain cases. When 

students enter the 10th grade, they typically choose one of four tracks: Turkish 

language–mathematics, science, social sciences, and foreign languages. At the end of 

high school, following the 12th grade, students take a high school finishing examination 

and they are required to pass this in order to take the University Entrance Exam and 

continue their studies at a university. 

A total of 28 students was chosen to participate in this research. The participants were 

Year 11 Science students taught by the same teacher in two classes, 11-A and 11-B. The 

students in the two classes were not graded; they had mixed ability. These students and 

their teacher signed consent and information forms (Appendix 2b & 3b). Students took 

pre- and post-tests individually but they created the animations in the K-Sketch program 

as partners. There were eleven groups in this research – ten groups were pairs and one 

group had three students. By the end of the study, three students had been removed 

from the data set because they did not attend the pre-test, and another two were 



removed because they did not participate in the K-sketch animations sessions. 

Subsequent to the K-sketch animation sessions, a further four students were removed 

when they did not take the post-test. 

Group 11-A comprised seven females and eight males in seven groups. Group 11-B had 

four females and four males in four groups. None of the students had previously used 

the animation program in science classes. All had taken chemistry classes in Year 9 and 

advanced chemistry classes in Year 10.  

The concept the students were learning was states of matter. According to Science 

Education curriculum in Turkey, students cover the states of matter in Year 4, Year 6, 

Year 9 and Year 10. In Year 4, the unit mentions the states of matter as solid, liquid and 

gas, explains the main properties of each phase. In Year 6, the phases of matter and its 

particles are given. In Year 9, more examples are given to solid, liquid and gas phases, 

their particular properties are explained in detail. In Year 10, the attraction forces 

between solid, liquid and gas phase are given. 

The teacher who participated in the study had 13 years experience teaching chemistry in 

various high schools, and had been teaching in this college for three years. The research 

activities were implemented in six class periods of 40 minutes each. In the first week, 

this time was used to explain the aim of the study and conduct the pre-test. In the 

second week the K-Sketch animation program was taught to each class in separate 

periods. In the third week, the students created their own animations using the K-sketch 

animation program. In the next period, they had a follow-up discussion class. Students’ 

interviews were completed in the following week with a follow-up discussion class and 

the post-test was held the following week of interviews. Finally, the teacher was 

interviewed for an hour. The interventions framework of the study is given in Table 

3.5.1.  

Table 3.5.1: The Framework of the Interventions 

Period Time Interventions Instrument Analysis 

Methods 

1st week One class 

hour, 40 

Aim of the 

study and pre-

ESSA with 

added 

drawing 

SOLO 

taxonomy, 

statistical 



minutes tests question quantitative 

analysis 

2nd week Two class 

hours, 80 

minutes 

Teaching of K-

Sketch 

animation 

program 

K-Sketch 

software 

program 

 

3rd week One class 

hour, 40 

minutes 

Producing 

science 

animation 

K-Sketch 

software 

program 

Observations 

 

Audio and 

Video 

recordings 

Coding the 

students’ 

videotaped 

and 

audiotaped 

dialogues 

with partner 

and the 

teacher, 

qualitative 

data 

One class 

hour, 40 

minutes 

Follow-up 

discussions 

Observations 

Video 

recordings  

Expert 

animations 

Coding the 

students’ 

videotaped 

dialogues, 

qualitative 

analysis 

4th week 10-15 

minutes 

Student 

interviews 

Semi-

structured 

stimulated 

recall 

interview 

questions  

Students’ K-

Sketch 

animations 

Analysis of 

transcript 

data, 

qualitative 

analysis 

 

5th week 10-15 Post- tests ESSA with SOLO 



minutes added 

drawing 

question 

taxonomy, 

statistical 

quantitative 

analysis 

6th week 1 hour  Teacher 

interview 

Semi-

structured 

interview 

questions  

Analysis of 

transcript 

data, 

qualitative 

analysis 

 

 

3.6. The framework of the activities 

This research involved interventions designed to explore how students used animations 

in their science learning. The specific interventions were negotiated with their teacher 

and took into account the contexts of individual classes. They targeted the development 

of key concepts about states of matter that were being addressed in the school at the 

time the research was conducted. They were intended to create a learning environment 

that allowed student involvement in developing their scientific knowledge about 

changes of states. The interventions occupied four class periods and consisted of four 

phases: training in the software program, creating animations, discussions of students’ 

and experts’ animations, and reflective discussion. 

Phase 1 and Phase 2 

The first phase was the training in the software program to create a science animation 

using the K-sketch animation program. The researcher used an active learning process 

to teach the program during two class periods. Students used their own laptops and the 

K-sketch user guide (Appendix 4) to learn how to use the program. When all students 

completed the four tutorials, it was assumed that they could use the program to create 

their own science related animations. The K-Sketch user guide included the following 

four tutorials:  

• Tutorial 1: Count Down, which taught how to give motion to basic subsequent 

drawings. 



• Tutorial 2: The Car Jumped Over the Plane, which showed how two different 

objects could move at the same time.  

• Tutorial 3: Rolling Down which provided information about how to copy the 

movement.  

• Tutorial 4: Disappearing of Small Shapes, which combined the first three tutorials  

In the following week, Phase 2, the students attempted to create science-related 

animations using the K-sketch animation program with their partners. They were asked 

to draw the three states of matter: solid, liquid and gas. In particular, they were asked to 

imagine that they could see into the matter with an impossibly powerful microscope to 

see what matter was made up of and what it was doing. They were then asked to ‘draw 

what they imagine’.  

In the first stage of the process, the students tried to create their animations with their 

partners by using the key concepts of matter, with the teacher as MKO scaffolding their 

learning. The researcher discussed with the teacher what she wants to do and how she 

could do it. This was to ensure that much as possible the teacher was aware of the steps 

that would be done during the process. Students actively designed their representations 

to explore states of matter while the teacher raised relevant aspects of representations of 

matter with students for them to consider in their animations, such as vibration, the 

distribution of molecules and the motion of molecules. Before the canonical forms were 

given, the teacher supported them to organise and improve their representations. 

Canonical forms were not given during the creation of the animations. Figures 3.6.1 and 

3.6.2 show both classes while they were creating the animations.  



Figure 3.6.1: 11-A Creating animations 



 

 

Figure 3.6.2: 11-B Creating animations 

Phase 3 and Phase 4 

After the students had created their animations, there were follow-up discussion lessons 

for class sections 11-A & 11-B. This was Phase 3. In each class section, the teacher 

followed the same stages. In the first stage, the students elaborated on their own group’s 

animations. The teacher showed each group’s animation to the whole class by 

projecting it onto the class board so that the whole class could watch it. The members of 

each group then explained their animations to the whole class.  

In the second stage, the teacher invited students to comment on and critique others’ 

animations, and to ask questions about anything they thought was unclear in the 

animation or were inconsistent with their own ideas.  



 

In the third stage, after each group’s animation had been shown and the discussion 

completed, the students watched expert animations created in the K-sketch and in other 

software programs. All these expert animations were visualising the states of matter.  

In stage four, the teacher led a discussion that provided an opportunity for students to 

think more about the changes of state and to see the similarities and differences between 

their animations and the expert animations.  

After the last stage in Phase 3, in Phase 4 the teacher led a reflective discussion on the 

learning process. The students critiqued the teaching and learning process from the 

beginning, when they had learned how to use K-Sketch, to the end of the teaching 

process, when they discussed their own and the expert animations. They also evaluated 

the Phase 3 discussions.  

3.7. Data collection and recording procedures 

The data were collected during school time in October and November 2013. The 

research was implemented in six class periods, each of 40 minutes, in both classes 11-A 

and 11-B. The researcher was planning the lessons and the teacher used it as a 

professional learning experience. The researcher taught the software program to 

students and set up recording settings before each class period. The teacher carried out 

all activities after negotiation with the researcher. The researcher is trying to understand 

that what is going on in the learning process through the teacher and through the 

students. After completing the interventions, the researcher administered the post-tests 

to both groups of participants and interviewed all the groups and the teacher. The 

researcher also provided a summary of the research process so that students comment to 

the whole process and evaluate it. 

As outlined in Section 1.8, both qualitative and quantitative methods were incorporated 

into the research methodology. The data sources included the Essential Secondary 

Science Assessment (ESSA) extract questionnaire (pre- and post- tests), the K-Sketch 

animations produced by students, videotaped and audiotaped recordings of students 

interactions during animation creating process, and interviews of students and teacher. 

The analysis was mainly interpretive (Harrison & Treagust 2001) because of the nature 

of the research questions and the visual nature of animations. Quantitative data were 



also used to explore possible changes of students’ understanding with descriptive 

analysis (McMillan & Schumacher 2006). The following sections describe each data 

source.  

Questionnaire ESSA extract as pre- and post-test: A questionnaire (Appendix 5) was 

developed that requested students to answer seven questions. Students completed the 

questionnaire before the whole process as pre-tests. Post-tests were completed a week 

after the creation of the animations and interviews, both of which took place in the same 

day. The questionnaire included open-ended questions and multiple-choice answers that 

allowed for students’ explanations and visualisations of the ‘states of matter’ concept. 

Students also answered the questions by drawing and explaining their drawings.  

Essential Secondary Science Assessment (ESSA) questions were chosen as pre- and 

post- tests. ESSA is a science assessment program in NSW, Australia. It is based on the 

Years 7–10 science syllabus. It helps students ‘to see the relevance of science and to 

make meaning of scientific knowledge, understanding, skills, values and attitudes’ 

(NSW Public Schools 2014). This test was chosen for the pre- and post- tests because it 

subjected student respondents to extensive expert scrutiny and analysis. In addition, it is 

hard to assess the extended open questions without them being based on reliable and 

confidential assessment criteria. In ESSA, experts are assessing the students’ answers 

using the SOLO (Structure of the Observed Learning Outcome) model over years. 

SOLO taxonomy is a recognisable progression in literature (Biggs 1995). Therefore, it 

helps the researcher to identify features of student responses as described in the marking 

guidelines (Appendix 8) and apply the marking accurately and consistently.  

Six questions about assessing student understanding of particular theory of matter were 

taken from the ESSA test. These questions were translated from English to Turkish. 

Students were asked to choose the correct answer from multiple-choice questions 

concerning science experiments, including some about heating ice. Some questions 

required box ticking and others a written response. The researcher created the final 

question to invite students to use their imaginations to explain the ice-heating 

experiment. In this last question, students drew the molecules as temperature changes, 

rather than explaining in words (see Section 4.2.5). Taken together the answers to these 

questions provided information about the students’ scientific knowledge about states of 

matter both before and after the students’ animation creating process. 



K-Sketch animations: The K-sketch software program (http://www.k-sketch.org/) was 

used by students to construct the animations in the students’ representation creation 

process. The program was designed to create basic animations from sketches. It is a free 

drawing and design program rather than a science-tools program. An intention of this 

research was to see if this software could be used as a visual scaffolding tool to help 

students to understand the molecular world and to make links between what they can 

see and not see in chemistry.  

The K-sketch animation program was taught to students during two lesson periods, 

following which they designed their own animations in small groups. Students used the 

K-sketch animation guide (Appendix 4). All students created three non-science related 

animations, one in each tutorial, during the two lesson periods. It was presumed that the 

students had then learned the program sufficiently well to create their own animations 

using K-sketch software program.  

Videotaped and audiotaped recordings: Conversations between the teacher and students 

and interactions among the students were videotaped during the students’ animation 

creating process. Classes 11-A and 11-B were video recorded as they were learning the 

K-Sketch animation program, creating their own animations on that program, and in the 

follow-up discussion classes. To record these activities in the classroom at the same 

time, the researcher set up one camera at the front of the room and another at the back 

of the room. As well, in each of the two groups a volunteer used a close-focus camera to 

record conversations. The researcher also had a camera in her hand to record 

conversations as she walked among groups while they created the animations. The 

students’ interviews and the teacher interview were transcribed from audiotaped 

recordings.  

Interviews: Semi-structured, stimulated recall interviews (McMillan & Schumacher 

2006; Slough 2001) were held with all student groups and also with the teacher. The 

students were interviewed after the follow-up discussion class. The aim of interviewing 

was to gain the students’ insights about the concept that were studied and the 

effectiveness of whole animation creating process. It was also to find out what the 

students said they were thinking or feeling about while they were doing the animation 

task. In the follow-up discussion class they watched their own animations with the 

researcher. The researcher stopped the animation at some points and asked the students 



questions related to the animations. She also asked the groups about teacher support, 

partner interaction and the follow-up discussion class, and for their overall ideas about 

the whole process (Appendix 7). Interviews with each student group took about 15-20 

minutes, with each interview session audiotaped and transcribed. In addition, the 

researcher interviewed the teacher for about an hour to ask about the advantages, and 

disadvantages of using student-generated animations in science classes. She also talked 

about each group’s animations in both Class 11-A and 11-B when watching them again 

during interview session. The teacher’s interview session was also audiotaped and 

transcribed. All the data recordings and transcriptions were in Turkish and then 

translated into English by researcher. 

3.8. Analysis  

This section describes how the data were analysed. All the verbal data were obtained 

and transcribed in Turkish then translated into English. The data analysis of this mixed-

method study included two distinct parts, the qualitative and the quantitative 

components. Qualitative methods were used to understand why students did or did not 

perform better on these tests and how the interventions affected students’ learning. The 

particular type of analysis required for pre- and post- tests involved quantitative 

methods.  

3.8.1. Qualitative analysis 

Qualitative analysis was used so that participants' perspectives and actions could be 

examined in depth in natural situations. An interpretivist epistemology was used to seek 

understanding of student perceptions about their animations through interviews and 

observations (Angen 2000; Creswell 2003; Mackenzie & Knipe 2006). This followed 

the general process of inductive data analysis outlined by McMillan and Schumacher 

(2006, pp. 364–377), including establishing text extracts from interview transcripts, 

identifying patterns (themes and key concepts), coding and categorisation.  

From the data collected, the key points were marked with a series of codes that were 

extracted from the text. The codes were grouped into similar concepts in order to make 

them more manageable (McMillan & Schumacher 2006). New codes were included as 

they emerged from the data. Data analysis started with coding the students’ videotaped 

and audiotaped dialogues. In this coding process, the researcher used the transcribed 

student–student (partner) and teacher–student interactions during the animation creation 



process.  

Student–student interaction categories were included as they emerged from the data. 

The researcher first divided them into seven categories. A university professor in 

science education checked these seven categories and suggested that two were similar to 

each other. These were then combined with other two categories. In the next stage, the 

student–student interactions were divided into five categories and at least one example 

from the extracts was added into those five categories. The researcher explained each 

example in each category.  

Categorisation of teacher–student interactions was also shaped in the same way as the 

student–student interactions. The researcher first created categories from the teacher–

student interactions. The same university professor then checked all categories and 

translated examples of categories from the video and audio recordings to confirm that 

the categories covered all the different kinds of interactions. Teacher–student 

interactions were divided into seven categories and at least one example was added to 

all seven categories. Explanations and examples are given in the analysis section of 

Chapter 4.  

For both Classes 11-A and 11-B, the follow-up discussion classes were analysed with 

reference to the Representational Construction Approach Principles Analysing Sheet 

(Appendix 7). Table 3.8.1 shows Class 11-B’s first three minutes and 27 seconds in the 

follow-up discussion class coded against the representational construction approach 

Principles. This table helps describe the follow-up discussion class according to 

representational construction approach and it shows which elements of it were evident 

in the follow-up discussion class.  

The first two columns of this sheet show the passage of time in the follow-up class. The 

third column presents the representational construction code and the fourth column 

specifies the representational construction approach principle (see Section 2.2.2). The 

fifth column gives details about the principles. Column 6 presents teacher’s quotes and 

column 7 the students’ quotes.  

  



 

Table 3.8.1: RCA Principles Analysing Sheet for Class 11-B 

Time 
start 

Time 
end 

Rep. 
Const. 
Code 

Principle Details Teacher 
Quotes  

Student 
Quotes 

0:39 0:48 1a Planning-
overview 

Set up the 
lesson format 
and aim of 
lesson is defined 

We will 
create an 
ideal 
animation in 
our minds 
with our 
teacher.  

 

0:49 0:52 1a Planning-
resources 

Explaining 
which resources 
will be used  

Firstly, we 
will show 
each group's 
animation to 
whole class.  

 

0:52 0:56 1a Planning-
format 

Instructions Then you 
will make 
comments 
about each 
pair's 
animation 
and your 
teacher will 
guide you. 

 

1:55 2:08 2ab Multiple 
represent
ations, 
group 
represent
ation 

Representation 
are shown on 
the board 

Let's watch 
S9 and S6's 
animation 

 

2:09 2:11 1b  Explorati
on-
teacher 
instructio
n 

Teacher calls 
class to discuss 
about animation 

How this 
animation 
looking? 

 

2:11 2:13 1b Student 
interactio
n 

S5 explain his 
ideas to class 

 S5: It 
looks 
very 
good. 

2:13 2:19 1c 2bd Represen
tation 
constructi
on-
teacher 
student 
interactio
n 

Teacher 
supports 
students to 
critique their 
friends' 
animation 

1. What is 
very good? 
Which part 
you like 
more? Why 
you are 
thinking that 
this 
animation is 

2. S5: 
Could 
you 
restart 
the 
animatio
n please? 



good S5? 

2:20 2:32 1c 2bd Represen
tation 
constructi
on-
teacher 
student 
interactio
n 

Teacher tries to 
encourage to 
make critique 
with other 
students 

1. What 
happened 
S7? which 
part you 
like? 

2. S7: 
from 
solid to 
gas the 
arrangem
ent of 
particles 
changed 
clearly 

2:33 2:43 1b Represen
tation 
constructi
on-
teacher 
instructio
n 

Students are 
supported 
before canonical 
forms. Teacher 
critique 
representation 

From the 
solid state to 
gas state 
they are 
well-
separated 
and no 
regular 
arrangement. 
in the gas 
state volume 
increases 
because no 
regular 
arrangement.  

 

2:44 3:10 1c 2bd Represen
tation 
constructi
on-
teacher 
student 
interactio
n 

Teacher calls 
class to 
discussion 

1. Do you 
think that is 
this 
animation 
ideal? Is this 
animation 
ok? How can 
we improve 
this 
animation? 
What can 
add to or 
change in 
this 
animation to 
improve it? 

2. S7: 
transition
s should 
be 
changed.    
3. S9: 
Instead 
of 
sudden 
shift 
from 
right side 
to left 
side to 
show 
solid to 
gas, it 
should be 
appear 
straight 
on the 
left. 



3:11 3:27 1b Represen
tation 
constructi
on-
student 
interactio
n 

Students are 
asking questions 
to other students 
(whom they 
created the 
animation) to 
really 
understand the 
animation 

 1. S4: 
Actually 
I don't 
understa
nd this 
last 
moveme
nt?             
2. S7: 
yes what 
is this?       
3. S9: 
this is 
gas. It is 
becomin
g gas      
4. S6: 
They are 
moving 
faster 
their 
energy is 
increasin
g and 
they are 
evaporati
ng and 
their 
regular 
particle 
arrangem
ent is 
decreasin
g from 
liquid to 
gas. 

The video recordings in the follow-up classes were also transcribed. The student–

student and teacher-led discussions for each group’s animations were explained in the 

data analysis chapter (see Section 4.3). In addition, screen shots of each group’s 

animations using the K-sketch animation program were added to the appropriate 

transcriptions while students’ animations explained detailed in Section 4.4.2.  

3.8.1.1 Trustworthiness  

In this section the trustworthiness of the qualitative research will be considered. 

According to Lincoln and Guba (1985), the trustworthiness of qualitative data is 

important for convincing the reader that research findings are credible. To establish the 

trustworthiness of the qualitative data used in this research, the researcher used the 



following strategies: member checking, prolonged engagement, triangulation, peer 

debriefing, and inter-rater reliability. Each of these strategies is explained below.  

Member checking 

Member checking was used to confirm and further examine the students’ conceptual 

understanding of the states of matter. In a simulated video interview, all the students, 

discussed both on and off screen what was happening while they were creating their 

animations and in the follow-up discussion classes. They also discussed whether or not 

the researcher’s interpretation about their animations correlated with what they had 

drawn using the K-sketch animation program.  

Prolonged engagement 

To establish a prolonged engagement, the researcher attended classes two weeks before 

the intervention activities started. During this two-week period the researcher 

introduced herself and became familiar with the students, the teacher and the research 

site. During the four-week period when the instructional activities were implemented, 

the researcher attended both Classes 11-A and 11-B to videotape the interactions, 

monitor the classroom environments and observe the participants as they engaged in 

their activities.  

Triangulation 

Triangulation in qualitative research involves using multiple data sources to test the 

validity of the study. According to Burns (1994), it is ‘the use of two or more methods 

of data collection in the study of some aspect of human behaviour’ (p. 272). Denzin 

(1978) and Patton (2002) have identified the following four types of triangulation: 

methods triangulation, triangulation of sources, analyst triangulation and 

theory/perspective triangulation. Methods triangulation is suited for the data gathering 

in this research because a wide range of data was collected from multiple methods and 

sources. These methods include pre- and post-tests, K-sketch animations, expert 

animations, follow-up discussions, partner interactions, audio and video recordings, 

student interviews, and a teacher interview. This large amount of qualitative data was 

collected to establish strong validity for the findings from this study. 

Peer debriefing 

According to Lincoln and Guba (1985), peer debriefing is ‘process of exposing oneself 

to a disinterested peer in a manner paralleling an analytic session and for the purpose of 



exploring aspects of the inquiry that might otherwise remain only implicit within the 

inquirer's mind’ (p. 308). Peer debriefing contributed significantly to the review and 

assessment of transcripts and to the categories emerging from the transcripts. 

Videotaped classroom observations, transcribed interviews, and the animations were 

included in the peer review. The researcher’s academic supervisor supported its 

progress by giving feedback after the pilot study, helping to organise the data gathered, 

watching the intervention activities, and helping to design the methodological 

procedures. The researcher also presented data in two seminars and invited comments 

and feedback from the audience on data samples and their analyses.  

Transferability  

Transferability refers to how the findings of qualitative research can be applied or 

transferred to other similar contexts or settings (Lincoln & Guba 1985). While not 

necessarily involving big claims, it calls readers to make connections between elements 

of the research and their own experiences. This research supports transferability with 

rich descriptions of the context and experiences of students with the animation creation 

process. These descriptions allow the reader to determine relevance to other contexts or 

time frames. 

This research provides a measure of validation for the theoretical frameworks 

(representational construction approach and analogical mapping) because it gives 

examples of the use of instructional approaches in teaching. As well, because the 

teacher was aware that the K-Sketch animation program is new to her teaching, she 

willingly learned how to use it in order to apply elements of the representational 

construction approach and analogical mapping to her other classes at various levels. 

Similarly, teachers at middle schools or high schools might selectively apply the results 

of this research to their own classrooms.  

Inter-rater reliability 

Twenty-five per cent of students’ responses on the pre- and post-tests were selected in a 

systematic random sampling. The researcher made a list of all students and selected 

each fourth participant on the list. The researcher and a university researcher who had 

training in ESSA marked the selected students’ answers in the pre- and post-tests. The 

agreement between students’ responses to the extended open-ended questions was first 

calculated as 85%. When disagreement occurred in the assessment, it was discussed in 



detail and full agreement was reached between both scorers. The academic supervisor of 

this research (a professor in science education) checked the coding of selected interview 

transcript translations and the follow-up discussion transcript translations of the 

student–student and teacher–student interactions. This then allowed agreement to be 

reached between the researcher’s categories and the supervisor’s recommendations prior 

to completing the analysis of all transcript data. 

3.8.2. Quantitative analysis 

Students’ responses to questions in the ESSA Questionnaire (see Section 1.6) on pre- 

and post-tests were analysed as numerical data. The multiple-choice questions were 

coded as Q1.1, Q1.2, Q1.3 and Q1.4. For Q1.1 and Q1.2. Standard ESSA item-scoring 

processes were employed (Appendix 8). Students scored 1 point for a correct answer 

and scored zero for an incorrect answer. For Q1.3 and Q1.4, students scored 0, 1 and 2 

points. When the students ticked one of the four boxes with the correct answer, they 

scored one point. When they ticked two of the four boxes with the correct answers, they 

scored 2 points. When they ticked any of the four boxes incorrectly, they scored zero.  

Open-ended questions in the ESSA Questionnaire were coded Q2.1 and Q2.3. They 

were scored according to the SOLO taxonomy levels used in the ESSA marking. 

Students’ responses for both pre- and post-tests were analysed in each of six levels in 

the marking rubric (Appendix 8). In addition, Question 2.2 in the ESSA Questionnaire 

(see Section 1.6) included the students’ drawings, which were categorised according to 

‘The Particle Theory of Matter: The Kinetic Molecular Theory’. A detailed explanation 

of the analysis according to The Kinetic Molecular theory is given in the next chapter 

(Section 4.2.3).            

Nonparametric statistics were used to analyse the numerical data. The Wilcoxon signed-

rank test was selected for evaluating the students answers both prior to and following 

the students’ representation creation process in terms of understanding the key aspects 

of states of matter. The Wilcoxon signed-rank test was employed to identify any 

statistically significant difference between pre- and post-test results of students’ 

responses in the ESSA Questionnaire (see Section 1.6). The results were then 

statistically analysed in the paired sample t-test and the p-value was calculated to test 

for a statistically significant difference between students’ pre- and post-test results for 

multiple-choice answers and for their drawings. For the descriptive analysis, the sum of 



the students’ tests scores and mean values were reported. In addition, for the descriptive 

analysis of Q2.1 and Q2.3, Inter Quartile Range (IQR) was also reported and used to 

measure the spread of the data points in the data set. It shows the complete picture of 

the data set’s tendency based on pre- and post-test results. 

3.8.2.1 Validity issues of the research 

This section considers the validity of the quantitative research component of this study. 

It describes the ways in which some specific threats to internal and external validity 

were controlled.  

Internal validity 

In the context of the internal validity, history can be ‘extraneous incidents or events 

affecting the results that occur during the research’ (McMillan and Schumacher 2006, p. 

136). In this study, there were no known external events that might affect the students’ 

performance on creating animations. Each group completed its animations in one class 

hour and had a follow-up discussion class the same day.  

Selection could be a threat if there was a systematic difference between the groups 

(McMillan & Schumacher 2006). Even though students were not randomly assigned to 

groups in this study, the school principal confirmed that students were assigned to each 

class randomly in the beginning of the semester.  

Pre-testing itself might have an effect on the subjects; they might perform better due to 

practicing and familiarising themselves with the test (Best & Kahn 1993). In this study, 

students took the post-test six weeks after taking the pre-test. Therefore, the length of 

the time between tests was particularly long and likely to decrease the potential effects 

of students’ familiarity with the questions.  

Maturation refers to ‘changes in the subjects of a study over time that affect the 

dependent variable’ (McMillan & Schumacher 2006, p. 138). For example, it is possible 

subjects may become older or wiser between pre- and post-tests. During the six week 

period between this study’s tests, there was little likelihood that maturation could affect 

results. In addition, becoming bored, feeling hungry or tired can be a threat to internal 

validity (McMillan & Schumacher 2006). Again this was unlikely because the research 

instrument took about 10 minutes to complete and there were always breaks after 40 

minutes during the animation creating process.  



External validity 

External validity relates to the generalisability of the results. There are two general 

categories: population external validity and ecological external validity (McMillan & 

Schumacher 2006). 

Population external validity takes into account that ‘the subjects used in an investigation 

have certain characteristics and can be described with respect to such variables such as 

age, race, sex and ability’ (McMillan & Schumacher 2006, p. 141). Therefore, a 

researcher should be careful in generalising from data obtained in a research setting and 

in applying the findings to the other learning settings. This study was implemented in 

one school in Turkey with one teacher and with high school students; it could not be 

generalised for elementary schools students, for example. Generalisability of the data is 

therefore limited.  

Ecological external validity refers to ‘the conditions of the research and the extent to 

which generalising the results is limited to similar conditions’ (McMillan & 

Schumacher 2006, p. 141). The factors could be the nature of the dependent and 

independent variables or environment, physical conditions, timing or pre- and post-test 

sensitisation. Another factor to take into account is the Hawthorne effect, which is the 

tendency for people to behave differently when they are aware of being observed 

(McCarney et al. 2007). In this study, students were informed that they were subjects in 

a research study, and they may have been more active than usual and excited to be 

involved. This could affect the findings of the research when compared with other 

learning contexts. The extended period of the researcher’s presence in the classroom 

was intended to reduce effects arising from the novelty of being observed but the 

variation from the normal classroom experience arising from the presence of a 

researcher is undeniable. 

3.9. Ethics 

Formal ethics approval to conduct this research was required (Appendix 1). This was 

granted by the Human Research Ethics Committee of the University of Technology 

Sydney (UTS). Careful consideration of research protocols helped to ensure ethical 

conduct of the research and to avoid inconvenient situations that can arise during 

interviews. The research required overseas travel, which includes risk, but travel 

concerns were addressed by following normal practices for safety during travel 



including completion of appropriate UTS forms and getting approvals as required. 

Information letters (Appendix 3a & 3b) were prepared by the researcher to inform the 

students and the teacher about the aim, involvement, and risks of the research. It was 

given to participants at the beginning of the research.  

The consent forms (Appendix 2a & 2b) provided to school staff and students described 

in brief what the research was about. This was prepared so that all the students and 

teacher could confirm their consent to participate in the research. The forms asked for 

approval of the students’ participation in the research process (including learning the 

software program, follow-up discussion classes, interviews); collection of data (pre- and 

post-tests, animations); the use of data for any publications, reports or presentations; 

and required each student’s signature. Confidentiality and anonymous reporting were 

assured. All participants signed the consent form in all subsequent documentation. The 

teacher or researcher provided support to students who showed signs of discomfort 

when using the animation program or during the interviews. The consent form was also 

given at the beginning of the research. 

The magnitude of potential risk in this research was negligible because the research was 

limited to perceptions regarding the impact of student-generated animation programs on 

learning rather than collection of personal data. The research process should not have 

had any negative effects on individual students or groups. It is conceivable that some 

students experienced minor discomfort during the discussion of creating animations as a 

pair and during interviews. However, the teacher was in the classroom to support them 

and manage possible risks. Furthermore, such risks would not differ from those of 

normal classroom practices when students work in small groups. As well, the teacher 

reported that she felt comfortable when she was supporting her students and throughout 

the research. 

The security of data is ensured with hard copies in locked cabinets and digital records 

on a password-protected computer and server, with access only available to the 

researcher and academic supervisor. Pseudonyms have been used for participants and 

identifying information has been removed to safeguard the confidentiality/privacy of 

participants. The name of school has not been reported in the research. The data have 

been de-identified and the codes stored separately.  



3.10. Reporting the study 

The aim of this research is to learn how student-generated animations contribute to 

students’ learning processes in chemistry. To reiterate, the research investigates the 

following four questions in addressing this aim.  

1. In what ways do student-generated animations influence students’ conceptual 

learning? 

2. How do interactions among students influence learning when they are creating 

animations? 

3. How do interactions between teachers and students influence learning in the 

animation creation process? 

4. How do analysis and discussions of animations contribute to students’ learning? 

To address these questions, the research design included student-generated animation 

creation processes, follow-up discussions and interviews. The research investigated 

what was happening during the interventions, how students’ interactions affect their 

learning, and how a teacher guided students’ learning while they were creating their 

own animations as well as when students presented their animation to the class, 

discussed and critiqued each others’ animations. The data and findings from this 

research are reported in Chapter 4.  

3.11. Conclusion 

The interventions developed for this research brought together theoretical perspectives 

from sociocultural theory, the representational construction approach and analogical 

reasoning (see Section 2.2).  

This investigation of the students’ animation creation processes was carried out in an 

authentic classroom setting. Issues of trustworthiness have been addressed by 

considering factors that affect the reliability and validity of the research. Elements of 

student-generated representations, student and teacher interactions, classroom 

negotiations, teacher support and the use of technology were brought together in 

designing this research in order to investigate science learning and teaching through 

animation.  

The research design involved a range of qualitative and quantitative methods of data 

collection and analysis. The qualitative data came from student–student interactions, 

teacher–student interactions, interviews, students’ representations, and video and audio 



recordings. The quantitative data came from pre- and post-tests and the categorisation of 

students’ drawings according to kinetic molecular theory. Data analysis involved 

identifying categories, clustering similar data, and triangulating with different data 

sources and collection methods. The nature of the research questions shaped the design 

of this research and the analysis of these data addressed the research questions.  

The next chapter (Chapter 4), begins the data analysis by presenting data from the 

students’ representation creation process. Findings from this data will be further 

discussed in Chapter 5. 

  



Chapter 4: Data Analysis 

4.1. Chapter overview 

As discussed in Chapter 3, this study used a wide range of data to investigate how 

students creating their science animations and learning processes associated with a 

teaching intervention. Students completed pre- and post-tests. They were observed, 

audiotaped and videotaped during the animation-creating process and in the discussion 

classes. Finally, the researcher interviewed all the students and their teacher about the 

teaching/learning process.  

The intervention was applied twice in each of two classes. To answer the broader 

research question about how student-generated animations contribute to students’ 

science learning, the data analysis sought answers to the following four sub-questions:  

1. In what ways do student-generated animations influence students’ conceptual 

learning? 

2. How do interactions among students influence learning when they are creating 

animations? 

3. How do interactions between teachers and students influence learning in the 

animation creation process? 

4. How do analysis and discussions of animations contribute to students’ learning?  

These four questions focus attention on four corresponding sub-categories: creating 

animations, student–student interactions, student–teacher interactions and follow-up 

discussion classes. The whole teaching/learning process is a combination of these four 

sub-categories. The findings specific to each sub-question are presented in sections 4.4 

and 4.5.  These findings are the basis of discussion in Chapter 5. Pre-tests were applied 

before the whole process, and interviews were completed before the post-tests. This 

chapter presents the data for each sub-question and the statistical analysis of pre- and 

post-test results. It begins with a discussion of the pre- and post-test results. 

4.2. Pre- and post-test results 

There were four parts to this study. First, students completed pre-tests about states of 

matter before the animation creation process. Second, students had an intervention to 

explore how students use their animations in their learning of science. This intervention 

consisted of four phases: In Phase 1 they learned the K-Sketch software program; in 

Phase 2 they created their own animations of the same scientific concept with their 



partners; in Phase 3 they had follow-up discussion classes about their own animations, 

their classmates’ animations and the expert animations; and in Phase 4 they had a 

reflective discussion about the whole learning process. Third, the researcher interviewed 

all the students and their teacher about the teaching/learning process. Fourth, all 

students completed post-tests after their interviews. This section presents the statistical 

data for pre- and post-tests results. 

4.2.1. Questionnaire 

A pre/post-test (Appendix 5) was developed that requested students to answer seven 

questions. Six of these questions were taken from the Essential Secondary Science 

Assessment (ESSA) test (NSW Public Schools 2014). Students were asked to choose 

the correct answers from multiple-choice questions on the first page of the test. 

Questions 1 and 2 included only one right answer to be chosen from four alternatives. 

For questions 3 and 4, indicating the correct answers required them to tick two of the 

four alternatives. They scored one point for each correct answer and zero for each 

wrong answer. On the second page of the test, there was a diagram showing the heating 

of ice in an experiment with three open-ended questions about it. The marking of the 

test questions used the scoring system developed for the ESSA test items. The second 

question on the second page of the questionnaire was not included in ESSA; it was 

developed by the researcher. The answers to these questions provided information about 

the students’ scientific knowledge about states of matter and perceptions of the 

usefulness of the students’ animation-creating process. Students completed the test 

before the whole process as pre-tests. Post-tests were completed two weeks after the 

teaching intervention and one week after the interviews.  

4.2.2. Analysis of Questions 1.1, 1.2, 1.3 and 1.4  

Statistical analysis was used to compare students’ pre- and post-test results. Table 4.2.1 

shows the statistical data for questions on the first page. These questions were coded as 

Q1.1, Q1.2, Q1.3 and Q1.4. For Q1.1 and Q1.2, students scored 1 point for a right 

answer and scored zero a wrong answer. The average scores of students in pre- and 

post- tests were .55points (SD = .510) and .91 (SD = .294) for Q1.1 (Table 4.2.1). The 

total of the students’ scores in the pre-test was 12 and in the post-test it was 20. In other 

words, while 54.5% students chose the right answer for question one in the pre-test, 

91% students chose the right answer in the post-test for the same question. In addition, a 

Wilcoxon signed-rank test (Table 4.2.2) was used to compare pre- and post-test scores 



of students for Q1.1. The p-value was found as .011 (<.05), the results indicate that 

there was a statistically significant difference between students’ pre- and post-test 

results for Q1.1.  

Table 4.2.1 shows that the average scores of students in pre- and post-tests were .32 

points (SD = .477) and .41 (SD = .503) for Q1.2 and the sum of the scores in pre-test 

was 7, and in the post-test it was 9. In other words, seven students chose the right 

answer to Q1.2 in the pre-test and nine students chose the right answer in the post-test. 

When these results were statistically analysed in the paired sample t-test (Table 4.2.3), 

the results indicated that p-value is .157 (>.05), so there was not a statistically 

significant difference between students’ pre- and post-test results for Q1.2. In addition 

to Wilcoxon signed-rank, a paired sample t-test was appropriate for binary data coded 0, 

1, but not for other ordinal/nominal data. This test results also show that there was a 

statistically difference between students’ pre and post test results for Q1.1 and there was 

not a statistically significant difference between students’ pre- and post-test results for 

Q1.2. 

Table 4.2.1 also shows the statistical analyses for Q1.3 and Q1.4. Both questions were 

scored 0, 1 and 2 points. When the students ticked one of the four boxes with the correct 

answer, they scored one point. When they ticked two of the four boxes on the right 

answer, they were scored 2 points. When they ticked any of four boxes incorrectly, they 

scored zero. The average scores of students in pre- and post-tests were .95 points (SD = 

.375) and 1.09 (SD = .526) for Q1.3. The average scores of students in pre- and post-

tests were 1.09 points (SD = .426) and 1.09 (SD = .294) for Q1.4. Questions Q1.3 and 

Q1.4 were analysed using the Wilcoxon signed-rank test to compare pre- and post-test 

scores from the same students. Table 4.2.2 shows the Wilcoxon signed-rank test results 

for pre- and post-tests for Q1.3 and Q1.4. These results show p-values are .317 and 

1.000 (> .05) for Q1.3 and Q1.4. This could be interpreted as an insignificant difference 

between the students’ test results before and after their representational creation 

process.  

  



Table 4.2.1 Questions 1.1, 1.2, 1.3 and 1.4 Descriptive Statistics 

 N Minimu
m 

Maximu
m 

Sum Mean Std. 
Deviation 

Q1.1 22 0 1 12 .55 .510 

Q1.1 A 22 0 1 20 .91 .294 

Q1.2 22 0 1 7 .32 .477 

Q1.2 A 22 0 1 9 .41 .503 

Q1.3 22 0 2 21 .95 .375 

Q1.3 A 22 0 2 24 1.09 .526 

Q1.4 22 0 2 24 1.09 .426 

Q1.4 A 22 1 2 24 1.09 .294 

Valid N 
(listwise) 

22      

Table 4.2.2 Questions 1.1, 1.2, 1.3 and 1.4 Wilcoxon Signed-Rank Test 

  Q1.1 A - Q1.1  Q1.2 A - 
Q1.2 

Q1.3 A - Q1.3 Q1.4 A - Q1.4 

Z -2.530b -1.414b -1.000b .000c 

Asymp. Sig. (2-
tailed) 

.011 .157 .317 1.000 

a. Wilcoxon Signed-Rank Test 
b. Based on negative ranks. 
c. The sum of negative ranks equals the sum of positive ranks. 

 

 



 

Table 4.2.3 Questions 1.1 and 1.2 Paired Samples Test 

 Paired Differences T df Sig. 
(2-
tailed) 

Mean Std. 
Deviati
on 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 
Difference 

   

Lower Upper 

Pair 
1 

 

 

 

 

Pair 
2 

Q1.1 
– 

Q1.1 
A 

 

 

 

Q1.2 
–  

 Q1.2 
A 

 

-.364 

 

-.091 

 

.581 

 

.294 

 

.124 

 

.063 

 

-.621 

 

-.221 

 

-.106 

 

.040 

 

-2.935 

 

-1.449 

 

21 

 

21 

 

 

 

.008 

 

.162 

 

 

 

4.2.3.  Analyses of Questions 2.1 and 2.3  

Questions on the second page of the test were coded as Q2.1, Q2.2 and Q2.3. Students 

were asked to write explanations for these questions, which required them to express 

their understanding of scientific concepts or principles. They were scored according to 

SOLO taxonomy levels that were used in the ESSA marking. Students’ responses for 

both pre- and post-tests were assessed in each of six levels in the marking rubric 

(Appendix 8) by the researcher and an expert in ESSA assessment processes. The 

Wilcoxon signed-rank test results (Table 4.2.4) p-value was .001 (<.05) and shows there 

was a statistically significant difference between students’ pre- and post-test results for 

Q2.1 and Q2.3. For the descriptive analysis of Q2.1 and Q2.3, the Inter Quartile Range 

(IQR) was also obtained and reported (Figure 4.2.1). The IQR was used to measure the 

spread of data points in the data set. It shows the data set’s tendency. Figure 4.2.1 shows 

the difference between IQR of the pre- and post-tests. The IQR was 3 in the pre-test 

results and 2 was in the post-test results. While the 95% confidence interval for mean 



was 2.06 in lower bound and 3.42 in upper bound, it increased to 3.38 and 4.45 for post-

test results. While the median was 3 in the post-test results, it increased in the 

interquartile range to 4 for the post-test results. This increase for IQR was also 

illustrated in Figure 4.2.1, which shows the statistical difference between pre- and post-

tests results for the open-ended questions Q2.1 and Q2.3. This indicates a significant 

improvement in student understanding of states of matter from pre to post the 

intervention. 

Table 4.2.4 Questions 2.1 and 2.3 Wilcoxon Signed-Rank Test 

 SOLO 
taxonomy A - 
SOLO 
taxonomy 

Z -3.331b 

Asymp. Sig. (2-
tailed) 

.001 

a. Wilcoxon Signed-Rank Test 
b. Based on negative ranks. 

 

 

Figure 4.2.1 Inter Quartile Range 

 



4.2.4. Analysis of Question 2.2 

Q2.2 was ‘Suppose that you are increasing the temperature until 100°C and you can see 

the particles. Please draw what you imagine you would see as the temperature changes’ 

(Appendix 5). This was different from the multiple questions on page 1 of the 

questionnaire and the open-ended extended responses on page 2. Rather, Q2.2 asked 

students to use their imaginations to describe the particles as the temperature changes. 

Students’ answers to this question were categorised according to simplified elements of 

‘The Particle Theory of Matter: The Kinetic Molecular Theory’. The Kinetic Molecular 

Theory (KMT) emphasises the movement of particles. It is based on the following five 

postulates: 

1. All matter consists of extremely small particles. 

2. All particles of one substance are identical. 

3. The spaces between particles are very large compared with the size of particles 

themselves (in gases). 

4. The particles in matter attract one another. 

5. All particles of matter are constantly in motion (NSW Department of Education and 

Communities 1999-2011). 

Each student’s drawing was categorised according to whether or not it included 

representations of the KMT postulates, and then the number of postulates in the pre-test 

and post-test were calculated for comparison purposes. The Wilcoxon signed-rank test 

(Table 4.2.4) was used to compare the sum of the postulates in the drawings of pre- and 

post-test answers to Q2.2. The p-value was .001 (<.05) and the null hypothesis is 

rejected. The results indicate a statistically significant difference between students’ pre- 

and post-test results based on the number of included KMT.  

  



Table 4.2.5 Question 2.2 Wilcoxon Signed-Rank Test 

 KMT1_A - 
KMT1 

KMT2_A 
- KMT2 

KMT3_A 
- KMT3 

KMT4_A - 
KMT4 

KMT5_A - 
KMT5 

Z -1.342b -2.111b -2.111b -2.000b -3.000b 

Asymp. Sig. (2-
tailed) 

.180 .035 .035 .046 .003 

a. Wilcoxon Signed-Rank Test 

b. Based on negative ranks. 

 

In addition to the sum of all postulates, each postulate was also compared for pre- and 

post-test in terms of percentages. In the accompanying pie charts, the green shading 

represents the percentage of students whose drawings included the relevant postulate of 

the KMT. 

Figure 4.2.2 shows the percentage of students’ drawings that included the first 

postulate, ‘All matter consists of extremely small particles’, was 84.2% in the pre-test 

and 94.7% in the post-test. This increase was not statistically different in the Wilcoxon 

signed-rank test, with the p-value of .130 (> 0.05) (Table 4.2.5). 

 

 

Figure 4.2.2 The percentage of students’ drawings for first KMT postulate 

Figure 4.2.3 shows the percentage of students’ drawings that included the second 

postulate, ‘All particles of one substance are identical’, was 36.8% in the pre-test and 



73.7% in the post-test. The large increase was statistically different in the Wilcoxon 

signed-rank test, with the p-value of .035 (<.05) (Table 4.2.5). 

  

Figure 4.2.3 The percentage of students’ drawings for second KMT postulate 

Figure 4.2.4 shows the percentage of students’ drawings that included the third 

postulate, ‘The spaces between particles are very large compared the size of particles 

themselves’, was 21.1% in the pre-test and 57.9% in the post-test. This large increase 

was statistically different in the Wilcoxon signed-rank test, with the p-value of .035 

(<.05) (Table 4.2.5). 

  

Figure 4.2.4 The percentage of students’ drawings for third KMT postulate 

Figure 4.2.5 shows the percentage of students’ drawings that included the fourth 

postulate, ‘The particles in matter attract one another’, was 0.0% in the pre-test and 

26.3% in the post-test. This means no student showed the postulate in the pre-test. The 

increase was statistically different in the Wilcoxon signed-rank test, with the p-value of 

.046 (<.05) (Table 4.2.5). 

 



  

Figure 4.2.5 The percentage of students’ drawings for fourth KMT postulate 

Figure 4.2.6 shows the percentage of students’ drawings that included the fifth 

postulate, ‘All particles of matter are constantly in motion’, was 15.8% in the pre-test 

and 68.4% in the post-test. This increase was statistically different in the Wilcoxon 

signed-rank test, with the p-value of .003 (<.05) (Table 4.2.5). 

  

Figure 4.2.6 The percentage of students’ drawings for fifth KMT postulate 

 



Table 4.2.6 Question 2.2 Wilcoxon Signed-Rank Test Based on five postulate Test Statisticsa 

 KMT1_A - 
KMT1 

KMT2_A 
- KMT2 

KMT3_A 
- KMT3 

KMT4_A - 
KMT4 

KMT5_A - 
KMT5 

Z -1.342b -2.111b -2.111b -2.000b -3.000b 

Asymp. Sig. (2-
tailed) 

.180 .035 .035 .046 .003 

a. Wilcoxon Signed-Rank Test 

b. Based on negative ranks. 

 

4.2.4.1 Examples from students’ drawings 

This section reports on the drawings of four selected students, S4, S6, S7 and S13, in 

their pre- and post-test results with respect to the five postulates of the KMT. These 

students were purposefully selected to enable analysis of drawing among students who 

had the biggest differences in their pre- and post-test scores. In the first example, S4 

included only the first postulate in his pre-test drawing, which shows matter (water) as 

small particles (Figure 4.2.7). These particles appear smaller in the second phase, which 

indicates his drawing did not include the second postulate. Nor did he show any kind of 

motion (fifth postulate), molecular attraction (fourth postulate) or comparison of the 

spaces between particles and the size of particles themselves (third postulate). In his 

post-test drawing (Figure 4.2.8), all particles of the substance were identical (second 

postulate). In addition, he showed some small lines near the particles to include the 

motion of particles (fifth postulate). While S4’s drawing included only the first 

postulate in the pre-test, it included the first, second and fifth postulates in the post-test 

drawing.  

  



Example 1: S4’s pre- and post-test drawing 

 
Figure 4.2.7: S4's pre-test Q2.2 

 
Figure 4.2.8: S4's post-test Q2.2 

In the second example, we can see a difference in S6’s pre- and post-test drawings. 

Figure 4.2.9 shows S6’s pre-test drawing. She only drew the macroscopic view of water 

as the temperature changes and she did not show any particle in her pre-test drawing. 

Her drawing was therefore coded as ‘zero’, which means it did not include any postulate 

of the KMT. Her post-test drawing (Figure 4.2.10) was quite different. Here she showed 

the first postulate, the second postulate and the third postulate. She also wrote, ‘Its 

kinetic energy increases as temperature increases’ (see isitildikca kinetic enerjisi artar 

in Figure 4.2.10) in the liquid phase. This alludes to the fifth postulate. In summary, 

while none of the postulates was included in her pre-test drawing, she included the first, 

second, third and fifth postulates in her post-test drawing.  



Example 2: S6’s pre- and post-test drawings

 

Figure 4.2.9: S6's pre-test Q2.2 

 
Figure 4.2.10: S6's post-test Q2.2 

In the third example, S7 did not show any postulate in her pre-test drawing (Figure 

4.2.11). She showed only the steam above the water (see Buharlasma in Figure 4.2.11). 

However, in her post-test drawing (Figure 4.2.12), we can see representations of the 

first, second, third and fifth postulates. She drew the identical particles with larger space 

compared to the size of particles. In addition, in the second and third beaker the 

particles are shown to move. While she did not show any of the postulates of the KMT 

in the beginning, she later showed all the postulates except the fourth. 



Example 3: S7’s pre- and post-test drawings 
 

Figure 4.2.11: S7’s pre-test Q2.2 

 

Figure 4.2.12: S7's post-test Q2.2 

In the fourth example, S13’s pre- and post-test drawings were totally different from 

each other. In the pre-test (Figure 4.2.13), particle sizes were different from each other 

for the same substance. She also wrote, ‘I imagine different size particles for water’ (see 

su taneciklerinin boyutlarinin farkli olmasini hayal ettim in Figure 4.2.13) near her 

drawing, as shown with an arrow. This demonstrates the inclusion of only the first 

postulate in her pre-test drawing. In her post-test drawing (Figure 4.2.14), even though 

she drew the particles differently from her pre-test, she tried to draw them as identical to 

each other (second postulate) and show the spaces between particles were very large 

compared to the size of particles (third postulate). In addition, she wrote near this 

drawing ‘the particles are moving fast and fast’ (see tanecikler hizli hizli hareket ediyor 

in Figure 4.2.14), (fifth postulate). Her post-test drawing therefore included the first, 

second, third and fifth postulates.  



Example 4: S13’s pre- and post-test drawings 

 
Figure 4.2.13: S13's pre-test Q2.2 

 

 

4.3. Creating animations (Phase 2) 

4.3.1. Partner’s interactions 

To solve a given problem, students worked together in groups in pairs while creating 

their animations. There were 11 groups; 10 groups consisted of pairs and one group had 

three members. The term group is used to describe these pairs and the triplet 

throughout.  

One member of each group held the mouse and drew on the computer while the partner 

observed and interacted with the drawing partner so as to understand what was being 

drawn. Students changed their roles periodically, holding the mouse or observing and 

commenting, while they were creating the animations. Their interactions were divided 

into the following five categories:  



1. Seeking understanding of the partner’s claim 

2. Giving instructions to the partner  

3. Adding new information  

4. Advising and convincing  

5. Technical discussion  

Shown below are examples of each category using student dialogues to illustrate the 

interaction between the pairs of students.  

1. Seeking understanding of the partner’s claim 

In S4 and S7’s group, it was crucial for S4 to understand his partner’s drawings. He was 

thinking that it should be a joint product. He did not want just to finish it up. He tried to 

understand his partner’s drawings, so he always asked questions about them. As they 

discussed the solid particles, S4 interrupted S7’s drawing even as S7 was trying to 

explain her ideas. Their dialogue is shown in Example 5. 

Example 5: Dialogue between S4 and S7

 

Figure 4.3.1: S4 & S7 animation 

S4: But I still don’t understand what are you doing now because they are all 

same particles.  

S7: I think that they will be side by side.  

S4: But how come and why?  

S7: This one is the enlarged of this.  

S4: And what is that?  

S7: Is this one? (pointing to solid)  

S4: Yes  



S7: This is solid matter. When we look throughout microscope, this is solid, and 

that one will be liquid and after that we will put arrow from here and it will be 

gas. Did you understand? Now it is solid.     

Even though students had ideas about what they were drawing, they needed to ask their 

partner about unclear concepts. Sometimes they needed advice or confirmation, but they 

also needed to learn the concept about which they were unsure. 

 In Example 6, S9 was not sure how to draw the gas state and he couldn’t get an 

explanatory answer about it from his partner, S6. S6 mentioned the spreading of gas 

particles and S9 enlarged the molecules to spread to whole page. S6 realised that when 

they drew gas particles spreading they used the zooming button. When they used the 

zooming button, the particles not only spread out but also enlarged, which could cause a 

misunderstanding for the their classmates. This shows that S6 could not explain the 

behaviours of gas particles to S9, who just spread out the molecules without keeping 

them at the size S6 had described (Figure 4.3.2).  

Example 6: 

Figure 4.3.2: S6 & S9's solid, liquid and gas animation 

S9: Leave like this. It is ok. We should save it in this form. How should we draw 

the gas phase?  

S6:I don’t know.  

S9: Should we make something like evaporation?  

S6: If you covered the whole back of the page, it would be good.  

S9: Let’s do like this.  

S6: This one is bigger but I hope they (classmates) don’t have misunderstanding 

because we make it larger and larger. We need to fix it because it can cause 

misunderstanding (they watch together). (S9 tries to make some last touches)  



S6: I think it is good.  

S9: (calls teacher) Could you check it please?  

In addition, students talked about partner interactions in the interviews. They indicated 

that they were pleased to have been working in groups. Interview example 1 is an 

example of category 1: Seeking understanding of the partner’s claim. The researcher 

asked all groups about the effectiveness of group work. S1 and S8 said they found it 

useful because they got a chance to exchange their understanding with their partner. An 

extract from the interview with S8 is shown below.  

Interview example 1: 

R: While you were creating your animation, you drew with your partner. Did you learn 

something during discussion? I mean was group work useful for you? 

S8: Of course useful 

S1: Yes 

S8: Because we exchange our ideas, our thinking. 

R: Could give an example of exchanging your ideas during discussion? 

S8: For example, I asked to S1 about molecules? She explained that oxygen will be in 

the centre and others will be hydrogen. Then S1 asked me whether the drawing of solid 

molecules is round or rectangular. 

The teacher also commented that the partner interactions were an effective feature in the 

learning process. She claimed that while students create their animations in groups, they 

‘thought aloud’ and their partners listened to their thinking. Therefore, they corrected 

their mistakes; they added new information to their partners’ ideas during the group 

discussions. The teacher also added that if students created the animations individually, 

their ideas would stay the same as they were. Therefore, group work were created more 

effective learning environment than individual work for students.  

2. Giving instructions to the partner  

Partner interactions had different shapes in each dialogue. In some groups, giving 

instructions or orders to the partner took place rather than offering conceptual 

explanations. Example 6 demonstrates this. S17 was drawing the animation while S16 

gave directions to S17 without any explanation to her partner (Figure 4.3.3). She was 

just trying to complete the animation according to her thinking or understanding and did 

not ask for S17’s ideas while drawing the animation.   



Example 7:

 

Figure 4.3.3: S16 & S17 animation 

S16: You will draw liquid in the second one and you will draw gas in the third 

one. Draw one two (round shape) more here too, it will be enough, draw here 

too (continues giving orders). Now draw the gas.  

S17: I’ll draw something in evaporation.  

S16: Draw in here.  

S17: Should I draw arrow?  

S16: Draw here here (angry voice) what are you doing?  

S17: Just highlighting, should I make steam?  

S16: You know better. I think draw three to five (round shapes) over there it 

will be enough.  

S17: I will do it like this (draws round shape).  

In addition, students in groups often agreed with each other and respected the opinions 

of their partners. They also understood that each partner could freely contribute to the 

group. In example 8, S8 had some ideas about how to draw and tried to get agreement 

from S1, who accepted S8’s ideas. After S8’s contribution to the animation, S1 also 

presented her ideas to S8 about a change in size of the solid particles and S8 agreed with 

them (Figure 4.3.4).  

Example 8: 

 



Figure 4.3.4: S1 & S8’s solid and liquid animation 

S8: Yes we will make gas phase later. Is it ok like this?  

S1: Yeah OK.  

S8: Let’s do like this and joint from here.  

S1: Yes, let’s combine them.  

S8: Should be like this.  

S1: Could we enlarge it? Firstly, we should make the solid larger.  

S8: Yes, OK. 

In interview example 2, S9 explained how his partner gave instructions to him and also 

explained her (S6) recommendations about their animation. He also claimed that their 

partner interactions influenced their work. The researcher asked whether it would be 

different or not without your partner. He replied, ‘Definitely’. 

Interview example 2: 

R: Do you remember anything else from your discussions?  

S9: I don’t remember now but we created the animation together. We both thought 

about it. For example, before I was thinking that there should be one beaker and the ice 

block should melt in the same beaker. However, S6 recommended that it would be 

better if we showed melting in two different beakers. She was right. It looks better now. 

R: You mean, if you drew this animation alone, it would be different? 

S9: Definitely. 

3. Adding new information  

Some partner interactions helped students to become aware of deficiencies in their 

conceptions of the states of matter, particularly about the motion of particles. In 

Example 9, S4 asked his partner, S7, about motion but S7 had not thought about the 

‘motion of particles’ until she heard it from S4. She may not have been aware of it. 

When she heard the word ‘motion’ she was silent for seconds and tried to delete the 

animation and start again, but S4 did not want to do this. After failing to show motion 

on the initial animation, they deleted it and created a new animation (Figure 4.3.1).  

Example 9:  

S4: Don’t we add motion? (Long pause) 

S7: Oooh are we going to make motion?  



S4: Isn’t it our aim? 

S7: Then do we need to delete it all?  

S4: Stop  

S7: But we need to add motion.  

S4: Hmm, how should we do it?  

In Example 10, S12 realised S24’s misconception about the size of particles and wanted 

to emphasise it by asking, ‘Why?’. S24 thought the particles became larger while 

turning from solid to the liquid phase. S24 explained their arrangement rather than their 

change in size. S12 then thought deeply about larger particles but drew particles of the 

same size in a regular arrangement rather than larger particles (Figure 4.3.5). 

Example 10: 

 

Figure 4.3.5: S24's liquid part animation 

S12: Let’s draw liquid phase of it.  

S24: Yes we should draw larger particles for liquid phase.  

S12: But why? We should draw more regular because particles are more regular 

(than S24’s drawing) in the liquid phase.  

S24: silent (tries to draw more ‘regular’ particles of same size)

Interview example 3 shows that S4 contributed new ideas to S7 conceptualisation of 

states of matter. S7 was not aware that liquids do not have spaces between particles but 

they just flow about each other. S4 also added that she learned the movement of 

particles from her partner S7. They both agreed that without partner interaction 

animation would be totally different.  

Interview example 3: 



S7: For example, I was thinking that from solid to a liquid state, the spaces between 

particles are increasing but they only pass above each other and flow easily.  

R: What about you S4? While you were discussing this with your partner, is there 

anything that occurred in your mind that was different from your previous thinking? I 

was thinking like this but ‘ahaa’ it is like that?  

S4: Actually, the idea of the movement of molecules is from  

S7. I mean movement not only in one particle, the whole kinaesthetic movement idea. I 

learned the idea of the whole movement.  

R: OK. If you didn't work with your partner, would it be different that time? 

S4: Yes, it would be different 

S7: I also think that it would be different. 

4. Advising and convincing  

Some group partners offered advice to each other while working towards a common 

aim. They tried to advise the partner about exactly what they had planned.  

In Example 11, S24 gave advice to S12 about the movement of particles using sentences 

containing ‘should’ and continuing with ‘because’. His suggestions were about both the 

microscopic and macroscopic interpretive levels of the phenomenon. He mentioned that 

the spinning of gas particles was at the microscopic level and steam above the liquid

was macroscopic (Figure 4.3.6). 

Example 11:  

 

Figure 4.3.6: S12 & S24's from solid to liquid animation 

S24: Let’s watch it. Actually time frames are also in harmony.  

S12: Yes. 

S24: We should make here longer because it is going faster but at least they are 

spinning. We should turn it like this. Is it OK?  

S12: OK. 



S24: Let’s watch from here, we can arrange it, we should arrange molecules 

better, we should spin them more and should add some steam on top of them and 

we can specify them as gas.  

 

Figure 4.3.7: S12's gas particles animation 

After S24 had advised S12 about how to draw gas particles spinning, he gave the mouse 

to S12 to do the drawing S12 started to draw the particles but S24 interrupted him and 

tried to convince him to adopt his views. S24 took back the mouse and showed S12 how 

to draw gas particles, deleting S12’s molecules that were very close to each other. S24 

drew molecules in the gas phase far from each other and in an irregular pattern. S24 

returned the mouse to S12 but continued to explain where S12 should put the 

molecules. 

S24: If you want, you can do it (Figure 4.3.7).  

S24: I think we shouldn’t make it like this. 

 

Figure 4.3.8: S24's correction for gas particles animation 

S24: Make, undo. I will show it to you how to create (tries to convince S12) 

draw one to here and one to here (Figure 4.3.8).  

 



 

Figure 4.3.9: S12's motion to heat animation 

S24: Draw in here too, and give motion to heat.  

Even though S12 received directions and advice from S24, his drawings inferred that he 

had other ideas in mind. He thought that molecules could not move without the 

application of heat and indicated motion on each molecule (Figure 4.3.9, shadow of 

molecules shows their previous position) after they were heated up.  

Interview example 4 shows S18’s dialogue about partner interaction. He mentioned that 

he and his partner decided together and gave advice to each other to show the changes 

in heat during the different phases of matter. In Interview example 5, S20 mentioned 

that he and his partner tried to convince each other about the arrangement of particles. 

Interview example 4 

R: While you were creating your animation, you discussed with your partner. Was it 

useful? 

S18: Yes was useful 

R: Could you give an example? 

S18: We didn’t give heat before. But then we thought that it couldn’t change phases 

without heat. We decided to write degrees to show up heat. We wrote the ones are solid, 

liquid, and gas states on the animation. 

Interview example 5 

M: I said let’s draw as liquid but my partner said no we should show the spaces between 

molecules. I said No and I won. 

5. Technical discussion:  

Students created their animations using a software program (K-Sketch), which meant

they discussed with their partners not only conceptual ideas but also technical issues 

such as drawing pens, saving buttons, the speed of animations and the colours of 



molecules. In Example 12, first they talked about the colour of steam and decided on a

blue colour. They then discussed the direction of steam. Finally, they talked about the 

time frames of the animation for each state (Figure 4.3.10).  

Example 12:     

  

Figure 4.3.10: S12's steam animation 

S24: Let’s show the steam? Should it be blue colour?  

S12: Yes blue again.  

S12: Movement to above?  

S24: Is it like this? Now we should delete it (heat) from bottom and show that it 

is gas. We should arrange time differences. Actually our timing is long.  

S12: yes  

S24: It is not a problem we can arrange it now. We have to make same time 

differences between them. OK. Let’s leave like this.  

S12: Yes.  

In Example 13, S12 and S24 tried to decide the appearance of the animation. S12 was 

thinking that they should add the word ‘liquid’ at the bottom part of liquids. S24 agreed 

but then S12 decided to leave the animation as it was. S24 supported him not changing 

the animation and they agreed in the end (Figure 4.3.11). 

Example 13: 



 

Figure 4.3.11: S12 & s24’s solid and liquid particles (K=Kati) 

S12: I wish we showed it like ‘S’ in liquid particles (S for Sivi means liquid in 

Turkish) like we did for solid particles as ‘K’ (K for Kati means solid in 

Turkish).  

S24: Should we make like that?  

S12: Or may be it is understandable.  

S24: I think it is understandable because of movements. I think we should save 

like this.  

S12: OK, agreed.  

In Example 14, S24 tried to draw what was in his envisioned and advised his friend. He 

suggested drawing both heat and motion to the particles. After this advice S12 was also 

eager to ‘give’ motion to particles (Figure 4.3.12).  

Example 14: 

  

Figure 4.3.12: S24's giving motion to heat animation 

S24: We draw above like that? Should we give heat, too?  

S12: Yes, let’s heat it from bottom.  

S24: First, we should draw our molecules in the same way, then should draw the 

heat from bottom part. And we didn’t give any motion we should make them 



movable. (Researcher comes near and asks them what they are doing and they 

continue). Let’s go to the beginning of the animation and arrange the time 

differences between states for heat. What do you think? Is it OK? Should we 

arrange its speed? 

 S12: We should decrease its (speed) more.  

S24: Should we decrease more? Is it OK?  

S12: Now it is time to give them motion.  

Interview example 6 includes students’ dialogue about technical issues. Here, S21 first 

mentioned the shapes of molecules then the researcher asked S21 about conceptual 

discussions with her partner. However, she also continued with commentary about 

technical issues like amount of heat.  

Interview example 6 

R: What did you mostly discuss with your partner? 

S21: We discussed about shapes.  

R: About concept? 

S21: About concept; how much heat, what will happen after heat etc. 

In addition to the five categories shown above, an important consideration is the 

implicit and explicit conversations of the students. They often did not make explicit 

statements connecting the animations and attributes of the phenomena they were 

addressing, for example, the size or colour of particles. There are a small number of 

these cases.  

In Example 15, the students do not explain why they do not think the particles are 

bigger in different states. This is an implicit ‘conversation’. To make it explicit, they 

need to explain that all the particles of one substance are identical and how this will 

phenomenon appear in the animation. On other occasion they simply referred to the 

image without elaborating on the details verbally 

Example 15:  

S6: This one is bigger but I hope they (classmates) don’t have misunderstanding 

because we made them larger and larger. We need to fix it because it can cause 

misunderstanding. 



Example 16 shows a commonly occurring exchange between partners. S1 and S8 were 

in agreement but they did not explain the connection between the phenomenon and their 

thinking. They wanted to enlarge the solid particles but they did not give a reason.  

Example 16:  

S8: Yes we will make gas phase later. Is it ok like this?  

S1: Yeah OK.  

S8: Let’s do like this and joint from here.  

S1: Yes, Let’s combine them.  

S8: Should be like this.  

S1: Could we enlarge it? Firstly, we should make the solid larger.  

S8: Yes, OK. 

By contrast, in example 17, we can see an explicit dialogue, with the students using 

‘should’ and ‘because’ to match their drawing with the phenomenon of particle size 

with their drawing.  

Example 17:  

S12: Let’s draw liquid phase of it.  

S24: Yes we should draw larger particles for liquid phase.  

S12: But why? We should draw more regular and also identical because 

particles are more regular (than S24’s drawing) in the liquid phase. 

The next section explains and gives examples of the teacher’s guidance of students’ 

representation creation processes. The teacher generally led the conversations about 

phenomena to clarify the students’ understanding. 

4.3.2.  Teacher’s guidance 

The teacher actively guided the students and provided scaffolding to improve and 

organise their understandings by questioning, shaping and assessing their 

representations. The analysis of the teacher’s scaffolding identified nine elements, 

which are categorised as follows:  

1. Repeating a student’s previous sentence and asking further questions 

2. Reminding students of what they are attempting  

3. Clarifying the student’s claim  

4. Summarising their drawings and eliciting information  



5. Encouraging them 

6. Providing additional direct information  

7. Highlighting significant omissions and recommending changes to address them  

8. Asking a reason for something or seeking an explanation 

9. Providing misleading comments. 

Each category of the teacher’s guidance is explained with evidence from student–

teacher dialogues.  

1. Repeating students’ previous sentence and asking explanations 

The teacher sought to support students during the animation creation process. While the 

students were creating their animations, she gave them different kinds of guidance. 

First, she focused on the students’ explanations. While students were talking about their 

animations, she interrupted them by repeating their last sentence to confirm their 

understanding. In Example 18 (Figure 4.3.13), the teacher asked questions to help S4 

and S7 think about the spaces between particles and the distribution of particles in the 

gas state. She then confirmed the correct answer by repeating S7’s explanation.  

Example 18:  

 

Figure 4.3.13: S4 & S7's animation 

S7: The most irregular pattern will be in the gas phase. 

T: Highly irregular pattern? And what happens?  

S4: The capacity of movement increases. 

S7: In other words, its kinetic energy increases.  

T: Namely, its energy increases. 

In Example 19 (Figure 4.3.14), the teacher focused on S9’s assertion about the particles’ 

behaviour when turning to gas. S9 was indicating that when the substance turned into 

the gas phase, the spaces between particles enlarged, which is right. However, S9 



misconceived the structure of particles and their change in size, but the teacher did not 

correct him. S6 and S9 continued to draw their animation while the teacher proceeded to 

guide another group. It seemed that the teacher was seeking primarily to ensure that the 

animation represented or explained their view rather than, at the time of creating the 

animation, that the animation correctly represented a standard scientific 

conceptualisation. 

Example 19:  

 

 

Figure 4.3.14: S6 & S9's animation 

S9: We will turn to gas phases. 

T: You will turn to gas and what will happen when they are gas? 

S9: They will become larger and when they are larger the spaces between them will 

be larger, too. We have to make them more separate.  

2. Reminding students of what they are attempting 

The teacher observed the students while they created their animations and discussed 

them with their partners. She reminded them that they were not only creating 

animations at the macroscopic level but also at the microscopic level. Therefore, they 

should not forget to look through an immensely powerful imaginary microscope while 

creating the solid, liquid and gas animations. She wanted to make sure all the students 

understood that they were creating micro-level drawings of particles. She came to each 

group and reminded them of this. In Example 20, the teacher asked them for the 

microscopic view and S1 explained the combination of particles. After the teacher 



prompted them for the microscopic view of particles, they added bonds to their particles 

in Figure 4.3.15.  

Example 20:  

 

Figure 4.3.15: First part of S1 & S8's animation 

T: What do you imagine from a microscopic view? 

S8: We will draw the solid particles close to each other. We are trying like that. 

In example 21, S12 and S24 were not sure what they needed to draw. At first they just 

drew two ice blocks and asked their teacher what they should draw. The teacher 

reminded them to think about the microscopic view of the particles without describing 

what this might be like. After this reminder, they deleted their first drawings and started 

to draw particles in the solid state (Figure 4.3.16).  

Example 21:  

 

Figure 4.3.16: S12 & S24's first drawings for solid 

S24: Do we need to show their particles, molecular structure?  

T: Yes, you are thinking that you are looking through the microscope to solid, liquid 

and gas.  



S24: For example we have drawn like this, should we make round, round things in 

their backside, what should we do? 

T: How you want to draw, you should draw as you wish. You will show solid and 

also molecules of solid. In other words, you will show their microscopic views, 

what the solid molecules are doing inside of solid or liquid and gas state.  

3. Clarifying the claim  

The teacher tried to interact with the groups by asking that what they were doing or 

what they were creating. She encouraged the groups make claim of their ideas. In 

Example 22, she asked the group what they were doing at that moment (Figure 4.3.17). 

S1’s answer was scientifically correct. They were drawing the distribution of solid 

particles and explained that they had strong interactions.  

Example 22:  

 

Figure 4.3.17: Second part of S1 & S8's animation 

T: What are you trying to show?  

S1: There are strong interactions between solid particles; therefore, I’m drawing 

the bonds.  

S8: Let’s draw one here and write as solid.  

In Example 23, the teacher pointed to the solid particles of S4 and S7’s drawings, 

expecting an explanation. The teacher listened to their scientific claims about change of 

state and agreed without further comment. 

Example 23:  

T: (Figure 4.3.13) What were these first drawings?  

S4 & S7: Solid.  

S7: They had more regular patterns and particles were more close to each other, 

they are further now.  



S4: Particles’ energy will increase. They will also be further from each other by 

increasing movement capabilities.  

T: Yeah.  

Interview example 7 is one of the right examples for this category ‘Clarifying the claim’ 

because S21 mentioned that their teacher asked them what they were doing or what they 

were creating. The dialogue between the researcher and S21 is shown below.  

Interview example 7 

R: Did your teacher help you while you were drawing? 

S21: Our teacher was watching us but not say anything about our comments but still 

was OK. 

R: May be she didn’t say anything or not any help? 

S21: No our teacher came to near us. She asked us what we were doing? We explain our 

thinking and she didn’t say anything about our decision. 

4. Summarising their drawings and eliciting information  

The teacher summarised what she understood from the groups’ animations. Her aim was 

to compare the ideas the students understood from the animations and what they tried to 

draw. She did not seek to tell students the right answers while she was summarising 

their animations. Rather, she sought to understand their current thinking about the state 

of matter. In Example 24 (Figure 4.3.18), she asked about the structure of liquid 

particles. S13 agreed with the teacher’s comment and explained that they imagined 

liquid particles to be like lines. The teacher continued to press on the microscopic view 

of particles, but S13 was sure that these are the right structure of liquid particles. The 

teacher did not comment. 



Example 24:

 

Figure 4.3.18: S13 & S14's animation 

T: The liquid particles are like lines?  

S13: Yes we imagined like this.  

T: You are saying that when we look through the microscope we see the 

particles like that.  

S13: Yes, the liquid particles are like these lines.  

In Example 25 (Figure 4.3.19), the teacher asked S20 and S25 about the solid particles, 

but S20 was not sure about what they were drawing. After the teacher’s question, he 

thought that he did something wrong and intended to change it. The teacher tried to 

understand their drawings by asking another question. She guided them by asking 

whether they had drawn solid matter (macroscopic) or particles (microscopic). S20 then 

thought about particles and explained that they would draw particles later.  

Example 25:  

 



Figure 4.3.19: S20 & S25's animation view 

T: Are they three solids or anything else?  

S20: We can do anything else, too. It doesn’t matter.  

T: No no, I mean that in the solid phase, are these molecules of solid or solid 

matter by itself?  

S20: They are solid matters; we didn’t draw solid molecules yet.  

T: OK I was just asking.  

In interview example 8, S6 said that the teacher helped them by looking at their 

animation and getting confirmation of what they had done. In other words, the teacher 

checked their animation, summarised their drawings and checked whether she had 

understood what they intended to say and show about states of matter.  

Interview example 8 

R: While you were creating your animation, did your teacher support you? She came to 

near you and talked about your animation. Was this useful or not?  

S6: It should be helpful because she helped us while we were creating like how to do 

what to do.  

R: Could you give an example? 

S6: Generally, while we were creating, she explained more. For example, ‘Did you do 

this one like this, didn’t you?’ 

5. Encouraging them  

The teacher gave positive feedback that focused on students’ improving generally rather 

than on specific conceptual outcomes. In Example 26, even though the teacher 

encouraged S3 and S5, they did not want to talk about their animation. She then asked 

for their ideas about the animation. S5 did not want to explain it; he simply explained 

the change of phases. He did not respond to the teacher’s encouragement. In the teacher 

interview, the teacher said it is very hard to get S5 to do his work. The teacher said, ‘I 

am surprised that he spent that much time on the animation. He does not like studying 

in our education system but his imagination is very strong.’ She also added that S5 

could not draw what he imagined so he could not explain his animation to the class. He 

also realised that he couldn’t explain his thinking on their animations so he wanted the 

stop his explanation. He realised his mistakes while he was explaining the animation. 



The teacher had great confidence in S5. She said, ‘If he draws it again, he will have a 

great animation.’  

Example 26: 

 

Figure 4.3.20: S3 & S5's animation 

T: Oooo! Looks like you have a pretty much improved your animation. Explain 

to me what happened, what has changed?  

S5 & S3: (Silent)  

T: Yes S5.  

S5: Yes my teacher (He doesn’t want to talk).  

T: What did you do?  

S5: Nothing, we are just trying to do something.  

T: Yes what did you draw until now?  

S5: We are drawing liquid. It was solid before then turned to liquid and it going 

to be gas now.  

T: And from here?  

S5: We drew the first phases of matters.  

In Example 27, the teacher went to S12 and S24’s desk and showed her high 

expectation for their animation. This was the only group that the teacher encouraged in 

this way. The group was eager to draw the animation, and S24 even continued to draw it 

during the break from class time. In the interview with the teacher, she also recollected 

that this is one of the two groups who indicated the motion of solid particles.

Example 27:  



(Teacher goes to near 24) T: Guys, I’m expecting extraordinary things from 

you. 

6. Providing additional direct information  

The students’ engagement with their animations clarified for students how they were 

expected to develop important science ideas during the process. Therefore, the teacher 

was required not to give direct conceptual information to students during the animation 

process. However, in a few student–teacher interactions, the teacher did give direct 

conceptual information to the groups. In Example 28, S7 was aware that the gas 

particles should have motion but he needed confirmation from the teacher. She 

confirmed the movement of gas molecules and also added information about solid 

particles. She explained the vibration of solid particles and how to add motion to them, 

such as spinning.  

Example 28:  

S7: (Figure 4.3.13) Do we need to give motion to those? (Pointing to gas 

molecules)  

T: Yes it would be better if you can give motion. For example, firstly I mention 

the vibration because of vibration of solid molecules.  

S4: Hiii? (He listened and tried to understand.)  

T: Actually if you give motion to them in their own places, and spinning while 

turning to liquid phase...  

In Example 29 (Figure 4.3.21), S9 was thinking they had completed their animation. He 

called the teacher to their desk and sought confirmation on how to complete the 

animation. The teacher gave them direct information about ‘adding motion’ instead of 

instructing them in broad terms on how to improve their animation. The teacher also 

informed them about the vibration of solid particles. The interesting point was S6’s 

comment. She mentioned that all matter was in continuous vibration but her group did 

not show any vibration or movement in its animations.  

Example 29: 



  

Figure 4.3.21: S6 & S9's solid, liquid, gas particles animation 

S9: Is something missing?  

T: What can we add? Your other classmates tried to add motion.  

S9: Motion?  

T: Vibration to solids.  

S9: Really (very surprised).  

S6: It is very ridiculous because matters are always in vibration.  

T: In solid phase? 

In interview example 9, it is evident that the teacher contributed critical scientific 

information to the group, that is, ‘the vibration of solid molecules’. S7 claimed that they 

were thinking about motion but that vibration did not come to mind.  

Interview example 9 

S7: Yes she gave us some ideas. For example, she guided us about motion of particles. 

She said you can vibrate them, or you can give different movements to particles. If our 

teacher doesn't guide us, we would give direct motion to the molecules not vibration.  

R: You mean that you didn't think about vibration, you just thought movement? 

S7: Yes, we were thinking about motion but then our teacher came to near us and 

mentioned about vibration of molecules but we couldn't add vibration exactly.  

However, in the interview the teacher said, ‘I never say anything directly about the 

concept but I gave more additional information to those groups of students. I tried to ask 

open-ended questions. For example, one of the groups was thinking that solid particles 

have more spaces than liquid particles. I asked open-ended questions like, ‘how the 

solid particles behave differently, think again, than liquid particles?’ In the end this 

group also reached the correct arrangement of particle. This shows that the teacher 

intended not to give additional information to students, but some of her questions and 

statements shown above also provided direct information to students.  



7. Highlighting significant omissions and recommending changes to address them  

The teacher used scaffolding and teacher–student discussions to guide students during 

the animation creation process. However, a few times the teacher influenced the 

students to change the way they imagined states of matter to be. The teacher reported, 

‘Some students got the idea very quickly; some students had difficulties understanding 

what to do. I gave more support to students who are not good in chemistry and do not 

have any idea about solid, liquid and gas particles.’ In Example 30 (Figure 4.3.13), she 

asked S4 and S7 why they did not give any motion to solid particles, even though they 

had mentioned the vibration of particles. She later expected to see vibration in this 

group’s animation but no representation of vibration was evident in the animation. She 

repeated the question. The group explained that they could not show it on their 

animation but they would describe the motion when explaining their animation to their 

classmates.  

Example 30:  

T: Your visualisation in the animation would be good. I thought that you would 

draw like this because you mentioned vibration. If these ones had vibration, we 

would have good results. (After a while teacher goes near students to check that 

whether they draw vibration or not?)  

S4 & S7: Silent 

T: Did you give motion?  

S4: Open it she wants to see it  

S7: We didn’t give any motion.  

T: Couldn’t give it?  

S7: We will mention it while explaining our animation.  

The following three interview examples indicate the teacher instigated some changes to 

students’ animations. However, S8 and S5 denied that even though the teacher 

recommended some changes they could not or did not make them. 

Interview example 10 

R: While you were drawing your animation, your teacher was walking around you. Did 

she help you? 

S8: Yes. For example I asked to her how could we draw molecules. My teacher 

explained to us but we couldn’t draw.  



Interview example 11 

R: For example? 

S5: We had drawn like this, she came to near us and she told us be more explanatory, 

explain more but we didn’t listen her.  

R: Yes. 

S5: She told us redraw but we continued as it is.  

Interview example 12 

S15: Firstly we started with liquid phase, and then with the help of our teacher, we 

decided to start with solid phase all together.            

R: You mean that your teacher helped you.                             

S15: Yes as a guide to show our path.  

8. Asking a reason for seeking an explanation  

Students were expected to make a reasoned claim about the concepts they were 

drawing. The teacher began a discussion during the animation creation process 

by questioning students about the rationales of their drawings. In Example 31, 

the teacher asked the reason for gas particle distribution and confirmed S6’s 

answer.  

Example 31: 

 T: (Figure 4.3.14) Why it is more spread out?  

S6: Because the spaces between particles increased. Gas matter doesn’t have any 

definite volume.  

T: When the spaces between molecules increased, the volume is increased too. 

S9: Yes 

In Example 32 (Figure 4.3.22), the teacher again asked for the reasoning behind the 

distribution of solid particles and S24 answered. By asking these questions the teacher 

was able to learn about her students’ engagement with their own representations 

Example 32:  



  

Figure 4.3.22: S12 & S24's first drawings of solid particles animation 

T: Why did you draw them very close? 

S24: Because of the less spaces between solids. 

T: Hmm, OK. 

S24: Because there shouldn’t be any spaces between particles.  

9. Providing misleading comments  

The teacher twice inferred wrong information – to S6 & S9 (Example 33) and S4 & S7 

(Example 34). In Example 33, while the spaces between molecules were increasing, the 

size of particles was also changing. However, the teacher gave positive feedback to the 

whole animation by saying ‘Very good.’ It was unclear why the teacher did not discuss 

the change in the particle size. She might have been listening only to their verbal 

explanations, which were conceptually correct, rather than watching the animation.  

In Example 34, the teacher emphasised that there were spaces between liquid particles 

even though this is not true. S4 also confirmed the teacher’s wrong guidance by saying 

that ‘they (liquid particles) are going further away’.  

Example 33: T: (Figure 4.3.21) Can I watch from beginning?  

S9: We showed heat in here; the spaces between molecules increased and turned 

to liquid. They have spaces between molecules.  

S6: We showed heat again  

S9: It turned to gas phase.  

T: Ooo it is very good.  



S6: Irregularity increased.  

Example 34:  

T: (Figure 4.3.13) They go further when they turn to liquid phase?  

S4: Yes they are going further.  

S7: But the highest irregularity will be in gas phases.  

S4: They will be really further in gas phase.  

Surprisingly, in the interviews Groups 7, 9, 10 and 11 claimed that the teacher did not 

support them at all. These students had difficulties in understanding concepts. The 

teacher agreed that she did not support some groups. She explained that she helped the 

groups who had difficulties in the concept. Students’ interviews showed that students 

who had more comprehensive understanding of concept claimed that the teacher 

supported them and the teacher support was important. In addition, when the researcher 

asked the teacher about her support the teacher had thought that it is necessary. She 

thinks that the teacher is a power in the class and helped them to correct their 

misconceptions while students were drawing. ‘If I were not there, they might correct 

their misconceptions when they watched the expert animations but they might not too. I 

helped them while they were creating animations, I mean while they were thinking, I 

helped them to think differently and more conceptually.’ 

Interview example 13 

Group 7 
R: Did your teacher help you or did you create everything alone? 

S22: She didn’t come to near us for help. 

S23: She didn’t help 

S22: We didn’t get any help. 

Interview example 14 

Group 9  

R: Did your teacher help you in the process?  

S13: We learned with animation. 

R: No no while you were drawing? 

S13: Yes we heard many times about solid, liquid, gases 

R: I mean that when your teacher came to near you and asked you some questions. 

S14: Actually until that time we already finished our drawings. 



R: You already finished before and just explained your drawings to your teacher. 

S14: Yes. 

Interview example 15 

Group 10  

R: Did your teacher help you? 

S24: She didn’t help us. She just asked us some questions and we explained our 

animation and nothing else. 

R: If your teacher didn’t come to near you, you would still draw same animation? 

S24: Yes, same. 

Interview example 16 

Group 11  

R: Did your teacher help you in the process or is it your product? 

S25: We drew by ourselves 

S20: We drew by ourselves. 

Finally, there are comments in the interview about creating/drawing of animations. In 

the interviews, students were asked: ‘If you don’t draw and just watch the expert 

animations, do you think it would be the same for you?’ Of 11 groups, 5 groups 

mentioned drawing something or creating animation helped their learning.  

In the researcher’s interview with Group 1, S7 and S4 stated that they learned more in 

drawing their animation and discussion lesson. S7 also explained that drawing their 

animations helped them to be aware of their inaccuracies.  

Interview example 17 

Group 1  

R: While drawing, I mean not only drawing during the whole process while you were 

drawing or discussing with your partner or while your teaching was giving you advice 

or while you are discussing your friends' animation in follow up discussion class? In 

which one you learned more?  

S7: Drawing and discussion class 

S4: Same 

S7: Because during drawing we realised our mistakes or deficiencies. 



In the researcher’s interview with Group 7, S22 and S23 stated that doing the animation 

contributed to the depth of their conceptualisation and meaningful learning. The 

relevant extract from the interview is shown below.  

Interview example 18 

Group 7   

R: If you don’t draw anything and just watch the animation showing the solid, liquid 

and gas state? 

S23: It can’t be that much meaningful learning. When we drew, it was more effective. 

S22: It stayed in our minds permanently and easily as visually. 

S23: Yes it provided retention. 

In the researcher’s interview with Group 9, S13 and S14 claimed that drawing the 

animation was the most important part of the process. S14 stated that drawing helped 

them to realise their deficiencies. When the researcher asked for clarification about how 

creating their animation helped long term retention of their learning, the response was 

simply ‘Yes’ from S13. The students then moved to restate the ways in which it helped 

them to identify and address their misconceptions as well as to visualise concepts. The 

relevant extract from the interview is shown below.  

Interview example 19 

Group 9  

S14: Drawing make permanent marks in our minds 

R: Creating animation? 

S14: Yes 

R: Why it is more permanent learning, while you were creating? 

S14: We realised that we did wrong, it helped as to be aware of our mistakes.  

R: If you don’t draw, you can’t realise the things you have wrong ideas? 

S14: Yes. It wouldn’t stay in our minds visually and we will not forget in the future.  

R: You mean drawing changed your mistakes when you see the expert animations 

S13: Yes 

In the researcher’s interview with Group 10, S12 and S24 indicated that creating their 

animation was perceived to be useful for their learning. In particular, they argued that 

animating with their peer helped then to identify misconceptions. S24 also explained 

that drawing the animation helped them to visualise microscopic conceptions of states 



of matter. He commented on the macro level water changing states. He explained that 

the animation with peer process enabled him to go beyond merely recognising that 

water changes from liquid to gas (or steam) to think more deeply in the microscopic 

level. It helped them to show their views and exchange ideas with others, which 

contributed to students’ science understanding. The relevant extract from the interview 

is shown below.  

Interview example 20 

Group 10   

R: Did you learn while drawing? If we just only drew animation or we just only 

watched expert animations, would it be same result? First we drew, the showed to each 

other and get comments make comments and finally watched expert animations. How 

was this process? 

S12: Yes we learned more deeply. Firstly we created something in our minds then we 

visualise it like beaker and give heat. Draw solid, liquid and gas phases.  

S24: Yes useful. We had an opportunity to see our mistakes and we learned that how to 

make correctly. We made connection between visual and oral and brought them 

together. We learned how to make; we learned how to program everything. Shortly, we 

learned everything. You gave us a scheduled and programmed lesson and we followed 

the all steps. 

R: OK I understand. If you didn’t draw and if you just watched the expert animations, 

how would it be? 

S24: We are always having experiments in labs. Every experiments covered 

evaporation, melting from primary school but we were just thinking that steam is 

occurring and we never see their internal structure (micro level). But in here when we 

visualised them, we think that how they are moving how they are. We transferred our 

thinking to there. 

R: You transferred the things in your mind? 

S24: Yes. 

In the interview with Group 11, S20 and S25 claimed that drawing their animation 

influenced their conceptual learning. They indicated that if they had not drawn and 

rendered their own conceptions visible then they would not have been able to learn as 

well when considering the expert animations. The relevant extract from the interview is 

shown below.  



Interview example 21 

Group 11  

R: If you don’t draw, and if you just see the animations you also reach to same result? 

S20 & S25: Yes 

R: You mean that creating animation doesn’t have any impact on your conceptual 

learning?  

S20: No our drawings have impact but we mean that if we only draw then we believe 

that ours is correct we think may be different. But our drawings contribute to our 

learning to make them visual.  

R: OK you mean that if you didn’t draw, you could think that your … thinking is 

[already] correct. But after you draw your animations and watching expert animations 

was more useful for you? 

S20 & S25: Yes 

R: Your thinking 

S20: We couldn’t express our thinking 

R: Animation helped you to express your thinking? 

S20: Yes.  

The teacher said in her interview that she had suggested that the important part of 

teaching/learning process was ‘animation creation by students’. She explained that she 

could show an animation and lead discussions about the concept but when students 

created the animation representation themselves. She said, ‘They think and they create 

animations after thinking. That is why the animations are effective.’ She claimed that 

the discussions improved their thinking as they ‘think again’ about their own 

animations, how to create them better and make them more ideal. She explained that 

they are always thinking when creating their animations; therefore, they learn more 

effectively the concept being studied. ‘Until they do not create themselves like until 

they get the pen in their hands, everything is blurry.’ She explained that students did not 

have enough conceptual knowledge even in the basic concept of ‘states of matters’ 

before the animation creating process. They created animations themselves so they 

corrected their mistakes by themselves. They critiqued even the expert animations and 

they were totally right in their critiques.  

The teacher signalled her intention to use student-generated animations in future 

teaching:  



I want to use student-generated animations rather than expert animations 

because while they were drawing, they started to think and imagine and also 

think about their imaginations. With the expert animations, maybe they will just 

watch without deep thinking. When they draw animations, they will give full 

attention to expert animations to find the match and mismatched properties of 

expert animations with their own animations. 

She also wants to use this whole animation process for her other students:  

I wish we’d intervened with this animation creation process with my Years 9 

and 10 students, too. I saw that students are getting deep understanding about 

concepts when they created [animations]. I’ve learned the program now and 

have an idea of the whole learning process. I will try the same process with the 

Years 9 and 10 students. I really think that animations contributed to students’ 

learning’.  

4.4. Follow-up class discussions (Phase 3 and Phase 4) 

4.4.1. Overview 

After the students created their animations, there was a follow-up discussion lesson in 

two different class sections (11-A & 11-B). In each class section, the teacher followed 

the same procedure with two phases: Phase 3: discussion of student and expert 

animations, Phase 4: reflective discussion on the whole process.  

In Phase 3, first, students elaborated on their own group’s animations. The teacher 

showed each group’s animation to the whole class by projecting it onto the class board 

so that the whole class could watch each group’s animation.  

Second, the students were invited to comment on and critique other students’ 

animations. The teacher invited the students to ask questions about anything they 

thought was unclear in the animation and any parts that were inconsistent with their 

own ideas. From the animation or the students’ commentary about it, the students 

identified ideas they had in common. They gave positive feedback about others’ 

animations when the ideas represented there matched those they had shown in their own 

animations. During the critique, the teacher provided feedback to each group. She 

explained the key concepts in each animation and encouraged the students to discuss 

their views of them.  



In the third stage, after each group’s animation had been shown and the discussion 

completed, the students watched expert animations created in the K-sketch (created by a 

science teacher) (Figure 4.4.1) as well as animations created in other software programs 

(Figure 4.4.2). All these expert animations illustrated concepts integral to explaining 

‘states of matters.’ 

Figure 4.4.1: K-sketch expert animations’s liquid phase 

 

 

Figure 4.4.2: Solid, liquid gas

In stage four, the teacher led a discussion that provided an opportunity for students to 

think more about the changes of states and to see the similarities and differences 

between their animations and the ‘expert’ animations. When they watched the expert 

animations, they realised that the changes of state as represented in their own 

animations were different from those of the expert animations. They identified those 

attributes of their animations and their ideas about changes of state that were unclear or 



inconsistent with the expert representations. As they later explained in the interviews,

they learned about states of matters by watching the expert animations and comparing 

their represented views with those represented by experts. 

Finally, In Phase 4, the students evaluated the process of teaching and learning, starting 

from the first lesson, when they learned how to use K-sketch, and ending with the last 

lesson, when they critiqued both their own animations and those of the experts.  

The next section draws on evidence from the video recordings and interviews of with 

students in classes (11-A and 11-B). The data of Class 11-B are given before the data of 

Class 11-A according to sequence of intervention. 

 
4.4.2. Student animations (Phase 3) 

4.4.2.1 Follow-up lesson class: 11-B  

Group 3 

Group 3’s (S9 & S6) animation was the first group animation projected on the board 

and discussed by class 11-B. These students did not share their ideas about this 

animation as freely with their classmates as others did with later animations.  

Figures 4.4.3 to 4.4.6 show images from Group 3’s animation sequence, which sought 

to explain the transition from the solid to the gas state. First, they drew the ice cube with 

a circle representing a zooming view inside an ice cube to reveal the particles. They 

then showed it being heated up and the particles were enlarged (Figures 4.4.3 and 

4.4.4). The teacher projected the animation on the board and initiated the class 

discussion by asking questions about the animation. The following dialogue (lines 3 and 

5) shows that when the teacher asked S5 a general question about his perception of the 

animation, S5 responded in general terms without any detailed comment on specific 

parts of the animation. 

 

 
Figure 4.4.3: S6 & S9 animation solid state 



Figure 4.4.4: S6 & S9 animation enlarged solid particles 

 

1. T: Let's watch S9 and S6's animation. How is this animation looking? 

2. S5: It looks very good.  

3. T: What is very good? Which parts do you like most? Why are you thinking that 

this animation is good S5?  

4. S5: Could you restart the animation please? 

5. T: What happened? Which part (of the animation) do you like? As shown in the 

following extract, S7 then commented on the animation by saying which parts of 

it she liked in the animation. The teacher then outlined key features evident in 

the animation that related to a scientific explanation of change of state. She tried 

to promote a deeper analysis of the animation in the discussion by asking how to 

make this animation ideal (line 7). 

6. S7: From solid to gas the arrangement of particles changed clearly. 

7. T: From the solid state to gas state they are well separated with no regular 

arrangement. In the gas state volume increases because of no regular 

arrangement. Do you think that this animation ideal? Is this animation ok? How 

can we improve this animation? What can add to or change in this animation to 

improve it? 

In response, S9 and S6 contributed an evaluation of their own animation. S9 critiqued 

his animation technically rather than conceptually (line 9). Specifically, he commented 

on the position of the objects in the animation, the rate of change of the image, rather 

than any underlying characteristics of states of matter, per se. S4 and S7 also 

commented that they did not understand the last movement in the animation. S9 replied 

to S4 and S7 briefly, saying only that the material was turning to gas. S6 elaborated on 

the explanation conceptually (line 13), but S6’s explanation was not consistent with 

what was shown in their animation. Notably, in the animation a gaseous state could not 



be seen (Figure 4.4.5). The animation was still showing a liquid state, as blue water. As 

well, the particles were not moving faster than in the liquid state (Figure 4.4.6); they 

were just becoming larger. After S6’s explanation, no one asked any questions about the 

animation, such as why the particles were enlarged. Other students may have thought 

that group 3’s explanation was accurate, but the explanation they gave was not 

consistent with nor did it match with this group’s animation because they commented 

on gas in their explanations but they did not draw a gaseous state in the animation. 

 

 

 
Figure 4.4.5: S6 & S9 animation solid to gas state 

 

 

Figure 4.4.6: S6 & S9 animation enlarged gas particles 

 

8. S7: Transitions should be changed.      

9. S9: Instead of sudden shift from left side to right side in transition of physical 

states, the gas should be appear straight on the left (Figure 4.4.5) 

10. S4: Actually I don't understand this last movement? (Figure 4.4.5)                               

11. S7: Yes what is this? 

12. S9: This is gas. It is becoming gas. 

13. S6: They are moving faster and their energy is increasing and they are 

evaporating and their regular particle arrangement is decreasing from liquid to 

gas. 



Even though the students were not satisfied with S6 and S9’s explanation of the part of 

the animation that showed a change in the size of particles, they asked no further 

questions and the discussion stopped. The teacher did not promote further discussion to 

address the different ideas evident at this time. It was unclear why the discussion did not 

proceed when there was uncertainty or disagreement. It might have been that the teacher 

chose not to, or was unsure of how to progress the discussion, or the students simply 

may not have wanted to discuss it further. Since it was the first animation, both teacher 

and students might have anticipated that subsequent animations would allow points of 

difference to be clarified. Notably, data from the interview with this group indicated that 

it was only one of two groups that considered their animation accurate and requiring no 

change after the class discussion phase. This group only recognised the need to improve 

their animation after they viewed and discussed the expert animation. 

Group 3’s interview after follow-up discussion class 

After the follow-up discussion lesson was completed, each group was interviewed by 

the researcher about the teaching/learning process. In these interviews, nine out of 11 

groups spoke positively about follow-up discussion class, with the other two groups 

mentioning it. In the interview, students were asked: ‘Which part of the animation 

creating process was the most useful for you and what did you learn?’ Of the 11 groups, 

10 groups mentioned learning about spacing between particles in a liquid state. They 

were all satisfied that they had learnt a more correct view of the arrangement and 

movement of particles. They explained that prior to the animation lesson sequence 

(follow-up class) they were not aware that liquids do not have spaces between particles.  

In the researcher’s interview with Group 3, S6 stated that she learned about the spaces 

between liquid phases after they had watched expert animations in the follow-up class. 

She also explained that showing her animation to the whole class allowed her to explain 

to her classmates her thinking about changes of state. Her classmates could understand 

what she thought when they watched her animation. However, she added that watching 

the other students’ animations was less useful until she watched the expert animations. 

She had wanted to correct the idea, as represented in her classmates’ animations, that 

there was excessive spacing in some representations of states of matter. Group 3 found 

the expert animations very helpful after their critique of their classmates’ animations. 

The relevant extract from the interview is shown below. 

1. R: What did you learn while creating this animation? 



2. S9: Actually we already know. 

3. S6: We learned that liquids pass above each other and flow easily from others’ 

animations. We generally transfer our knowledge to animation, so it is better for 

the people who watch our animation.  

4. S9: In the professional animations, I learned more about the movement of 

particles in liquids than their spaces. 

5. R: What was the most effective thing in this all process? 

6. S9: There is no space between liquid particles. 

7. R: Was the discussion lesson useful? You saw your classmates' animations, and 

you made comments. 

8. S9: I think it was useful. 

9. R: When you saw your classmates' animations, did your ideas change? 

10. S6: If I thought that my classmates' animations were correct then I could learn 

the concept wrong or different from correct. After I saw my classmates' 

animation, watching professional animations was very useful. They helped me 

to make clear something in my mind.  

11. S9: Yes, watching expert animations taught me more things than watching my 

classmates' ones.  

Group 2 

Group 2’s (S1 and S8) animations were shown on the board. The teacher initiated 

discussion by highlighting selected features of the students’ animation and some 

students talked about it. S5 compared the ideas in Group 2’s animation with his group’s 

own animation. He claimed that the spaces between solid, liquid and gas particles were 

accurate in Group 2’s animation, which was on the board. He claimed that he also had 

similar concepts in mind (see extract below). However, when the class watched S5’s 

and S3’s animation (Figure 4.4.10), they could not see any of the changes in spacing of 

particles between the solid, liquid and gas states that were evident in Group 2’s 

animation.  

S5 claimed that he and S3 did not show a change in the spacing in their animation 

because they could not use the ‘save button’ properly in the software program. This 

explanation seems unlikely because S5 and S3 had used the save function on numerous 

occasions in producing their animation. Hence, there is some uncertainty in interpreting 

this exchange of ideas because S5 may have changed his thinking about spaces after 



watching his group’s animation. Although he may be claiming that he could not use the 

save option in the software program, it seems more likely that watching Group 2’s 

animation resulted in a change to his ideas.  

1. T: They put spaces between particles. They show solid to liquid state. 

2. S5: It is very logical actually we were thinking like this too but couldn't save it. 

 
Figure 4.4.7: S1 and S8 space arrangement 

The teacher continued the class discussion by asking questions about the spaces 

between particles. In this part of the discussion, shown below, the teacher explained 

some key points to the students about the animation shown in Figure 4.4.7. First, she 

asked questions to help students think about the spaces between particles and the 

distribution of particles in each state. When she received an answer from the class, she 

continued with further questions about the particle spacing. Many members of the 

groups responded in similar ways. 

3. T: The spaces between molecules should be increased more?  

4. Class: Yes. 

5. S9: Why did they (S1, S8) decrease the number of particles?  

6. T: (Teacher replying to S9’s question): Because some of the particles escape 

from beaker when they go to gas phase.            

7. T: Did they try to show particles in the microscopic level in this part of the 

animation (pointing to the paused part of the animation shown in Figure 4.4.7)?  

8. S8: Yes  

9. T: They increased the spaces between particles. 

With the teacher’s encouragement, the students critiqued Group 2’s animation in terms 

of their conception of differences in the spaces between particles in different states of 

matter. As shown in the extract below, the teacher also instructed them on how to 

improve the animation. S9 started with positive feedback and then continued with 

comments on how the animation was inadequate or could be improved. S9 explained 

that the representation of the molecules themselves should not be changed; they should 



stay the same during phase changes because their structures remain the same throughout 

a physical change. S9 agreed that the spaces between particles were shown in the Group 

2’s animation. However, the teacher disagreed with S9’s feedback about the spaces 

between particles (line 13 below). The teacher recognised that the spaces between the 

particles in the gas phase were too small in comparison to the spaces shown in the liquid 

phase. She wanted to correct this representation showing inadequate spacing in the gas 

and she explained to the class how the spaces between different phases should be shown 

in this animation.  

The teacher then encouraged the class to explain how they could create an ideal 

animation. The students recommended ways to improve the animation. The relevant 

extract from this discussion is shown below. 

10. T: What do you think how can we improve this (S1/S8) animation?             

11. S9: I think when we heat; the number of molecules should remain same.  

12. T: We observed that number of molecules was decreasing?           

13. S9: Spaces between molecules are good but if they don't change the molecules, 

it could be better animation.  

14. T: Actually, they couldn't show the spaces how they wanted to.              

15. S9: Yes  

16. T: They couldn't show the difference between liquid and gas particles in terms 

of spaces. Gas and liquid look like similar.  

17. T: What else we can add to this animation. Should we replay the animation? 

(They watched animation again)  

18. S9: They couldn't show how we give heat. 

19. T: Yeah, to change state, particles need heat.                          

20. S6: Instead of having separate frames for each state (solid, liquid, gas), they 

could show all the changes in one screen frame together.  

21. T: Yes. We could see all the changes together (in one continuous animation) 

and, of course, matter cannot change state without getting heat. 

22. S7: Yes, transitions from one stage to another not forward. (S6 and S7 are 

talking in the same time).  

23. S9: If they increase the speed of animation maybe we could see the transitions 

better. 



The students and the teacher engaged in an ongoing assessment of Group 2’s animation. 

S6 realised that particles of matter were shown as changing in this animation, but the 

teacher wanted to emphasise for the class that the structure of molecules does not 

change during physical changes of states. The teacher focused on S6's questions and 

asked the class if the structure of molecules changes during physical changes of state. 

The class laughter indicated to the teacher that the class probably knew the correct 

response to this line of questioning. She wanted to make sure that all students 

understood that the structure of particles did not change and to clarify this for the Group 

2 students who had created the animation (Figure 4.4.8). 

 
Figure 4.4.8: S1and S8 structure of matters in animation 

24. T: But in this part, the visualisation is better.  

25. S9: It is better than ours.  

26. S6: Compounds are changed over there (pointing to the part of the animation 

shown in Figure 4.4.8)? (Class laughs).  

27. T: Yes, but when matter changes its states, physically, the structure of particles?  

28. Class: no, no, no change. 

The teacher wanted to check on Group 2’s reaction to the discussion about their 

animation. She tried to clarify what they were thinking about the structure of particles 

by asking them questions (see extract below). She also made constructive comments 

about their animation. She mentioned that the changes in the shape and size of the 

particles, which they had shown in their animation, were a result of their difficulty in 

drawing identical particles by hand in K-sketch. Thus, she was distinguishing an 

accidental from an intended mismatch between an important attribute the animation and 

the students’ conceptualisation. 

29. S1: No no no change in their structure.  

30. T: Yes, no change, I think you drew particles as different from each other in 

each state just because you couldn't draw them the same in the program?  

31. S1: Yes, yes, because we couldn’t draw it properly in the animation program. 



32. T: The compound turned to a totally different compound just because of 

ineffective drawing.  

In Group 2’s discussion, we can see that there was no mention of bonds between 

particles in each state. However, as shown in Figure 4.4.8, they tried to draw different 

bonds. They had mentioned these bonds when they were discussing their ideas with 

each other, while they were drawing the objects in their animation but they did not talk 

about bounds with their classmates.  

Group 2’s interview after follow-up discussion class 

Group 2 was one of the groups that spoke positively about the follow-up class, with 

both group members saying it was useful. In addition, they claimed that after the expert 

animation they realised that liquid particles exist with similar spaces to solid particles. 

This idea about spacing differed from their previous view, as they had represented it in 

their animation.  

R: Did you learn something while creating animation? What did you learn in the whole 

process from discussion with your partner, creating animation to discussion class? 

S8: In the whole process, I learned about spaces in liquid phases. When we watched real 

animations, we saw that solid and liquid phases have same spaces between particles but 

we had drawn larger space for liquid phases.  

R: The discussion in class was useful for you? 

S8: Of course 

R: If you just drew animation and finish the learning process, could it be as useful for 

your learning? 

S8: No, it can’t be that much useful without discussion class. 

S1: Yes useful, we watched our own animations and our friends’ animations we made 

comments.

Group 1 

Group 1’s (S4 & S7) animation (Figure 4.4.9) was the third to be shown on the board. 

The teacher initiated the discussion and the students explained their views about this 

animation. S4, tried to explain the parts of their animation with which they were 

dissatisfied. The relevant extract from the conversation is shown below. The teacher 

noted a feature of the animation that was good (line 1) and told the class that the 

‘particles are clear’. S4 agreed with the teacher’s comment and explained that they had 



paid particular attention to drawing the particles. The teacher continued with the word 

‘but’, which shows her uncertainty about the animation. S4’s agreement with the 

teacher shows he was also aware that there should be something more in the animation 

(line 4). Even though he got positive feedback from S3 (line 5), S4 was not satisfied 

with his group’s animation, and he contributed a self-evaluation of it (line 6) with his 

comment on the lack of motion in each particle. 

 

 
Figure 4.4.9: S4 and S7 animation 

1. T: Yes they showed particles very clear. 

2. S4: Actually, we only focus on particles. 

3. T: It looks good but…. 

4. S4. Yes, yes, I think so.  

5. S3: I think it is very good.  

6. S4: If we have give motion to each particle, I mean if we show each particle's 

own motion, it would be better.  

After S4’s evaluation of his group’s animation, the teacher added key points about the 

particles’ movement in the solid, liquid and gas state. In the following extract, she 

explains the particles’ movements as a vibration in the solid state, sliding past each in a 

liquid and flowing easily in the gas state:  

7. T: For example, in here (pointing solid state on the board) you can vibrate 

particles. In that one (pointing liquid state on the board) you can show that 

particles slide past one another. You can also give different motions to gas 

particles, such as flowing easily or spinning etc. 

The teacher promoted discussion among the other students by asking them for their 

ideas following her feedback. In this animation by Group 1, the particles in the solid 

state were shown in a more regular pattern than the previous animations (Groups 2 and 



3), which had already been shown. S9 made a comment on the regular pattern in the 

animation. S6 claimed that even though the idea was clear in the animation, it was an 

inadequate animation (line 11 & 13). Having previously realised and explained an 

inadequate part of their own animation, S4 agreed with S6’s comment (line 14).  

8. T: S9 and S6, What do you think about this animation? What is shown well and 

what is not shown?  

9. S9: Good thing is that they drew the particles in a regular pattern.  

10. T: Their drawings are really done meticulously. 

11. S6: I think the best thing in this animation, the idea is clear, whatever they want 

to show it can be seen. 

12. T: Yes, the animation is really showing what they tried to explain. 

13. S6: Yes it is good we understand but not exactly sufficient.  

14. S4: Yes I agree with you.  

The teacher continued to encourage class discussion by making positive comments 

about Group 1’s animation. She mentioned that it was the first time they had created an 

animation, so some inadequacy in the representation is understandable (‘ignorable’). 

Even so, she emphasised the importance of motion in animation. Both S7 and S4 were 

also aware of an inadequacy in their animation. S7 mentioned adding vibration to 

particles (line 16), which was different from S4’s previous explanation (line 6). 

15. T: This is our first animation so we can ignore them but in terms of motion to 

make animation more attractive??? 

16. S7: We could show vibration.  

17. T: Yes, yes this was my idea. (class laugh)  

As shown in the next extract, the teacher continued to encourage discussion. S6 drew 

attention to a different feature in the representation of the concepts – the colour of 

particles. The teacher asked a guiding question of S6 (line 20) to make sure that S6 

understood that the colour of particles should remain the same throughout changes of 

state. Before responding, S6 thought for a while about whether or not the colour of 

molecules changes during the physical change of state. She explained that water is blue, 

therefore the particles should be blue, but each particle’s colour should not be changed 

because that would imply they had turned into different particles.  



There is some uncertainty in interpreting this exchange of ideas because S6 may have 

changed her thinking about changing the colour of particles after the teacher’s guiding 

question (line 20). Even though S6 realised that all particles should be same colour, she 

was thinking about the macro and micro levels in relation to the use of colour in the 

animation. She explained that water is blue at the macro level but that each particle 

should stay the same colour at the micro level. In other words, at the same time as she 

was creating particles at the micro level, she was thinking of how to show the colour of 

water at the macro level. Here we see that interpretations of the apparent colour of 

water, setting aside how it may vary in different circumstances, are intruding on 

conceptions of particles in the states of matter. As shown in the next extract, a 

difficultly is being experienced in separating the appearance at the macro level from the 

representation of particles at the micro level. 

18. T: What else could we do for this animation? Yes girls, what do you think? 

19. S6: We could do colourful particles.  

20. T: If we make particles in colour, what changes? Should we do each of the 

particles with different colours, or when is going to liquid? (This comment 

referred to the images showing particles with different colours in different 

states.) 

21. S6: I mean, like water is blue, otherwise how come each particle comes in 

different colour then its structure changes.  

22. T: Yes, otherwise its structure would be changed. 

Group 1’s interview after follow-up discussion class 

In Group 1’s interview with the researcher (see extract below), S7 explained that the 

discussion class helped their thinking about states of matter. While they were explaining 

the features of their animation that were consistent or inconsistent with their own 

thinking and the features of their classmates’ animations, they realised their own 

deficiencies. S7 claimed that while they were watching the expert animations in the 

follow-up class, there were some moments when they said, ‘Oh yes, we get the idea.’ In 

addition, while they were watching the expert animations, they learned about the 

movement of particles in a liquid state and how they pass among each other and they 

flow easily. While they were discussing the animations, they thought more about the 

concept. This helped them to become aware of deficiencies in their conceptions of states 

of matter, particularly about spaces between particles in liquids.  



S7: … in the discussion class we thought more deeply and we said, ‘Oh! Yes we 

shouldn't do this again.’ We discussed our misunderstandings or lack of some points. 

The discussion part is more important but while we were drawing, we also learned 

many things.  

S4: Yes, exactly.  

R: Could you give an example?  

S7: I want to give the same example. I was thinking that the spaces between liquid 

particles are really increasing, but I learned that in the liquid phase, they are only 

flowing, and their sliding in the movement is increasing.  

S4: Yes exactly. 

S7: I learned this.  

R: You mean that you were saying, ‘Oh! I get it’? 

S7: Yes I said  

S4: Yes me too.  

R: Ok I understand 

Group 4 

Group 4’s (S3 and S5) animation was shown on the students’ laptop instead of the 

board. They could not transfer it to the board because of technical problems with their 

hard drive. The whole class came close to S3’s and S5’s desk and commented on Group 

4’s animation. This was the last animation shown in this class (11-B). Students shared 

their ideas with their classmates more freely for this animation than they did with 

previous animations. Figure 4.4.10 shows images extracted from Group 4’s animation.  

 
Figure 4.4.10: S3 and S5 animation 

The whole class and the teacher watched the animation but they could not get a clear 

idea of what Group 4 was really trying to show in their animation (lines 8 and 9) even 



after S5 replayed the animation. With the class silent, the teacher asked Group 4 to 

explain their ideas. S5 did not want to explain at first and asked S3 to explain, claiming 

that the animation represented S3’s ideas and that S3 should explain it to the whole 

class. Even so, it was S5 who explained the animation. The relevant extract from the 

discussion is shown below. 

1. T: Who is left? Let’s see S3 and S5's art product. Ok. We couldn’t open your 

animation on the board so everybody let’s go to near S5 and S3's desk to watch 

their animation from their laptop. 

2. S5: Now you will see a really good product.  

3. S7: Yes, I really am wondering about their animation.  

4. S5: Are you ready to see our animation?  

5. Class: no, no, not yet. 

6. T: I also really want to see your animation. Just wait. 

7. S5: Ok now. Let’s watch it.              

8. Class: What is that? 

9. T: Let's watch again.  

10. Class: silent 

11. T: Ok. What did you try to show in here? First we need your explanations, 

please? 

12.  S5: S3 you should explain because this was your idea.  

13. S3: Silent.  

Group 4’s classmates then tried to understand the animation by asking questions about 

specific parts of it that were inconsistent with their own ideas. First, S6 asked about the 

‘green things’ (Figure 4.4.10) in the animation (line 14). S5 replied ‘steam’, but S6 

asked further questions about the liquid state, an aspect of the representation with which 

she disagreed. S4 also asked about something he either disagreed with or could not 

understand, questioning why the animation showed steam coming from the solid. All 

the other students started to laugh, which indicated that the class probably thought that 

steam does not exist as a feature of a solid state and should not be shown in an 

animation representing a solid state but the humour used was not sarcastic and 

classroom environment supportive for student learning. S5 could not give a satisfactory 

answer in relation to the steam being represented in the solid state. The teacher realised 

that these features of changes of state represented in Group 4’s animation were 



inconsistent with those of their classmates. Not wanting S5 to be pressured by his 

friends or embarrassed by his inability to answer, the teacher made a joke, ‘Who is your 

chemistry teacher?’ (line 22). 

14. S6: What are these green things here?  

15. S5: They are steam because steam is starting to occur.  

16. S7: How are they are becoming bigger? Look they are small now and then 

suddenly becoming bigger (She is pointing to particles).  

17. S5: Umm!  

18. S6: But why has liquid got steam?  

19. S4: Especially how come steam is coming from the solid?  

20. Class: Laughing.  

21. S5: Because we are heating from bottom.  

22. T: Who is your chemistry teacher?  

23. Class: Laughs again.  

24. S5: She is one of my favourite teachers.  

25. S6: It looks more like solids are evaporated.  

The teacher encouraged further discussion by asking the class for their ideas about 

Group 4’s animation. S6 explained that S3 and S5 drew the particles in the solid, liquid 

and gas states differently and there were more particles shown in the image of the solid 

state. S5 explained that they did not want to draw more particles in the solid state. They 

drew a large beaker for the solid state that was why they had more particles in the solid 

state. S5 did not mention that some particles were evaporating from the solid state to the 

gas state, and so they had fewer particles in the gas state. S5 could not explain the 

change in the representation conceptually (line 28) in terms of the differences in the 

number of particles or size of particles in the different states of matter. According to S5, 

the change in the numbers of particles shown in their animation did not represent any 

conception of the change of state but was simply a by-product of a random decision 

about the size of the container they drew.  

26. T: Could we watch again but play it little bit slowly? What we understood might 

be different from what they tried to explain. First we tell them what we 

understand from their animation.  



27. S6: I understand that particles are different in here because they are in different 

colours. And when they heat all of them, there are more particles in solid states 

than other states.  

28. S5: I just drew it like that because this beaker is bigger.  

The students continued to ask more questions about spaces between particles in Group 

4’s animation. S5 implied that the changes in size of the particles, which they had 

shown in their animation, were a result of their difficulty in consistently drawing objects 

of the same size. Thus some variations in the animations were accidental and random 

products of their lack of ability to draw rather than an intentional rendering of their 

conceptions.  

29. S6: Everything was finished very quickly. That is why it is hard to understand.  

30. S4: The space between gas and liquid particles are looking like same.  

31. S5: S4 you don't know my drawing ability.  

The teacher invited the students to ask more questions about aspects of the animation 

that were inconsistent with their own ideas. S9 explained that Group 4 had similar ideas 

with their (S9 and S6) own ideas, but S3 and S5 had some uncertainty in interpreting 

their ideas for the class. The teacher requested further explanation from S5 (line 35), but 

S5 did not want to explain the animation because he claimed that he also did not 

understand aspects of what he had drawn (line 38). 

32. T: What else?  

33. S9: I think what they tried to draw is the same thing you requested from us to 

draw.  

34. S7: I think the thing what they tried to explain is same as ours but… 

35. T: Ok S5 you explain it for us. 

36. S5: First we heated solids. Then steam has occurred top of it. Then something 

happened. Then we heat the liquid like this.  

37. T: We don’t understand. Please explain again 

38. S5: I don’t understand, too.  

39. Class: Laughs 

40. T: What did you try to draw, just explain this?  

41. S5: First I heated solid.  

42. T: Ok.  

43. S5: After that? 



The teacher tried to promote a deeper analysis of the animation by asking guiding 

questions of S5 about the changes of the matter in solid, liquid and gas states, when they 

were being heated (line 48). S5 could not explain his ideas freely without the teacher’s 

structured questions. His explanation was limited to short replies to each of the 

teacher’s questions. 

44. T: What happened while changing from solid to there?  

45. S5: Where?  

46. T: I mean why you have two form (showing top and lower images in Figure 

4.4.10)?  

47. S5: To see more clear. These are substances and we heat them here.  

48. T: It means when you heat them, they are still the same? This solid is still solid, 

liquid is still liquid and gas is still gas?  

49. S5: Yes solid, liquid and gas again. 

It is unclear why S5 responded this way. It might be that he did not want to discuss 

further or he was anticipating further discussion that he would not clarify his own ideas 

clearly. As the conversation progressed, the teacher came to understand the students’ 

ideas more clearly (line 50). The idea in Group 4’s animation was different from the 

other groups’ animations. They did not keep the substance constant and show changes 

within this substance as it changed state. Rather, in their animation they showed three 

different substances when they represented each different state of matter. They showed 

the effect of heating each of these substances separately. However, the only change that 

they showed was ‘steam’ (buhar) or ‘gas’ (gaz) emanating from each substance on 

being heated. They seemed to equate steam with gas, using the terms interchangeably. 

They showed no changes in the movement of particles.  

50. T: Ok I got the idea now. In the beginning they are showing a solid, liquid and 

gas separately. After that, they (S3 and S5) heated up each matter in each state 

separately and they are showing what is happening in the each state.  

After the teacher had understood what S3 and S5 were trying to show in their 

animation, she asked S5 about the parts of the animation that were inconsistent with 

their actual ideas. S5 claimed that their animation was not yet finished because there 

was not enough time to complete it (line 52). The teacher asked a further question in 

line 53 to explore their thinking. S5 explained the arrangements of particles in terms of 

spaces in the second row of their animation (Figure 4.4.10). The teacher asked one more 



question to clarify whether the comment regarding ‘more spaces’ between particles, 

which had been mentioned in S5’s explanation (line 54), related to the all states of 

matter or only to the gaseous state. S5 thought about it for a few seconds. First he said, 

the correct answer, ‘No.’ Then he thought for a while again and said, ‘Yes, yes.’ He 

implied that he would draw more spaces between all particles. S5 could not give a 

scientifically correct explanation about spaces between particles for different states or 

identify the correct state with the teacher-guided question (line 56). The purpose of the 

teacher’s question was to provide structured support assist with the development of the 

correct science concept. The discussion ended when S5 stopped replying to his teacher. 

51. T: It is good but there is not much difference between first and second (pointing 

to before heat i.e., the top three images and after heat drawings i.e., the lower 

three images shown in Figure 4.4.10).  

52. S5: Yes because we were trying to draw the third one (they have top and lower 

images) but the bell rang.  

53. T: Ok if you had time to draw third one, how would you draw it?  

54. S5: We were planning. There should be more space between the particles and all 

would be in the gas state.  

55. T: Between all of them? Solid, liquid, gas?  

56. S5: No. I mm. Yes, yes. All of them would be like that.  

57. T: Ok.  

58. T: I think that you tried to show things with transitions. How should be, first 

solid, liquid, gas? 

59. S5 (No reply) 

Group 4’s interview after follow-up discussion class 

Group 4 was also one of the groups that talked positively about the follow-up class. S3 

claimed that the comparison of the ideas in their animations with those of the expert 

animations helped their learning. To understand how it helped their learning, the 

researcher asked a further question, ‘Did you think more about your animation?’ S5 

replied that he realised which parts of their animation required both improvement and 

better explanations. 

R: While you were drawing, did you learn something or not much about things? 

S5: Of course we learned something. 

R: What did you learn? 



S5: We saw physical transition between different phases of matter as live (as it really 

happens). 

R: Which part of the whole process, not only drawing but also watching others’ 

animations or experts’ animations or in discussions helped your learning more than 

other parts? 

S3: We learned better when we compared our animations with expert animations. 

R: In discussion class, you saw other animations. Did you think more about your 

animation? 

S5: Yes, we realised that we could explain our animation better and we can improve our 

animation. 

4.4.2.2 Follow-up lesson class: 11-A 

Group 5 

Group 5’s (S15, S16 and S17) animation was projected on the board. This was the first 

animation to be shown and discussed by Class 11-A. This group differed from the other 

groups by having three members. Figures 4.4.11 and 4.4.12 are images from their 

animation sequence showing the changes from the solid to the gas state. Group 5 first 

drew each state in the macroscopic level (Figure 4.4.11) and then an arrow representing 

a view inside of an ice cube to reveal the particles in the solid, liquid and gas states 

(Figure 4.4.12).  

Figure 4.4.11: S15, S16 and S17's animation solid, liquid and gas states 



Figure 4.4.12: S15, S16 and S17's animation, particles 

The teacher projected the animation on the board and initiated the discussion by 

encouraging S17 to explain the animation. She explained that her group heated the 

particles, turning them from solid to liquid at 60°C, and then to the gas state at 100°C. 

She also explained the arrangement of particles in the solid, liquid and gas states. She 

thought that there were tiny spaces between particles in the solid state, and those spaces 

were increasing from solid to the gas states. 

1. T: Firstly, S17 should explain us what they tried to draw then we talk positive 

and negative parts of their animation. 

2. S17: My dear teacher, firstly we heated the ice.  

3. T: Yes 

4. S17: Then the solid particles are turning to liquid particles. It is at 60°C.We 

continue to heat until 100°C and then it is boiling. In the first one, the spaces 

between particles are ignorable. In the second and third images, there are more 

spaces than the first one. We showed more spaces in the third one that is the gas 

phase.  

5. T: The spaces between particles are more?  

6. S17: Yes.

After this explanation from S17, the teacher instructed the class on how to improve the 

animation. S24 commented on the animation not showing particles. The teacher agreed 

(line 9). Even though the teacher agreed with S24 about the representation not showing 

particles, Figure 4.4.12 shows that Group 5 drew particles linked by an arrow to the 

macro view. S21 commented on the level of water. The teacher explained that the level 

of liquid should decrease because of ‘evaporation’ (line 11). The teacher then tried to 

promote discussion with the other students by asking them if the animation was 



inadequate or could be improved. S17 talked about technical aspects of the animation, 

suggesting arranging time frames differently in their animation and suggested that the 

transitions from solid to liquid state and liquid to the gas state were too slow and the 

shift to the view of particles was too fast. It was hard to see the movement of particles, 

shown in the lower section of Figure 4.4.12, because the animation only appeared 

briefly on the screen before transitioning to the next step. After S17’s comment, S15 

said that he had arranged the transition timing in the animation (line 13). 

7. T: What is shown well and what is not shown well in your classmates’ 

animation? What do you recommend to improve this animation? 

8. S24: If they drew in particles, it would be better.  

9. T: If they showed particles, yes.  

10. S21: Should there be less water in the second beaker?  

11. T: They should decrease the water level because of evaporation and increase the 

steam. What else? What do you add to this animation? If you drew this 

animation what would you add? What part is inadequate? How could we make 

this animation more attractive and original?  

12. S17: by arranging time frame… 

13. S15: Look! I arranged the time frame again.

Even though the teacher tried to promote further discussion about how to improve the 

animation, the class did not make further comments and the discussion stopped. This 

pattern in the class discussion was similar to the pattern in 11-B in that the discussion of 

the animation that was shown first was shorter than the discussions of later animations. 

Moreover, even though Group 5 (S15, S16 and S17) showed the particles in their 

animation, they did not respond to S24’s claim that particles were not shown. Hence, it 

is difficult to understand Group 5’s reaction to the discussion about their animation. 

They were interviewed about their animation after the follow-up discussion class.  

Group 5’s interview after follow-up discussion class 

Group 5 spoke positively about the follow-up class. Like the other groups, this group 

was satisfied that the sequence of events with the animations had allowed them to learn 

better the arrangement of particles in the different states of matter. They explained that, 

prior to the follow-up discussion class, they had not been aware that liquids do not have 

spaces between particles. The lesson sequence also influenced their view of how ‘hard’ 

chemistry is. By the end of the sequence they had come to the view that chemistry was 



less difficult than they had previously thought. S16 found the follow-up class lesson 

useful because she learned better when she visualised things. However, in the interview, 

Group 5 did not mention the discussion with their classmates about their own 

animation.  

R: (Through the sequence of events) What did you learn?               

S15: I learn that the chemistry is not as difficult as I was thinking before.      

S16: Yes I also learned this.    

S15: I was wondering about that, how people make cartoons (Commenting on the way 

animations are produced while smiling giving the impression that making an animation 

was enjoyable.).                 

R: You mean it was enjoyable?  

S15: Yes  

S16: I have a better grasp with visualisation about the concept that I had already known. 

S17: We thought that there are spaces between liquids but it is like almost no space. We 

learned it.  

R: Anything else? 

S16 and S17: (No reply)  

Group 9 

Group 9’s (S13 and S14) was the second of Class 11-A’s animations to be shown on the 

board. Figure 4.4.13 shows images extracted from Group 9’s animation. This discussion 

began differently because the teacher started with a comment (line 3), rather than asking 

a question. The class laughter could be interpreted as amusement or mild derision, 

giving a perception that the animation was inadequate. The teacher expressed a negative 

view about the adequacy of the ideas expressed in the animation by commenting 

sarcastically on the possibility of a change of state occurring without a change of 

temperature. S13 explained that they understood that heat was involved as the solid 

changed state, but they had experienced difficulty with their use of the software. 

Specifically, they could not save that frame showing heat with the solid. An unintended 

consequence was that their animation indicated that heat was only involved in changes 

of state related to liquids and gases. When the animation was shown on the board, there 

were unclear or incomplete parts, for example, a heat source was not shown under the 

solid representation but was shown under the liquid and gas representation.  

 



 
Figure 4.4.13: S13 and S14 animation 

1. T: Please everyone should look the board we are talking about your classmates’ 

animation. I am showing S13 and S14 animation on the board now.  

2. Class: Laugh 

3. T: S13 and S14 are very successful to change the phase of matter from solid to 

the liquid state without giving heat.  

4. Class: Laugh 

5. S13: No, no and. Look, there is something under of beaker; it is going and 

coming back. It is not properly saved.  

The teacher asked the group to explain the liquid state in their animation. S13 responded 

in general terms to the animation as a whole, without any details. The teacher asked S13 

about her ideas of the animation (line 8), reminding her that while she was creating their 

animation she had said that ‘the molecules in the liquid state are looking like lines’. 

With the teacher’s encouragement, S13 explained to the class that she thought that 

liquids were wavy and blurred (line 9). Group 9 was trying to show particles and their 

motion into gas, with the line showing the particles’ motion.  

6. T: Yes, they turned from solid to liquid. What is the purpose of showing liquid 

in that way? Why did you show the liquid like this?  

7. S13: It started to evaporate. After a bit, all particles turned to gas because of 

heat.  

8. T: S13 what did you think while you were creating this animation? Could you 

explain your thinking? You said, ‘I am thinking of the liquid material as lines.’  

9. S13: We said that there was less space between particles in solid state. There 

were more spaces in the liquid phase than the solid phase. We imagined that 



liquid was blurred and it was wavy like sea [water]. There were also many 

spaces between gas articles. We imagined it like that.  

10. T: You tried to draw the more particles … including motion in the gas phase.  

11. S13: Yes. 

The teacher continued with questions about how the animation could be improved. 

According to S24, the animation should be re-created from the beginning because there 

was no ‘harmony’ in the whole animation. The teacher asked S24 about this 

inconsistency (line 18) and S24 explained that solid state was looking like a liquid state, 

the liquid state was looking like solid state, and the transitions were not clear. The 

teacher agreed with S24 about Group 9’s animation showing the transitions between 

states.  

12. T: What could we change in S13’s animation? 

13. S21: The thing which is shown under of solid particles are. I, mm … 

14. T: Yes 

15. S24: I think it should be created from the beginning. 

16. T: Why? 

17. S24: Because they are not in harmony with each other. All are incompatible.  

18. T: Where is its mismatch? 

19. S24: They drew the solid particles as the liquid particles, and liquid particles are 

looking like solid particles. They could arrange the transitions of particles from 

one state to another one.  

20. T: They could show the relation of particles (for phase)?  

21. S24: Yes exactly you are ‘number 10’ (10 out of 10, very good).  

The teacher encouraged the class to explain what they could add to Group 9’s 

animation. Students commented and recommended improvements to it. First, S15 

suggested heat be included to show that heat as involved with the solid state, but S13 

rejected his comment, insisting that they had already heated the solid state. The teacher 

did not want to concentrate on this. Both agreed that heat was involved. So it was only a 

matter of its representation, rather than its conception. The teacher shifted the 

discussion to the particles. S15 commented on the representation suggesting that the 

animation of gas particles could be improved, but S18 disagreed and responded 

specifically in terms of the image of the gas particles, claiming that the large spaces 

between particles were shown. This comment indicates that S18’s idea about spacing 



was not different from Group 9’s thinking, as represented in the animation. S16 

explained his ideas in more detail (line 31) with a comment about the movement of 

particles rather than the spacing between them.  

22. T: Yes, is there anything that you want to add S13’s and S14’s animation? 

23. S15: Firstly, they did not give heat to solid.  

24. S14: Don’t say they did not give.  

25. S13: Look my teacher, heat is going and coming on the screen.  

26. T: Yes (pointing that heat on the board). Let’s skip it and talk more about 

particles.  

27. S15: They could show the gas particles better.  

28. T: They could show better the phases of gas particles.  

29. S15: Yes 

30. S18: No, it should be like this with more spaces. Otherwise how it should it be?  

31. S16: No, I mean the motion of particles.  

At the end of the discussion of Group 9’s animation, the teacher made constructive 

comments about it (see extract below). She mentioned that they had transferred their 

own thinking to the animation and that their thinking was different from others in the 

class. The teacher’s intention here seems to be to convey that the purpose of creating 

animation is not producing the correct animation but is giving a clear expression and 

reveal one’s own conceptions through animation. Notably, they thought water 

molecules were similar to sea waves and spread out like waves.  

32. T: I think, the most interesting thing in this animation is the imagination of 

liquid phases.  

33. S24: Yes, I think so.  

34. T: I think, it is good and interesting because this is just the reflection of your 

own thinking.  

35. S13 thought the liquid particles as water waves and spread out like waves. It is 

not bad.  

After the follow-up discussion class, Group 9 was interviewed and the relevant parts are 

shown in the section below.  

Group 9’s interview after follow-up discussion class 



Group 9 also found the follow-up class helpful for their learning. S13, in particular, 

claimed that she learned about solid, liquid and gas states while she was watching the 

expert animation. She realised her misunderstandings when she had had an opportunity 

to see differences between their own animations and the expert animations. The relevant 

extract from this interview is shown below.  

S13: Before I didn’t know how the solid, liquid and gas states are.  

R: How did you learn then? 

S13: With animation? 

R: Which ones contributed to your thoughts? 

S13: We watched one. 

R: Which one? 

S13: Round particles was moving  

R: You said aah I was thinking wrong 

S13: Yes 

R: You mean drawing changed your mistakes when you see the expert animations 

S13: Yes. 

In the researcher interview with the teacher, the teacher talked about this group. She 

explained that S13 had not shown molecules in the liquid phase. If she had not created 

an animation illustrating her views of the states of matter, the teacher would not have 

known what S13 was thinking regarding the liquid phase. She also added that if she as a 

teacher did not address this conceptual problem then the students might have continued 

with their misconceptions. S13 thought about liquids in terms of lines or waves until 

Year 11 even though in every previous year the curriculum covers the states of matters. 

In the animation creation process, her misconceptions came up. The teacher said, 

‘Therefore, creating animations was very effective [in helping her] to realise students’ 

misconceptions.’  

Group 6 

Group 6’s (S21 and S27) animation was shown on the board. S27 was a new student in 

this class and he had not attended the K-Sketch workshop in the previous week. He did 

not talk about their animation during the follow up discussion process. He spoke very 

little with and made very few contributions to his group while they were creating the 

animation. When the teacher wanted to show Group 6’s animation to the class, S21 did 

not want to open it to show the class.  



1. Class: Please show ours (S18), ours, ours (S24). 

2. T: Friends (Angry call to class) Be silent. (and she try to open S21’s and S27’s 

animation) 

3. S21: Don’t open ours. 

Figure 4.4.14 shows images from Group 6’s animation sequence, with transitions from 

the solid state to the gas state. When the animation was projected on the board, S16 

made a comment about the sketching of the beakers. She also added that Group 6 did 

not show particles in their animation. The teacher then engaged the whole class in the 

discussion and asked Group 6’s members to explain their thinking. S21 explained their 

animation (line 21) but S17 interrupted, commenting, ‘They did not apply heat to 

change state.’ S21 responded that they had done so (line 8). The teacher supported S21 

and explained that the increasing temperature was shown in the heating of ice. 

 

Figure 4.4.14: S21 and S27's animation 

4. S16: Their beakers are different from each other and they didn’t show the 

particles.  

5. T: What do you think about this animation? Yes. S21 and S27 what did you 

think?  

6. S21: Firstly, we imagine an ice block. It turned to liquid phase when we heated 

it up and then steam goes to above 

7. S17: They did not give any heat. 

8. S21: We gave heat but in the right place.

9. T: They increased the temperature and it was showing heat. What about the 

particles? Yes?  

S18 recommended an improvement to the animation in (line 10). The teacher asked 

specifically about their views about gaseous state. Figure 4.4.14 shows lines in the 

gaseous phase, and the teacher asked S21 and S27 to clarify their views about these 

lines. S21 responded that because steam spread into the air as lines, they drew lines in 



the gas state. This suggests that they are showing the macro or directly visible 

characteristics of the change of state, that is the steam in the air, rather than the micro 

characteristics, that is the particles that make up the substance.  

10. S18: They should show no space in solid particles and draw (them) closer to 

each other. Liquids should have less space.  

11. T: Did you think the of the gas phase as lines?  

12. S21: Yes because it is evaporating to the above line this line.  

Discussion stopped after S21’s response to the teacher. Group 6 (S21 and S27) was then 

interviewed, but only S21 spoke about follow-up discussion class.  

Group 6’s interview after follow-up discussion class 

In the interview with Group 6, S21 said she was satisfied that the follow-up class helped 

her learning. She claimed that she could not have learnt about changes of state without 

the follow-up discussion class because only there could she compare her group’s views 

with those of the experts. She realised that after the animation lesson sequence she 

could now create better representations than she had done previously. She also 

contributed a self-evaluation (line 21). The relevant extract from the interview is shown 

below.  

R: If we don’t have discussion class, do you still learn something? 

S21: No. We can’t learn because if we don’t discuss and if we don’t compare our 

thinking with others, we can’t learn. 

R: You mean it makes difference 

S21: Yes, I think it was useful. The program was useful and we saw expert animations it 

was useful, too.  

R: You had the opportunity to compare? 

S21: Yes I compared my one with others and I thought that I could make mine better. 

R: I see. 

S21: How didn’t this [feature of expert animation] come to my mind’ (Smile). I thought 

this one for long time [Why didn’t I think of this before I saw the expert animation.] 

Group 8 

Group 8’s (S11 and S18) animation was shown on the board (Figure 4.4.15). S21 

started by saying there was no motion shown in Group 8’s animation. The teacher then 

asked S18 to explain their thinking in the animation. S18 explained their animation as a 



whole, with detailed comments on specific parts. He thought that solid, liquid and gas 

states all had spaces between their particles. These spaces were increasing from the 

solid state to the gas state. Moreover, all three states of matters could be compressed. To 

get a clearer idea of S18’s perception of compression, the teacher asked whether or not 

solid particles were compressible. S18 said that they were all compressible. The teacher 

continued this discussion of compression and asked about the compressibility level of 

particles in each state. S18 did not talk about solids, but said that a gas could be more 

compressed than a liquid. The teacher asked again whether or not solid particles could 

be compressed, but this time S18 kept quiet. The relevant extract from this conversation 

is shown below.  

 
Figure 4.4.15: S11 and S18's animation 

1. S18: My teacher, show ours now.  

2. T: I’m showing S11and S18’s animation. Yes let’s watch what they drew.  

3. S21: There is no motion, too.  

4. T: Yes. You explain.  

5. S18: My teacher we showed, solid, liquid and gas phases. The solid, liquid and 

steam phase of the ice block. We wanted to show that there much less space 

between solid particles. In liquid more spaces, and gas particles has the highest 

spacing of all phases and we can compress the gas particles more than others.  

6. T: Could we compress solids, liquids and gases?  

7. S18: Yes they are compressible.  

8. T: Are the solid particles more compressible or less compressible? 

9. S18: Liquids little more and gas molecules the most.  



10. T: Are the solids less compressible?  

11. S18: [Silent] 

The teacher encouraged the class to explain how they could improve Group 8’s 

animation. Only Group 8 commented on their animation, suggesting how they could 

make it more ideal. Their comments were more about technical matters than their 

conceptions, per se. This emphasis on technical features was similar to Group 3’s 

response to the discussion of their animation in the Class 11-B. Specifically, S18 

commented on the physical properties (at the macro level) of the objects, such as 

applying heat or boiling, rather than any particular features of the states of matter, such 

as the motion of the particles or the micro features of a change of state. Consequently, 

the teacher asked the class about the motion of particles. S24 tried to respond to the 

teacher’s question but S18 responded before S24 could. S18 explained that the gas 

particles could move past one another easily but that liquid particles move little. The 

teacher did not make any comment to S18 but invited S24 to express his views about 

this animation. S24 explained that the drawing of particles should show some motion as 

the water changes state, but did not mention the movement of solid particles.  

12. T: I think, their animation could be improved. What would make this animation 

a better animation?  

13. S18: We did not have a mouse that is why it is like this.  

14. T: What did you want to do but you couldn’t do?  

15. S11: We could have made them boiled. 

16. S18: The fires could move.  

17. T: Would you give any motion to particles? 

18. S18: My teacher, solids couldn’t have motion, the gas particles could include 

motion. Liquids might have little movement.  

19. T: What were you saying S24?  

20. S24: I was saying that they drew well, but there should be motion on the 

particles.  

21. T: Which part or parts should include motion?  

22. S24: For example, from liquid to gas, the particles should include motion and 

they could show some steam. It would be a better animation.  

In Group 8’s discussion, no student commented on the different shapes and sizes of 

particles in each state (see Figure 4.4.15). In contrast to Class 11-B, Class 11-A seemed 



less critical in their analysis of their classmates’ animations, and the discussions were 

shorter. It is unclear if this was due to a disposition to not critiquing classmates or a 

consequence of them being less insightful about the relationship between the animation 

and the underlying concepts. The teacher emphasised that the structure of molecules did 

not change during a physical change of state (line 23). The teacher also highlighted 

S18’s view about the size of particles because S18 thought that particles get smaller as 

water changes from a solid to a gas. After the teacher’s comment, discussion ended 

when the class asked no further questions and made no more recommendations about 

Group 8’s animation. 

23. T: Any, also, the particles changed their shape while they were turning to a gas 

phase? Is it possible?  

24. Class: [Silent] 

25. T: S18 said that molecules were getting smaller while they were turning to gas 

phase. Is there anyone who wants to comment about this? 

26. Class: [Silent] 

Group 8’s interview took place after the follow-up discussion class, but only S18 was 

interviewed because S11 had to leave class before the interview. The following section 

includes the parts of the interview relevant to the follow-up discussion lesson.  

Group 8’s interview after follow-up discussion class 

S18 explained his ideas about the size of particles changing after the follow-up 

discussion class. He thought that the particles were getting smaller as water was 

changing from solid to gas. Moreover, even though the teacher emphasised the 

compressibility of molecules in the class discussion by asking him questions about the 

compression of a solid and its particles, he made no mention of the property of 

compressibility as it applied to the different states of matter. Nor did he mention the 

arrangement of particles in the liquid state, even though Group 8 showed relatively 

large spaces between the particles in the liquid state (Figure 4.4.15). S18 did not 

mention this. After the follow-up discussion class, he had become aware that the spaces 

they had shown between particles had been excessive. Group 8 was the only group that 

did not claim that they had learned something about the relative spaces between 

particles in the liquid states. The relevant extract from the interview is shown below. 

R: (Through the sequence of events) What did you learn? 



S18: When we started, I thought that solid molecules were becoming smaller (when 

heated) but this is wrong. They don’t change they are same. I learned this. And we 

should be more careful while drawing. For example, in solid liquid and gas size isn’t 

important and we didn’t show the same amount. 

R: Which size? 

S18: Particles should be the same not big or small. 

R: Ok. You said this is solid and liquid and this is steam 

S18: Yes 

R: When it is boiled and turned to steam, are they still in this beaker? 

S18: The level of solid should be half, but we didn’t think this before we created the 

animation. It came to our minds later on.  

R: Some molecules evaporated and left the beaker, but it didn’t come to your mind 

while drawing? 

R: Was the whole process useful? 

S18: Yes it was useful. I will use this animation program from now on. 

Group 11 

Group 11’s (S20 and S25) animation was shown on the students’ laptop instead of the 

board. They could not transfer it to the board because they had technical problems. 

Even though they could use the ‘save button’ properly in the software program, it was 

looking more like a fixed image than an animation. When transferred to the board, it 

was an empty page. The whole class came close to S20 and S25’s desk to see the 

animation. The part of the discussion related with this difficulty is shown below. 

1. T: Who is left?  

2. S24: My teacher, mine is very good, but I had some problems in transition parts, 

I got stressed.  

3. S20 and S25: (not opened)  

4. Class: Laugh (because the screen is empty)  

5. S25: We told that it is not opening but we saved it.  

6. T: Ok I will open S24’s then I will try again to open yours.  

7. S21: They decreased the time frame. Actually it is opening but very fast so it is 

looking like it’s empty. It is just appearing and then going blank.  

8. T: Ok, open from your laptop. Can everyone see it? My friends, can everyone 

watch 20’s animation?  



9. S24: I can’t see. OK. I can see now.  

After asking S20 to explain the animation, the teacher was not satisfied with his 

comments about the melting of a solid. The teacher recognised that S20’s explanation 

(line 14) was unlikely and tried to get a clearer idea by asking a question from the 

perspective of the force of attraction between solid particles. S20 said that solid 

molecules had more free spaces between particles than liquid molecules. According to 

S20, this meant the solid particles had a stronger attraction force than liquid particles. 

10. T: Now explain to us, what did you create, S20?  

11. S20: We drew solid, liquid and gas. W couldn’t add heat but I will tell that, like, 

we had given the heat. The molecules did not melt because they are solid in 

here. And liquid in here.  

12. T: One minute, I did not understand, because of solid?  

13. S20: Yes, they did not melt because they are solid. There are molecules between 

them so we heated but we couldn’t show the heat in the animation so you can’t 

understand what is it in here. The evaporation started in liquid because of heat.  

14. T: There is more attraction force between molecules in liquid state than solid 

state.  

15. S20: Yes 

16. T: Because there are more spaces between particles in solid state?  

17. S20: Yes my teacher.  

After hearing S20’s views about the states of matter, the teacher explained S20’s idea to 

whole class so as to engage the class in discussion about arrangement of particles (line 

19). The class responded by indicating that this idea was not right, but they did not 

comment further. The teacher then elaborated on the correct arrangement of solid 

particles (line 24). 

18. Yes, S20 is telling us that solid particles have more spaces between particles 

than the liquid state. Therefore, he put more spaces in the solid state and he drew 

the liquid particles more closely to each other. 

19. T: He is on the right track?  

20. Class: No Wrong.  

21. T: Yes. Why?  

22. Class: [Silent] 



23. T: Because there are ignorable spaces between solid particles. But S20’s thought 

is crucial. S20 thought that there are more spaces between solid particles. And 

when it goes to gas?  

After this explanation from the teacher, S13 asked about the arrangement of gas 

particles. He claimed that there should be more space between the gas particles. Then 

S20 told S13 why he had drawn smaller spaces (line 26). 

24. S13: There should be more spaces between gas particles but they 

25. S20: No, no, I drew it like this to show it clearly.  

The teacher continued to encourage the class to explain Group 11’s animations. S18 

said directly that the idea was wrong. S21, however, explained that their ideas are 

totally different from other animations because, in the gas state, they created a mixture 

of solid and liquid. Group 11 thought there were still solid and liquid particles in the gas 

state. However, the teacher stopped the discussion after S21’s comment for reasons that 

are unclear. It might be that the teacher found the idea wrong and did not want this view 

to remain uncorrected.  

26. T: Ok. Do you want to make any comments for S20’s animation?  

27. S18: His thought is good but if they give heat…  

28. T: We skipped it. What else?  

29. S18: I think his thinking is wrong.  

30. T: Is the thinking wrong? But as a visual representation…(S21 interrupted the 

teacher) 

31. S21: I saw that they drew the mixture of solid and liquid in the gas phase. The 

gas phase includes both solid and liquid particles. I think it is good and logical.  

32. T: Ok, Thank you to S20.  

In the interview with Group 11 after the follow-up class, it became clear that they 

recognised their misconceptions about the arrangement of particles. The next section 

shows the relevant parts of this interview. 

Group 11’s interview after follow-up discussion class 

Both S20 and S25 expressed a view about the benefit of expert animations that was 

different from that of others. They claimed that they learned more when they critiqued 

their classmates’ animations and when their classmates critiqued their own animations 

rather than watching expert animations. They found the follow-up class helpful for their 



learning. They were satisfied that they had learned the right arrangement of particles for 

solid particles.  

The teacher also mentioned this group in the researcher interview. She explained that 

when S20 watched the expert animation, he got upset. He was feeling regretful about 

the quality of his animation. After he saw the animations of his classmates and expert 

animations, he was aware that he had changed his. Therefore, his willingness to 

participate in an interview with the researcher was high. He wanted to show someone 

how well he now understood states of matter. When the researcher asked the teacher 

why the students were keen to volunteer to be interviewed she explained, [It’s] ‘because 

students are happy when they learn’. The relevant extract from the interview is shown 

below. 

R: What did you learn in the whole process? Or did you learn anything? 

S25: We learned that there are no spaces between solids 

R: In which part of the lesson did you learn it? 

S25: While we were making comments to our friends’ animations? 

S20: While making comments 

S25: And when we saw their drawings 

S20: And when they made comments on our product. Then we learned. 

In the researcher’s interview with the teacher, she explained that watching classmates’ 

animations and critiquing each other’s ideas was the best part of the process. She 

claimed that students found mistakes in their classmates’ animations. When they found 

mistakes in other animations, they compared them with their own animations and 

corrected their own mistakes. They started to look with more critical eyes at their own 

animations. They asked: How they might improve their animations? Where did they 

make a mistake? And what should they add? Each group’s animation was different from 

others. They criticised each other. They improved their own animations. She said, ‘They 

got the idea of critical thinking.’  

4.4.3. Expert animations (Phase 3) 

Animations created by experts using K-sketch (Figure 4.4.1) and other software 

programs (Figure 4.4.2) were shown to the class, and the students discussed the features 

in those animations related to changes of state. The students had the opportunity to 

think more about the movement solid, liquid and gas particles and they explained the 



consistent and inconsistent parts of their animations by comparing them with the expert 

animations. During this period of the follow-up discussion class, students mentioned 

and seemed to confirm the following:  

1. The solid particles vibrate and have motion. 

2. There is no space between liquid particles and they flow easily. 

3. Gas particles have more energy, so they are far from each other. 

1. The solid particles vibrate and have motion. 

The students were invited to explain their thoughts before and after they watched the 

expert animations and to critique the expert animations. The students from Group 1 

(S7), Group 2 (S1), Group 5 (S16, S17) and Group 8 (S18) talked about the motion of 

particles and the vibration of solid molecules. The teacher tried to understand whether 

or not the students’ thinking had changed after watching the expert animations. She 

asked them what they would draw now if they had a chance to do their animation again. 

They explained that prior to watching expert animations they were not aware that solid 

particles could vibrate. In other words, they had thought that solid particles are static not 

dynamic. S7 and S1 said they would show motion of the particles if they were to draw 

the animation again. S7 would show vibration next time and the teacher supported her 

by mentioning motion (line 3). When the teacher asked the same question to Group 2 

(line 4), they said that they would draw their animation better; they too would show the 

motion of the particles (line 7). The teacher referred to the solid particles after S1 

mentioned the regularity in the arrangement of the particles. The solid particles had 

been shown in a regular shape and volume in the expert animations (see Figure 4.4.2). 

The relevant extract is shown below.  

1. T: We watched all animations, your friends, your animation, and expert 

animations; if we draw it again what do you draw?  

2. S7: This time I’d show vibrations.  

3. T: You are saying that I definitely show particles with motion.   

4. T: What you do girls?  

5. S1 and S8: Better  

6. T: How?  

7. S1: We can make the particles regular, give motion to the particles.  

The teacher asked the students for their ideas after they watched the expert animation 

that represented solid, liquid and gas particles at the macroscopic level (Figure 4.4.2). 



S17 thought this animation was similar to their own animation but more professional 

than theirs because experts showed the motion to the particles. S17 (Group 5) said that 

the solid particles in their animation did show motion. She compared her group’s 

animation with the expert animation and noticed part was inconsistent with the expert 

animation. The relevant extract from the discussion is shown below.  

1. T: Yes, It is the solid, liquid and gas phases of matters. How is it represented? 

What do you think about this animation? Who wants to talk about it? Yes S17?  

2. S17: They mentioned the spaces between particles.  

3. T: What about in your drawing? 

4. S17: It is close to my drawing, but this one is more professional.  

5. T: Where is its professional? What did you like in it?  

6. S17: The motion.  

7. T: The motion that they gave to particles?  

8. S16: Yes, we did not give any motion to the solids.  

9. T: Yes, in your animation the solid particles were not moving.  

The teacher tried to progress the discussion. S18 explained that after watching the 

expert animation he realised that solid particles vibrate and there is no space between 

particles. The teacher also supported his idea and explained the microscopic view of 

solids to the class. She explained that vibration is shown clearly in the movement of 

solid particles.  

10. T: Yes, What else? Yes S18?  

11. S18: In the solid state, the spaces between particles are ignorable, in the liquid 

phase more and the gas phase more than liquids. But in this animation solid 

particles vibrate.  

12. T: Yes, we see the vibration clearly, don’t we? The solid particles are 

continuously moving with vibration. 

After the class had watched the expert animation, Group 5 thought their animation was 

better than the expert animation (Figure 4.4.12). S17 explained that their animation 

would be better if they could show the solid particles vibrate. She explained that they 

did not show the motion in solid phase. The teacher supported S17 and explained that 

while they thought the solid particles were static the expert animation showed them 

moving. The relevant extract is shown in below.  

1. S17: I think ours was better.  



2. T: You think that yours was better?  

3. S17: The only difference from our animation is the movement of particles. If we 

could do this, it could be better. In addition, we did not show the vibration of 

particles.  

4. T: Yes, we had known that the solid particles were held to each other and cannot 

move. But we see that the solid particles are also moving.  

The teacher asked what the students would do if they could draw their animation again? 

Would it be the same? S17 mentioned again that they would resolve the identified 

inadequate part, namely the lack of vibration, and it would be better than their previous 

animation.  

5. S17: We add something to our animation according to what we watched or what 

we see. It would be a better animation.  

6. T: It would be better than the previous one. OK. Then what kind of additions to 

your animation?  

7. S17: I already told our deficient parts. Firstly and definitely, I’d vibrate the 

particles. 

2. There is no space between liquid particles, they flow easily. 

Students from Group 3 (S6, S9) and Group 5 (S16, S17) said that after watching the 

expert animations they had learned that there were no spaces between liquid particles. 

As mentioned in the previous section, 10 of the 11 groups mentioned that they had 

learned a correct arrangement of liquid particles. The groups had drawn spaces between 

liquid particles in their animations. They then changed their view stating that there is no 

space between liquid particles. 

Firstly, Group 3 did not believe there were no spaces between liquid particles. Neither 

S6 nor S9 were sure about this, and S9 asked the teacher, ‘Is there really no space?’ S6 

also asked about the movement of liquid particles (line 4). After the teacher explained 

the scientifically correct arrangement of liquid particles (line 5), S9 said that the things 

they had learned before were not right, ‘Everything was a lie.’ The teacher tried to 

explain more about the liquid phases of matter but S6 interrupted the teacher indicating 

that if she had known that there was no space between particles this would have in some 

way helped her to understand the flow of liquids. They had learnt a correct view about 

spacing between particles but were making an odd connection between this idea and 



that of flow. The teacher continued to explain the compressibility of solids and liquids 

because compressibility had been discussed in the class using Group 8’s animations. 

The relevant part of this discussion is shown below.  

1. S9: But I was not thinking like this for liquid.  

2. T: How were you thinking for the liquid phase?  

3. S9: But in here there is no space between particles for liquid? Is it no space? 

4. S6: Hmm, just vibration?  

5. T: Yes. They don't have any spaces between particles.  

6. S9: It means everything was a lie. There is no space.  

7. T: They flow easily and they can slide past one another.  

8. S6: I, hmm, of course if no space then it flows.  

9. T: That is why solids and liquids cannot be easily compressed, gas particles are 

compressible.  

Group 5 also mentioned the liquid particles. This group was satisfied with their own 

animations, but after they had watched the expert animation they realised that the 

arrangement of liquid particles was different from theirs. The teacher said that they had 

known that there were spaces between liquid particles. 

1. S17: We learned that there is not any space between liquid particles.  

2. T: Yes we had known that before. Gas particles have more energy so they are far 

from each other. 

S28, who was absent during the creation of the animations, and other students from 

Group 3 (S9), Group 5 (S17, S18), and Group 10 (S12) talked about gas particles after 

they watched the expert animations. S9 said, ‘In the gas phase, some particles go away 

from the beaker.’ He did not mention the arrangements of particles. He just emphasised 

loss in boiling and vaporisation by saying, ‘Go away.’ 

The teacher asked the class about the movement of gas particles. The class was aware of 

the space between gas particles. The teacher forwarded the discussion by asking about 

the spaces between gas particles (line 3) and S28 responded that they seemed ‘severed 

from each other’. The teacher supported his idea and explained that the particles in the 

gas phase have the highest energy and their movement is fast.  

1. T: What do you think about gas particles? Why are they moving faster?  

2. Class: They have more space between 



3. T: They have more spaces between particles. What do these more spaces show?  

4. S28: They are like severed from each other 

5. T: Yes they are separated from each other and they have high energy so they 

move faster.  

The class then watched another expert animation. While the animation was playing, the 

teacher asked about the movement of particles as temperature increased. S17 realised 

that they were going faster and S28 said that they were turning into the gas phase. The 

teacher progressed the discussion and S12 mentioned the enlarged spaces between the 

particles. S28 repeated S12’s comment and explained that the spaces increased between 

particles and they had more energy.  

1. T: Let’s watch another one. It is cold now. What is happening when we add heat 

to it? Look at the movement of particles.  

2. S17: Speeding up. 

3. S28: They are turning to the gas phase.  

4. T: After? The particles start to move.  

5. S12: The spaces between particles are increasing.  

6. S28: The spaces between particles are increasing. Then they are turning to the 

gas phase. They gain more energy.  

The teacher asked the students about the differences they saw between their animations 

and the expert animation. S18 said that his classmates did not show the molecules 

vibrating in the solid state and they had created their animation without any motion in 

all states whereas the expert animation did. The teacher explained that the particles had 

motion and that they are not confined to the beaker. She also explained that when the 

temperature decreased, the movement of molecules also decreased.  

7. T: Yes, the energy and speed of molecules increased. What did you show while 

the matter was turning from the solid state to the gas state?  

8. S18: We did not show the vibration in the particles like this we just heated it up 

from the bottom. We showed static.  

9. T: Individual particles are attracted to the above, right? 

10. S18: Yes. 

11. T: The liquid particles are attracted and now we can see that while the particles 

are going outside the beaker they also have movement. To the opposite 

direction, to the cold water, what is happening? The movement is slowing down.  



In the researcher’s interview with the teacher, the teacher explained that initially, 

students liked their own animations and they were happy with them. When they 

watched the expert animations, however, they considered that they had many 

deficiencies in their concepts and they realised that they could improve their animations. 

She also said, ‘Multiple representations developed their conceptual understanding.’ She 

also added that they started to think differently and more broadly after seeing the expert 

animations. She said, ‘We, as teachers, are not teaching them critical thinking. They 

don’t get the chance for their self-reflection. In this process, they got a chance to 

critique by themselves by watching expert animations. They started to think deeply 

about the concept.’ 

 In addition, she explained that mostly teachers show expert animations in their classes 

because it takes too long for students to create their own animations. Nevertheless, she 

wants to use the process adopted in the intervention in her other classes. She wants to 

teach all her students how to create animations and she wants to test the effectiveness of 

creating animations in other classes.  

4.4.4. Evaluation of the teaching learning process (Phase 4)  

At the end of the follow-up discussion class, Phase 4, the students critiqued the teaching 

and learning process from the beginning to the end. They also evaluated the third phase 

of the intervention, Phase 3: the discussion of students and expert animations. The 

extract related to S6, S7, S9, S18 and S21 talking about the follow-up discussion lesson 

is reported in this section. First, the teacher asked a question about the follow-up 

discussion class, in an attempt to understand how it had helped the learning in classes 

11-A and 11-B. The students were satisfied that they had corrected their mistakes about 

the arrangement of particles. 

In Class 11-B, S7 explained her opinions about the discussions. She claimed that 

without those discussions, they could not have learned the right concepts or developed 

an appropriate understanding of the concept. Without the follow-up discussion lesson, 

they could not have confronted their misconceptions. S9 also agreed with S7 and stated 

that he learned his most accurate conception in the follow-up discussions. S6 also 

expressed satisfaction with the whole teaching process and commented that the 

education system should use it. S7 then summarised the whole process as ‘Imagine, 

Create, and Discuss.’ She implied that they formed new images in their minds, and then 



they used their imagination to create the animation. After creating through imagination, 

they discussed what they imagined. She also said that the whole process was enjoyable. 

The relevant extract is shown in below.  

1. T: What about if we don’t have this follow up discussion lesson?  

2. S7: Maybe misconceptions would have stayed in our minds, and they cannot be 

corrected.  

3. S9: We learned the most accurate one.  

4. (Teacher mentions multiple representations) 

5. S6: I think the education system should be like this… 

6. S7: I really enjoyed. First: imagine then create then discuss. 

In Class 11-A, S18 and S21 talked about the follow-up discussion class. S18 explained 

that he was not aware of the accurate arrangement of gas particles prior to the follow-up 

discussion class. He claimed that it helped him to correct mistakes about the changes of 

state. S21 realised that they all have multiple thoughts about the same concept. She 

claimed that they also had a chance to compare their own thinking with their classmates. 

The relevant extract is shown below.  

1. T: If you hadn’t watched the expert animations and you hadn’t evaluated your 

classmates’ animations, what would you think about the teaching process? What 

would happen if the teaching had been finished after you had drawn your 

animation? What was the contribution of follow-up discussion class to your 

learning?  

2. S18: There were some mistakes or misconceptions in some group’s animations. 

For example, if we didn’t discuss the movement of gas particles that were 

including easier flow, we couldn’t get appropriate understanding of the concept. 

Our mistakes could not be corrected. I think it was good.  

3. S21: Yes, we critiqued, and we saw the differences between our animation and 

the other group ones. We realised that we were all thinking differently, our 

thoughts are different from each other.  

4. T: In the animation, we saw the different points of view in … discussions.  

5. S18: We corrected our mistakes.  

In the researcher’s interview with the teacher, the teacher evaluated the whole animation 

process in a similar way to the students. The researcher asked her, ‘Is creating an 

animation necessary for understanding the states of matter concept?’ The teacher said, 



‘If you had asked this question before the process, my answer would have been No … It 

is a very basic concept, but students have many misconceptions about it. Students 

learned it wrongly and I did not realise their misconception until Year 11.’ 

She explained that the students had learned the nature of solid, liquid and gas particles 

from Year 6 but they had also developed many misconceptions that she had not been 

aware of. She was worried that the students may continue with these misconceptions 

during their future education. She also explained that in this learning strategy students 

questioned their claims, and she can understand the students’ thinking when they create 

animations. She continued, ‘The explanations of matched and mismatched properties 

also helped the students to see their mistakes and be aware of their misunderstandings in 

this process. They corrected the misconceptions of the students, [who] got a chance to 

think again about the concept as they engaged in self-evaluation.’ She said, ‘Thanks to 

this learning strategy, students were helped to become aware of their misconceptions.’  

In her evaluation, the teacher said the whole process would not have been effective if 

the students had created their animations without discussing and watching the 

animations of the other students and the experts. She also noted, ‘When students learned 

the concept well, they critiqued expert animations. When they really reached the 

conceptual understanding, they would have critical thinking about concepts.’ She said 

that when students watched an expert animation, ‘their thinking process started again’ 

as they asked how they can use the features of the expert animations in their own 

animations. The expert animation helped them to learn the details of the concept being 

studied.  

In addition, the teacher said it was interesting that ‘animations have not the same effects 

on each student’. She claimed that animations affected each student differently. She 

gave the example of how it was not until she saw S4 create his animation that she 

realised he had an incorrect perspective, even though he is usually good at chemistry. 

By contrast, she was pleasantly surprised by the animations of S20 and S22, who are 

not good in chemistry. S22’s animation was conceptually more accurate than her other 

classmates, and S20 improved his thinking about this concept more than all other 

students did.  



Finally she added, ‘I realised that there is a big difference in the ways students’ accept 

[ideas] when they see animations. I will use animations the rest of my teaching life. I 

think we can use animations for 80 % of chemical concepts. I will definitely use them.’ 

4.5. Conclusion 

This chapter has presented data from student-generated animations along with analyses 

and discussions conducted during a six-week period. The chapter began with a 

statistical analysis of the ESSA questionnaire. Statistically significant differences were 

found between the pre- and post-test results for the states of matter concept. Next, the 

phases of interventions were highlighted, with the data providing significant evidence 

that when students created their animations with partner interactions and teacher 

support, they enhance their awareness about their own thinking. Discussions and 

analysis of those animations in the learning environment improved their science 

understanding.  

The data also indicates that the representational construction approach (Tytler et al. 

2013c) and analogical thinking, as discussed in Chapter 2, formed a powerful 

framework for the effective use of student analogies with discussions and teacher 

support in conceptual science understanding. The next chapter, Chapter 5, presents the 

discussions of the findings from the data and conclusions from both theoretical and 

practical consideration



Chapter 5: Student-Generated Animations and Students’ 
Learning in Chemistry 

5.1. Introduction 

Representations are often used to help students to develop their understanding of 

science concepts (Tytler et al. 2013), but successful learning where students create their 

own animations has rarely been reported (Chang & Quintana 2006; Hoban et al. 2009; 

Hoban & Nielsen 2010). What is distinctive about this research is the use of an 

intervention to investigate how student-generated animations, together with critical 

analysis and discussion, influenced students’ learning of chemistry. The use of software 

programs for supporting student-generated animations encouraged students to represent 

their existing knowledge using animations and helped both the students and their 

teacher to identify where students had sound understandings, deficiencies and 

misconceptions. The following four research questions guided this study of how 

student-generated animations influenced students’ learning of chemistry:  

1. In what ways do student-generated animations influence students’ conceptual 

learning in chemistry? 

2. How do interactions among students influence learning when they are creating 

animations? 

3. How do interactions between teachers and students influence learning in the 

animation creation process? 

4. How do analysis and discussion of the animations contribute to students’ learning?  

As outlined in Chapter 2, the study draws on three theoretical approaches: social 

constructivism (Ernest 1998; Gredler 1997; Maxim 2014; Prawat & Floden 1994; 

Vygotsky 1978), the Representation Construction Approach (RCA) (Tytler et al. 2013c)

and learning through analogies (Ainsworth 1999; Aubusson et al. 2006; Aubusson et al. 

2009; Barlex & Carre 1985; Carolan et al. 2001; Harrison & Treagust 2006; Prain & 

Waldrip 2008; Saul 2004). 

Social constructivism emphasises the interactions in groups during an active learning 

process. The conjecture framing this study is that student collaboration in creating their 

animations would promote interactions with each other and their teacher to enhance 

students’ understanding of science concepts.  



The two principles of the RCA (Tytler et al. 2013) suited the purpose and context of the 

research (see Section 2.2.2). First, the students actively created their animations as 

representations that helped to explain and enhance their understanding of the chemical 

phenomena; and second, throughout this process and subsequent discussions, students 

were supported by their school partners and their teacher as they developed their 

conceptual understanding. The inclusion in this study of follow-up discussion classes 

also stems from the RCA and the principles of teaching with analogies. These 

discussions allowed learners to compare and synthesise their own and the experts’ 

animations 

The use of analogies is consistent with the RCA. Analogies encourage learning by 

allowing for the identification of similarities, consistencies and inconsistencies between 

concrete (analog) and abstract (target) concepts (Aubusson et al. 2009). In this case, the 

animations were analogs of the target chemistry phenomena (see Section 2.2.3) 

The results of this study suggest that the students developed their understanding of 

chemical concepts from participating in this process. In particular, pre- and post-test 

results showed that they developed an expanded knowledge of chemistry and states of 

matter when they used the software animation program to construct their own 

representations.  

This chapter synthesises the findings from the wide range of data collected in this study. 

This is contextualised in relation to the four research questions shown above. The 

implications of these findings and the limitations of the research will then be considered 

along with recommendations for further research. 

5.2. Findings  

This section draws together the research findings of this study. Following a brief outline 

of the pre- and post-test results, the findings will be summarised in the context of the 

four research questions introduced in Chapter 1 and repeated in Section 5.1.  

5.2.1. Pre- and post-test results 

Evidence of student learning was sought through pre- and post-tests. After the pre-tests, 

the concepts underpinning the four research questions were taught through the 

animation creation process. The students drew the animations for the states of matters 

showing particles, watched their classmates’ and experts’ animations and then discussed 



these animations. They matched and mismatched attributes from those of the expert 

animations with their own animations. Within groups, they then participated in 

stimulated recall interviews before taking the post-tests. 

Students had statistically significant higher scores on post-test scores in comparison to 

pre-tests results (see Table 4.2.2). This result is consistent with previous studies where 

ICT simulations have been used in chemistry teaching. Studies consistently show that 

students’ performance increases in chemistry tests when teachers use computer-based 

science simulations (Chang & Quintana 2006; Hubscher-Younger & Narayanan 2007; 

Udo & Etiubon 2011). Williamson and Abraham’s (1995) study based on pre- and post-

test results also supports the case that usage of animations contributes to an increase in 

students’ scores. Students’ 3-D structures also improve with web-based materials based 

on pre- and post-test results (Dori, Barak & Adir 2003).  

This study shows that students’ understanding improved with use of student-generated 

animations combined with discussion and analysis of the concepts underpinning these 

animations. 

Research findings in relation to the research questionsResearch question 1 

In what ways do student-generated animations influence conceptual learning? 

As mentioned in Chapter 4, all students were actively engaged during the animation 

creation process in which the intervention was applied. They worked with their partners 

or within groups and created a chemistry animation using the K-sketch animation 

program. The students said they had created better animations in small groups than they 

would have as individuals, with the small group discussions helping them to think 

through ideas underpinning their concepts. While creating their animations, students 

had friendly discussions, were smiling and sometimes singing. When they disagreed 

with each other, most tried to negotiate and eventually found common explanations and 

reasons on which to base agreements.  

The teacher also reported that before they started to create their own animations there 

was useful discussion among students, which encouraged them to think about the 

concepts. The teacher became aware of students’ misconceptions and otherwise hidden 

understandings while they were creating their animations. This negotiation of meaning 

is consistent with a socio-cultural perspective of learning. 



After creating their animations, the groups showed their animations to other classmates 

by displaying them on the board. Most students exhibited confidence while they were 

explaining their animation to the class and answering questions. They tried to explain 

what they had been thinking while they were creating their animations. Comments from 

their classmates and teacher helped them to become aware of their own and others’ 

misconceptions. Video recordings show most students enjoying their classmates’ 

animations and the discussions that followed. They were smiling and making comments 

such as ‘excellent’, ‘different’, and ‘perfect’. They also started to look at animations 

with a critical eye. They learned how to improve the ways in which their animations 

represented their concepts of states of matter.  

After observing and commenting on their classmates’ animations, the students watched 

the experts’ animations on the states of matter. They indicated that watching the 

experts’ animations was an indispensable part of learning through the animation 

creation process. Many expressed surprise that they still lacked understanding of these 

concepts despite having studied them many times at school. For some, the experts’ 

animations allowed them to recognise deficiencies depicted in their own animations and 

their misconceptions about the arrangement of particles in liquids. Many had 

represented their ideas accurately, only to realise these ideas were wrong. Others 

became able to distinguish between ideas that were conceptually correct but 

representationally inaccurate due to difficulties in drawing them.  

While a student’s individual creating or drawing of chemistry images has been shown to 

help improve their visualisation and education at the micro level (Eilam & Poyas 2010), 

this research suggests that the use of student-generated representations in combination 

with analysis of animations and discussions supports the learning of fundamental basic 

chemistry concepts such as states of matter.  

When novices use relatively unfamiliar software, the animations they generate will 

never be able to represent accurately their visualisations. However, errors in an 

animation or representation do not necessarily mean its creator has the particular 

misconceptions suggested by the animation. The animation is needed as a tool for the 

imagination. Without engaging in the process of drawing the animation to represent 

their views, students tend to be concerned about the risk of being lost in their own ideas 

and being relatively unproductive as learners. Their attempts to imagine what happens 



as matter changes states makes them more receptive to learning from others, particularly 

the experts’ animations. This is also related to the critical initial step in constructivist 

learning where learners articulate their ideas (Maxim 2013). Continuing dialogue that 

includes public and open acceptance appears important for exploring and developing 

ideas. The follow-up discussions where students compared their own animations with 

those of their classmates and those of experts were therefore important elements of the 

learning process. 

To conclude, all the students said they preferred using the animation software and found 

it more enjoyable and encouraging than the traditional learning methods they had 

experienced. For example, in the evaluation process, one student claimed that the whole 

process was better than the current ‘education system’ and she summarised the whole 

process as ‘imagine, create and discuss’. Her classmates agreed, saying: ‘exactly’, 

‘same thinking’, the ‘education system should be changed’. In addition, the teacher also 

claimed that there was a big difference in the students’ conceptual understanding before 

and after the creating animations intervention. She therefore preferred using student-

generated animations rather than expert animations alone because while students are 

drawing, they start to think and imagine, and their cognitive engagement increases. In 

addition, she claimed that after students had drawn their own animations, they gave 

more attention to the expert animations as they sought the similarities and differences 

between their animations and those of the ‘expert’ animators.  

These experiences are consistent with those reported by other researchers. Chang and 

Quintana (2006), for example, concluded that student-generated animations have an 

encouraging effect on the learning environment of middle-school students. Barak, 

Ashkar and Dori (2011) also report that students who studied science with animated 

movies had more motivation to learn and enjoy science than students who studied with 

traditional methods. 

Research question 2 

How do interactions among students influence learning when they are creating 

animations? 

Students worked in groups while they were creating their animations. Student 

interviews and videotapes of their interactions show how they interacted with partners 

to clarify chemical concepts and gain advice, information and confirmation. Their 



interactions were divided into the following five categories: seeking understanding of 

the partner’s claim; giving instructions to the partner; adding new information; advising 

and convincing; technical discussion (see Section 4.3.1). Such interactions appeared 

effective when pairs of student partners engaged in the discussions and shared ideas 

about a concept. According to Jonassen, Peck and Wilson (1999a), collaboration among 

students helps their personal growth and contributes to high levels of student 

satisfaction; improves both their relationships with others and their communication 

skills; increases motivation, knowledge and respect of each other’s opinions; and helps 

them to learn to listen respectively. This is consistent with Stieff, Bateman & Uttal’s 

(2005) assertion that students using a visualisation tool in group work share their ideas 

and learn each other’s alternative views about an idea or concept. It is also consistent 

with social constructivist view on learning: students interacting in a group construct 

knowledge for each other and create a small culture to solve a given task collaboratively 

(Richard & Audrey 2004). In this study, each partner asked questions and requested 

advice about unclear concepts (see Example 4, Section 4.3.1). The learning and 

knowledge were thus constructed through social interactions in groups.  

These results are consistent with Vygotsky’s (1981) theory of learning through social 

interactions and the research of Barak, Ashkar and Dori (2011), who, as mentioned 

earlier, found that students who studied science using animated movies increased their 

understanding through subsequent group discussions. They shared their ideas and 

socially negotiated meaning as they realised that there are various ways, other than their 

own, to solve problems or reach a conclusion. 

The social constructivist perspective on student learning also highlights the critical role 

of interactions among peers for their cognitive development (Ernest 1998; Gredler 

1997; Prawat & Floden 1994). This accords with the students’ and the teacher’s claims 

and is consistent with Jonassen, Peck and Wilson’s (1999b) assertion that when students 

work together and discuss in groups rather than doing individual work, they develop 

their cognitive strategies and knowledge about what they are doing, along with their 

understanding about why they are doing it.  

However, in this study interactions were not so effective when a partner gave directions 

instead of explanations, or when a dominant partner was happy to be involved in the 

group’s work but a passive partner was silent or disengaged. Except for two students 



who had passive partners, all acknowledged that the group work would have been less 

enjoyable without their partners’ contributions. 

Research question 3 

How do interactions between teachers and students influence learning in the 

animation creation process? 

The teacher played an active role in supporting an atmosphere in which the creating of 

animations was part of an effective learning environment. While the students were 

creating the animations, she encouraged them to be confident in exposing themselves to 

the risk of being wrong and to show their thinking freely. She explained that there 

would be nothing wrong in their animations; there would be only different ways of 

expressing their ideas. She also explained that they could ask any question if they were 

unclear; she would be their guide. Even though many students were confident as they 

explained their animations to their classmates, the groups that demonstrated less 

conceptual understanding in their pre-tests showed less certainty when interpreting their 

ideas for the class discussion. In these cases, the teacher asked these less confident 

students (those who talked less about their animations) structured guiding questions in 

order to to promote their understanding. These guiding questions helped the students to 

both understand and explain the correct science related to the concepts. Barlex and Carr 

(1985) argue that for teachers to work consistently within Vygotsky’s (1962) zone of 

proximal development (ZPD), it is essential that they help students to give expression to 

their own ideas in the learning process. Students often need help in their learning 

experiences with visual materials so that they can become aware of what they should 

attend to or ignore (Barlex & Carre 1985).  

The teacher observed the students while they were using the K-Sketch animation 

program and discussing their animations with their partners, and she reminded them of 

what they were attempting if they deviated from representing their conceptual 

understanding. She asked questions and summarised their drawings to help them 

improve and organise their interpretation of the concepts. Consistently with the 

principles of Vygotsky’s ZPD, her scaffolding of the groups as they were animating 

helped elicit the students’ current views of science and correct their misconceptions. In 

addition, asking them to make reasoned claims about the concepts is consistent with 

reports indicating that verbalising claims when drawing helps students to synthesise 

concepts (Tytler et.al. 2013c). Aubusson and Fogwill (2006) also argue that it is 



important for a teacher to cooperate with students as they together generate their 

analogies (animations in this research) not only by telling students what to present but 

also by questioning and exploring their views. In this study students were required to 

explain and elaborate their ideas about science phenomena, the reasoning underpinning 

these views and the ways in which these ideas are being illustrated in their animations.  

Of the 11 groups of students interviewed, four groups reported that the teacher’s support 

was useful because she had helped them to improve their animations by bringing their 

attention to concepts they might never have thought about, such as ‘adding motion’ and 

‘vibration of particles’. Two groups said they were neutral about the teacher’s support 

because when she tried to guide them she only watched their animating and said 

nothing. Four groups mentioned that the teacher’s support during the partner 

discussions was not useful and did not affect their work. While she had asked questions 

about their work while they were doing it, they decided her support was unnecessary 

and they attempted to create their animations without her guidance. The perceptions of 

this minority of students is inconsistent with the view of the researcher observer, who 

noted that changes to the animations often occurred after interactions with the teacher 

and that students became clearer about the expectation that they represent their 

conceptions in their animation. The minority of students who found the teacher’s 

scaffoldings to be not useful might have expected a direct instruction from their teacher 

to contribute to their animations. This is evident in the teacher-student dialogues that 

show that even though the teacher interacted with the groups by simply asking what 

they were doing in order to help them to think again about the concept, these students 

were either not aware of this support (see Example 22, Section 4.3.2) or they realised 

they were doing something wrong and intended to change their animations just after the 

teacher had analysed their drawings (see Example 24, Section 4.3.2). 

Analysis of the teacher-student dialogues suggests the following categorisation of the 

teacher’s scaffolding:  

• repeating a student’s previous sentence and asking further questions 

•  reminding students of what they are attempting  

• clarifying the student’s claim  

• summarising student’s drawings and eliciting information  

• encouraging students  



• providing additional direct information 

• highlighting significant omissions  

• recommending changes to address these  

• asking a reason for something or seeking an explanation  

• providing misleading comments (see Section 4.3.2). 

For the most part, the teacher intervened gently during the student-generated animation 

process. She gave students the task, encouraged them to collaborate, and as she walked 

around she asked what they were doing. In the follow-up discussions, she did intervene 

more assertively when she initiated the discussions and assisted students to map the 

features of both their own animations and the expert animations, such as the target and 

base analogs (Aubusson, Treagust & Harrison 2009). She helped students to identify, 

discuss, explain and map the similarities and differences between students’ and expert’s 

animations. With this sort of mediation, the learning was more valuable than if the 

students had viewed the expert’s animation alone. This observation is consistent with 

claims that the mapping of the match and mismatch of attributes between base analog 

and target phenomenon during the discussion of analogies (animations in this research) 

may be more valuable in students’ learning than the development of a more accurate 

base analog per se (Aubusson, Treagust & Harrison 2009). In other words, inadequacies 

may be advantageous because they become sites of learning during the discussion of 

analogies (animations). This study thus provides evidence that is consistent with other 

research regarding expert analogies and perceived inadequacies (Aubusson & Fogwill 

2006; Fogwill 2007).  

Research question 4 

How do analysis and discussion of the animations contribute to students’ learning?  

In order to answer this question, I will focus on the follow-up discussion lesson, which 

was the culmination of the learning sequence.  

After working in groups to create their animations, the students met in their follow-up 

class to discuss their ideas about other classmates’ animations, either accepting the other 

student’s ideas or challenging them. They talked about how the animations were 

developed and how the ideas represented by others matched and mismatched their own.  

During these critiques of the students’ animations, the teacher initiated the 

conversations, sought explanations of the fundamental concepts that related to change 



of state and encouraged the students to discuss the ideas presented in the animations. 

The teacher tried to stimulate their deeper analysis of the animations by asking how 

they might make the animations ideal. There were multiple ideas about this. However, 

sometimes when the teacher found ideas to be wrong she stopped the discussions rather 

than correct the students’ conceptions. In other words, she tried to help the students to 

think about why an animation might be inadequate and how it could be improved.  

The format of the follow-up discussions was consistent with the Focus-Action-

Reflection (FAR) guideline for teaching with analogies and models (Treagust et al. 

1998) (see Section 2.2.3). In the Pre-Lesson Focus stage, the teacher selected and 

clarified the abstract concept states of matter. Students revealed ideas they already had 

about this concept by creating animations. During this animation creating process, the 

teacher discussed with the students and asked questions about their animations to 

establish evidence of any prior knowledge of the concept.  

In the Lesson Action stage, the teacher discussed the students’ animations, including 

mapping attributes of the animation that are like or unlike the target analog. The follow-

up discussions about how the students saw the matches and mismatches between their 

own animations and those of their classmates and the experts appeared to be an essential 

element of the learning process. The teacher’s comments and the students’ post-test 

results show this helped the students to focus on the main concepts to be learned and to 

minimise the generation of further misconceptions.  

In the Post-Lesson Reflection stage, the teacher asked the students to evaluate the whole 

animation creating and discussion process. Students shared their experiences during the 

learning process and discussed their ideas with the teacher. The teacher asked questions 

based on the FAR guide (Treagust, Harrison & Venville 1998), including: What kinds 

of changes or improvements are needed in future lessons? Which part of the process 

was more useful? Which was the most powerful part of the process – creating the 

animations or discussing them?  

The students also improved their conceptual understanding by discussing and asking 

questions about those parts of their classmates’ animations that were inconsistent with 

their own ideas. While they were watching their classmates’ animations, they realised 

that many in the class did not have the same understanding as the group whose 

animation was being shown and critiqued. 



After these discussions of their classmates' animations, the students watched the 

experts’ animations about changes of state. As noted above, studies show that 

computer-based science simulations related to chemistry concepts help students to 

develop their conceptual understanding (Chang & Quintana 2006; Hubscher-Younger & 

Narayanan 2007; Udo & Etiubon 2011). However, the intervention in this research has 

approached the topic differently, with the students watching the expert animations only 

after they produced their own animations. They watched the expert animations and 

critiqued them, highlighting the similarities and differences between the ‘expert’ 

animations and their own animations. They distinguished not only the different parts of 

the animations but also when their ideas about the concepts were unclear or inconsistent 

with the expert animations. Even though students were initially unsure about how to 

critique their classmates’ animations, they gained confidence during this process and 

learned how to critique even the expert animations. The videotapes show the surprise of 

a student who said at this point, ‘Oh yes, I got it,’ and the happiness of another who 

commented, ‘Chemistry is not as difficult as I was thinking before.’ 

Students also revealed that it was helpful to see the expert animations after they had 

critiqued their classmates’ animations. Some groups changed their ideas after watching 

the expert animations even though they had been satisfied with their animations after 

the classmate discussions. In addition, as indicated earlier, while students were 

comparing the features of the expert animations that were consistent or inconsistent 

with the features of their animations, they became aware of deficiencies in their own 

conceptualisation of states of matter. For example, even though some students claimed 

they understood the motion of particles on each state, they became aware of the correct 

arrangement of particles within the liquid phase after watching the expert animations 

(see Section 4.4.3).  

According to the teachers and students, however, watching expert animations alone 

would not have been as helpful for learning had they not already constructed their own 

animations. This is broadly consistent with Hoban et al.’s (2013) claim that creating 

animations improves students’ content knowledge of chemistry and students need to 

think in multiple representations of the same concept in order to reach the final 

representation. This study indicates that producing and critiquing a variety of student 

and expert animations contributed to learning and created an opportunity to see 

multimodal representations. This is consistent with other findings that multiple 



representations support students to both demonstrate and extend their science learning 

(Ben-Zvi et. al 1986; Harrison & Treagust 2000; Tytler, Waldrip & Griffiths 2004; 

Waldrip & Prain 2013).  

Of the 11 student groups interviewed, only one group did not mention the follow-up 

class discussions either positively or negatively. The other groups were satisfied that 

they had learned about the arrangement and movement of particles through these 

discussions. They said that prior to the follow-up discussion class, none of them was 

aware that liquids do not have significant spaces between particles. Showing their 

animations to the whole class allowed them to explain their thinking and continue to 

improve their understanding about the states of matter. They reported that they had 

learned the following three key concepts related to states of matter: 

1. Solid particles have vibration and motion. 

2. Liquid particles flow above each other, and they do not have spaces between 

particles. 

3. Gas particles have large spaces between particles because of their high energy. 

In summary, the students claimed they could not have learned the correct concepts 

about states of matter without having participated in the discussions that followed the 

creation of their animations. Without their own student-generated animations, it would 

have been impossible to imagine or think about the concepts in the same way. The 

pedagogic value came from the combination of both creating the animations and having 

the follow-up discussions.  

5.3. Implications 

This research illustrates how combining the production of student animations with 

interactive discussions is an effective way of developing students’ understanding of 

chemistry concepts. An implication of this research is that science teaching in general 

might benefit from the development of multiple ways (creating, discussing, evaluating) 

of using student-generated animations.  

This study shows that when students create and analyse animations they seem more 

likely to be aware of the dynamic nature and motion of particles in the three states of 

matter, particularly vibration in solid state. Teachers should consider the integration of 

animations that include motion and also enable their students to find opportunities to 

create them. Through such learner-generated animations, students can render their 



thinking ‘visible’ and help teachers take targeted action that supports students to 

understand relevant concepts.  

Discussions about their own animations allowed students’ ideas to become explicit and 

created a learning environment in which students not only asked questions and clarified 

their own ideas but also compared and contrasted their ideas with those of other 

students. This is aligns with the theory of social constructivism: meaning is created and 

knowledge constructed during the interactions between students and their teachers. 

With regard to group work, while the students were working on the same task 

(generating science-animations) they integrated their varied ideas and found themselves 

in an explanatory framework. Group discussions created a learning environment that 

engaged students in developing their understanding. Therefore, creating an animation 

with partners is recommended as an instructional intervention to improve the learning of 

scientific concepts. 

5.4. Limitations 

The study was originally planned to be conducted in three different colleges in Turkey, 

but two schools withdrew from the research at short notice. This reduced the sample 

size and prevented comparisons with varied forms of the intervention. The sample size 

(N = 28) was therefore limited by the availability of the students in the remaining 

college and how many there were in the teacher’s classes. Thus, the results drawn from 

the data cannot be generalised to other learning settings and grade levels or to all 

teachers. Rather, the reader needs to consider the context of this study and determine the 

confidence with which its findings might be applicable to guiding practice in other 

settings (Aubusson 2002). 

The research design included using the CamStudio software recording program to 

record the students’ screen while they created their animations. However, all except two 

groups of students found that they could not use the program, and it became time 

consuming to rearrange the program and change its settings during the process. Even 

the two groups of students who were already familiar with this program found that 

transferring recorded data to the researcher’s hard disk took two or three hours. This 

problem led to the data from CamStudio source being unavailable.  



Another limitation was that only two student groups had video cameras to record their 

experiences. The researcher and the teacher recorded the partner discussions with smart 

phones, but use of video cameras with each student group to show details of 

conversation and gestures as they animated would have enhanced the collection and 

quality of the data.  

5.5. Further research 

During this research, student-generated animations were used as an intervention for 

learning abstract concepts. Student groups each constructed an animation that showed 

their collective view of states of matter. Discussions about their own animations were 

designed to promote students’ interactions and to ascertain their understanding about the 

changing physical phases of matter. After discussions, they watched expert animations 

and critiqued them. They then evaluated the whole teaching and learning process in the 

classroom environment. I offer five suggestions for further research in this area. 

First, researchers might attempt to replicate this study with a large number of students 

in order to increase the reliability of the intervention. Because the late withdrawal of 

two schools from the research reduced the sample size and left only the current research 

data available, it has not yet been possible to compare variations on the intervention.  

Second, implementing distinct parts of the intervention separately, or repeating the 

study with selected elements of intervention removed, could yield valuable insights into 

the relative importance of different phases of the intervention. Examples could include 

an analysis of the expert animations only or of the students’ construction of their own 

animations without taking the experts’ animations into account. The intended 

comparison with a class using student-generated animation alone without follow-up 

discussion was not possible due to a school’s late withdrawal, so this would also be a 

useful next step.   

Third, research with a comparison group of students who draw but not animate would 

tease out the role of dynamic representations in this group’s understanding of science 

concepts. 

Fourth, because this research studied only one concept and this was limited to only three 

states of matter, it would be productive to investigate other key concepts in fields 

additional to chemistry. Fields involving dynamic, microscopic and macroscopic 



process, such as physics, geology and biology, are difficult to visualise. The findings of 

such investigations should inform the extent to which students may benefit from 

generating animations in these fields. 

Fifth, it would be useful to repeat the process with the same class but with a different 

concept. The intervention was a time-consuming process, which may be due to its being 

introduced to a class for the first time. There would be value in researching whether the 

process could become quicker, with the students needing less of their teacher’s 

scaffolding.  

Further investigations such as these will add to our understanding of how to use student-

generated animations to promote students’ learning in science. 

5.6. Conclusion 

The multi-faceted nature of this research into student-generated animations 

demonstrates the intersection of educational theory and practice. It not only adds to the 

body of knowledge about the value of animations in teaching chemistry but also 

illustrates how the student-generated animation creation process can positively affect 

students’ learning. The application of RCA and analogical reasoning in student-

generated animations supports the case for its pedagogical usefulness.  

The study also identified how the interactions of students helped to clarify their 

understanding and misunderstanding about the chemistry concepts. Student-generated 

animation, when supported by teacher-led discussion and analysis of animations, 

appears to be an effective form of science teaching and learning. The scaffolded support 

from the teacher in the follow-up discussion classes extended students’ conceptual 

understanding and improved their representational mapping skills. Therefore, this 

research extends the knowledge of using student-generated animations.  

Aubusson and Fogwill (2006) have speculated that the errors and imperfections in 

student-generated analogies create a locus for learning and that relatively poor student 

generated analogies may be better stimuli for learning than perfected analogies. Poor 

analogies do not represent a phenomenon with scientific accuracy. The goal, they 

argued, was not to perfect the analogy but to use it to enable learning. There is ample 

evidence in this study that adds weight to this speculation. Indeed, it could now move 

from mere conjecture to a sound assertion. 



The inadequacies, inaccuracies and failings in the student-generated animations were 

used to enable the learning process, whether or not these resulted from a student’s 

imprecise conceptualisations or an inability to render conceptions clearly using the 

animation software. It is recognised that student’s who share their misunderstandings 

and misrepresentations may promote further misconceptions among others (Osborne & 

Cosgrove, 1983). Yet the evidence from this study is that the student-generated 

animations brought both understanding and misunderstanding to the fore. There is 

almost no evidence that misunderstandings were either appropriated by students or 

shared by them. Rather, the data suggest that with the application of an appropriate 

pedagogy, students’ thinking is sufficiently robust to not only deal with potentially 

misleading animations but also to learn from them. When stimulated by students’ own 

animations, the discussion and comparison with expert animations generated 

understanding.  

Because scientific conceptions such as these are much more difficult to illustrate in 

static drawings, the specific affordance of animation in this intervention is its capacity 

to represent their dynamic elements. Animations can show the dynamic features of a 

situation ‘directly and explicitly’ (Hubscher-Younger & Narayanan 2007, p. 235) and 

help students to visualise dynamic processes (Dori & Barak 2001; Najjar 1998). Even 

so, it was challenging for students to show in their animations the molecular movement 

exactly as they intended, and this sometimes led to imperfections in their 

representations rather than inaccurate conceptualisations per se.   

While this research was being conducted and the thesis written a popular song played 

repeatedly on the radio. It included the line, ‘I love your perfect imperfections.’ As 

educators, a clear message of this thesis is that, for the purposes of learning, we should 

love the perfect imperfections of student-generated animations because therein lies 

opportunity for learning. 
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Appendix 4 K-Sketch Animation User Guide Worksheet 

K-Sketch Animation User Guide  

K-Sketch, kinetic sketch pad is for novice animators to create informal animations from their 

sketches. You can create your own animations with K-Sketch animation program. In the below, 

you can see K-sketch overview.  

Toolbar 

 

 

 

 

 

Canvas: 

Where you will 
draw and view 
animation 

 

 

Time Controls: Allow you to play your animation or move to any point in time 

Buttons: 

 

  

New  Open  Save Flash 

 

 

 Cut  Copy Paste 

 

 

Undo   Redo

 

     Colorful Pens      Eraser 

Select Next Guess 

Fix Last Motion 

will 
iew 



Show Motion Paths 

Record Drawing 

Loop Playback

Adjust Speed 

Options 

Help 

Full Screen Mod

A



 

Selecting Objects Object Handle 

You can move objects in various ways, depending on where you touch. To select object, you 

must hold down an “Alternate” (Alt) button and draw a loop around them. When you select an 

object, the Object Handle appears as shown below.  

          

Object Handle 

 

 

Tutorial 1: Count Down 

Step 1: First draw the number of 5 and move along two times with ► button in time control 

line.  

Step 2: Take eraser and get rid of the 5 and when we erase 5 we will see the shadow of 5 as 

grey colour. It will help us to add the other numbers in the same place.  

We get a pen and draw 4 in the same place and again move along two times with ► button in 

time control line.  

Move

Spin 

 
Stretch 

Grow/ 
Shrink 

Get Menu 

 Steer (Move and 
Turn) 



Step 3: Repeat the same steps for number 3, 2, and 1 After deleting 1, lets write GO! and save 

with move along two times with ► button in time control line. 

Step 4: Now it is time to watch your animation firstly press rewind button and than “Go” button 

to play the animation. 

Tutorial 2: The Car Jumped Over the Plane 

Step 1: 

               

Start by drawing the ground, the ramp, and the car. 

Step 2: 

 

       

Select the car by holding an Alternate “Alt” button and drawing a circle around the car with 

the pen. When you finish, all the lines of the car should be displayed as outlines (indicating that 

they are selected) and the Object Handle should be visible above them. 



Note: To get rid of the Object Handle, select empty space (hold an Alternate button and tap 

the pen in a place with no ink strokes).

Step 3:  

     

Move your pen to the Object Handle’s “Steer” region. When you do so, the region will turn 

dark blue but we want to save our motion. Hold an Alternate button to indicate your desire to 

record the motion over time. When you hold this button, the “Steer” region turns red as shown 

above right. 

   

Now drag the car at a constant speed along the path shown with mouse. 

Step 4: 

    

 

 



 

Draw the plane at the moment it appears. Move the time slider to the point shown above, when 

the car is on the ramp, and then draw the plane. The plane will be visible from this moment 

forward. 

Step 5: 

       

Select the plane (see Step 2), and hold the pen over the “Move” region in the center of the Object 

Handle. Hold an Alternate button so that this region is red, as shown above left. Then drag the plane 

to the left, recording its flying movement. The car moves as you drag so you can coordinate the two 

motions. Do your best to move the plane steadily and keep it under the jumping car. 

Step 6:  

        

Make the plane disappear when it reaches the far left of the screen so that it appears to fly away. Select 

the Eraser (circled in red above) and erase the plane.

Step 7:  

 



 

As a final touch, make the car explode when it hits the ground. Move the time slider to the end of the 

animation or to the moment when the car stops moving. Then select the Eraser and erase the car at this 

moment. 

 

Finally, select the Red Pen and draw an explosion on top of where the car was, as above. That’s the 

final step! Rewind and play the full animation.  

Tutorial 3: Rolling Down 

Step 1: In this animation we will learn how to copy the movement. Start by drawing a road with slope 

and a wheel on top of it. Then move time slider to the beginning of animation.  

h i h



             

Step 2: Select the wheel and hold the pen over the “Move” region in the center of the Object Handle. 

Hold an Alternate button so that this region is red, then drag the wheel to the down, recording its 

movement. Move time slider to the beginning of animation. Unselect the wheel.  

Step 3: We want that the wheel rolls down when playing. Select the wheel again hold the pen over the 

“Spin” region in the corner of the Object Handle (small circle). Hold an Alternate button and spin the 

wheel. Lets’ watch what we animated until this point.  

We saw that K-sketch saved only our last movement. To save also other movements (rolling down), 

select the “Fixed Last Motion” button and choose the movement which you want (generally it is on the 

left top side).  

Step 4: Move time slider to the beginning of animation. Select the “Select Next Guess” button and we 

will see that our path became pink color. 

     

Select the “Copy” button and drag the wheel little to down. Select “Paste” button and you will see that 

we copy the motion. Let’s bring the copied wheel to top of the road. That’s the final step! Rewind and 

play the full animation.

Tutorial 4: Disappearing of Small Balls  

Step 1: Start by drawing one small ball. Hold an Alternate button make copy and paste from 

the same ball and move the ball where you want to put with the help of mouse. We can repeat 



this “copy paste” step until we have four balls. Then move along two times with ► button in 

time slider. Select “Eraser” and delete all balls and copy new balls where is close to the other 

balls and along two times with ► button in time slider. Let’s repeat this step 3 or 4 more times. 

When we rewind the animation we will see that small balls are moving.  

Step 2: We want that while small balls are moving, they should be disappeared. Select one ball and 

hold the pen over “Move” region in the centre of the Object Handle. 

Hold an Alternate button so that this region is red, then drag the ball when it reaches the far top of the 

screen so that it disappears from the screen. Move time slider to the moment when the ball is not 

disappeared. Select the ball again hold the pen over the “Spin” region in the corner of the Object 

Handle (small circle). Hold an Alternate button and spin the ball. To save the movement, select the 

“Fixed Last Motion” button and choose the movement which you want (generally it is on the left top 

side). Lets’ watch what we animated until this point.  

Step 3: Again move time slider to the moment when the ball is not disappeared. Select the ball again 

hold the pen over the “Grow/Shrink” region in the corner of the Object Handle (small square). Hold 

an Alternate button and shrink the ball. To save the movement, select the “Fixed Last Motion” button 

and choose the movement which you want (generally it is on the left top side). Lets’ watch what we 

animated until this point. You can try this step for other balls too. Rewind and play the full animation.  

Creating Your Own Animation:  

Imagine an ice block in a beaker at -20°C and you can also see the particles of that ice 

block. Suppose that you are increasing the temperature until 100 ° and still you can see 

the particles. Please draw what you imagine you would see as the temperature changes.  

  



Appendix 5 ESSA Questionnaire

Pre-Post Test:  

At school, Alex investigated the heating of water using the following apparatus.  

       

1. What is happening to the particles of water as the water is heated? 

They are getting bigger. 
They are getting smaller. 
They are moving more slowly. 

  They are moving more quickly. 
 

2. Alex found that she could not heat the water above 100°C. The best explanation is that, at 
100°C, 

water particles chemically react. 
water particles take up less space. 
water particles turn into different particles. 
water particles absorb enough energy to break free from one another. 

 
3. Which process causes fog to form on a mirror?   

melting  
freezing  
condensing  
evaporating  

 
4. When a mirror fogs up, the change of state can be shown as 

 
liquid gas  
gas liquid  
liquid solid  
solid liquid 

 
 A science class was doing an experiment to observe temperature changes when heating 

ice. Each group started the experiment with four cubes of ice and a small amount of 
water in a beaker. They heated the beaker, with constant stirring, over a low Bunsen 
burner flame as shown in the diagram below. They measured the temperature every 
minute and recorded the results in a table. 



 

      

One group of students obtained the following results. 

 

1. Using the information from the result table, describe what was happening in the first 9 
minutes of the experiment. 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

2. Suppose that you are increasing the temperature until 100 °C and you can see the particles. 
Please draw what you imagine you would see as the temperature changes.  

 

 

 

3. Using your knowledge of the particle theory, explain why this happens. 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

  



Appendix 6a Teacher Interview Questions 

The interview will be audio recorded so that I can capture all peer discussions. 
However, you can ask me to turn the recorder off at any time during the interview-
without giving me an explanation. I also assured that your identity and your students’ 
identity won't be revealed in publications or to anyone else. 
 
Introduction 
Thank you for agreeing to take part in my study. Do you have any questions for me 
before staring?  

Students’ learning: 

1. Firstly, Do you think that students exactly transferred their imaginations or 
thinking to their own animations? 

2. Does animation creation process (including discussions before and during the 
animations) contribute to their previous learning or helped to learn new things 
about concept? 

3. Does creating animations help students’ understanding? How? Does the process 
of creation animation contribute to students’ learning? How? 

Working in groups: 

4. Was working as pairs useful for students’ learning? How? 
5. What did students mostly discussed with their partners before starting 

animation? Is this discussion was useful for students? Why? 
6. If students create the animations alone, would it be different? What kind of 

differences would be in their animations? Not necessary 

Teacher support 

7. Did you support or only observe your students while they were creating 
animations? What kind of support did you provide for your students?  

8. Did your participation to animation creation process contribute to your teaching 
methods? How?  

Implications: 

9. Do you want to use student-generated animations in your teaching? How do you 
use animations in your classes? 

10. Are animations really necessary for students to understand the…concept? What 
kind of other activities or teaching methods can help their thinking process and 
help us to understand their thinking?  

11. Can students also show their imagination without drawing animations? How? 
12. Was creating animations helpful for you to understand students’ thinking? 

Thank you for your contributions, is there any thing else you would like to talk about 
before you leave or is there anything you want to ask me? 

Thanks again. 



Appendix 6b Student Interview Questions 

Semi- Structured Interview Questions (Students) 

1. It was really interesting to watch your animation. How do you think that animation 

process goes? 

2. What did you really mean in this part of your animation? 

3. What does the space between particles mean? What is there between these particles? 

(empty space, air) 

4. Do you really want to draw these spaces between particles? Why? 

5. Why did you draw arrangement of the particles in this way? 

6. Why the particles have different states? What makes them in different physical states? 

(attraction forces between the particles of matter, and the strength of these forces) 

7. What does this motion show? (the particles in three states of matter are in continuous 

motion) 

8. Why did you draw them in this shape (round, rectangular, dot etc.) or different colour 

(H and O molecules)? 

9. Is this drawing really your imagination? Is there anything that you would like to show 

better? 

10. What did you learn about states of the particles? Did creating animation help you for 

this topic? How? Can you give an example of how helped to your learning? 

11. Did creating animation influence your thinking about the melting ice? 

12. While you were creating your animation with your partner, did your partner influence 

your opinions? If yes how? Can you give an example? 

13. Before start to create animation, what did you discuss with your partner? For example, 

did you discuss about concept of matter and get agreement and start to draw or you just 

talk about how to draw or you directly start to create animation without discussion and 

during process you talk about concepts? Did you explain to your partner about your 

thinking and your imagination? 

14. Did you ask anything to your teacher? What did you ask your teacher? Did s/he help 

your learning? How? Can you give an example? 

  



Appendix 7 RCA Principle Analysing Sheet











Appendix 8 ESSA Marking Guideline



Key Terms 

This section provides an explanation of several key words and terms used in this thesis. 

Analogy is a comparison between two concepts to define abstract one in familiar terms. 

An analogy has two attributes: the base and the target. The familiar concept is called the 

base analog, and the unfamiliar one, which is to be explained, is called the target analog. 

Analogical mapping is a process of identifying attributes of the analogy and analysing 

of the match and mismatch of base and target attributes.   

Animation is a way of making movies by using slightly different pictures that create 

the appearance of movement when adding the pictures quickly in a series. Student-

generated animations are animations made by students to represent their understanding 

of a concept.  

Cooperative learning is a kind of small group instruction in a social setting in which 

students work together on activities or given tasks. 

Essential Secondary Science Assessment (ESSA) is a science assessment program in 

NSW, Australia. It is based on the Years 7–10 science syllabus. 

The FAR guide (Focus-Action-Reflection) is a three-stage process that informs the use 

of teaching analogies (see Section 2.2.3).  

The Kinetic Molecular Theory (KMT) categorised the five postulates that emphasizes 

the movement of particles (see Section 4.2.4) 

Mental models are visual or abstract representations of reality that people develop as a 

result of their own observations or experiences.  

Misconception is view or opinion that is incorrect because of faulty thinking or 

understanding. 

My dear teacher is a standard expression used by Turkish students in the classroom 

environment with their teacher.  



Partner interaction refers to the dialogues between students when they are actively 

working with their partners or within groups to create a chemistry animation using the 

K-sketch animation program. 

The representation-creation pedagogy intervention involved the four phases: Phase 

1, training in the software program; Phase 2, creating animations; Phase 3, class 

discussions; and Phase 4, reflective discussion with a teaching sequence (see Chapter 

3). 

The states of matter refer to three traditional distinct forms of matter: solid, liquid and 

gas. The fourth state, plasma state was not included in this study.  

The zone of proximal development (ZPD) is a zone where learning occurs in a 

supportive learning environment when a more knowledgeable other (MKO), who has a 

higher knowledge or better understanding than the learner, provides scaffolding to the 

learner. The MKO is a usually the teacher in the classroom environment (see Section 

2.2.1).  
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