
  

UNIVERSITY OF OSLO 
Department of informatics 

 
 
 
 

Learning with a 
Computer-based inquiry 
environment 
A sociocultural perspective on 
students’ information sharing 
 

 
 

Master thesis 
60 credits 

 
 
 
 
Pia Steinsland 
 

April 28th 2011 

  

 

 



II 

 

 

  



III 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Pia Steinsland, 2011 

 

Learning with computer-based inquiry environments,  
a sociocultural perspective on students‟ information sharing 

 

http://www.duo.uio.no/ 

Trykk: Reprosentralen, Universitetet i Oslo 

http://www.duo.uio.no/


IV 

 

Abstract 

In recent years there has been an increased interest in how computer-based inquiry 

environment can support students‟ learning. This thesis is about a computer-based inquiry 

environment called SCY-Lab. The data is collected from a design experiment, where SCY-

Lab is tested out in a high school near Oslo. Twenty students are selected for a project where 

they are supposed to design a CO2 friendly house with the help of SCY-Lab and other 

resources. This thesis follows two target groups throughout the project.  

 

Students‟ meaning making is explored while they engage with SCY-Lab and other structuring 

resources in school science. A sociocultural perspective is taken where I focus on their 

information sharing. When students share information they give access to each other‟s 

interpretations and they share their cognitive effort, as part of the meaning making process. 

Three aspects of their meaning making are in focus; First, how they are oriented when they 

talk and communicate, second, the use of SCY-Lab and other resources, and third, 

institutional norms and practices. Similarities and differences between the two groups are 

discussed during the project trajectory. By analyzing extracts throughout the project it is 

possible to look at moment-to-moment interactions, and at the same time take into account the 

relation between situations. The extracts will be analyzed and discussed based on the three 

aspects of their meaning making that are in focus. 

 

The findings indicates that students need different level and different kind of support when it 

comes to solving project tasks and the students need to understand what is expected of them. 

This is based on that students interpret what is expected of them differently and this leads to 

differences in how they are oriented and how they make use of the technology. One group 

discusses, argue for their choices and do research, more than the other. Expectations and 

requirements set, seems clearer when they are presenting their end product. Here both groups 

are oriented towards explaining and arguing for their choices. This means that the group that 

originally did not have this orientation, mange to change orientation so that both groups 

delivered similar presentations that both are evaluated to a top grade. One reason for this 

change in orientation might be that the evaluators did not really ask for understanding of 

scientific concepts.  
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1 Introduction 

 

Students all over the world rapidly get increased access to computers and internet. The idea of 

encouraging students to learn together in small groups has also become a pedagogical goal 

within learning sciences. The knowledge-based society of today requires ability beyond 

memorizing and fact-finding using textbooks. Computers play a big role in our life, and the 

society needs people with specialized knowledge and collaboration skills more than ever. A 

big part of the labor market consists of knowledge work that requires constant learning. The 

educational system must prepare students for this. However, to combine technology, 

collaboration, and education remains a challenge.  

 

It is widely accepted that students learn and understand science and mathematics by 

processing material actively and engage in deeper processes such as asking questions, 

searching for structures, and creating abstractions (Jong et. al. 2010). One way of engaging 

students in those active processes is inquiry learning. The last ten years have many computer-

based environment been developed to support this. Computer-supported collaborative 

learning (CSCL) is a field concerned with such environments. It addresses how Information 

and Communication Technology (ICT) might support learning in groups. It is also about 

understanding the actions and activities mediated by ICT (Arnseth & Ludvigsen, 2006).  

 

Several studies have reported on students‟ engagement with computer-based environments. 

The majority of these studies attempt to generate models of how features of a technological 

environment impact students‟ inquiry skills, based on a classification and validation of 

students‟ written products within the environment. The classification and validation as well as 

the design of the computer-based inquiry environment are based on idealized models of 

learning and scientific inquiry (Furberg, 2009). Studies with this kind of approach are called 

systemic studies and they are useful in that they give important input into how to optimize the 

design of computer-based inquiry environments and teacher instructions in these settings. 

Their findings are usually based on pre-defined categories to find out how the computer-based 

environment impact students final product. The approach in this thesis, however, is dialogical. 

The focus here is the very process of learning when students engage with computer-based 

inquiry environments. According to sociocultural theory, social, cultural, and historical forces 
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play a part in development (Daniels, 2003). Learning is seen as social meaning making that 

takes place among interacting participants. We must also take into account the surrounding 

environment, resources offered and requirements set. I will study participants‟ talk and 

interaction to gain a better understanding of the meaning making process when students 

engage with a computer-based inquiry program in school science. This environment is 

developed in an international project called SCY (Science Created by You), and then tested 

out at a high school.     

1.1 About Science Created by You 

The project SCY has developed the computer-based learning environment, SCY-Lab. The 

learning environment intends to offer students a learning experience based on real life, 

challenging assignments that include both inquiry and collaboration (de Jong, van Joolingen, 

et al. 2010). The purpose of SCY-Lab is to support scientific inquiry. In SCY-Lab, students 

formulate hypothesis, carry out experiments, draw conclusions and reflect on what they have 

done. This thesis is based on empirical material from the first iteration of the lab tested out in 

March 2010 at a high school near Oslo. The trial was allocated twenty hours all together, 

spread out on four consecutive Wednesdays. The assignment given to the students was to 

design a CO2-friendly house. They were asked to describe how CO2 emissions from houses 

work and find out how emission can be reduced. They need to consider materials, the design 

of the house, the way energy is supplied and used, as well as making a list of requirements 

and constrains for their house. In addition to SCY-Lab, they had access to other tools in order 

to solve the task. 

1.2 Aims and objectives 

Based on the data produced in the SCY-project, the aim of this thesis is to explore students‟ 

meaning making while they engage with technology in school science. I will take 

sociocultural perspective when I explore my problem area. According to this perspective, 

learning seen as meaning making implies that learning involves situations where students 

make sense of one another‟s actions and scientific concepts. When students share information 

they give access to each other‟s interpretations and they share their cognitive effort. This 

implies that also I can get access to their meaning making when they share information. When 

studying their information sharing, there are three aspects of their meaning making process 
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that I will focus on. First, how they are oriented when they talk and communicate, second, the 

use of SCY-Lab and other resources, and third, institutional norms and practices. Based on 

this background, I will address the following research questions: 

 

1. What characterize the students’ information sharing?   

2. How are SCY-Lab and other structuring recourses used when students share 

information?  

3. In what ways are institutional norms and practices invoked and addressed by the 

students? 

 

In order to answer these three questions, I will make use of concepts within sociocultural 

theory that describe the important of language, mediation and artifacts, and institutional 

norms and practices. I will also take into account what we know about students‟ engagement 

with computer-based environment by presenting the field of CSCL and studies relevant for 

my inquiry. The empirical material from the trial of SCY-Lab consists of information extracts 

chosen from settings throughout the project process. Two groups are selected as target groups 

to display a broader view of work processes and orientations within the SCY-project. I 

discuss similarities and differences between the two groups during the project trajectory. By 

analyzing extracts throughout the project I am able to look at moment-to-moment 

interactions, and at the same time it is possible to take into account the relation between 

situations. The extracts will be analyzed and discussed based on the three aspects of their 

meaning making that I will focus on, within sociocultural theory. Research methods will be 

discussed in chapter four. 

1.3 Motivation for my research  

I came from the faculty of education and started to work in an IT organization. Here we used 

a lot of computer-based tools for collaboration and cooperation. The tools helped us to learn 

from each other, and get the information needed to perform work tasks. This inspired me to 

start a master in Technology, Organization and Learning. This is an interdisciplinary program 

with particular focus on information technology's role in learning. The focus of the program 

builds on a tradition that emphasizes the interplay between human, structural and technical 

elements in the development of good workplaces in a democratic labor market (Faculty of 
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Informatics 2010). I think it is especially interesting to see how technology can be used in 

education, because of the important role the education system has and the many challenges 

that exist related to technology, collaboration and education. 

 

I learned about the SCY project when the project manager, Anders Kluge, had a presentation 

of it during a seminar for master students. I knew right away that it was an interesting project 

for me. First of all, it focuses on the topics I want to explore, but I also like the advantages 

working in a team gives. In this way I can discuss matters with other project members and be 

closely linked to a research unit when writing my thesis. The SCY-project combines two 

different methodologies and methods; 1) cognitive science and methodological individualism 

and 2) a sociocultural approach based on methodological collectivism (Kluge et al, 2010). I 

find it interesting how these two different approaches focus on different aspects. InterMedia, 

which I am a part of, has a sociocultural approach, as I mentioned above. This approach 

builds on the idea that cognitive, social and culture aspects of the human mind are 

interdependent and cannot be studied as independent variables. I find this idea interesting, and 

I have therefore also adopted a sociocultural perspective in this thesis. This gives me the 

possibility to explore the very process of learning when students engage with computer-based 

inquiry environments.  

1.4 Outline of the report 

This section offers an outline of the main topics addressed in each of the eight chapters in this 

thesis and is meant as a reader‟s guide. 

 

After this introduction (chapter 1) that presents the background for my work, I present the 

theoretical perspectives (chapter 2). Here I discuss students‟ meaning making processes based 

on a sociocultural perspective with focus on three aspects. First, by focusing on social and 

communicative actives, this may reveal how students make sense of scientific concepts. My 

second focus area is mediation and artifacts, because material resources help us in our 

thinking according to a sociocultural perspective. The third focus area is situated and context 

related factors, because thinking, communication, and physical actions are situated in context. 

The chapter ends with a section where i argue for my analytical approach.    
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Chapter three, Research on computer-based inquiry environments, present previous research. 

I describe the area of CSCL before I present two directions within the field; the systemic 

approach and the dialogical approach. Both directions are concerned with environments 

similar to the one in my inquiry, but they differ when it comes how they explore the students‟ 

engagement with these computer-based inquiry environments. The main objective with this 

chapter is to discuss relevant findings from previous research to give context for the findings 

in this study, but I will also demonstrate some of the distinctions between the systemic and 

the dialogical approach. In this sense, the presented studies serve as a point of departure for 

placing my own dialogical approach.    

 

Chapter four, Empirical setting and methods are divided into three parts. The first part 

introduces the SCY project. Here I describe the SCY environment and the mission. The 

second part continues with a presentation of the research strategy, which is a design 

experiment. The second part describes my data selection and explains the analytical 

procedures applied in this thesis. The chapter ends by discussion and reflection upon research 

credibility. 

 

My analysis consists of two chapters. I have followed two groups throughout the project. 

Chapter five is called Project trajectory for ThumbsUp, and chapter six is called Project 

trajectory for PowerPuff. I have chosen information extracts from settings from the beginning 

to the end of the project trajectory. This makes it possible to analyze moment-to-moment 

interactions when they share information and at the same time look at the data in a broader 

scope. One extract from each group is taken from all chosen settings. Both chapters‟ ends 

with summary of the groups‟ project process. 

 

Chapter seven is the Discussion of this thesis. Here I will revisits the tree research questions. 

First, I describe information sharing patterns within the two groups by comparing and 

discussing similarities and differences between the two groups. Second, I look at how they 

make use of SCY-Lab and other structuring resources when they share information. How they 

use available recourses may explain some of the information sharing patterns. These two parts 

look at how the students work. The third section discusses the reason for why these patterns 

are present. This is done by looking at the information sharing and the use of resources in 
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light of institutional norms and practices. These factors may explain some of the patterns I 

have detected during the project process.  

 

The final chapter is the Conclusion. A brief recap of my problem area is given before I sum 

up my findings. Further I point out how some of the pedagogical challenges that exist, 

according to my analysis and discussion, can be met. I end the thesis with reflections upon 

further research.  
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2 Theory 

 

 

The social dimension of consciousness is primary in time and in fact. The individual 

dimension of consciousness is derivative and secondary (Vygotsky, 1979, p 30). 

 

With this sentence Vygotsky captures the significance of the social in learning and 

development. He understood the development of human consciousness as a historical and 

cultural determined process and defined social interaction as the most important factor in a 

child‟s development. Vygotsky developed a theory within which social, cultural, and 

historical forces play a part in development (Daniels, 2003). This is the emphasis in 

sociocultural theory, which frames my inquiry. According to sociocultural theory, learning 

seen as meaning making involves situations where students make sense of one another‟s 

actions and scientific concepts (i.e. Säljö, 2004; Wertsch, 1998; Mercer, 2004). Since my goal 

is to explore students‟ meaning making while they engage with a computer-based inquiry 

program in school science, I focus on their information sharing. In these situations I can get 

access to their meaning making. Also the social setting where their actions are carried out and 

the artifacts they make use of, such as the computer-based inquiry environment, will be 

considered. In this chapter I will explain in more detail than above what it means that I have a 

sociocultural perspective on my inquiry.  

 

The task of social cultural analysis is to understand how meaning making is related to 

cultural, institutional, and historical context (Wertsch, 1998, p 3). How people learn cannot 

just be about how the brain works or our biological endowment (Säljö, 2004, p. 17). We must 

also take into account the surrounding environment, resources offered and requirements set. 

We are cultural beings that interact with and think together with other people every day. 

Studying participants‟ talk and interaction is one possible way for gaining a better 

understanding of how students learn (Mercer, 2004). When studying the students‟ talk and 

interactions there are three aspects of their meaning making process that I will focus on. First, 

the importance of language in learning, second, mediation and artifacts, and third, institutional 

norms and practices. I will structure this chapter based on these three aspects.     
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My first focus area, Language, is the most unique component in human learning and, more 

generally, in our ability to collect experiences and communicate these to each other. In a 

sociocultural perspective, language and communication are of great importance and it is the 

link between a child and its surroundings (Säljö, 2004). When focusing on language in 

students‟ meaning making process this may reveal how students make sense of scientific 

concepts. For instance in the SCY-project, students design a CO2 friendly house. When doing 

this they need to get to know concepts within the knowledge domain and use it in their design. 

Linguistic interaction cannot be seen as pre-coded messages with a firm and neutral meaning. 

This implies that the meaning has to be negotiated (Säljö, 2004, Lemke, 1990, Linell, 1998, 

Wertsch, 1991). In a sociocultural perspective this can be studied by focusing on the social 

and communicative activities. However, there are also material recourses that help us in our 

thinking. This is why my second area of focus is mediation and artifacts. In a sociocultural 

perspective on learning and human thinking the emphasis is on how individuals and groups 

acquire and exploit physical and cognitive resources (Säljö, 2004). The computer-based 

inquiry program that the students engage with can be seen as a cultural artifact. I will focus on 

how the engagement with computer tools function as structuring resources for the students. 

My third focus area institutional norms and practices. Thinking, communication and physical 

actions are situated in contexts (ibid). When studying the students‟ interaction it is important 

to consider the context of school and what this implies. When I have explained my three focus 

areas in greater detail, I will argue for an analytical approach for how to study the students‟ 

meaning making process.  

2.1 The importance of Language in meaning making 

Language is a mechanism to store knowledge, insights and understanding among individuals 

and its surroundings. We have the opportunity to share experiences with each other. This also 

means that we can borrow someone else's knowledge when we need it and use it as if it was 

our own (Säljö, 2004). According to Vygotsky, communication comes before thinking. To 

learn a language is to learn to think within the frame of a certain culture and a certain 

community. He sees the language as the link between the inner (thinking) and the outer 

(communication). Thinking is characterized as “inner speech”, where a conversation based on 

linguistic tools is going on within a person. It is the mechanism and the resources for re-

presenting how we mediate the world, and at the same time it is the basis for our thinking and 
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communication. However, language and thinking is not the same. To think is a silent, inner 

process that is not possible to observe or completely understand. Speech, on the other side, is 

an outer observable activity that follows complex social rules (Säljö, 2004). When students 

share information they give access to each other‟s interpretations and they share their 

cognitive effort. This is what Rommetveit (1974) terms as intersubjectivity. Their 

interpretations of a situation may differ from each other, but they jointly construct meaning in 

the interaction. The constructed meaning is grounded in the mutually accessible social 

relations that participants bring to the situation. A partly shared social world is formed. 

Intersubjectivity implies that students can share what they see as the issue and discuss it. This 

leads to continuity between the students, and it is through communication that they can 

establish and maintain shared meaning. When they participate in communication they get to 

know how to act and do reasoning, and then they are able to use these cultural tools on their 

own. The individual takes a part in knowledge and skills through communication (Säljö, 

2004). To explore students‟ talk while they share information may therefore give a deeper 

understanding of how people negotiate shared meaning.   

 

Säljö (2004) divides the language in three; a) the indicative function, b) the rhetoric function, 

and c) the semantic function. The indicative function refers to linguistic categories that we use 

to point out and name things in our world, just like a pointing finger. The rhetorical part refers 

to how people use language to “moves people to action”. Humans are ideological and 

argumentative beings that form ourselves and others, our ethics and morality, in and with 

communication. The semiotic function is widely emphasized in the sociocultural perspective, 

and central also in my inquiry. This refers to the language‟s power as a mediating tool that is 

visible in the flexible and developmental relation that exists between linguistic expressions 

and the phenomena they refer to. A linguistic expression does not just refer to the 

phenomenon or the object. It also specify and signalize the meaning and content (Säljö, 

2004). How we talk about something depends on context and what we want to communicate. 

It is for example possible to talk about energy within the context of physical laws, but it is 

also possible to talk about energy in relation to how we feel today. Perhaps you feel like you 

have heaps of energy. Linguistic interaction is filled with attitudes, values and views (ibid). 

This implies that words and expressions do not necessarily have a fixed meaning. Lemke 

(1990) use the term “meaning potential” to refer to the range of possible uses for words and 

expressions:  
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What it actually means as part of a sentence or paragraph depends on which thematic 

item in some particular thematic pattern it is being used to express (Lemke, 1990, p 

35).  

 

This implies that individuals are negotiating shared meaning that is in line with the situation 

and the context when they interact. When students work with scientific concepts, they 

negotiate a shared meaning related to the context of school. The meaning ascribed is not 

necessarily the same as what was intended by those who gave them the task. This does not 

mean that the students can come up with any interpretation of a scientific concept. There is a 

common way of talking about specific scientific concepts that is accepted as valid. To 

understand the meaning you need to understand more than just the meaning of each word. 

You need to understand the relation of meanings between the words. These valid ways of 

talking about science concepts are what Lemke terms “thematic patterns”. It is a pattern of 

semantic relationships that describes the thematic content, the science content, of a particular 

area (Lemke, 1990, p 12). When students work with unfamiliar concepts in science, they must 

be spoken about in a more familiar pattern until they have mastered its use. They have to 

“learn to talk science” to use Lemke‟s terms (Lemke, 1990, p 35).  

 

Learning to talk science involves decontextualization. When Wertsch (1991) explain 

decontextualization he uses Vygotsky‟s classification of everyday concepts grounded in 

children‟s concrete experience on one hand, and how scientific and academic concepts is 

grounded in particular sorts of semiotic activity on the other hand. The semiotic action 

associated with scientific concepts is decontextualized because it focuses on forms and 

meanings that remain constant across speech event contexts. The meaning of words and 

concepts has become “frozen and fixed” (Linell, 1998, p 222). It does not mean that a word 

has one specific meaning in all contexts, but the focus is on those aspects that remain constant 

(Wertsch, 1991).  For instance “CO2= Carbon dioxide” is assumed to remain constant 

regardless of the particular communicative context.  

 

Säljö (2004) argue that decontextualization is a big part of the educational setting. Activities 

and grades are decided based on academic requirements. These requirements are isolated from 

common, everyday activities, and the learning is a goal in itself. It is not always easy for the 
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students to understand why they need to learn what they do, often because the content is 

decontextualized. It might be hard for the students to apply what they learn. This is however a 

necessity to be able to decontextualize in the complex society we have today. It is also the 

reason for many of the challenges in school (ibid).  

 

As described so far we use language in our own reasoning, and to communicate with the 

surroundings. The language is at the same time collective, interactive and individual and it 

works as a link between culture, interaction and individual thinking (Säljö, 2004). Language 

is in sociocultural theory seen as the most important artifact that we have access to when we 

act and understand our surroundings. However, also physical tools are of great importance. 

My next section will deal with mediation and physical artifacts, and how these aspects of 

students‟ meaning making relate to inquiry.  

2.2 Mediation and physical artifacts 

Vygotsky claim that higher mental functioning and human action in general is mediated by 

tools and signs. The concept of mediation suggests that people constantly interpret and are in 

contact with the outside world. We handle it with the help of various physical and intellectual 

tools that constitute integral parts of our social practices. Our thinking and how our mind set 

has developed from, and is colored by, our culture and its intellectual and physical tools 

(Säljö, 2004, Wertsch, 1991). This implies that how students engage with computer tools, 

such as the computer-based inquiry program in the SCY-project, becomes important. Since I 

have a sociocultural perspective on my inquiry I need to consider how students engage with 

and make sense of these types of tools in order to understand their meaning making processes. 

“Mediational means” shape the actions of the students in essential ways.   

 

Culture is the collection of ideas, attitudes, knowledge and other resources that we acquire 

through interaction with the outside world. The culture also includes all the artifacts that daily 

life is filled with (Säljö, 2004, p 30). If we try to understand thinking, use of concepts, and 

learning as a part of human activities, we immediately see that our behavior in most cases is 

closely associated with various forms of equipment. To understand how people use cognitive 

resources, how they learn and master situations, we cannot ignore the use of artifacts. To 

emphasize the importance of artifacts in sociocultural theory, Säljö describes how there has 
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been revolutionary changes in our intellectual and physical abilities and our knowledge the 

past ten thousand years, despite our distinct physical and mental limitations. These changes 

can be seen when we consider the tools and equipment that we use and the collective 

knowledge that has been built up. Humans have created a culture that contains tools that make 

our ability to deal with the outside world significantly different than our ancestors could 

imagine. We handle situations through use of physical and intellectual tools. Computer tools 

is one example of physical tools that has been developed based on knowledge built up over 

the years. These tools have led to significant differences in how we carry out activities. A 

classroom today looks quite different than just a few years back. The tools help us to solve 

problems and master social practices in a way that otherwise would have been impossible. 

They have neutralized our own weakness and lack of capabilities (Säljö, 2004).   

 

The problem of how we learn is a matter of how we acquire the resources to think and 

perform practical tasks that are a part of our culture and our surroundings. Knowledge and 

skills of this kind come from insight and method of operations that throughout history have 

been built up in society. We become a part of this through interaction with other people. With 

intellectual and practical tools, and by interacting with various collective enterprises, we can 

with amazing results utilize the limited preconditions the nature has given us. Like mentioned 

above, we use past generations experiences and insight, and are able to rise above the 

biological evident limitations by the help of tools (Säljö, 2004).  

 

Cole (2003) explains that artifacts are simultaneously ideal and material. They are ideal in 

that their material form has been shaped by their participation in the interactions of which 

they were previously a part of and which they mediate in the present (p 117). They are 

material in that they are embodied in material artifacts (Cole, 1994, p 80). No words exist 

apart from its material creation. Also Säljö sees artifacts as mediators of cultural and 

historical practices. He emphasizes that physical artifacts has been developed to handle 

practical problems. When they do this they also embed intellectual knowledge. The 

intellectual knowledge can then be built into physical artifacts that can be used in social 

practices. Conceptual knowledge emerges from specific physical problems. This knowledge is 

formulated into linguistic terms (Säljö, 2004). The students in the SCY-project have been 

given the task to design a CO2-friendly house with the help of a computer-based inquiry 

program. This program is in itself a cultural artifact and material. It also has knowledge about 
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things such as materials, isolation and emissions built into it. The program is in this sense 

ideal, or as Säljö puts it – intellectual knowledge is embedded. This knowledge has been 

developed over generations and the students use this knowledge to find out how they can 

build their eco-friendly house. When doing this they engage in and make sense of scientific 

concepts. However, at the same time they are introduced to how to engage in scientific 

inquiry. The artifact is in this sense a mediator of cultural and historical practices. 

 

Since artifacts contain certain knowledge and social processes developed historically, this 

implies that they become structuring resources in human conduct. However, how the 

resources structure human conduct is an empirical issue. These structuring resources can help 

individuals so that they understand what they need to do, but how they serve as a support or if 

they serve as a support, vary (Säljö, 2004). For example when students are asked to design a 

CO2 friendly house, they might get several tools to help them solve this task. The intentions 

are to help students to find solutions. However, it might be differences in how the tool is used 

among students and how they use the tool might differ from what is intended. How students 

benefit might therefore differ. This can be seen in relation to “meaning potential” that I 

described in the section about language. The technology also has embedded “meaning 

potentials”. When the students work with technical tools, they negotiate shared meaning 

related to the context of school. They might or might not use the tool as intended by those 

who made it available to them.  

 

Students meaning making does not happen in a vacuum. As mentioned, this is a part of our 

culture and our surroundings. The surrounding in my thesis is the context of school. I will 

now describe how situated and context related factors influence information sharing and 

meaning making.  

2.3 Institutional norms and practices  

Thinking, communication and physical actions are situated in institutional contexts. To 

understand the link between students‟ meaning making activities and the context where the 

activity takes place, is one of the focal points in the sociocultural perspective (Säljö, 2004). 

This implies that I have to consider that the students act within the context of school to 

understand their meaning making process in relation to information sharing. Cole (1994) 
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refers to the Oxford English Dictionary that define context as “the connected whole that gives 

coherence to its parts”. He claims that there is an intimate connection between context and the 

notion of an event. Communication requires a context to be comprehensible (Baetson, 1972 in 

Cole, 1994). Students attribute meaning to the context of school, and act based upon 

interpretations of the social situation. This means that when students work with scientific 

concepts and school tasks, they also need to understand how they are supposed to work with 

it. They must interpret what is expected of them in the specific situation. Action requires 

interpretation and a certain amount of creativity from the individual (ibid). Seen in light of 

Goffman‟s (1974) term “framing”, the students act within the frame of school. Every social 

situation has a frame.  Through past experiences we know how to act. We know the 

expectations and the frame a situation is characterized by. In most environments, we follow 

well established procedures that interpret the situation for us and we know what the 

appropriate responses are. To be socialized is to understand how and when different rules are 

appropriate (Säljö, 2004, p 133).  

 

Linell (1998) calls this relation between the existing interactional context and the 

sociocultural practices established over long traditions for “a double dialogicality”. First he 

stresses that the individual indulges in communication and cognition as being “in dialogue” 

with interlocutors and contexts. The contextual nature of interaction is not only situational but 

also historically constituted (p 35). This means that linguistic structures, cultural routines, 

norms etc. exist prior to interactions. Students know for instance that to crib text is 

unaccepted in the context of school. This so called “copy and paste” strategy is usually 

regarded as cheating. Instead they need to use their own words in their explanations (Furberg 

& Rasmussen, 2011 in press). Structures, routines and norms are interactionally generated, 

traded down and reconstructed. They do exist prior to individual interaction, but they would 

not have existed without a historical continuity of interactions. “Social structures are 

(re)created, tried out, tested, negotiated and modified every time they are instantiated or 

drawn upon” (Linell, 1998, p 60). Students have to take into account linguistic structure, 

cultural routines and norms that are embedded in the educational setting. As outlined above 

this means that students‟ meaning making cannot just be about making sense of scientific 

concepts. As part of their meaning making process, they have to understand how to respond to 

institutional practices, values and expectations. They have to act within the framework of 

school and make use of its special methods and priorities. This includes that they need to be 
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familiar with the structuring resources that are relevant and productive (Säljö, 2004). If the 

students use these resources productively they can help them to recognize important aspects 

and aspects that can be ignored in their work with science. The students need to learn to 

identify what the situation demands and what is reasonable and expected behavior. To 

identify this is not always easy and to achieve this is in itself an expression of knowledge 

(ibid).      

 

Being good at science includes gaining a deep conceptual understanding of, and ability to use 

and produce the science that you study (Lave & Wenger, 1991). However, in a sociocultural 

perspective it is important to take into account the aspect of being good at “doing school”. 

This includes that you know the rules for participation and the expectations of a “good 

student”. This includes that you understand the assignment and what is expected of you. The 

“copy and paste” example is relevant also here. You need to use your own words in 

explanations instead of copying directly from the textbook. This means that you have to act 

within the procedural displays that constitute the routines and rituals in educational settings 

(Lave & Wenger, 1991). Furberg (2009) use the distinction between “doing school” and 

“doing science” in her dissertation, but claims that both aspects are of importance in a 

sociocultural perspective. She points to the fact that several science education studies focus 

exclusively on the “doing science” activities, but it is in the “doing school” activities that the 

institutional norms and practices are addressed and invoked. It is not sufficient to focus in 

students‟ scientific talk. It is equally important to focus on students‟ procedural talk or the 

“doing school” activities (Furberg, 2009, 17). Success in science class is often more about 

being good at “doing school” than, “doing science”. 

 

I have in this section explained how human actions are situated in social practice, and that we 

act based upon knowledge and experience, and what we comprehend as requirements from 

the environment. When analyzing the relation between students‟ information sharing and 

meaning making, I need to take into account historically constituted factors as well as the 

participants‟ (re)production of these practices in interaction (Furberg, 2009). I end this chapter 

by pointing out some analytical implications. 
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2.4 Analytical implications  

I have now described what a sociocultural perspective entails. I started out by explaining the 

importance of language in meaning making. This is the link between the child and its 

surroundings and by focusing on language this may reveal how students negotiate meaning in 

a computer-based inquiry setting, as well as their concerns. Since material artifacts are part of 

our thinking, I will also focus on how engagement with computer tools function as structuring 

recourses for the students. All this is situated in contexts and our actions and understanding is 

a part of this. This is why it is important to consider that the students act within the context of 

school.  

 

These three aspects have some analytical implications when studying students‟ meaning 

making in the SCY-project. Learning is a socially organized activity and the unit of analysis is 

a group of individuals interacting to accomplish a shared goal. This is why my analytical 

focus is on situations where students share information. In these situations they interact with 

each other and use the technology as a structuring resource. Said with other words, shared 

meaning is constructed. When I focus on the interactions when they share information, I can 

explore how they talk about scientific concepts as well as how they talk about the project. 

Another important analytical implication is that I will focus on “interaction trajectories”. This 

refers to interactions that happen over a period of time. This opens up for studying both what 

happens in situ, and how this is related to longer historical lines. This means that the data 

collected can be seen in relation to the situation of which they are a part, as well as how 

institutional aspects come into play in these situations (Krange & Ludvigsen, 2009).   

 

The reality is complex and multifaceted, so it is not enough to focus on just one of the aspects 

when the relationship between meaning making and sociocultural settings are explored 

(Wertsch, 1998). I will therefore focus on language, mediation and artifacts, and situated and 

institutional norms and practices.  
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3 Research on computer-based inquiry 

environments 

 

I will in this chapter present the field of CSCL (Computer-Supported Collaborative Learning) 

since the SCY-Lab can be categorized as a CSCL environment. SCY-Lab is more specific an 

environment where students engage with activities concerning scientific inquiry, I will 

therefore describe computer-based inquiry environments in more detail. According to Arnseth 

and Ludvigsen (2006), there are two main directions within research on CSCL environments; 

the systemic approach and the dialogical approach. Both directions are concerned with 

environments similar to the one in my inquiry, but they differ when it comes how they explore 

the students‟ engagement with these computer-based inquiry environments. Studies within 

both directions are useful for me, therefore I will first describe the systemic approach and give 

three examples of systemic studies. Then I present the dialogical approach and give three 

examples of dialogical studies in. The studies from both approaches are presented in order to 

show how the differences between the two approaches become apparent in research, but also 

because these findings are useful for my inquiry. The approaches differ when it comes to the 

interpretation of key concepts, methods and empirical design. These differences are pointed 

out at the end of this chapter, in order to place my inquiry. Here I explain why I have chosen a 

dialogical approach. 

3.1 Computer-Supported Collaborative Learning 

CSCL is a research field concerned with how Information and Communication Technology 

(ICT) might support learning in groups. It is also about understanding the actions and 

activities mediated by ICT. The field of CSCL started in the mid-1990 when they began to 

explore how computers could bring students together to learn collaboratively in small groups 

and in learning communities (Stahl, Koschmann & Suthers, 2006). Koschmann (2002) 

characterize CSCL as:  

 

a field centrally concerned with meaning and practices of meaning making in the 

context of joint activity and the ways in which these practices are mediated through 

designed artifacts. (p 18) 
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In other words, research within CSCL address how individuals learn with specific tools, how 

small groups interact and develop shared meaning. Arnseth and Ludvigsen (2006) emphasize 

in addition to this, that also how institutions change and create new conditions to teaching and 

learning must be considered. When the society changes, this require new models for 

education. This means that the field of CSCL is fairly relevant for my inquiry.  

 

CSCL emerged in response to skills that are important in a knowledge-based society such as 

meta-communication, meta-cognition and task re-conceptualization. These skills are not 

easily taught through memorizing and fact-finding. Students tend to struggle finding the goal 

of an activity because they are more focused on the task that should be performed (Ludvigsen 

& Mørch, 2009). In CSCL the focus are on the process in addition to the task. It is based on 

the vision that development of new software and applications can bring learners together and 

offer creative activities of intellectual exploration and social interaction. The learning takes 

place largely through interactions among students, where students learn by expressing their 

questions, pursuing lines of inquiry together, teaching each other and seeing how others are 

learning. It is environments that are concerned with scientific inquiry that is my focus in this 

thesis.  

3.1.1 Computer-based inquiry environments 

There is a fair consensus that the inquiry process involves activities such as orientation, 

hypothesis generation, and experimentation, drawing a conclusion, and making an evaluation 

(De Jong, 2006). The important point with inquiry is that students are engaged with activities 

concerning scientific research. These learning contexts consist of more authentic, challenging, 

and open-ended problems. This requires significant disciplinary knowledge and metacognitive 

skills from students (Quintana et al., 2004). The need for pedagogical support increases with 

these ambitious learning tasks. Quintana et al. (2004) refers to Bruner (2002) when he uses 

the term scaffolding to describe how students can receive pedagogical support. Scaffolding 

can be defined as the process by which a teacher or more knowledgeable peer provides 

assistance that enables learners to succeed in problems that would otherwise be too difficult (p 

338). Computer-based scientific inquiry environments aim at scaffolding learners when they 

are engaged with inquiry activities. Some examples of environments like this are WISE 

(Web-Based Inquiry Science Environment) (Furberg, 2009), FLE (Future Learning 
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Environment) (ibid), KIE (Knowledge Integration Environment) (Bell and Linn, 2000), PC 

(Process Coordinator) (Manlove, Lazonder and de Jong, 2005) and the environment in my 

thesis, SCY-Lab. The student engagement with these environments can be studied with a 

systemic approach or a dialogical approach.  

 

The distinction between systemic and dialogical approach, can be traced back to the two main 

traditions within the learning sciences; Cognitive psychology and the situated/sociocultural 

perspective. The first tradition is based on the information processing perspective and the 

latter is based on American pragmatism and soviet psychology. Methods from both traditions 

are used and sometimes blended in the field of CSCL, but there is still a unique interpretation 

of key concepts, methods and empirical design within each tradition (Ludvigsen & Mørch, 

2009). In the following I will first explain what a systemic approach means, before I present 

three studies with a systemic approach. After this I explain what a dialogical approach means 

and present three studies from this direction. 

3.2 Systemic research on computer-based inquiry 

environments 

Research applying to a systemic approach most often focus on the interplay among different 

variables. It is about how computer technology support or constrain collaboration, reasoning, 

functions, contents, structure of discourse and if features like these enhance inquiry learning. 

The result of this analysis is the formulation of a model of how individuals construct, store, 

retrieve and modify information, or a revision of an existing model. Arnseth & Ludvigsen 

(2006) describe the task for the analyst as:  

 

[…] to describe and account for the configurations of elements that are most beneficial 

in terms of some outcome measure of what has been learned. That is to say that the 

analytical focus is on describing the systematic relations between forms of social 

interaction, and specific types of support or other contextual factors on the one hand, 

and qualities of outcome on the other. 

 

This means that to identify interdependencies between variables, studies underlying a 

systemic approach most often focus on input, like the support tools, in relation to output, for 
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instance the student product. The unit of analysis is the individual and how the individual 

acquire new knowledge (internalize) and applies this knowledge to similar situations 

(transfer) (Ludvigsen & Mørch, 2009). The types of studies conducted most often studies with 

an experimental or semi-experimental design. These are sometimes combined with qualitative 

methods like interviews and analyses of students‟ productions or end product, to investigate 

relations among the variables (Arnseth, 2004).  

 

In the systemic approach, the institutional context is something that surrounds the activities 

and that constrains or facilitates in specific ways what the participants do. Institutional norms 

and rules are also internalized by the participants and they can be identified through the use of 

questionnaires or interviews. Furthermore, their (cor)relations with specific technological 

affordances or outcome measures can be determined through statistical analysis (Arnseth & 

Ludvigsen, 2006, p 171). The nature of teaching and learning is more or less predefined and 

this means that how participants actively establish context for learning is not in focus.  

 

In the following I present three studies that explore student interaction with computer-based 

inquiry environments, like I do. There are two reasons for why I have chosen these three 

studies. First, because they contribute in explaining and elaborating what the differences 

between a systemic and a dialogical approach is. The studies use a broad range of typical 

systemic methods and the findings are also typical for this approach. Second, their findings 

are robust and general, and related to student‟s inquiry learning in CSCL environments. These 

findings are relevant for my inquiry.  

3.2.1 Scaffolding online argumentation 

The first study conducted by Clark and Sampson (2007), focuses on supporting scientific 

argumentation in the classroom through a customized online discourse system, called WISE 

(Web-Based Inquiry Science Environment). The system provides a platform for creating 

inquiry-based science projects for middle school and high school students to work 

collaboratively using evidence and resources from the Web. An activity structure in the 

system scaffolds the students in the discourse of science argumentation and inquiry. The 

students discuss the principles they have built in groups afterwards, with other students that 

have built different principles so that they can consider and critique multiple perspectives. 

Student arguments are assessed by using a coding scheme based on Toulmin‟s (1958) model 
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of argumentation that identifies types of statements that contribute to an argument. Scientific 

argumentation is conceived as a process of using evidence, and warrants and backings of 

claims. The scheme categorize the arguments as well as other communication, and the 

arguments are divided into levels from 1-5, where level 5 is most advanced. The scores are 

compared to scores in another study conducted by Simon, Osborne and Erduran (2003 in 

Clark and Sampson 2007) that is based on the same scale but without the web-based 

environment. 

 

According to the authors, the results of the study suggest that the discussions are successful 

based on this coding scheme. In the personally-seeded discussions, 68% of the oppositional 

episodes in this study classify as Level 4 or Level 5 arguments, against only 32 % in Simon et 

al.‟s study. Clark and Sampson say that this implies that the Web-based environment together 

with the discussions scaffold high structural levels of scientific argumentation. They also find 

that that students‟ level of argumentation did not always correspond with a normative 

conceptual scientific content. This means that the students improved their argumentation 

skills, but the content did not always reflect understanding of scientific concepts. Their 

argumentation skills improved, but not their conceptual skills. This study shows how a web-

based environment supports student argumentation. However, support of student 

argumentation does not necessarily improve students‟ understanding of scientific concepts. 

3.2.2 Scientific arguments as learning artifacts 

The next study I will present is based on a design, called Knowledge Integration Environment 

(KIE), to promote student understanding of science (Bell & Linn, 2000). Knowledge 

integration refers to the dynamic process where students connect their conceptual ideas, link 

ideas to explain phenomena, add more experience from the world to their mix of ideas, and 

restructure ideas with a more coherent view. In a project about understanding light 

propagation, students participate in a debate project where they are presented to one 

normative and one “naïve realist” conception of science. The students are divided into groups 

based on choice of arguments in order to explore evidence further before the arguments are 

presented in a debate in class. Tools help them to sort out and explain their arguments. In 

order to study and score student argumentation, Bell and Linn make use of a coding scheme 

based on Toulmin (1958 in Bell & Linn, 2000). In addition, pre-and post-surveys where used 

in order to identify students‟ beliefs about light propagation. Besides this they studied student 
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interactions within the learning environment. This focused on the frequency in which students 

requested hints and the type of hints requested.  

 

The results of the study show that argument building in a classroom debate project can 

promote knowledge integration. By using KIE they construct arguments with warrants for 

evidence and personally relevant conceptual ideas. They also restructure and communicate 

their understanding by adding new frames based on the evidence they investigate, and they 

learn from each other by viewing argument representations created by classmates. The 

arguments moved from being mostly descriptive towards being more explanation oriented. 

Also this study shows that the support tool improves the procedural skill, argumentation. In 

addition to the improved argumentation, the post-survey on science belief shows that the 

students have moved from relying on naïve belief towards a more normative conception of 

science.  

3.2.3 Regulative support for collaborative scientific inquiry learning 

In a study, Manlove, Lazonder and de Jong (2005) examine whether online tool support for 

regulation promotes student learning during collaborative inquiry in a computer-based 

learning environment. A tool called Process Coordinator (PC) assists students in planning, 

monitoring and evaluation during scientific inquiry. Planning refers to problem orientation, 

goal setting and strategic planning and is supported by providing the students with a model of 

a hierarchical structure of goals. Monitoring refers to the execution of the strategic plan and is 

supported by generic prompts that for instance suggest taking notes. In the evaluation phase 

students assess both the process and the product. This is supported by a template for writing a 

research report that unpacks goals and sub-goals associated with the inquiry process. In the 

study, students work in small groups to conduct an inquiry about fluid dynamics. All students 

were given the support tool, but the experimental group received regulatory guidelines, while 

one control group was given a version of this tool from which these instructions were 

removed. Students learning outcome were indicated by the quality of the groups‟ final model 

solutions. Learning outcome was assessed from the number of correctly specified variables 

and relations in the models created by the groups of students. The “model quality score” sums 

up the correct answers. Student learning activities was analyzed based on log files from the 

PC tool and verbal interaction. Actions concerning planning, monitoring and evaluation was 

picked up and scored from log files, and verbal interaction was scored from chat history files. 
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They segmented messages into utterances and categorized them based on its function in the 

dialog. The analysis focused on between group differences in learning outcomes and learning 

activities and correlations between learning activities and learning outcome within a group. 

Qualitative analyses were conducted to shed light on the discussions and resolve issues that 

remained unclear from the qualitative analysis. 

  

According to the authors, the results indicate positive effects for regulative guidelines during 

collaborative inquiry learning. Students that had access to regulative instructions performed 

an increased number of planning activities, and had higher model quality scores. The authors 

suggest that they got a head start and could use the time for conceptual discussions. The 

results for an increase in monitoring and evaluation activities were less conclusive. They 

explain this by referring to lack of time when it comes to evaluation, and that the support tool 

for monitoring was not used enough during the testing. Overall, they suggest that supporting 

student‟s planning activities have good effect on the learning outcome and that the support 

gives students more time for conceptual discussions.  

3.3 Dialogical research on computer-based inquiry 

environments 

The dialogical approach is influenced by research with situated learning and sociocultural 

perspectives which I described in the theory chapter. In this perspective learning is viewed as 

socially organized activity. Key concepts in the dialogical approach are mediation, artifacts, 

social practice, and mediation by tools in order to support learning. The focus is how the 

meaning and functions of discourse, tools, and knowledge are constituted in social practices 

(Säljö, 2004). Like I discussed in my theory chapter, the different elements mutually shape 

one another, and their meaning and functions are a result of local negotiation and sense 

making. This must be seen in relation to time, since tools connect us with the past and the 

future (Linell, 1998). This implies that the whole process of meaning making must be 

explored.  

 

Seeing this in relation to dialogical oriented studies on students‟ inquiry learning in CSCL 

environments, social interaction and contextual variables are most often the center of the 

analytical attention. Said with other words, the unit of analysis is social interaction with 
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artifacts in the organized setting. The research conducted with this perspective can be seen as 

resources for action. Together with features of the setting is the potential usefulness 

established (Arnseth & Ludvigsen, 2006). 

 

Within a dialogical approach, the analytical concern is with how computer applications 

provide a context for social interaction (ibid). It is through talk and interaction with 

significant others that we understand how participants use tools and resources in learning and 

cognition. The focus is therefore the very process of learning (Ludvigsen & Mørch, 2009). 

This is done through design experiments and interaction analysis. Quantitative research is less 

used. However, one exception is Mercer et al. (2004), which I will present later on. A main 

concern for dialogic oriented studies is the relationship between students‟ activities, the use of 

tools, and the institutional context where the activities take place. This include historical 

genesis of the artifacts, practices in question, specific institutional arrangements in regards to 

technological infrastructure, division of labor, and specific institutional rules and regulations. 

The contextual framework is not seen as determining local practices, they are rather actively 

oriented to, reproduced or resisted in and through action (Arnseth & Ludvigsen, 2006, p 172).  

 

The three studies I will present in the following, all focus on talk and student interactions. The 

first one also makes use of quantitative methods like the systemic studies, but it is in 

combination with qualitative methods. The focus is also on the joint construction of 

knowledge and understanding that takes place during students‟ classroom discourses. The two 

next studies have a qualitative approach when they try to explain student engagement with the 

computer-based environments. 

3.3.1 Using language to learn science 

Mercer, Dawes, Wegerif and Sams (2004) investigated how practical inquiry and social 

interaction is beneficial for students‟ understanding. Students work with the computer-based 

program, Science Explorer II, which provides them with problems and simulated 

experimental environments. In an earlier study, Mercer and Wegerif (1999) identified three 

idealized types of talk; cumulative, disputational, and exploratory talk. Cumulative talk refers 

to talk where interlocutors uncritically build on each other‟s utterances. In disputational talk 

they disagree, but they do not provide explanations or clarifications for their view. 

Exploratory talk refers to sharing relevant information during discussions, inviting all 
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members to contribute in the discussion, making their reasons clear, and that challenges and 

alternatives are made explicit and negotiated (Mercer et al., 2004, p 362). These terms have 

been established based on how computers work in establishing a context for specific forms of 

talk that are productive for learning.  

 

Before the students were introduced to Science Explorer II, one experimental group was 

introduced to “ground rules” for exploratory talk, while the control group was not. Detailed 

analysis of students‟ discourses showed that the occurrences of exploratory-related talk were 

much more frequent in groups that had been introduced to the ground rules. Also a 

quantitative analysis conducted with a text analysis program and pre- and post-tests show that 

the students that were introduced to the ground rules outperformed the students in the control 

group. In other words, they say that by introducing ground rules, the amount of exploratory 

talk increases. They also say that exploratory talk improved problem-solving performances. 

The researchers conclude on this basis by saying that the software program succeeded in both 

expanding the amount of discourse as well as enhancing the quality of the discourse.  

 

The authors make use of quantification of talk, and these quantifications are combined with 

quantitative analysis of their talk and interactions. Based on this they claim to have achieved a 

deeper understanding of students‟ meaning making in science. However, as they also point 

out themselves, the categories are empirically grounded and cannot be seen as descriptive 

categories to code all types of talk (Furberg, 2009). To introduce ground rules can serve as an 

analytical tool for the students, but it can be difficult to identify the different types of talk and 

by concentrating on the categories, other aspects might be ignored. Cumulative, disputational, 

and exploratory talk must not be turned into normative labels for action.         

3.3.2 Socio-cultural aspects of prompting student reflection  

In a study, Furberg (2009) focus on a qualitative study of students‟ engagement with a Web-

based inquiry environment, called „Viten.no‟, where they have access to texts, links to 

relevant sites, drag-and-drop tasks and multiple-choice tests. The students write their answer, 

and they have access to these answers and can evaluate and write comments. How students 

talk and interact while they engage with the web-based inquiry environment is analyzed based 

on video recordings. The students‟ written responses supplement the contextual data in the 

analysis of the students‟ interactions.  
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Furberg follows the students through their project trajectory. By analyzing their 

conversations, she finds that student interactions change when they work with reflection 

prompting tools built into the web-environment. When the students interact without prompts 

from the web-based environment they reflect upon the content. When engaging with 

reflection prompts, they use a „copy and paste‟ strategy.  Furberg suggest based on her 

analysis of students‟ interaction that students see prompting situations in parallel to testing 

and assessment situations.  They are more concerned about finding the right answer without 

breaking any institutionalized rules, instead of participating in reflection. In other words, 

situations without support tools are characterized by a more exploring orientation among the 

students, while the support tools leads to a „copy and paste‟ strategy and less reflection. This 

may not have been revealed by exploring students‟ end product or by classifying their 

utterances, but by analyzing their conversation over time, she discovers a difference in their 

interactions and explains this by pointing to the fact that they act within the context of school.      

3.3.3 Students’ procedural and conceptual problem solving  

This study, by Krange and Ludvigsen (2008) discusses the relationship between procedural 

and conceptual problem solving in a CSCL-environment designed within the field of science 

education. Conceptual change is used to refer to students‟ learning and understanding. 

Students who are procedurally oriented might deal with different concepts, but they are not 

able to place these concepts within a larger conceptual system. A group of students are asked 

to solve a biological problem in a computer-based 3D environment. The data are gathered 

from a design experiment in a science setting in a secondary school, and video data is used to 

perform an interaction analysis.  

 

Video recordings shows that the students manage to solve the task. This might indicate that 

the students have achieved conceptual understanding of the scientific content. However, when 

the authors follow the student interactions throughout the project, the authors find that the 

students mostly develop procedural understanding.  Conceptual knowledge construction is 

only present where it is strictly necessary for solving the task. It was most important for the 

students to solve the problem, and less important to follow the story-line and understand the 

knowledge domain. They did not manage to establish the relevance of the scientific concepts 

within a broader conceptual system. They explain their findings by saying that school as 
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curriculum deliverer limited the conceptual knowledge construction, and that this intersects 

with the knowledge domain and the tools in a manner that supports procedural knowledge 

construction (Krange & Ludvigsen, 2008, p 48). This means that institutional norms and 

practices make it possible to solve scientific tasks without having a conceptual understanding.  

3.4 Differences between Systemic and Dialogical approach 

There are several differences between the systemic and the dialogical approach. First, the two 

approaches have different focus. In the systemic approach the focus is the interplay between 

different elements. They look at the support tools in relation to the student product. The 

systemic studies shows how their main focus is on quantifiable variables. The Wise, KIE and 

PC studies used all written chat and separated this into utterances that was categorized and 

scored. They assess the effect of the inquiry environment. Especially the last study shows the 

focus on effect, by having an experimental group and a control group. By carrying out the 

student inquiry project with and without the scaffolds, they can easier see what kind of effect 

the scaffolds had. Also the pre-and post-survey given in the KIE study gives an indication of 

what kind of effect the student inquiry project had. The KIE and the PC study also analyses 

interactions in order to clarify the quantitative analysis. How support tools affect learning 

outcomes becomes less in focus with a dialogic approach. It is how the meaning and functions 

of discourse, tools, and knowledge are constituted in social practices that are of importance. 

The three dialogical studies presented shows this in that they focus on the whole process of 

interactions throughout the project. The study conducted of Mercer et al. (2004) also use 

quantitative methods, but with a sociocultural perspective on the interactions in addition to the 

quantifiable variables. 

  

The second difference is about the unit of analysis. The systemic approach views 

collaboration as a means to promote individual change. This implies that it is the individual 

that is in focus. In the systemic studies presented, this becomes apparent in that they separate 

spoken and written utterances from each other, and classify these based on the content in the 

utterance. Also the pre- and post-survey used by Bell and Linn (2000) shows a focus on the 

individual. Learning in collaboration with others involves also individual learning according 

to a dialogical approach, but it is not reducible to it. Collaborative learning is seen as a group 
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process where the unit of analysis is a group of individuals interacting to accomplish a shared 

goal. The use of interaction analysis in the three dialogical studies demonstrates this. 

 

The third difference I will emphasize is how the approaches relate to context. How 

participants actively establish context for learning is rarely in focus in the systemic approach. 

Neither is this presented in the systemic studies presented here. In the dialogical approach is 

the institutional aspect put to the core. The contextual framework is actively oriented to, 

reproduced or resisted in and through action. Furberg (2009) refers to the context to explain 

how the student reacts to the prompts they are given and Krange and Ludvigsen (2008) link 

the students‟ lack of conceptual understanding in the project to the school as curriculum 

deliverer.   

 

Both approaches use design experiments, but a systemic approach can also include a 

correlational design, often combined with quantitative methods. As shown this is also used 

within a dialogical approach, but it is not typical. Because of the focus on the whole process 

of meaning making in the dialogical approach, research is often conducted through interaction 

analysis.  

3.4.1 Approach in this thesis 

The strength of the systemic studies is their capacity to deal with a large amount of data and 

providing explicit criteria for systematic categorizing the data. A categorization like this gives 

an opportunity to compare students‟ discourse performances on an individual or group level. 

With pre- and post-tests it is also possible document changes in performance (and beliefs) and 

display productive and challenging aspects of the inquiry activities. Systemic studies make 

the design of the technology as the main explanatory variable when students‟ scientific skills 

and conceptual advancement are explained, and the research results are used to improve the 

environments (Krange & Ludvigsen, 2008). These studies are useful for me in that they give 

input into how to optimize the design of computer-based inquiry environments and teacher 

instructions. They point out challenging and successful aspects. The idealized models and the 

categories give input on what to look for and how to understand students‟ activity.  

 

To code students talk and actions are, however, not the aim of this thesis. My aim is to get 

access to how the participants actually engage in the process of meaning making. This means 
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that I have to take into account the students‟ orientation and what they see as relevant. In a 

dialogical approach, the focus is how meaning develop in dialogue between interlocutors. 

What the students address might not fit into pedagogical models or categories of scientific 

inquiry or argumentation, but they are still important aspects of schooling. How to understand 

the assignment, the use of resources, and the institutional practices, norms and expectations 

are a part of the meaning making (Krange & Ludvigsen, 2008). Because of this focus on the 

process, I will therefore have a dialogical approach. This focus can make our understandings 

of the positive and negative effects of students‟ engagement with Web-based environments 

better. 

 

The next chapter give a brief description of the empirical setting that forms the basis for the 

conducted work in this thesis. A description of the technical resources is given, as well as 

analytical procedures. At the end I elaborate on the analytical procedures applied in my 

analytical work. 
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4 Empirical setting and methods 

 

This chapter is divided into three sections. The first part introduces the SCY project. I start by 

describing the SCY environment as well as other available tools. Then I continue with a 

description of the mission from the beginning to the end. The second part continues with a 

presentation of the research strategy, which is a design experiment. I explain how I have 

selected the information extracts, before I describe the analytical tool used which is 

interaction analysis. I continue by explaining how I have used “interaction trajectories” for 

selecting my data. The third section covers reflections on research credibility. This is 

discussed with regards to issues of reliability, validity and generalization. I end this chapter by 

some reflections on research ethics. 

4.1 The SCY Project 

During the spring 2010 the computer based inquiry program, SCY (Science Created by You), 

was tried out for the first time. The intention behind the inquiry environment is that the 

students through the use of tools and scaffolds will be challenged to work as scientists. They 

will formulate hypothesis, carry out experiments, draw conclusions and reflect on what they 

have done. I will first give a brief description of SCY-Lab and other tools that were available 

during the project. 

4.1.1 The SCY environment 

Several missions are available in SCY lab, but in this trial only the design of a CO2 -friendly 

house, was available. All missions are attached to mathematics, science and technology. They 

are multifaceted and supposed to require learners to search for information, do some research, 

and discuss and collaborate with others (Joolingen et. al 2010). SCY-Lab offers basic 

functionality for learners to organize their work as well as for opening tools to create and 

modify Emerging Learning Objects (ELOs). An ELO represent the product of the students‟ 

work and can be in form of a small note, reports of measurements, computer models of 

situations, drawings, designs and reports. Two types of tools are built into SCY-Lab in order 

to support different kinds of scientific inquiry activities. First, there are the regulative tools, 

designed to facilitate and support students‟ inquiry learning process (e.g. the concept map). A 
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second type of tools was the content related tools (e.g. simulations) that aimed at facilitating 

students‟ reflection and sense-making of the concepts and content at issue.  

 

Figure 1 show a picture of the SCY-desktop which is the entrance point to the technical 

resources. The version used in this trial consists of a mission map that suggest the work 

structure (lower right corner), the planning tool (accessed from the upper right corner), a 

“search” and “new” button to get access to available documents (lower left corner). Icons 

representing people are placed in the upper left corner, however this had limited functionality 

in the first trial. When the students click the mission map, a list of suggested tools opens on 

the desktop. As shown in the picture, two windows pops up; one containing tools that help to 

proceed with the mission (Challenge), and one with general information about the tool 

(Welcome to SCY-Lab). The active icon in the mission map is highlighted.  

 

 

Figure 1: Picture of the SCY-desktop  

 

They were supposed to draw a plan of the house with measurement. They could do this with a 

modeling tool, which is another content related tool in SCY. However, this tool was still a bit 

unstable during the trial so Google SketchUp was also available for this task. Several groups 

chose this tool. With Google SketchUp they could visualize where they chose to place doors, 
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windows, kitchen, bathroom etc. They could make a plan of both the outside and the inside of 

the house. Figure 2 show a picture of Google SketchUp. 

 

 

Figure 2: Google SketchUp   

 

A large part of the project was to get satisfying levels of “heat loss coefficient”. They used a 

tool in SCY-Lab called The simulation tool, for this. Within the simulation tool, the students 

could manipulate several parameters, like for instance size of house elements, type of 

isolation, and ventilation. External factors like outside temperature and duration could be 

manipulated to assess the energy and power required. The bar chart, shown in figure 3, 

displays the heat loss coefficient of the different elements of the house (Heat loss coefficient 

of my house). 
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Figure 3: The Simulation tool   

 

The students had also access to regulative support tool in SCY to plan their activities. They 

could enter activities into the planning tool and fill in with ideas, hypothesis and other notes 

for the activities. They also had access to Internet, books and other sources to search for 

relevant information. To gather the information they found, they mainly used OneNote. 

Documents were uploaded to “itslearning”, which is their web-based virtual learning 

environment. Here they could also access documents from other students. When they 

presented their project they used PowerPoint and this was displayed for the rest with a 

projector.  

 

Students had access to their own lab top during the project, but since the servers used in SCY 

had not been tested with many users before and to stimulate that the students worked dyads, 

their user identification consisted of a merge of two student names. They were therefore 

encouraged to log on as pairs so that two students used one computer.  
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4.1.2 The mission 

The mission introduced to the students is to design a CO2-friendly house for their own 

circumstances. The students are asked to describe how CO2 emissions from houses work and 

find out how the emissions can be reduced. They need to consider materials, the design of the 

house, the way energy is supplied and used, and make a list of requirements and constrains for 

their house. The end product is a report and a presentation of requirements and drawings of a 

CO2 friendly house. These processes are integrated with SCY-Lab, but because the 

technology was quite unstable the first day, was the information about the mission done 

available in word documents through itslearning. The document version of the content in 

SCY-Lab comprised the content for the mission. It contained directions for work, suggestions 

for web pages etc. 

 

Figure 4: The sequential plan for the project   

 

After an introduction to SCY, the students start brainstorming about first CO2 in general, then 

CO2 friendly houses. Each basis group sit together and they are asked to make a mind map 

while brainstorming. This was made in OneNote since the concept map tool in SCY-Lab was 

not available for this first trial. They are instructed to sit in dyads so that they only have two 

computers available in the group. The last half day of the first trial day was spent in expert 

groups. One person from each of the original groups was appointed for each of the four expert 

groups. The four themes for the expert groups were solar cells, heat pump, energy laws and 

sources, and energy use. The session was about 3 hours and they used information available 

in books and on the Web, and the teacher circled among the students and answered questions 

they had. The work from the expert groups was presented to the basis group during the first 

session of the second day. Each student was supposed to convey their new knowledge to the 

rest of the group. After the expert knowledge presentation, they started to work on the eco-

friendly house. They were introduced to SCY-Lab and also now they were instructed to sit in 

dyads so that one pair could work in the simulator and the other pair could work with the 
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modeling tool or with Google SketchUp. The rest of this day and the beginning of the next 

day were used to design the house, find materials and do calculations. At the end of the day 

they used SCY-Lab compared their simulations other groups‟ simulations so that they could 

get inspired. On the last day they worked with their final product that was a report and a 

presentation. They are asked to finalize their product and they also receive some time for 

rehearsal. The project ends by each group presenting their work. After each presentation, the 

class has the opportunity to ask the presenters questions about the content.    

4.2 Analytical Procedures 

The SCY-project is informed by ideas from design-based research. Brown (1992) defines 

design experiments to “engineer innovative educational environments and simultaneously 

conduct experimental studies of these innovations” (p. 141). With this approach it is possible 

to examine interaction and learning in a more naturalistic setting and at the same time study 

the impact of particular learning designs. A common feature of these learning designs is that 

they are based on idealized models of productive learning. The majority of design based 

research does not just apply these idealized models in the design of the educational 

environment, they also apply these models to measure student performances and use these 

results when evaluating the impact of the conducted interventions (Furberg, 2009). A critical 

side of this kind of focus is that the analysts‟ interest becomes the main research priority and 

that the actual participants‟ concerns and understanding are overlooked (Krange & Ludvigsen, 

2009). As mentioned, a dialogical approach is taken in this thesis. The analysts‟ task is 

according to this approach to account for how the participants actually engage in meaning 

making processes. This entails an emphasis on students‟ orientation during engagement with 

the computer-based inquiry environment. How they talk and interact and what they present as 

significant becomes in focus (Furberg, 2009). This here is accessed by focusing on their 

information sharing.  

4.2.1 Description of data 

Twenty students from an upper secondary school just outside Oslo participated in the project. 

The school has high requirements for admission, therefore are most students high achievers. 

Three classes with 91 students were available for the trial, but because of technical 

constraints, the maximum number was set to 20 students. The students could volunteer to join 
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the trial, and about 45 of the 91 students did. Out of the 45 students were 20 students 

randomly selected. Twelve girls and eight boys formed five groups with four students in each 

group. The trial was allocated twenty hours all together. This was spread out on four 

consecutive Wednesdays. The main data was video and audio recordings of the work process 

and use of technology within the groups. Most of the data was framed as the computer screen 

and the immediate surroundings. The video recordings capture three of the five groups during 

the four full days that the project lasted. The cameras were placed on tripods behind the group 

to capture the activities within the group. The camera zoomed in occasionally to catch details 

on the students‟ screen when they worked with tools in SCY. Microphones were placed in 

front of the students to optimize the sound. The group, PowerPuff, was captured with two 

cameras, on order to observe both dyads and get a more total overview of the work process. 

The observers were occasionally taking action to help students or to ask questions, but were 

mainly engaged in passive observation and writing field notes. 

  

I have selected two groups as my target groups. The first group is called ThumbsUp and 

consists of two boys and two girls. The second group is the group captured with two cameras, 

called PowerPuff. They consist of four girls. I have chosen these two groups to display a 

broader view of work processes and orientations within the SCY-project. The two groups 

have a different approach during the project trajectory, it is therefore interesting to compare 

and discuss differences as well as similarities. Table 2 shows my selection of data. The core 

data is the video recordings of my two target groups. I also make use of their products and the 

interviews to contextualize my core data.  

 

Type of data Description Status of data 

Observation Video/audio from two focus groups throughout 

the trial  

Core data 

Products SCY internal documents: Simulator data and 

drawings  

Ethnographic 

contextualizing data 

 SCY external documents: SketchUp documents, 

OneNote, models,  presentations (ppt) 

 

Ethnographic 

contextualizing data 

 Handouts to students: Project plan Ethnographic 

contextualizing data 

Interviews 3 group interviews at the end. Ethnographic 

contextualizing data 
Table 1: Type of data  
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4.2.2 Interaction Analysis 

The analytical tool used within design experiments is most often interaction analysis. 

However, to take into account contextual features require a mediational orientation in addition 

to a focus on talk-in-interactions. Jordan and Henderson (1995) characterize interaction 

analysis as: 

 

empirical investigation of the interaction of human beings with each other and with 

objects in their environment. It investigates human activities such as talk, non-verbal 

interaction, and the use of artifacts and technologies, identifying routine practices and 

problems and the resources for their solution ( Jordan & Henderson, 1995, p. 39). 

 

This characterization emphasizes that non-verbal interactions as well as tools and signs must 

be considered to understand participants‟ interactions. Also the ethnographic data is of 

importance. This data makes it possible to understand how the micro-level activities are a part 

of locally situated contexts and institutional practices (Linell, 1998: Mercer, 2004). I study 

Students‟ interaction and engagement with scientific concepts and computer-based 

environments. This takes place within the context where institutional demands, historically 

developed practices and norms are embedded. By using ethnographic data it becomes possible 

to understand how participants‟ meaning making processes are situated in historically 

developed institutional practices (Furberg, 2009).  

 

In this thesis I explore situations where students share information. My aim is to get access to 

how the participants actually engage in the process of meaning making. This means that I 

have to take into account the students‟ orientation and what they see as relevant (Silverman, 

2005). Linell stresses that individuals are in dialogue with interlocutors and contexts when 

they participate in communication. Dialogism regards communicative acts as a response to 

something in the context. A contribution to dialogue is made coherent by being related to 

some issue of current relevance (Linell, 1998). This implies that interactional data are 

analyzed by focusing on what is going on in the moment, and the aim is to construct the past 

and current context through what the participants see as relevant. Each utterance or act must 

be seen as a response to something that has been before. In this way analytical descriptions 

are oriented towards the interactional achievements instead of what might take place in the 

individual minds (Garfinkel, 1984; Schegloff, 1991 in Silverman, 2005).   
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4.2.3 Interaction trajectories 

I explained above how my data extracts are chosen from the beginning to the end of the 

project trajectory. The concept of “interaction trajectories” refers to interactions that happen 

over a period of time. When focusing on interaction trajectories this might help to capture 

both continuity and changes in students‟ orientation. The emphasis on changes is linked to the 

assumption that students meaning making takes place through moment-to-moment 

interactions, but in addition it also stretches over time (Furberg, 2009). These moments can be 

seen in relation to what Linell calls “episodes”:  

 

An episode is basically a train of discursive events, or a sequence of collective actions. 

Most, but not all, episodes are “about” something specific in the world; they are 

focused on, attend to and move within some kind of „topic‟ […], topic spaces or 

simply „topical sequences‟ (Linell, 1998, p 187).  

    

This means that episodes can be regarded as a sequence of collective action that is “about” 

something. The “interaction trajectories” are meant to capture the relationship between the 

episodes and the changes in participants‟ orientation across episodes, over time. I will in my 

inquiry use it to follow various activities in the SCY-project and look at the relation between 

these activities. By doing this I can study what the one group do in the situation, but also how 

these actions are related throughout the project. This makes it possible to find information 

sharing patterns within the two groups. It also becomes possible to relate these situations to 

longer historical lines so that I can consider how institutional aspects come into play, since 

students‟ meaning making are embedded in, and interdependent with, complex social and 

cultural contexts (Furberg, 2009).  

4.2.4 Selection of data  

I transcribed sessions that could contribute to answering my problem area. Viewing video 

tapes and transcribing the material was an iterative and cyclic process. When transcribing the 

data I started out by writing content logs, and some of these were expanded into more detailed 

transcripts. All sessions consisted of information sharing since this is the focus of this thesis. I 

discussed the episodes with fellow students as well as my supervisors. Key analytically 

relevant episodes were identified, and since the students that participated in the project were 
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Norwegian, all transcriptions are my translations. Finally, short sequences were selected and 

transcribed in detail for the final analysis conducted in this thesis. One extract from each 

group is taken from all chosen settings. These sequences are chosen from settings from the 

beginning to the end of the project trajectory. The figure below shows which settings I have 

taken extracts from.  

 
Figure 5: The project trajectory  

 

My analytical focus has been on situations where students share information, since their 

meaning making can get accessed in these situations, according to a sociocultural perspective. 

I explore the information sharing and their use of SCY lab and other structuring resources. I 

have chosen these two groups since they have a rather different approach to solving the 

project tasks. The group PowerPuff spends a lot of time discussing solutions and looking up 

information, while the group ThumbsUp makes quicker decisions based on less discussion. 

There are also similarities between the groups in some settings that I will point out. 

 

The students‟ written responses have not been my main target, but viewing their mind maps, 

notes, models they used during sharing of expert knowledge, PowerPoint presentation etc. 

have been useful in order to contextualize my core data. The interviews captured the students‟ 

expressed opinion about SCY and the work process, which might shed light upon some of the 

episodes during the project. 

4.2.5 Analytical concepts 

The aim is to explore students‟ meaning making while they engage with SCY-Lab and other 

structuring resources in school science by exploring their information sharing throughout the 

project process. Information sharing described in this thesis is situations where students 

communicate. This includes discussions, argumentation, explanations, and also general talk 

about the project tasks. By focusing on these situations this may reveal how students negotiate 
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meaning and make sense of scientific concepts. According to a sociocultural perspective, 

material artifacts are part of our thinking. I will therefore focus on SCY-Lab and other 

structuring resources. These other resources can be computer programs such as Google 

SketchUp as well as visual representations like models of scientific concepts. All this is 

situated in contexts and our actions and understanding is a part of this. In order to understand 

the information sharing and the use of SCY-Lab and other resources better, I will therefore 

point to situated and context related factors. This means that I have to consider that the 

students act within the context of school. This brings in institutional constrains that the 

students have to make sense of. How they do this might differ. Information sharing, the use of 

resources and institutional norms and practices are the basis for my analysis. Since the reality 

is complex, it is not enough to focus on just one of the aspects when the relationship between 

meaning making and sociocultural settings are explored (Wertsch, 1998). 

4.3 Research credibility 

4.3.1 Reliability  

Reliability refers to the degree of consistency with which instances are assigned to the same 

category by different observers or by the same observer on different occasions (Hammersley, 

1992, p 67). In other words, reliability refers to whether a different observer would categories 

the same event in the same way (Kirk and Miller, 1986). This is originally a term used about 

quantitative studies, therefore two important issues have been raised concerning reliability 

when using qualitative methods. First, the analysis is often based on selective data, and 

second, findings are often founded on the analyst‟s interpretations (Silverman 2005). These 

two concerns are applicable also for my thesis. Another concern is that I was not able to 

participate during the testing because I did a semester as exchange student. This means that I 

was not able to take field notes, and it might be that I miss important things that are going on 

outside the camera view. However, researchers and students that participated have been 

available for consultation and discussion. 

 

There are several steps that can be followed to strengthen the research reliability. Kirk and 

Miller (1986) argue that relevant context of observation must be described. I will therefore 

describe how data are presented and made available for analysis. It is the video recordings 



41 

 

that are the basis for my transcripts. Communication by means of texts is according to 

Silverman (2005) more reliable than field notes because the data are accessible unfiltered 

through the researcher‟s eyes. My data extracts were transcribed according to standardized 

transcripts conventions (see table 3), based on Jefferson (2004). 

 

 

[ ] 

 

Text in square brackets represents clarifying information 

[[  ]] Simultaneous/overlapping talk 

= Indicates the break and subsequent continuation of a single utterance 

? Rising intonation 

: Indicates prolongation of a sound 

Underlined Emphasis in talk 

(.) Short pause in the speech 

- Single dash in the middle of a word denotes that the speaker interrupt herself 

-- Double dash at the end of an utterance indicates that the speaker‟s utterance is 

incomplete 

CAPITALS Loud speech 

Italics Context description 

Courier New Student‟ reading from the screen is typed in Courier New 

 

 
Table 2: Transcript notations applied in the analysis of the interaction extracts 

 

Standardized transcripts make it possible for the reader to consider the trustworthiness of the 

data analyzed. The display of the data analyzed in addition to the actual analysis enables the 

reader to follow the analysis step-by-step and make their own opinion about how the analysis 

is carried out. In this way the reader can decide whether they find the analysis trustworthy. 

Since the students in the project are Norwegians, I had to translate all transcripts. This might 

cause some inaccuracy in the transcripts. However, I have discussed all extracts with fellow 

students as well as my supervisors to ensure the accuracy.  

 

Another effort that strengthens the reliability in this thesis is being a part of a larger research 

project (The SCY-project). This gave me opportunity to participate in meetings and seminars 

with researchers and students where the data material was discussed. I have also received 
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feedback on transcriptions in student seminars and discussed the material with my supervisor 

as well as with fellow students.  

4.3.2 Validity 

According to Hammersley (1990) validity means the truth, interpreted as the extent to which 

an account accurately represents the social phenomena to which it refers. Validity in relation 

to qualitative research concerns whether the analytical claims that are made about any piece 

of data can be regarded as convincing. It is also about the strategies that we make use of in 

order to come up with valid conclusions (Silverman, 2005). In my inquiry I make use of step-

by step analysis so that the reader is capable of following the analytical steps along the way. 

By doing this, the reader can question the evidence on which the findings are based. I have 

also introduced my data to fellow students as well as other researchers in the SCY-project so 

that they can contribute with critical comments. This joint analysis effort contributes in 

strengthening the validity in this thesis.   

 

Ethnographic data provide a rich description of social settings. These descriptions give the 

reader a broader basis for deciding whether the study is credible (Silverman, 2005). However, 

it is important that the data is not taken from well-chosen extracts that fit the theory based 

assumptions. The data must be based on a critical examination of the whole data corpus 

(Furberg, 2009). My data is selected from trajectories of two groups. I have focused on typical 

information sharing patterns. This means that I have taken the whole data corpus into account 

and found some patterns that appear to be more typical than others within the two groups. The 

extracts that I have chosen out show examples of typical information sharing patterns within 

both groups. I make a point out of similarities as well as differences between the two groups. I 

have also presented relevant studies in the chapter about research on computer-based inquiry 

environments. I use these studies as an argument for supporting my claims about the 

relevance and typicality of the patterns identified through the interaction analysis.  

 

4.3.3 Generalization 

Generalization is related to whether the study is representative in a larger population. In 

quantitative research this is achieved by statistical sampling procedures. In qualitative 
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research, this is usually unavailable since data often are derived from one case that has been 

chosen because it allows access. For qualitative studies can generalization instead be 

addressed by focusing on to what extent the findings within one educational setting are 

applicable to other educational settings (Erican & Roth, 2006 in Furberg, 2009). The issue of 

situatedness is fundamental in sociocultural studies. When generalizations are made on basis 

of interaction analysis within a particular setting, it is according to Kvale and Brinkmann 

(2009), important to specify supporting evidence and make the arguments explicit. They call 

this analytical generalization:  

 

Analytical generalization involves a reasoned judgment about the extent to which the 

findings of one study can be used as a guide to what might occur in another situation 

(Kvale & Brinkmann, 2009, p 262).  

 

This implies that claims are based on a combination of the theoretical point of departure, 

findings from the empirical analysis and findings from related studies (Furberg, 2009). For 

my study this means that when I explore students meaning making while they engage with 

technology in school science, I have some aspects that are theoretically derived. These aspects 

are the importance of language, mediation and physical artifacts and situated and context 

related factors. They can be conceived as generalized aspects of students‟ meaning making. 

However, how the students orient towards these aspects when they interact is realized in 

practice by the participants. This becomes available through empirical analysis of their 

situated practices (ibid).   

4.3.4 Research ethics 

The SCY-project involved working with participants that were minors (under 18 year). It was 

therefore necessary to have written approval from the students‟ parents. In addition a 

notification request must be sent to the Norwegian Social Science Data Services (NSD). This 

is the privacy Ombudsman for all the Norwegian universities, colleges and several hospitals 

and research institutes. Requests were sent on behalf of all project participants and approval 

from parents and NDS was already received when I joined the project.  

 

In the transcripts of the video recordings, all names are replaced by pseudonyms. Also the 

names of the groups are changed. The names of the location and school have not been used in 
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this thesis. Clips from video recordings have been shown for analysis purposes in small 

student and research groups, but these clips have not been published outside these settings.    
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5 Project trajectory for ThumbsUp 

 

This chapter presents extracts from ThumbsUp. After each extract I point out the aspects that 

I emphasize as most important. At the end of the chapter, I sum up my findings. The next 

chapter has the same structure, but is about PowerPuff.  

 

The group ThumbsUp consists of two boys, Tom and Jack, and two girls, Lisa and Jane. In 

general they express that they want to have a good end product so that they receive a good 

grade, and this seems important for them. However, they seem quite often unfocused and 

matters not related to the tasks often interrupt the project work. Because of the limited user 

accounts in SCY lab, they are instructed to sit in dyads, but they also divide the tasks so that 

some of the work is done manually on paper, and the rest have their own lab top. They start 

for instance to draw their house on paper, despite that they have drawing tools on their 

computer. They often divide the tasks and work with them individually. It does not seem 

important for them to follow the instructions given in detail, but they do complete all tasks 

given. The extracts I will present are typical for how ThumbsUp work. They are all taken 

from situations where they share information.  

5.1 Setting 1, Knowledge mobilization  

 

Figure 6: Project trajectory TU, setting 1  

 

All groups have been introduced to the project and divided into basic groups. Their first task 

is to brainstorm and make mind maps. The first mind map is about CO2 in general while the 

next mind map is about making a CO2 friendly house. The extract below is from the 

beginning of the brainstorming, when they brainstorm about CO2. They still seem a bit unsure 
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about what they are supposed to do and how they practically are supposed to make the mind 

map, but try to follow the guidelines given. After a while they seem to have figured it out and 

they start to discuss what they associate with CO2. They all have their computer in front of 

them and everyone have their own mind map in OneNote. Tom and Jack sit above Lisa and 

Jane.  

Extract 1TU 

 

 

1.  Jack: [leans back before he leans forward again] Okay. So it is greenhouse 

gasses and greenhouse effects.   

2.  Lisa: You are smart, I have to say.  I think about exhaust. Greenhouse effects? 

3.  Jack: Yes 

4.  Jane: [is about to write but stops] Gasses (.) and greenhouse effects? Is not that 

like the same thing? 

5.  Jack:   Yes but I put it next to each other  like a path [refers to the mind map] 

  [The researcher comes by and the group talks with the researcher about 

what the mind map will be about. The researcher leaves and Jane 

continue to brainstorm] 

6.  Jane: What about temperature changes? [Looks at the group] 

7.  Tom: Yes, that is central [Looks at Jane and smiles] 

8.  Jane: And the golf (.) The gulfstream 

  [The group starts talking about subjects not relevant to the project for a 

while. Jane picks up the subject again and they start to mention words 

like industry, cars, and boats.] 

9.  Tom: Should we take old versus new technology? 

10.  Jane: [nods her head and writes down what Tom said while she quotes herself] 

(.)t-e-c-h-n-o-l-o-g-y 

11.  Tom: [Listens to the teacher and then turn to the teacher] what? Are we 

supposed to spend two hours on the mind map? 

12.  Teacher: No, one hour. But if you finish earlier, you can start to make a time 

schedule (.) 

13.  Lisa: Okay. 

  [The group asks more questions about how they are supposed to work 

and what will come, and the teacher explains how they will work in 

expert groups and so on. The teacher leaves and the group is silent for a 

while before Jane picks up the CO2 subject again] 

14.  Jane: Quotas 

15.  Tom: Yes, I am thinking about how you can optimize the combustion process 

16.  Jane: [is about to write Tom‟s input but stops] How do you write that? 

17.  Tom: I don‟t know 

18.  Jack:   I suggest that you write quotas. That is probably easier 

19.  Tom: But that is not the same thing 

20.  Jack:   No? 

21.  Jane: What? 

  [The researcher asks the students to work in couples of two in front of 

one computer within the group, and ThumbsUp shuts down two 

computers. Jack and Jane still have a computer each.]  

22.  Jane: [Turns to Tom] what did you say? 

23.  Tom: Yes, when you have an incomplete combustion it produces more CO2, 

doesn‟t it? 

24.  Jack:   Yes (.) 

25.  Jane: So we can write that incomplete combustion leads to more CO2 [looks at 

the group] what did you say? [turns to Tom] 

26.  Tom: [nods] and less energy 

27.  Jane: Yes. H::: [notes down in OneNote] 
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Jack starts the brainstorming and Jane follows up with a question to him. Jack explains further 

what he means. A researcher comes by and they stop him about practical sides of how to 

make the mind map. The researcher explains before he leaves and they start to suggest more 

words that come into their mind. Then they talk about other stuff not relevant to the project 

for a while before they are back on track again for a few seconds. Again they ask the teacher 

about practical matters. The teacher leaves and they talk about CO2 related matters again. 

They are asked to sit in dyads, before they again continue with the brainstorming. 

 

There is two points that I will emphasize as especially important here. My first point relates to 

how the students engage in the brainstorming activity. The whole group is involved but no 

one seems too committed to the activity. It might be that they do not see the value of 

brainstorming. They spend a lot of time just finding out how they should make the mind map, 

and they ask the teacher about the process and what they are supposed to do later on, several 

times. Their discussion also gets interrupted quite often with non-task related matters.  My 

second point is about how they come up with the information that they put into the mind map. 

It is exclusively made on the basis of their own thoughts and what they already know. They 

do not use internet or other sources at all. In this sense, the mind map function more as a 

summary of the groups‟ existing knowledge about CO2.  

 

After the brainstorming, the students were divided into expert groups. One participant from 

each group formed a group that focused on one of the predefined topics; heat pump, solar 

cells, the laws of energy, and energy sources. They continued with this activity throughout the 

day. The second day that they worked with the SCY project, they were asked to present what 

they learned in the expert group, for their basis group. My two next extracts are from this 

activity. 
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5.2 Setting 2, Sharing expert knowledge  

 

Figure 7: Project trajectory TU, setting 2  

 

I have chosen two extracts from the sharing of expert knowledge, because they are quite 

different when it comes to engagement and how they communicate. The first extract shows 

how Lisa presents laws of energy, and the second extract shows how Tom explains the 

function of heat pumps. Jane and Tom sit above Lisa and Jack around a square table with their 

computers in front of them.  

Laws of energy 

Extract 2TUa  

1.  Jane: Okay, should we start? (.) Yes, who want to start? [looks at the rest of 

the group] 

2.  Lisa: I can start with what we had about from what I just said, about energy 

laws. About how we can save energy, I think. It is like, both the natural 

energy laws, and the theoretical energy laws, and then we have put out 

like a form on itslearning so that you can read more from that, but we did 

not find that much about it since it was not that much in the book. But 

for example on the natural energy laws it says in energy law one that 

energy cannot be created or disappear, it can only change form, so you 

can= [Lisa reads the last sentence from her notes. The rest of the group 

looks at Jane while she talks] 

3.  Jane: Is that the mind map or is it the energy laws= [refers to documents 

visible on her screen] 

4.  Lisa: E::m, the mind map is about the energy laws too, but the energy laws 

there it says that= it is there it says, e::m, e::m yes= that was about what I 

had, since we did not find out much, we just found that text. 

5.  Jane: Okay, that‟s fine [smiles but has a sarcastic tone] 

6.  Lisa: [Laughs] Yes, but I will find out more. On my own. 

7.  Jane: Yes, that is good. Will you start? [looks at Jack] 

 

Jane takes the initiative to start the expert knowledge sharing and Lisa starts with laws of 

energy. She introduces the topic before she shortly starts to talk about the practical side of the 

information they found. She explains that there is some information on itslearning, but that it 
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is limited since they did not find much in the book. Jane is logged in at itslearning and asks 

which document that is about the energy laws. She answers and is about to explain some 

scientific concepts. It seems like she finds it hard to explain because she interrupt herself and 

says that this was about what she had. Jane smiles but says in a somewhat sarcastic tone that it 

is fine. Lisa picks up the sarcastic tone and laughs before she says that she promise to find out 

more. Jane answer that it is good that she will do that and looks at Jack and asks if he will 

start.  

 

In this extract, there is two points that I will emphasize as especially important. My first point 

is about how Jane presented the topic. She hesitated a lot and talked more about practical 

sides of where they can find information than scientific concepts related to laws of energy. It 

seemed like she found it hard to explain, and therefore chose to cut the presentation short. My 

second point is regarding how the students follow up on Lisa. Jane asks where she can find 

the information while she is logged into itslearning, but when Jane says that she is done they 

decide to move on instead of finding out more. Jane does not seem completely satisfied with 

the presentation, but they do not see this situation as a situation where they can do research. 

Jane asks Jack to start his presentation instead.  

Heat Pump  

Extract 2TUb  

1.  Tom: Yes, I had about head pumps, and we have already learned about that, so 

I am not sure how much I should explain, but you understand the basics 

right? [Looks at his screen before he looks up at the group] 

2.  Jane: Hm::, yes I believe so [looks at Tom] 

3.  Tom: Yes 

4.  Jane: It is with the warm and cold air and it goes like this 

5.  Tom: I am going to see if I have the thing that shows= [turns the computer 

towards the rest of the group and shows a model of a heat pump. 

Everyone leans over to look at the model] yes, it was this we used at= in 

class, but this will stand out= outside= [point at the model when he 

explain] 

6.  Jane: The house? 

7.  Lisa: House? 

8.  Tom: The house, yes, and then it will gather energy from the air, or from the 

ground, or from groundwater, or it is many different types, and you use 

different types of liquids. E::m, and then it will evaporate into this 

chamber here, and it gets sent further, but I am actually a bit unsure of 

this, because this increases the pressure, and then this goes= this goes in 

a way down= [points at the model when he explains and looks 

occasionally up at the group. Jane gives feedback like “yes” during the 

explanation] 

9.  Jack: M:: [affirmative] 

10.  Tom: And gets sent further, to e::m= 
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11.  Jane: Capacitor? 

12.  Tom: Capacitor and [laughs] it is hard to read upside down. But it is there 

where= what it really does then is to condense on the walls, and when 

some evaporates, will all the energy stored in the vapor molecule, so 

when it evaporate here will it release heat energy. And then it will go 

down to the valve, which then is just a valve that allows no high pressure 

here, because here it should be easy to evaporate. [Still refers and point 

at the model.] 

13.  Jane: Yes [Tom turn his computer towards him selves and everyone leans 

back] 

14.  Tom: And we talked a bit about if it is possible to make it like down = like= 

because it was someone that had groundwater pump, and then we 

wondered if it was possible to make like= like a water net without this= 

this regular water net to transport energy then= or, yes= if it is useful or 

not.  

15.  Jack: The problem is that the energy disappears along the way [looks at Tom] 

16.  Tom: M:: [affirmative] 

17.  Jack: the water gets cold, or the fluid 

18.  Lisa: But I don‟t understand, should we in a way like= this house we are 

building, it should be just as eco-friendly as possible?  

19.  Jane: Yes, I believe so (.) I am not sure if it is relevant, but I can probably 

explain how a tidal power plant works. 

 

Tom starts to introduce his field by 

referring to what they already know about 

the topic heat pump and asks if they know 

the basics. Jane confirms that they know 

the basics by mentioning some concepts. 

By doing this, she also shows engagement. 

Tom continues his explanation by finding a 

model of heat pumps and turns it towards 

the rest of the group. Everyone leans over 

to look at the model. He points and 

explains. Jane and Lisa break in with 

suggestions for words when he is looking 

for the right word several times. Tom retells a discussion the group had about whether it is 

possible and useful to make a water net to transport energy. Jack elaborates on Tom‟s 

contribution and show that he already knows something about the topic. Lisa shoots in a 

question about the eco-friendly house. The question indicates that she links their discussion 

about heat pump to their practical task of designing a house. The discussion about the water 

net ends with this. Instead Jane replies by saying that she probably can explain how a tidal 

power plant works. This is her expert theme. 

  

   

Figure 8: Model of how heat pump works   
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I will point out three important aspects from this extract. My first point concerns how Tom 

invites the other students into the discussion. He asks questions and the rest of the group 

follow up. My second point is about how the model of the heat pump plays an important role. 

When Tom uses the model, this seems to keep the group focused. The group leans over to 

watch the model, and show engagement by confirming that they are listening and commenting 

on the content. It seems like using a model as a reference point is a support in presenting the 

expert knowledge topic. My third point is about how Thumbs seems quite goal-focused. Lisa 

asks about the CO2 friendly house that they are supposed to design later on. It seems like she 

is trying to find out how the sharing of expert knowledge-activity relates to this. Also when 

they were brainstorming, the group asked about what they were supposed to do later on. It is 

this focus on project tasks that makes ThumbsUp seem goal focused.  

 

When the group is done with presenting their expert knowledge, they are introduced to the 

simulator in SCY. It is now the process of designing the house starts. They are asked to sit in 

dyads when they use SCY lab because of the limited user accounts. The next extracts are a 

typical example of how ThumbsUp use the simulator. 

5.3 Setting 3, Calculating values  

 
Figure 9: Project trajectory TU, setting 3  

 

The simulator helps them choose materials to their house and to see how the emissions from 

the house are affected dependent on material. When they choose materials they must assess if 

the material is eco-friendly and how well it isolates. I addition to being typical for how 

ThumbsUp use the simulator, this extract also shows how ThumbsUp typically make 

decisions. Jane and Lisa sit in front of one computer looking at the simulator. Jack and Tom 

sit above them with one computer each.  
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Extract 3TU  
 Jane: Okay, what kind of material should we have on our walls? [Looks at the 

screen].  

 Lisa: Let‟s see, what kind of= [Leans over to Jane‟s screen] 

 Jane: Cement [Looks at her screen] 

 Jack: Steal= [Looks at his screen] 

 Lisa: Steal? 

 Jack: Brick (.)Let‟s take brick then [Still looks at the screen] 

 Lisa: So we are making an English house of brick? [Looks around the room 

while she talks] 

 Jane: [Jane manipulates numbers in the simulator] I don‟t understand. Why 

doesn‟t Norway have better= thicker walls, on the houses  

 Tom: [mumbles] 

 Jane: What? 

 Lisa: Yes, that‟s a fair question 

 Jane: Don‟t we have break now? [Whispers loud] 

 Lisa: Yes, in fact we do 

 Jack: [looks at his computer] Hemp or glass wool is the best isolation [looks at 

the screen] 

 Jane: Hemp, or? 

 Jack: [[glass wool]] 

 Tom:  [[Hamp?]] Glass wool? [Leans over and looks at Jack‟s screen] 

 Jack: Jack: or glass wool 

 Lisa: Where are you? [looks at her own screen] 

 Jane: A:::t 

 Lisa: At isolation 

 Jane: What do you think is the coolest? Hemp sounds a bit like nature. 

[Address the teacher] don‟t we have lunch break now? [Address the 

group again] let‟s take hemp. 

 

They are all exploring in the simulator when Jane asks what kind of material they should use 

on their walls. Lisa, Jane and Jack all suggest different kind of material. Jack suggests that 

they should go for brick. From what he says it is hard to say what his suggestion is based on. 

Lisa responds to Jack‟s suggestion by asking if they should make an English house of brick. 

The tone of her voice indicates that she is not very enthusiastic. Jane asks the rest of the group 

why Norwegian houses do not have thicker walls, but she does not really receive any response 

on her question. Jane leaves the topic she introduced by asking if it is time for break. Jack is 

exploring types of isolation in the simulator when he states that hemp or glass wool is the 

“best isolation”. The rest of the group gets involved by finding out where in the simulator he 

is, to check out his findings. Jane asks the group what they think is the coolest, hemp or glass 

wool. She adds that hemp sounds a bit like nature, implying that that is more eco-friendly. 

She asks the teacher if they have lunch break, before she answers her own question by saying 

that they should go for hemp.  

 

I will point out three aspects here that are typical for how ThumbsUp make their decisions. 

My first point is that despite that the whole group is focused on the same topic, no discussion 
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occurs. Above we see that Jane asks what kind of material they should use on their walls. 

They decide to use brick without any discussion. Jane asks why Norwegian houses do not 

have better isolation, but nor does this subject leads to any discussion. Jack presents that 

hemp or glass wool is the best isolation. Several possibilities for discussion occur, but most 

often no one follows up. My second point is about how they come up with suggestions. They 

often do not present any arguments. The suggestions are instead presented as statements. This 

might be the reason for why the group does not really follow up and few discussions occur. 

This is visible when Jack states what kind of isolation that is “the best”, and also Jane does 

not really argument for using hemp. She just says that it sounds more like nature. My third 

point is about how they use the simulator. They use it to explore materials and they 

manipulate numbers to find out what material that gives low score in the “heat loss 

coefficient” -graph. In this way, the simulator is a resource in their work. However, they have 

been told that it is not just the numbers in the simulator that counts, they also have to take into 

account practical matters, whether the material is eco-friendly to produce etc. Despite this, 

they seem to focus on the simulator more then they look up information about material and 

manufacturing process. It may be that the students are too focused on the answers that the 

simulator gives and that this focus keeps them from doing further research on their own.  

 

They continue to work in the simulator as well as other activities as part of designing the 

house, the rest of this day. The beginning of day 3 with SCY, all groups have to present what 

they have done so far. After this they get to continue their work. Later on they are asked to 

compare their simulation to simulations from other group so that they can be inspired and get 

ideas. The next extract is taken from this setting. 

5.4 Setting 4, Comparing simulations 

 

Figure 10: Project trajectory TU, setting 4 
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They compare simulations by using SCY-Lab. ThumbsUp are asked several times to start the 

comparison, and after a while they have found another groups‟ simulation. The camera is 

zoomed at the screen that shows someone else‟s simulator. We hear the voice of everyone in 

the group so it is clear that everyone participate in the comparison.  

 

Extract 4TU  
 Jane: Why do they have so much better than us? 

 Jack: Should it not be for four people? 

 Jane: No because, they have straw you see, I told you so.  

 Tom: But you cannot have straw= like structure 

 Jane: But it gets way better than ours. 

 Tom: But, hello, you have to think, [laughs] (.) Like, you cannot have glass 

doors for example. That doesn‟t work. 

 Jane: [pretends like she does not listen] blablablabla 

 Lisa: Glass doors? 

 Tom: Yes, even though that is the best 

 Jane: But we have a way bigger house than they have 

 Lisa: We do have tree doors 

 Tom: Yes, that is good 

 Jane: But flax is way better than hemp 

 Tom: [leans over to look] 

 Jack: Use flax then 

 Jane: Yes but we do use flax 

 Jack: Yes 

 Jane: I just look at the difference here. But is it down here you see how much 

we lose? 

 Tom: Hm 

 Jane: Because then we actually loses the least  

 Tom: [Has an enthusiastic tone] Oi oi oi (.) We are just the best. COME ON   

 

Jane asks why the other group has better numbers than them. She seems quite focused on 

having as low emissions as possible. Jack follows up by asking if the house should be for four 

people, implying that the group they are looking at put down another number. Jane suggests 

that the other group have better numbers because they use straw. Tom does not support to use 

straw, but does not really give any reasons for why straw is unusable. He just adds that it like 

using glass doors, “that doesn‟t work”. It seems like he does not think that it is realistic. Jane 

pretends like she does not listen and moves on by saying that they have a bigger house than 

the other group. Then she states that flax is the “best” isolation before she concentrates on the 

total emissions. She finds out that they lose the least and Tom replies in an enthusiastic tone 

that they are the best. The comparison ends after this. 

 

There are four points that I find important in this extract. My first point is about how they do 

not argue for their choices. A discussion arises when Jane is mostly focused on having low 
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emissions, while Tom in addition is concerned about their choices being realistic. However, 

he does not present any arguments for why they cannot use straw. He just states that it does 

not work.  My second point is about how Jane follows up on Tom. It is obvious that she does 

not agree, but despite this she does not really challenge him. Instead she pretends like she 

does not listen and moves on. It might be that it is harder to follow up on Tom since he 

present statements instead of arguments. My third point is about how they exclusively use the 

simulator and no other resources. They see that the other group use straw, and they do have 

access to the internet so that they could have checked if it was possible to use this material. 

Instead they leave it unexplored. Their focus on the simulator is also apparent in that the 

comparison ends when they find out that their house is the “best” house since they have the 

lowest emissions. 

 

After comparing the simulation they are asked they start working on the final report and the 

presentation. They continue this work on day four of the SCY project, which is the final day. 

The two final sessions are spent on the presentation. All groups are asked to present their 

house and this is also how they are assessed. They have 10-15 minutes each. The next extract 

sums up ThumbsUp‟s presentation.  

5.5 Setting 5, Presentation  

 
Figure 11: Project trajectory TU, setting 5  

 

ThumbsUp start by presenting themselves and saying why it is important to build an eco-

friendly house. Then they list up which programs they used before they present the design of 

the house. They have print screen from Google SketchUp and explain first the outside of their 

house. They explain that they have a porch, big windows, sunscreen, chimney that is not in 

use, and they explain why they have this. Then they present the inside of the house. Also this 
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is done with print screens from Google SketchUp. They explain the room division, and why 

they have living room down stairs and bedrooms up stairs. Further they show print screens 

from the simulator in SCY-Lab and list up the isolation they choose, and pointed out why 

they chose it by explaining how it is eco-friendly. For example they chose linen on the roof 

because it is environmental to make and easy to recycle. They present how much megawatt 

they use to heat up the house and compare this to average in Oslo, and points out how low 

their numbers are. After this they list up eco-friendly facilities that they chose to have, like, 

central computer, compost, saving valves, central vacuum cleaner, water conserving toilets 

and windows facing south. They present how a heat pump works and why it is eco-friendly. 

They end their presentation by explaining why they did not choose solar cells before the rest 

of the class asks questions. ThumbsUp give detailed and explanatory answers:  

 

Extract 5TU  
 Student: You said that you had bed rooms up stairs and with closed doors so that 

it should be cold up stairs. Why could you just not have living room 

upstairs and bed rooms on the first floor? 

 Jack: E::m, that is because of comfort, because it is much more comfortable to 

have bed rooms on the 2. Floor, but then vi also have= since we have the 

door and relatively good isolation, then we heat up the living room quite 

a lot, and then= some of the heat will still go up, and then we get 

modified temperature on the 2. Floor, while it is still hot on the 1. Floor.  

So then we almost do not heat up 2. Floor, it is just a bit of left over heat 

from the 1. Floor that goes up.  So basically we found out that we will 

not lose anything from it. But off course, we have no advances formulas 

and we have not built the house, so we do not know how it will work, 

but we have thought about it and calculated that it will work well. 

 

Jack has a very detailed answer, and it sounds like they considered several options when they 

decided to put bedrooms upstairs. Also the rest of the presentation give the impression that 

they considered several options, and after research they decided to go for the option they did 

go for. They justify their choices throughout the presentation. They also included information 

about material and isolation, relevant expert knowledge, and extraordinary facilities. Besides 

this they explained how they actually considered having solar cells and chose not to go for it. 

The presentation is clear and understandable, and they seem quite comfortable when they 

present. The presentation is the basis for their grade. They receive top grade on the project 

based on this presentation.  

 

It seems to be a mismatch between the elements in the final product and the work process. I 

cannot find that they to a large extent explored options and argued for their choices during the 
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project process.  I will come back to this in my discussion. Before that I will sum up the most 

important points in the work trajectory for ThumbsUp, and present findings for PowerPuff in 

the next chapter.  

5.6 Summing up  

When ThumbsUp are brainstorming, they do not seem fully committed to the activity. They 

ask the teacher about the process and what they are supposed to do later on, and spend a lot of 

time on non-task related activities. The mind map they are making is based on their own 

thoughts without doing any research. 

 

During the sharing of expert knowledge there are some distinct differences between the two 

extracts. When Lisa explains laws of energy, she talks more about how the group can find 

information than scientific concepts. She cuts the presentation short and the group moves on. 

When Tom presents heat pump, he asks questions and the group follows up. He also uses a 

model and this seems to keep the group focused. They also seem quite goal focused in that 

they talk about what they are supposed to do later on during the sharing of expert knowledge.  

 

ThumbsUp use the simulator to decide on which material they will use. Several possibilities 

for discussion occur, but no one follows up. It might be that since the suggestions are 

presented as statements, it is harder to discuss options. They also base their decisions 

exclusively on the simulator, without doing any further research about for instance  the 

manufacturing process.  

 

When ThumbsUp compare simulations, Tom and Jane disagree when it comes to which 

material they should use for isolation. Tom does not present any arguments for his view, and 

Jane does not really challenge him. Instead she moves on. Also here they do not do any 

further research outside the simulator.   

 

ThumbsUp give a detailed presentation of their house and eco-friendly facilities. They explain 

their choices, and make challenges and alternatives explicit and clear. When the rest of the 

class asks questions after the presentation, they explain their choices further and back up their 

arguments. The project work is assessed based on the presentation, which receives top grade.  
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In general, ThumbsUp does often not seem fully engaged. They spend a lot of time on non-

task related matters and this often interrupts their work. They ask the teachers and researcher 

quite often for clarifications around the project tasks. Despite the detailed task clarifications 

they receive when they ask, they are not too concerned about following instructions. Many 

decisions are based on their own thoughts instead of doing research and suggestions are often 

presented as statements that are not challenged.  
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6 Project trajectory for PowerPuff 

 

This chapter follows PowerPuff when they share information, use SCY-Lab and other 

structuring resources throughout the project. The extracts presented here are taken from the 

same settings as the previous chapter so that it is easier to discuss and compare the two 

groups. I will also follow the same structure so that I first present the extract, before I point 

out the aspects I emphasize as most important and sums up my findings at the end of the 

chapter.  

 

PowerPuff consists of four girls, Kate, Rachel, Linda and Claire. They all seem quite engaged 

during the project, and they are mainly focused on the project tasks during. Like all other 

groups, they are also asked to work in dyads when they work in SCY lab. They follow this 

instruction, but often, when a decision is about to be made, they involve the whole group. 

Also in general they follow the instructions given. The extracts presented of PowerPuff are 

typical for how they work, and they are taken from episodes where they share information.  

6.1 Setting 1, Knowledge mobilization 

 
Figure 12: Project trajectory PP, setting 1 

 

This extract is from when PowerPuff brainstorm about CO2 friendly houses. The extract is 

interesting because it shows how they argue for their choices and make well-founded 

decisions. Kate and Rachel sit above Claire and Linda. They all search for information they 

can use in the project and Claire is responsible for gathering the information in OneNote. Kate 

has found some information about pellet. This starts a conversation about what pellets is and 

this leads to a suggestion to use pellets. Kate continues to search for information about pellets.  
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Extract 1PP  
 Kate: [Points at a picture on her screen and Rachel looks] yes because it is like 

that. Because it heats= it uses like= I don‟t know if it burns longer or 

something, but it is at least like= it is at least more eco-friendly [Claire 

alternates between looking at her screen and Kate, while Linda is 

occupied with something on her screen] 

 Rachel: Yes, that is what we are after.  

 Kate: Yes, we are supposed to be eco-friendly [Looks at her screen] 

 Rachel: Yes (.) [everyone looks at their own screen] 

 Kate: It costs a lot. 30 000 for one oven [ looks up from the screen] 

 Claire: Yes, but we don‟t have a budget [looks up from her screen and at Kate] 

 Rachel: No 

 Claire: Not so= or I don‟t believe so anyway. 

 Kate: It is not very profitable it says [looks at her screen, and then she reads] 
With increased pellets prices are heating with 

pellet not as profitable. 

 Claire: [Looks at Kate] Yes, but hello, we are multi-millionaires [giggles] 

 Kate: We don‟t CARE [giggles] 

 Rachel: But the people that build like this usually has a lot of money also, like 

the house in Chicago that costs like 500 000 dollars, right [Looks at 

Kate] 

 Kate: [Looks at Rachel] Yes, just to build it right, so it‟s like 3 million just to 

build it, plus a plot that probably cost a lot so then it‟s a bit more like= 

 Rachel: Yes 

 Kate: It cost a lot to be eco-friendly 

 Rachel: That is why people don‟t bother [looks up from the screen] 

 Kate: Yes, I know 

  [...] 

 Kate: [Has Wikipedia on her screen and toggles between looking at Wikipedia 

and the group] But it really says different stuff here, it says like about 

pellets, it says that it works like not just to light like if you want to light 

the fireplace. It is more like a heat pump, and it has competition from the 

heat pump [points at the screen where she found the information] 

 Claire: Oh yes 

 Kate: So then it is a bit more like= 

 Claire: So if we have heat pump, then we don‟t need pellets then 

 Kate: It says that it is more suitable for continuous heating [looks at the screen] 

 Rachel: M:: [affirmative] okay yes 

 Kate: [reads from the screen] And that the only one in Norway has cancelled 

the production,  [laughs and looks up from the screen] it is no one that 

wants to buy it [the girls giggles] 

 Rachel: Yes, maybe we should not pursue with it [looks at Kate‟s screen] 

 Kate: Yes, let‟s not pursue with pellets 

 Rachel: If heat pumps do the same trick it is not necessary 

 Claire: M:: [affirmative] 

 

Kate says that she is not sure why pellets is better but it is at least more eco-friendly. She 

points at a photo while she talks, and Rachel looks at the photo. Claire seems to follow the 

conversation, while Linda is occupied with something on her screen. They all agree upon 

using pellets. They do not seem too concerned about how it works, just as long as they are 

eco-friendly. Kate finds that it is very expensive, but Rachel points out that they do not have a 

budget and they start a conversation where they talk about how expensive it is to be eco-
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friendly. Rachel also mentions an example they seem familiar with about a house in Chicago. 

Kate finds more information that she retells the group (line 18). She explains that it is not like 

a fireplace and that it has gotten competition from heat pump. Claire suggests that they do not 

need pellets if they have heat pump, and when Kate finds even more information that does not 

support using pellets, they decide to go for heat pump instead of pellets.  

 

There is three points that I will emphasize as especially important here. First, the group seems 

engaged and quite verbal in that they share the information they find. Everyone is involved 

when making a decision. My second point is about how they brainstorm. They use the internet 

to find information, and then they discuss this information. This shows how they are oriented 

towards arguing for their choices. Third, they change their mind based on the information 

they find. First they try to justify using pellets even though they find some arguments saying 

that it is expensive, but after finding out that heat pump is an option they go back on their 

decision and decides to use heat pump instead. This shows how their decisions are well-

founded.  

6.2 Setting 2, Sharing expert knowledge  

 
Figure 13: Project trajectory PP, setting 2  

 

PowerPuff and ThumbsUp are quite similar in how they work when they share expert 

knowledge. I will first present how Claire in PowerPuff explains laws of energy, before I 

present that Linda explain solar cells. Also these extract show differences in engagement 

within the group when the two topics are presented. Clair starts the sharing of expert 

knowledge session with presenting laws of energy. Linda continues the sharing with solar 

cells. Kate and Rachel sit above Claire and Linda around a square table with their computers 

in front of them. 
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Laws of energy  

Extract 2PPa  
 Claire: Okay, should we just begin? [Looks at the rest of the group] 

 Rachel: Yes 

 Claire: I have made= looked at energy laws. And to be honest, I am not 

completely sure about what we were supposed to learn. But it was a bit 

about energy transfer, and how you can save energy with it, and what I 

learned from it was that you in a way have two different types of energy, 

and that is low energy and high energy.  [Rachel and Linda looks at 

Claire while she talks, while Kate is occupied with something on her 

computer] 

 Claire:  […] and a bulb of 60 watt is added an amount of 60 joules every second. 

The light that the bulb gives every second corresponds to three joules, 

this means that the efficiency is three joules divided by 60, and this is 

0,05 [Claire use her hands while she explains. Rachel and Linda give 

comments like “yes” and “okay”].   

 Rachel: Okay (.)  

 Kate: Great [turn to another group on the other side of the classroom and talks 

to one of the group members] Can I just ask, Jane, what is your name on 

its learning? 

 Jane: Jansan 

 Kate: Okay 

 Claire: This is about what I had (.) 

 Kate: Okay [turns to the other group again and shouts] Do I have to write 

comma when I am sending out to many people? 

 Jane: I don‟t know 

 Claire: And the energy quality decreases for every energy transfer  

 Rachel: Okay [smiles and looks at the rest of the group] (.)  

 Linda: Should I continue? 

 Rachel: Yes, we can go this way [shows a circle with her hand] 

 Linda: [starts her presentation about solar cells] 

 

Claire suggests that they should begin and start her presentation by explaining different types 

of energy. She has her computer in front of her with notes in word, but talks quite freely about 

the subject and uses her hands. Kate works on something on her computer during the whole 

presentation of energy laws, while Rachel and Linda look at Claire and gives comments like 

“yes” and “okay” when Claire explains. The presentation is full of unit of measurement and 

formulas. In line 6, Kate interrupts by turning away from the group and shouts “Can I just ask, 

Jane, what is your name on its learning?” Shortly after, Kate follows up with a new question 

to Jane. Claire ends her presentation by adding an extra fact about energy and they agree upon 

that Linda continues.  

 

I want to emphasize the same two points in this extract as I did when ThumbsUp presented 

laws of energy. First, I will point out the complexity of the presented concepts. Claire 

manages to explain laws of energy in detail. She talks about different types of energy and how  
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Watt, joules and efficiency are related, but the subject seems quite hard to grasp. Energy laws 

are probably more complex compared to the other topics. This leads to my second point that 

is that the student does not follow up. While Claire explains, parallel activities are going on. 

Kate is occupied with something on her computer, and interrupts by shouting a question to 

another group. Rachel and Linda look at Claire and confirm that they are listening by saying 

“yes” and “okay”, but they do follow up by asking for clarifications. In this sense, laws of 

energy do not lead to engagement in any of the groups. Instead, Linda initiate that she can 

continue. 

Solar cells  

Extract 2PPb  
  Kate is occupied with something on her computer, while Rachel and 

Claire looks at Linda while she talks. Linda has just presented what 

solar cells are made of. While explaining, Linda confers the notes on her 

computer. These notes were made by the students in her expert group 

 Linda: Yes, e:::m, and then it is negative loaded. And both these plates has 

another substance added, and that is in a way called that the plates are 

doped. Because it lacks or has too much electrons [looks at her screen 

while explaining. Rachel and Claire looks at Linda.] 

 Rachel: Okay 

 Linda: Are you following? [Linda looks at Claire and Claire shakes her head.] 

 Linda: Did you understand the first 

 Claire: I did not understand completely, sorry 

 Linda: Okay, m:::. Yes [giggles] e::m. [points at  OneNote notes] You can have 

this afterwards. It is easier= I am not that good at explaining but=  

 Claire: Yes, you are [looks at Linda and gives her a thumb up] 

 Linda: [Linda responds by continuing her explanation about solar cells and the 

others listen. Rachel also gives feedback like “yes” and “I see” during 

the explanation”] 

 Linda: E::m, and then the electrons need to go through an external circuit, and it 

is then in a way the circuit makes something light and therefore it gets 

bright, or= electric power. E::m, if you understood some of it.   

 Rachel: Yes, I think I understood it 

 Claire: [Looks at a model at Linda‟s screen] Oh, YES It gets like that= like it is 

in an el-car you know. [shows with her hands and the volume of her 

voice increases] Yes, okay. Then I understood 

 Linda:  [Turns her screen to the rest of the group and shows the model. 

Everyone leans over to see] this is like a drawing. The solar cells goes 

through, or they get kicked down there, but they want in a way to go 

back again, no wait= it‟s the other way around. They get= they slide 

down here= wait [Linda points at the screen while she explain] 

 Claire:  [Points at the model] they go down into the blue. 

 Linda: Yes, so they= they go into the blue, and they want to go there, but then 

they have to go through here in a way.  

 Claire: But is it only electrons that go through here, and then the rest go in a 

way= [points at the model] 

 Linda: No, the rest stays in a way here. [points at the model] 

 Claire: Oh YE::S 

 Linda: Because it is only solar energy that in a way comes in here 

 Claire: M:: [affirmative] 
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In the opening of the extract, Linda 

explains about plates that are “doped”.  

Rachel responds by saying “yes” and 

“okay” during the explanation. Linda 

asks if they are following and Claire 

answers by shaking her head, indicating 

that she does not understand. Linda 

responds by saying that they can have 

her notes afterwards and that it is 

probably easier to understand with the 

notes. She adds that she is not good at 

explaining. Claire responds to Linda‟s self-critical comment by assuring that her explanation 

is fine, urging her to continue explaining. Linda responds by continuing her explanation about 

how the electron moves to create electric power. It is obvious that she retells the explanation 

that the teacher gave them during the expert knowledge session from the words and the 

expressions she uses. Clear leans over to Linda‟s computer and looks at a model that Linda 

has on her screen. In line 10 she finally express that she understands:  “Oh, yes! It gets like 

that= like it is in an el-car you know”, while she shows with her hands and the volume of her 

voice increases. This turns the situation. It seems like the model helps her to relate the electro 

voltaic effect in solar panels to something she already understands. She compares solar cells 

with the process in an el-car and confirms that she understands. In other words, the model 

helps her to re-use information from another setting to sort out the new information. Linda 

responds by turning her computer so that also the rest of the group can see the model. Claire, 

Kate and Linda lean over and look at the model while Linda repeats how the electrons move. 

This time, pointing to relevant parts of the model. Linda explains and the group seems 

focused. Claire also asks questions and Linda answers. The extract ends by Clair confirming 

that she understands. 

 

There are three that I see as especially important. The first point concerns how Linda tries to 

involve the rest of the group while explaining. She continues to ask if the group understands 

throughout the presentation and they follow up with questions and Claire also elaborate on 

Linda‟s explanation. The second point relates to the role of the solar panel model. When 

Linda shows the model to the group, they look immediately more engaged and focused. She 

 

 

Figure 14: Model of solar cells  
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uses the model and repeats her explanation. This time they elaborate on Linda‟s explanation, 

ask questions and relate the content to topics they know.  My third point concerns the 

complexity of the topic. It might be that also how solar cells work is easier to grasp than laws 

of energy. When Claire explained laws of energy, she talked about unit of measurement and 

formulas, while the explanation of how solar cells work contained describing a process that 

after a while was illustrated by a model. When laws of energy were presented, the rest gave 

up and did not even ask questions, but here especially Claire is keen to understand and does 

not give up before she gets it.  

6.3 Setting 3, Calculating values  

 

Figure 15: Project trajectory PP, setting 3 

 

This extract is from when they are designing the house. They use the simulator to find 

materials for their house. The extract shows how PowerPuff search for information, discuss 

and argue for their choices. I would say that the approach is quite typical for the group. Here 

they have found that straw isolates well and that it is eco-friendly based on the simulator, but 

they are not completely sure if it is realistic to build a house of straw. The group works in 

dyads. Kate and Linda work with the simulator, while Rachel and Claire draw the house with 

the drawing tool in SCY-Lab. There are two parallel conversations in this extract, but I have 

concentrated on the conversation between Kate and Linda when they try find out how a straw 

house looks like by searching on Google, before they include the whole group in the 

discussion.  

 

Extract 3PP  
 Kate: How does a house build of straw look like? [Looks at Linda] 

 Linda: I don‟t even know how it looks like [looks at Kate]  

 Kate: [Leans over her computer and writes] search [Linda leans over to Kate‟s 

screen] (.) 
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 Linda: Take images [refers to images in Google] 

 Kate: Let me see= [both laughs] (.) Well, that was kind of cool, it was=  [both 

continue to look at pictures at Google on Kate‟s screen] 

 Kate: But that does not look like straw [refers to a pictures on Google] (.) I was 

just about to say, that was kind of nice. I kind of pictured that [points at 

another picture]  

 Linda: [still leans over Kate‟s screen] Just see, click on that one [points at a 

picture] Look how that one is 

 Kate: [clicks on the picture] Yes, cozy  

 Linda: Linda: Well well, straw house [Leans over to Claire and Rachel and 

turns the screen against them] Look, this is how a straw house looks like 

 Kate: This is what we will build [Claire and Rachel looks at the picture and 

laughs] 

 Claire: Really COOL [everyone laughs] 

 Kate: But I= but I don‟t know, is this also a straw house? [Finds another 

picture on her screen] Like this, because it says straw house under here. 

Like this= 

 Linda: [Linda looks at Kate‟s screen] Click on it then.  

 Claire: [Looks at Kate‟s screen] Oops 

 Kate: Try this= but this was a really cool straw house 

 Linda: It could be that they just have painted it then [still looks at Kate‟s screen] 

 Claire: Yes, that might be= yes [Looks at Kate‟s screen] 

 Kate: Yes, straw bale cottage [refers to the text under the picture] 

 Claire: That was really cool 

 Kate: Yes it is totally cool. Yes, it looks like brick, or something= 

 Claire: Concrete 

 Kate: It looks really trendy, and then we get a really trendy house build of 

straw bale. 

 Linda: [Laughs] 

 

The extract opens with Kate asking how a house that is built of straw looks like. Linda answer 

that she does not know and they start to search for pictures at Google to see how houses of 

straw looks like. They look at pictures while they giggle and comments the pictures. After a 

while they include the rest of the group so that everyone can see how a straw house looks like.  

Kate adds “this is what we will build” (line 10). Rachel and Claire look at the picture at 

Kate‟s screen and Claire exclaim in an enthusiastic voice “really cool!” before everyone 

laughs. They look at more pictures and discuss them while they look. They are all very 

enthusiastic and they agree upon that the houses look cool. Kate says in line 22 that it looks 

really trendy and continues by saying that they will get a really trendy house build of straw 

bale. This is the material they end up with in their design. 

 

There is three points that I will emphasize as especially important here. My first point is about 

how they decide to find out more about their options. They find that straw gives low 

emissions and that it is eco-friendly, but they want to see if it is realistic. This shows how they 

are oriented towards arguing for their choices. My second point is about how they involve the 

whole group before they make the decision. By doing this they make sure that everyone 
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agrees, and their decision is well-founded. My third point is regarding the simulator. The 

simulator works very much as a recourse in their work. They find out that straw bale gives 

low emissions, and this is a starting point for finding out more. They feel the need to know 

how a straw bale house looks like. They choose to search for other examples of houses made 

of straw bale. They find many examples of straw bale houses, and after a discussion with the 

whole group they decide to go for straw.  

6.4 Setting 4, Comparison of simulations  

 

Figure 16: Project trajectory PP, setting 4  

 

The following extract shows PowerPuff when they compare their simulations to ThumbsUp‟s 

simulations. A discussion arises based on the differences in the simulations, and they discuss 

the differences, justify and argue for their choices. The camera is zoomed in so that we see 

PowerPuff‟s simulator next to another group‟s simulator. Kate and Claire sit in front of the 

screen, but also Rachel and Linda join in the discussion while they look at the simulators.  

 

Extract 4PP  
 Kate: I think they have less than us here. Let‟s check compared to our own. (.) 

There, this is ours (.) There. 

[…] 

 Kate: There (.) Okay. Let‟s compare. They have 200 square meters, we have 

339 (.) We have= They have 40 

 Claire: They have calculated emissions based on two people, no aeration based 

on two people, that makes their house more eco-friendly than ours. 

 Kate: M:: [affirmative] (.) They have more eco-friendly walls, but that is 

mostly because we have enormous walls. We have the double of theirs.  

 Rachel: Hm:: 

 Kate: They have 170 square meters walls. We have 329 

 Claire: But I don‟t know if it will pay off to put in more windows, but more 

windows do have more emissions than walls, right? 

 Linda: M:: [affirmative] yes.  

 Rachel: It may be that our gigantic windows release some.  

 Claire: We have several gigantic windows [giggles] 

 Rachel: Yes, especially the one that goes over two floors.  
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 Claire: Yes [giggles] 

 Kate: They have tarpaper, we have wood. They have thicker isolation than us. 

Let‟s take the same isolation as they have.  

 Rachel: But that is like not too eco-friendly to make. 

 Kate: Hm? 

 Rachel: The tarpaper 

 Kate: That is why we removed it. 

 Rachel: Yes, true. Maybe it pays of when it comes to emissions, but not when 

you make it. 

[…] 

 Kate: They have just one door= or no= oh yes, yes. I think they just have one 

door because they have 2,5 square meters doors, we have 13,5 

 Claire: M:: [affirmative] that door upstairs is quite big, isn‟t it?  

 Kate: Yes= Tipple frame= and we have twice as much windows compared to 

them.  

  […] 

 Claire: They have not changed anything here. They have like one degree inside, 

one degree outside.  

 Kate: Can we just save what we changed. (.) 

 Rachel: Yes 

 Kate: We made a bit thicker isolation in the roof. We had 20, and we changed 

to 30 

 Rachel: (.) Hm::, then is this done 

 Claire: Yes 

 

Kate puts the simulations next to each other and they start comparing. Claire says that the 

other group has calculated emissions based on two people and that this makes their house 

more eco-friendly than theirs. Kate continues to look at the walls and says that the other group 

has more eco-friendly walls, but the reason for this is that they have twice as big walls as the 

other group. Claire wonders if it will pay off to put in more windows but decide on not to do 

it and Linda agree. Kate continues to look at the other groups‟ simulation and says that the 

other group has tar paper while they have wood, and that the other group has thicker isolation 

than them. Kate suggests that they should choose the same isolation as the other group, but 

Rachel argues against saying that tarpaper is not eco-friendly to produce and they end up at 

keeping the same isolation that they had.  Kate continues compare their doors and windows to 

the other group and explain that they have higher emissions because they have more doors 

and windows. Claire continue to justify their higher emissions by saying that the other group 

has not changed temperature so that one degree inside is one degree outside. Kate repeats the 

changes that they made based on the other group‟s simulation and they end the comparison. 

  

I want to highlight four aspects in this abstract. First, the comparison leads to a discussion 

where they really do reflect upon the differences. They justify why their house has higher 

emissions. They do not see this as a problem, but they are focused on discussing and 

understanding why they have higher emissions. Second, they are concerned with more than 
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just low emissions. When they see that tar paper gives lower emissions, Kate suggest that they 

should change, but Rachel points out that they earlier removed tar paper because it was not 

eco-friendly to make, and they decide not to change. This also shows that they use facts to 

support their arguments. They have done research beyond the numbers in the simulator. This 

is my third point. The last aspect I want to point out in this abstract is that they actually 

change their numbers based on the simulation they look at. They changed their isolation on 

the roof from 20 to 30 cm. This shows that they are concerned with low emissions and that 

they used the simulation they looked at as an inspiration and a tool to improve their product.  

6.5 Setting 5, Presentation  

 

Figure 17: Project trajectory PP, setting 5 

 

When PowerPuff presents their project they start by explaining why an eco-friendly house is 

important. They present the family that will live in the house before they explain the room 

division. They say that they have an open solution with kitchen and living room upstairs, 

bedroom downstairs, big windows and solar cells before they explain why they chose these 

solutions. Further they present the materials they chose for the house. They explain why they 

chose the specific material and how much if it they use. For example, when they explain that 

they chose wood instead of tarpaper for the roof, even though tar paper gave lowest 

emissions, this was because wood is more eco-friendly to produce. After this they compare 

the energy consumption per year to Norway Statistics (Statistisk Sentralbyrå). In this way 

they manage to show how low it is. They explain that they chose heat pump and solar cells 

and present advantages, disadvantages and how it works. Besides this they will buy energy 

guaranty that means that the energy delivered is produced eco-friendly. They continue with a 

presentation of extraordinary facilities like fitness room that produce energy, recycling and 

vegetables on the roof. They end by summing up what they have learned before they get 
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many critical questions from the class. Below is one example that shows how the classmates 

try to point out weaknesses in the project. PowerPuff answer by explaining and argue for their 

choices.  

 

Extract 5PP  
 Student: Isolation during the winter; Did you think that plants should isolate, 

cause it is in the winter that you need isolation [implying that plants does 

not grow during the winter] 

 Claire: Yes, but we do have 30 cm with linen on the roof. So we have= it is just 

like extra isolation then 

 Student: Yes, but another thing with the roof. It gets in a way extreme sport then, 

up on the roof. 

 Kate: It is, if you looked at the picture, we do have fences. We have steal 

fences around the roof.  

 

The presentation is neat and informative and they justify their choices they whole way 

through. The house division, material and isolation, relevant expert knowledge and drawings 

are included, as well as extraordinary facilities. They also argument further when then class 

mates give them questions at the end. Everyone present in a clear and understandable way and 

they seem comfortable and quite used to presenting. Also PowerPuff receive top grade on the 

project. 

6.6 Summing up  

When PowerPuff brainstorm, they seem engaged and share information they find. They use 

the internet and discuss what they find. This is taken into consideration when they make 

decisions.  

 

Also for PowerPuff there are some distinct differences between the two extracts from the 

sharing of expert knowledge. Claire explains scientific concepts in detail, but the subject 

seems hard to grasp, and the group does not follow up. When Linda explain how solar cells 

work the group act completely differently. Claire express that she does not understand, and 

when Linda shows a model of how solar panel works, the situation turns. The group gets more 

engaged and elaborates on the explanation. 

 

PowerPuff use the simulator as a starting point for finding out more. They see that straw gives 

low emissions, but they check out if it is realistic to use straw by searching for images on 

Google. They involve the rest of the group before they decide to go for straw.  
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During the comparison of simulations, they discuss why they have higher emissions. They are 

also open for doing changes, but show that it is not just low emissions that are of importance 

for them by arguing against using tar paper. This show that they have search for information 

and that their decisions are based on facts.  

 

The presentation is neat and informative and overall it includes the same aspects as 

ThumbsUp‟s presentation. It is neat and informative, they explain their choices, and make 

challenges and alternatives explicit and clear. When their class mates give them questions, 

they answer these with further explanations. 

 

Overall, PowerPuff seems quite engaged during the whole project. They do not spend much 

time on non-task related matters, and follow the instructions given by teachers and researcher. 

When they are asked to sit in dyads, they do this, but suggestions are shared with the whole 

group and decisions are made together. They discuss relevant matters and do a lot of research 

during all phases of the project. They use the information to argue for their choices and this 

makes their decisions well founded. The presentation reflects this, and also PowerPuff receive 

top grade. The difference compared to ThumbsUp is that the final product seems to reflect to 

a larger degree their work process. I will discuss this further in the discussion. 



72 

 

7 Discussion  

 

In the following, I will discuss my findings in relation to my problem area. Students‟ meaning 

making is explored by focusing on 1) information sharing patterns, 2) the use of SCY-Lab and 

other structuring recourses 3) and institutional norms and practices. To understand how 

students work with computer-based inquiry environments, it is necessary to combine an 

analysis of what the students produce with an analysis of how they talk and interact in the 

setting. This is why I have looked at the students‟ interaction trajectories. It enables a 

discussion of a more long-span development of students‟ argumentation and reasoning where 

it is possible to take into account the relation between situations.  

 

I start by describing information sharing patterns within ThumbsUp and PowerPuff. I will 

first discuss how they negotiate meaning, make decision and divide labor. This can say 

something about how they are oriented. Secondly, I look at how they make use of SCY-Lab 

and other resources when they share information, since artifacts are a part of our thinking 

according to a sociocultural perspective. How they use the available recourses may explain 

some of the information sharing patterns and how they are oriented, and therefore also 

contribute to a better understanding of students‟ meaning making in this setting. When I have 

discussed students‟ information sharing patterns and how they make use of available 

resources, I will discuss why these patterns are present. In order to do so it is necessary to 

include institutional norms and practices since this is a part of students‟ actions and 

understanding. I compare and discuss similarities and differences between the two groups and 

make use of theory presented in the previous chapters when I discuss the three focus areas.  

 

7.1 Students’ information sharing in computer-based 

inquiry environments 

The theory chapter explained the importance of language. I start this section by recapturing 

the most important aspects of talk and communication and then place this in relation to the 

studies presented in the review chapter about research on computer-based inquiry 
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environments. By doing this, I can discuss how ThumbsUp and PowerPuff communicate and 

work with the project tasks and further explore how they are oriented.  

7.1.1 Negotiation, decision making and division of labor 

Learning seen as meaning making involves situations where students make sense of one 

another‟s actions, scientific concepts, as well as the resources in use. It is through 

communication that they take part in knowledge and skills (Säljö, 2004). When I focus on 

their information sharing, I can therefore get access to their meaning making. A big part of 

student activity is to understand and explain concepts. As described in the theory chapter, 

students have to “learn to talk science” (Lemke, 1990). This involves that unfamiliar concepts 

must be spoken about in a more familiar pattern until the students reach understanding. When 

students are doing this, they negotiate shared meaning that is in line with the situation and the 

context. One part of talking science is decontextualization. This involves focusing on forms 

and meanings that remain constant  across speech event contexts so that the meaning of words 

becomes “frozen and fixed” (Linell, 1998). The studies presented (Clark & Sampson, 2007; 

Manlove, Lazonder & de Jong, 2005; Bell & Linn, 2000) in the review chapter, emphasize the 

importance of communication during the inquiry process. Both studies focus on student 

argumentation, and suggest that explanation-oriented argumentation enhance scientific 

understanding. Also the study conducted by Mercer et al. (2004) emphasizes the importance 

of communication. By exploring how the students in the two groups argue for their 

perspectives and make decisions, it is possible to say something about how they “talk 

science”, as part of their meaning making process.  

 

According to my analysis, the students in ThumbsUp do often not argue for their choices. If 

they do argue for their choices this is usually based on their own thoughts instead of searching 

for information. For instance when they work in the simulator, they discuss what kind of 

material they should use for isolation and they decide to go for hemp without any 

clarifications or arguments. Also their decisions are therefore often based on their own 

thoughts. This is apparent when they compare simulations. Jane wants to use straw since this 

shows up as the material with lowest emissions, but Tom does not agree. However, he does 

not present any arguments for why they cannot use straw. He just states that it does not work 

without any proper explanation or clarification. This decision stands without any further 

challenges from Jane that originally disagreed.   
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PowerPuff, on the other hand, do a lot of research during the project process. They share 

information they find with the rest of the group and use this information when they argue for 

their choices and make decisions. For instance when they brainstorm, they find out that they 

should use pellets for heating. They research further and find information that does not 

support using pellets. First they defend their choice despite these discoveries, but after they 

see that their arguments do not hold, they go back on their original decision. Also when they 

compare simulations, they discuss alternatives and make their reasons explicit and clear.  

 

Mercer and Wegerif (1999) make use of three idealized types of talk when they explore 

student interactions: cumulative, disputational, and exploratory talk. Cumulative talk refers to 

talk where interlocutors uncritically build on each other‟s utterances. In disputational talk they 

disagree, but they do not provide explanations or clarifications for their view. Exploratory talk 

refers to sharing relevant information during discussions, inviting all members to contribute in 

the discussion, making their reasons clear, and that challenges and alternatives are made 

explicit and negotiated. Seen in relation to these three types of talk, it is possible to say that 

how Thumbs up talk is more similar to „cumulative‟ and „disputational talk‟, since they do not 

research more than they do, and since they do not clarify their view or challenge each other 

when they disagree. PowerPuff share relevant information, make their reasons clear, and 

challenges and alternatives are made explicit and clear. In this sense, is the tendency within 

PowerPuff closer to exploratory talk.  

 

How students divide project tasks may impact the information sharing, and therefore explain 

some of the information sharing patterns within the two groups. There were some constraints 

from the technology that may have affected how work tasks were divided. The students were 

asked to sit in dyads because of the limited user accounts. The two groups differ in how they 

deal with this. This can be seen in relation to that students negotiate shared meaning related to 

the setting they are in. Words, expressions, instructions and resources does not necessarily 

have a fixed meaning, they have a “meaning potential” (Lemke, 1990). The meaning ascribes 

is not always the same as what was intended by those who gave them the task.    

 

According to my analysis, ThumbsUp work individually with one task each instead of sitting 

in dyads. This is apparent when they are designing the house and make calculations. During 
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these project tasks they are often distracted by other non-task related matters, but at one point, 

Jane cuts of this and states that they have to work on their house. At this point she clearly 

divides project tasks to each group member, and everyone start to work individually on the 

assigned task. While they work on these tasks, there is not much communication going on, 

probably because they work on separate tasks. Since they are asked to only use two 

computers, they start to draw their house on paper instead of using available tools on the 

computer.  

 

Despite constrains from the technology, PowerPuff manage to involve the whole group and 

solve project tasks in plenum. When PowerPuff are designing the house and make 

calculations, they sit in dyads so that one dyad draws the house and the other one works in the 

simulator. They communicate a lot and discuss options within the dyad as well as involving 

the whole group at certain points, for example when decisions are made. This is for instance 

apparent in setting 3, when they work in the simulator and involve the other dyad to show 

them how a house of straw looks like before they decide to use straw. This decision is made 

together. When PowerPuff draw the plan of the house, they use the drawing tool in SCY, 

despite quite a lot of trouble while using it. They lose their drawing a few times, but still 

continue to use the modeling tool.  

 

Dillenbourg (1999) draws a distinction between cooperation and collaboration, which may be 

useful to better understand the two groups‟ work patterns. He states that “In cooperation, 

participants split the work, solve sub-tasks individually and then assemble the partial results 

into the final output. In collaboration, participants do the work „together‟” (Dillenbourg, 1999, 

p 8). He says further that collaboration involves that students explore a problem socially by 

negotiation and sharing to achieve consensus. Based on this, cooperation seems to require less 

communication and discussion throughout the project process and how participants solve the 

tasks may be more up to each group member. At certain points, however, the group needs to 

come together and make sure they are on the same track.  

 

This distinction between cooperation and collaboration is not used here to define how 

ThumbsUp and Powerpuff work, but it may help to better understand the differences that exist 

between the two groups. Since ThumbsUp end up dividing work task and working 

individually instead of sitting in dyads, it is possible to say that they are closer to cooperation. 
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Powerpuff, on the other hand, discuss within the dyad and gather the whole group when a 

decision is made. The task division may be a reason for why Powerpuff are more verbal, and 

spend more time on discussions. 

 

Classifications like Mercer and Wegerif‟s (1999) three types of talks or Dillenbourg‟s (1999) 

division of collaboration and cooperation cannot necessarily be used as measurements of 

students meaning making. The studies that use classifications like those above have been 

criticized for this. For instance Clark and Sampson (2007) found that the students are not 

always able to place the concepts they are discussing in a larger system. This means that the 

computer-based inquiry program in their study helped to improve student argumentation, but 

they did not necessarily understand the scientific concepts involved.  Students work pattern or 

type of talk can therefore not be seen as categories to code student activities, but they can help 

to better understand differences in students‟ talk, communication and work process. To 

further explore how they are oriented I need to explore what their orientation consists of. 

7.1.2 Students orientation 

So far I have discussed how they talk and communicate, but in this section I am concerned 

about what they talk about. The focus in this thesis is what the students address and invoke 

during their interactions, and how they employ the technology as a structuring resource in 

their meaning making process. When I follow ThumbsUp and PowerPuff throughout the 

project, it becomes possible to analyze moment-to-moment interactions and at the same time 

look at the data in broader scope. Then I can see how their interactions change over time. To 

explore how the students are oriented, Furberg and Rasmussen (2011, in press) use the 

distinction between „fact orientation‟ and „explanation orientation‟. Fact orientation refers to 

reproduction of content without reflection and discussion. Explanation orientation refers to 

that the focus is more oriented towards assessment, argumentation and understanding 

concepts and content. An important point is that both orientations are of importance. 

Explanation orientation requires relation to specific content and facts. However, the challenge 

is to combine reproduction of facts and derive explanations.  

 

According to my analysis, ThumbsUp are quite oriented towards getting the tasks done. They 

ask the teacher several times how they will be assessed, and questions about how the activities 

relates to the final product is also addressed. For instance when they brainstorm and when 
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they share expert knowledge, they ask the teacher what they are supposed to do later on. 

When they work in the simulator they usually find out what material that gives lowest 

emission. Then they make a decision based this as well as their own judgment.  

 

PowerPuff is also focused on their end product, and the activities are mostly directed towards 

finalizing their CO2 friendly house. However, during these activities, they are concerned 

about making well-founded decisions and they do research before decisions are made. This is 

apparent for instance when they compare simulations and Kate suggests that they should 

change to tar paper like the other group since this give less emission. Rachel reminds her that 

this is not eco-friendly to produce and they decide to stick to their original plan.  

 

Both groups tend to be oriented towards solving the task and reproduce content. In this sense 

they all seem „fact orientated‟. However, PowerPuff also shows a tendency towards exploring 

options, arguing for their choices and understanding concepts, which is typical for 

„explanation orientation‟. The analysis gives examples of different orientations within both 

groups, but „explanation orientation‟ is more visible within Powerpuff compared to 

ThumbsUp during the project process.  

 

When it comes to the presentation setting, however, the orientation changes for ThumbsUp. 

Their final product was a PowerPoint presentation that they presented for the rest of the 

groups, teachers and researchers. The presentation was supposed to represent the knowledge 

that they developed during the project. Both give a detailed presentation of their house and 

their eco-friendly facilities. The two groups both share relevant information, make their 

reasons clear, and challenges and alternatives are also made explicit and clear. When they are 

challenged with questions from their class at the end of their presentation, they explain their 

choices further and back up their arguments. Overall there are few big differences between the 

two groups when they present. The project work is assessed based on the presentation and 

both receive top grade. According to my analysis, there is a clear change in how ThumbsUp 

are oriented. From being focused on getting the task done and moving on in setting 1-4, they 

are suddenly accountable for giving explanations in setting 5.  

 

I will discuss further reasons for why their orientation changes, and how they are able to do 

this change, in the section about institutional norms and practices. First, however, I will 
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discuss how they make use of SCY-Lab and other structuring resources. This can also 

contribute to explaining some of the differences I have pointed out so far. 

7.2 Information sharing and the use of SCY-Lab and other 

structuring resources 

When students share information, they use the language for making sense of the world, 

because it mediates thinking and reasoning. However, talk is not the only resource in meaning 

making, Resources like texts, diagrams, and models can be used and support students to 

accomplish certain things (Cole, 2003). According to the sociocultural perspective it is also 

important to consider how students engage with and make sense of tools to understand their 

meaning making process. Thinking is clouded by culture and its intellectual and physical 

tools. “Mediational means” shapes the students‟ actions in essential ways. Säljö (2004) states 

that artifacts can serve as structuring recourses. These recourses play a central role in meaning 

making and serve as a support in solving problems that might have been too difficult 

otherwise. During the whole project, the students make use of representations such as the 

simulation tool, the modeling tool, and visualization of scientific concepts. I will in this 

section discuss how the two groups make use of available representations as structuring 

resources. I start with representations outside SCY-Lab before I focus on their use of SCY-

Lab.   

 

The students make use of visualization of scientific concepts in parts of the sharing of expert 

knowledge. According to my analysis, the same patterns are apparent within the groups. First, 

how the students interact when laws of energy are explained, are similar. Claire‟s presentation 

is more detailed than Lisa‟s, but how the rest of the group follow up on the presentation are 

still the same. They do not ask any questions and seem mostly concerned about moving on, 

and so they do.  

 

The next extracts I presented from the sharing of expert knowledge are from ThumbsUp when 

Tom explains how heat pump works and from PowerPuff when Linda explains how solar 

panel works. Similar for these extracts are that both presenters visualize the scientific content 

by using models. When they do so, this seems to keep the group more focused. The rest of the 

group shows engagement by elaborating on the explanation and asking questions. When the 
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scientific content is visualized, it becomes easier for both groups to get familiar with the 

concepts. The turning point is especially visible within PowerPuff that really discuss the 

scientific concepts in detail and start comparing the process explained to what they already 

know. The similar patterns indicate that the model serves as support, and that the students 

understand concepts that may have been too difficult to understand without the model. When 

the scientific content was visualized, can the sharing of expert knowledge be seen as an 

opportunity for talking science (Lemke, 1990). They talk about unfamiliar concepts and 

negotiate shared meaning. This shows the importance of resources in meaning making. The 

scientific concept might have been too difficult to grasp without the representations. This is 

supported by how they deal with laws of energy, where no representations were used. 

 

Also SCY-Lab serves as a resource for both groups. However, based on the analysis, they use 

it somewhat differently. This can be seen in relation to “meaning potential” (Lemke, 1990) 

that is embedded in resources which means that they do not have a fixed meaning. When 

students make use of resources they ascribe meaning to them. Both groups use the simulator 

in SCY-Lab to explore their options when it comes to material for the house and it gives them 

an overview of important aspects when they design the house. In this sense the simulator 

works as a resource for both groups.  

 

However, ThumbsUp do not do any further research. They also disregard materials listed in 

the simulator if they think it is unrealistic to use this material. Their choices are therefore 

based on the simulator when it comes to low emissions, as well as their assessment when it 

comes to whether it is realistic. One example is that they do not use straw even though this 

gives lowest emissions. Tom does not give any proper explanation but express that they just 

cannot use it. They also go for tar paper since this gives the lowest emissions, based on the 

simulator.  

 

PowerPuff considered this alternative too, but they found out that it was not eco-friendly to 

produce so they chose not to go for it. This example shows how ThumbsUp and PowerPuff 

used the simulator differently. When ThumbsUp work in the simulator they seem to see this 

as a closed setting so that it is the simulator they are supposed to use for finding materials, in 

addition to their own assessments. PowerPuff, on the other hand, explore their options further 



80 

 

by searching for information. In this sense they use the simulator as a starting point. They 

discuss their findings within the group and make a decision based on this.  

 

The simulator supports both groups in finding material for their house, but they come into the 

setting with different basis and they interpret and solve the task differently. Based on the 

analysis, the two groups seem to have a rather different approach when they use resources and 

work on the project tasks in general. It looks like PowerPuff research, discuss and reflect to a 

larger degree than ThumbsUp during the project. It might be that the different interpretations 

of how to use SCY-Lab, impact the students orientation. When no other information sources 

are used, the possibility for „talking science‟ becomes limited. Then the discussions that arise 

and the decisions made are based on their own thoughts, instead of doing research and find 

and discuss arguments.  

 

In addition to the resources offered, it is important to take into account the surrounding 

environment and requirements set, in order to understand the students‟ meaning making 

process. I will therefore move on to the last section in my discussion, about institutional 

norms and practices. 

7.3 Institutional norms and practices  

Students‟ engagement with scientific inquiry does not take place in a vacuum, but within a 

context where institutional practices, norms and expectations are embedded. Institutional 

aspects can, according to a sociocultural perspective, shed light upon students‟ information 

sharing and how they make use of structuring recourses. In order to understand this better, I 

need to consider that the students act within the context of school, because they attribute 

meaning to this context, and act based upon interpretations of the social situation (Wertsch, 

1991; Lemke, 1990; Furberg, 2009). This means that when students work with scientific 

concepts, they also need to understand how they are supposed to work with it. They must 

interpret what is expected of them in the specific situation. The interactional context and the 

sociocultural practices are situational and historically constituted. Structures, routines and 

norms exist prior to the individual interactions (Linell, 1998). So far I have pointed out 

information sharing patterns and how the students make use of available recourses. I will now 

discuss reasons for why these patterns are present.  
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The students were instructed to use the simulator and to compare simulations. While doing 

this they were instructed to sit in dyads. These frames are according to a sociocultural 

perspective institutional constrains that the students need to make sense of. These institutional 

constrains might work as obstacles, but if the students recognize the important aspects and 

aspects that can be ignored this might help them in their work with the project tasks (Säljö, 

2004). PowerPuff found a way of working in dyads that included involving the whole group 

when a decision was made. ThumbsUp ended up working more individually. It might be that 

norms and expectations for how to collaborate are not clear, and that it is mostly up to the 

group to find out how to solve the project tasks. Based on the analysis, the two groups have a 

different opinion on what is expected of them. This might explain why the two groups have 

quite different approaches.  

 

For instance how the students used the simulator is one example of how the two groups have 

a different approach. PowerPuff use it as a starting point for finding materials and then do 

more research, while ThumbsUp base their decisions on the calculations in the simulator. 

How they use the simulator can be seen in relation to Furberg‟s (2009) findings. She found 

that situations without support tools was characterized by a more exploring orientation among 

the students, while the support tools leads to a „copy and paste‟ strategy and less reflection, 

because they saw the support that was available in parallel to testing and assessment. Then 

they were more concerned about finding the right answer, invoking and addressing the 

institutional norms, and doing what is expected of them. This general focus on assessment and 

testing in the context of school, might have affected how ThumbsUp interpreted the setting. 

Since the simulator gave them information about emissions, this became their main focus. It 

might be that ThumbsUp has interpreted low emissions as the “correct answers”, and that this 

is why they ended up overlooking other aspects.  

 

The two groups have a rather different approach in most settings, but as described, 

ThumbsUp‟s orientation changes in setting 5, when they are presenting their final product. In 

this setting, both groups explain their choices and make their reasons clear. It might be that 

the expectations in regards to the presentation setting are clearer than for the rest of the 

project process. If they know which aspects that they need to consider and how they are 

assessed, it might be easier for them to make a presentation that reaches the requirements. 
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They all seem quite familiar with the presentation setting and that they know what is expected 

from them. This can also be seen in relation to the distinction between “doing school” and 

“doing science” (Lave & Wenger, 1991). They emphasize the importance of “doing school” 

activities in the context of school. Both groups demonstrate that they know the rules for 

participation and the expectations regarding the presentation setting. ThumbsUp did not 

follow all instructions during the project process, and their decisions often lack 

argumentation, but when they are presenting they seem to know what is expected, and this 

might be more important. This implies that discussion and argumentation are not requested 

during the project process and it is no precondition for getting a good grade. 

 

So far, students‟ orientation has been seen in relation to „fact-„ and explanation orientation‟. 

Another way of differentiate between how students are oriented are the terms „conceptual-‟ 

and procedural orientation‟. Several studies focus on this relationship (Krange & Ludvigsen, 

2008). Conceptual understanding refers to students‟ learning and understanding. A process 

orientation might also involve different scientific concepts, but they are not placed into a 

larger conceptual system. General findings when these orientations are studied are that 

students on many occasions manage to solve the problem, but they still have limited 

conceptual understanding of the process. Krange and Ludvigsen (2008) found that there was a 

tension between the disciplinary knowledge that was necessary to solve the problem and to 

fully employ the knowledge domain in the project. Seen in relation to the SCY-project, it is 

possible that the evaluators do not ask for „conceptual understanding‟. First, they are on their 

own during most of the project process, and how they work here is not part of the evaluation. 

Second, the evaluators ask for assessment and argumentation in the presentation, but not in 

relation to scientific concepts.  

 

Based on my analysis, it seems like sharing of expert knowledge do ask for understanding of 

scientific concepts. At least on some of the topics explained, both groups discuss, ask for 

clarifications and elaborate on others‟ explanation. They discuss the concepts and link aspects 

of them to what they already know. In this sense they use this situation as an opportunity for 

practicing “thematic patterns” (Lemke, 1990). This might be because the knowledge in itself 

is made relevant in this task. First they need to sit in groups in order to build up an 

understanding of a specific subject, before they present this subject to the rest of the group. 
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The task for the presenter is to explain the scientific concepts, and the task for the rest of the 

group is to understand.  

 

However, the students seem to see this activity as somewhat separate from the rest of the 

project. When they start to prepare the presentation both groups ask how they are supposed to 

deal with the expert knowledge when they are presenting the project. They are asked to use 

the parts that are relevant for them, and they do put some of the expert topics in relation to 

their CO2 friendly house. These parts are explained by the one that had it as their topic. 

However, the concepts they explain are not really a big part of the process of designing the 

house. This is apparent in that PowerPuff decides to use heat pump before they sit in expert 

groups and learn about heat pump. This means that sharing of expert knowledge might foster 

understanding of scientific concepts, but this orientation does not seem strictly necessary for 

designing the house. Since ThumbsUp know the rules for participation and the expectations in 

the presentation setting, and understanding of scientific concepts are not required to a large 

degree, this might be the reason for why they manage to shift orientation and “get away with” 

less time and effort spent on the project tasks.  

 

I have now discussed how the two groups are oriented and how they use SCY-Lab differ in 

many parts of the project. ThumbsUp‟s orientation change, however, in the last setting when 

they present. Surrounding environment and requirements set are taken into account in order to 

understand their actions and activities better. This thesis ends with a brief summary of the 

most important findings where some suggestions for how to meet challenges with engagement 

with computer-based environments, are pointed out.  
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8 Conclusions 

The aim of this thesis has been to explore students‟ meaning making while they engage with 

technology in school science. Since meaning making is a socially organized activity and the 

unit of analysis is a group of individuals interacting to accomplish a shared goal, has the focus 

been on situations where students share information. Here they interact with each other and 

use the technology as a structuring resource. Because students‟ thinking, communication and 

actions are situated in contexts, institutional norms and practices are taken into account. I 

followed the two groups ThumbsUp and PowerPuff in settings from the beginning to the end 

of the project. Interaction trajectories enable a discussion of both moment-to-moment 

achievements and to see the relation between situations, and by following two groups this 

gives me a broader view of the students‟ activities and actions. I formulated three research 

questions in the introduction that I will revisit in this chapter: 

 

1) What characterize the students information sharing?   

2) How are SCY-Lab and other structuring recourses used when students share 

information?  

3) In what ways are institutional norms and practices invoked and addressed by the 

students? 

 

I found that students interpret what is expected of them differently and that this leads to 

differences in how they are oriented and how they make use of the technology. One group 

was more oriented towards research, discussion, and explanation, than the other group during 

most of the settings. The other group made quicker decision based on less research and 

discussion. This indicates that students need different level and different kind of support when 

it comes to solving project tasks and the students need to understand what is expected of 

them. Expectations and requirements set, seems clearer for the presentation setting. One of the 

groups managed to change their orientation so that both groups delivered similar presentations 

that received top grade. One reason for this change in orientation might be that the evaluators 

did not really ask for understanding of scientific concepts. Seen from an instructional 

perspective, there are some suggestions for how these challenges can be met.  
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First, it might help if the technology offered prompts. In the SCY-project, the students are not 

provided with any information on how to approach the simulator or other project tasks, and 

there are no references to the procedures of scientific inquiry. This means that it is up to the 

students to figure out how to solve the project tasks. Findings from previous studies suggest 

that prompts that are designed to support students‟ reflection are effective (Furberg, 2009). 

These prompts are process oriented so that they focus on the procedures of conducting 

scientific inquiry.   

 

Second, several studies demonstrate how teacher intervention have a positive impact on 

guiding students towards more understanding-oriented approaches opposed to more fact-

oriented strategies (Hakkarainen et al. 2002 in Furberg 2009). When the teacher intervention 

was characterized by open ended questions and encouraging search for scientific information, 

the students were more likely to try to explain instead of referring to facts and descriptive 

information. The teacher serves often as an administrative facilitator, where there is mostly 

talk about the practical side of how to complete the task. This seems to be the case also in the 

SCY-project. Studies indicate, however, the importance of a concerned participating teacher 

(Arnseth, 2004; Krange & Ludvigsen, 2008).   

 

Third, it could be that the design of the mission needs to be redesigned in order to make 

scientific concepts more relevant. There is a general finding that computer-based 

environments facilitate mostly a fact orientation (Clark & Sampson, 2007; Krange & 

Ludvigsen, 2008). In the SCY-trial, it was only the sharing of expert knowledge that 

displayed discussion and understanding of scientific concepts. However, this was not a big 

part of the rest of the project. More focus on explanation of scientific concepts might foster 

understanding of the knowledge domain to a larger degree.  

 

Forth, the evaluators might reconsider criteria for assessment so that they to a larger degree 

ask for an „explanation orientation‟ during the entire project. In the SCY-project one of the 

groups managed to change their orientation so that they received the same grade as the group 

that had this more „explanation oriented‟ orientation during all settings of the project. If the 

entire process had been taken into account, it might be that both groups had been closer to an 

„explanation orientation‟ during all settings. 
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More research needs to be done in order to understand students meaning making when 

engaging with computer-based inquiry environments. In this study, all students are from a 

school with students that generally are high achievers. To get a broader view of how the 

computer-based inquiry environment works, it might be productive to test the environment in 

a setting with students that are on different levels or generally low achievers. In these kind of 

setting it might be that other aspects appear as challenging.  

 

Environments like these are still new in the school setting. This means first of all, that new 

environment must be developed with the intention to meet challenges that students‟ face, for 

instance by including suggestions above. New design experiments can then lead one step 

further ahead in this field. Also systemic studies might be useful her, in order to for instance 

compare individual versus group activities, normal versus technology supported group 

activities, and students‟ argumentation in „everyday‟ compared to the school setting. This 

might give further insight into how computers support collaboration (Arnseth, 2004). 

 

Another point regarding that computer-based inquiry environments still are new, is that such 

environments are probably not integrated as part of the school setting yet. Design experiments 

are often conducted over a short period of time. Studies show, however, that when 

environments are tried out during a longer period of time, the practices are more in line with 

the intensions (Arnseth, 2004). It might therefore be useful with more longitudinal studies on 

how practices regarding computer-based inquiry environments develop over time. In my 

opinion also this study make visible the „gap‟ between intensions and how these intensions 

are realized and made sense of in action. Pointing out this gap can be seen as a contribution to 

designing new computer-based inquiry environments. 
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