Learning to be scientists through social collaborative discourse – A case study in a primary school
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Introduction

The goals of science education in primary school extend beyond the narrow confines of the acquisition of content and information. They include the goals of developing in children the behaviours and practices of the scientific community, such as the processes of critical inquiry and collaborative meaning making, integral to the advancement of scientific knowledge. Scientific research groups, perhaps, best illustrate these behaviours and attitudes crucial for the enterprise of scientific knowledge production. In these research groups, expert individuals in their own fields take on a collective responsibility of advancing the pursuit of the group towards the attainment of scientific breakthroughs. There is often a collective responsibility among the group members to seek an understanding about events or activities that unfold, knowing what needs to be known and ensuring that others know what needs to be known. Discussions, seminars, and journal publications are some means through which these collaborative efforts are communicated. Scardamalia (2002) has termed this collaborative effort of distributing cognition among a group collective cognitive responsibility.

In many science classes, the focus tends to be teaching about science rather than scaffolding students to learn to be scientists (Fusco & Barton, 2000; Barab, Squire, & Dueber, 2000). It is ideal that science classrooms should foster collective cognitive responsibility among students and teachers. In such classrooms the process of meaning making or the struggle to explain phenomena would tap on and reflect the rich cultural diversity and backgrounds of individuals within the class in the negotiation of meaning. It is through such social cultural process (Brown and Duguid, 2000; Lave and Wenger, 1991; Wenger, 1998; Vygotsky, 1978) of constructing knowledge that explanations and understanding of scientific phenomena become important and valuable to the classroom community.  More importantly it is through such a process that collaboration, personal and communal responsibility, inquiry and creativity are fostered.

Knowledge Building model


A classroom model for learning that most closely approximates the real world knowledge creation process is the Knowledge-Building Community model (Scardamalia and Bereiter, 2002). Central to this model are the socio-cognitive and technological determinants that ideas are real, diversed and improvable. This model upholds the democratization of knowledge and its symmetrical advancement in the community. This is achieved through a communal collective responsibility to creatively work with ideas and to rise above this diversity of ideas by participating in knowledge building discourse (Scardamalia, 2002).  Through such a process, classrooms are transformed into communities of researchers focusing on the goal of advancing the collective knowledge of the classroom community through collaborative investigations. 

Knowledge Forum

Knowledge Forum (KF) is a computer supported collaborative learning environment supports the knowledge building efforts of the class community. From its origins as CSILE (Computer Supported Intentional Learning Environment) in 1983, to the version used in this study Knowledge Forum v3.4, the design of this technological tool for activity of knowledge building was constantly informed by the activity it mediated i.e. collective advancement of knowledge. Hence, the provision of distinct features within KF that provides technological support for Knowledge Building (Scardamalia, 2004).

One of the most distinct features of KF is the reification of explanations, discourse on ideas and knowledge as notes in the programme’s graphical database. These notes are constructed through the use of scaffolds which literally scaffold the intra-personal thinking that produces the notes as well as the inter-personal community discourse as the notes are manipulated by the community as it seeks to advance these knowledge and ideas (see figure 1). 
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Figure 1.  A view and a note in Knowledge Forum

Aim of the study 

This study seeks to describe the actions and patterns of discourse that emerged as pupils engaged in a three-week programme of learning science using a Knowledge Building Model. It also seeks to examine the beliefs of the pupils regarding the learning of science as well as the validity of the knowledge produced at the end of the programme.

Methods

Subjects 
Forty pupils in a Primary 6 class (12-13 years old), comprising equal number of girls and boys, participated in this study. Thirty four of the pupils have been studying in the same class for a period of at least one year while the other six pupils were recently transferred into the class. The 34 pupils who have been in the class since Primary 5 were familiar with synchronous and asynchronous forms of on-line communication. These pupils have had experience of on-line learning through the use of the Microsoft Group for science learning.  Academically, the class was one of the two fast-paced classes at the primary 6 level; hence pupils were of the higher academic ability. In addition, the pupils academic strengths were in the subjects of math and science.

Programme 

The topic of Energy was selected due to the opportunities it presented for scientific inquiry and meaning making. Four views in Knowledge Forum were created corresponding to four experiments in the pupil’s activity books. These four activities were chosen to encompass the majority of the learning objectives of Energy in the primary 6 syllabus. An introductory note was posted on the Energy view to provide instruction and guidelines for participating in the programme. Prior to the commencement of the programme pupils were informed that the knowledge generated by them would determine what they learnt about the topic of Energy.  That means the pupils were to assume the ownership of learning instead of relying on the teacher to lecture on the contents.

The pupils were assigned into 8 groups, each with 5 members.   Each group carried out one experiment and discussed the experiment in a face to face environment as well as in an on-line environment; by posting notes in Knowledge Forum. Pupils were also encouraged to read and discuss about the experiments carried out by other groups. The activities were conducted over three weeks, each week with five periods of science lesson. Table 1 shows the sequence of activities over the three week programme.

Table 1.  Science Activities over three-week program

	
	Week 1
	Week 2 and 3

	Activities in 1st  two-period block
	· Carrying out experiment in science groups
	· Discussion and experimentation 

	Activities in a single period
	· Posting notes about experiment on KF


	· Posting and reading notes on KF

	Activities in 2nd two-period block
	· Off-line discussions
	Experimentation, research and discussion


 In the first week, pupils spent two lessons carrying out experiments in their science groups.  Upon completion of the experiment, the pupils posted notes detailing their experiment.  They were strongly encouraged to end their notes with a reflection by using the scaffold “I need to understand” to reflect their knowledge gap. The next two lessons were spent carrying out discussions off-line which were aimed at providing explanations to their problems. 

In the second and third weeks, the pupils were allowed a two-period lesson for experimentation and discussion to allow pupils time for face-to-face discussions or time for further experimentation. This was followed up by a period to spend posting and reading notes on Knowledge Forum. After this, a further two-period lessons was allocated for experimentation, research and discussion. During this lesson pupils could search the internet for information, carry out more experiments, take part in group discussions and conference with the teacher. Although time within curriculum provided for the reading and posting of notes, pupils were also allowed to make and read postings outside curriculum time.

Results and discussion

Knowledge Building actions

The collaborative activities of Knowledge Building are made up of various actions undertaken by individuals in the community. These include the overt actions of posting and responding to notes as well as the covert action of reading notes. An analysis of the number of posts made by pupils showed that all of them posted at least one note. Analysis of the posting of notes showed that 33% of the pupils posted 3-4 notes, 59% posted 5-9 notes, and 8% posted less than 3 notes. 


Further analysis of the distribution of the action of posting of notes revealed that this action took place predominantly in the view corresponding to the activity undertaken by the group individuals belonged to. About 62% of the pupils posted only in the view of their experimental endeavours, 15% of the pupils posted in two views, another 15% posted in three views, and only 8% posted in all four views. 

The predominance of the action of posting and responding to notes in the view corresponding to the pupil’s initial activity indicated pupils desire to improve on the knowledge product related to problems surfaced from their initial activity. It was possible that common problems of interests could have focused the aggregation and emergence of sub-communities of learners committed to the development and pursuit of “expert knowledge”. Such pursuit could in turn be motivated by a responsibility towards the success of the ultimate class goal of collectively producing viable and socially accepted knowledge products that reflected the class’s understanding of the topic of Energy.  The results of the analysis of the actions of the pupils are perhaps indicative of the development of a sense of collective cognitive responsibility within the classroom community. 

The examination of discourse and notes posted in the view “The Spiral” revealed that the posting of notes could be viewed as an effort to share knowledge or to critically build knowledge (Arvaja, Hakkinen, Rasku-Puttonen & Etelapelto, 2002) When pupils posted notes to share knowledge, it was often in response to a question raised or along a common theme. There was no clarification or critical comment in such discourse, the sole purpose of this discourse was to share information. Below is an example of knowledge sharing discourse (words in bracket are online scaffolds in Knowledge Forum):

An example of discourse that shares knowledge

Start of discourse 

Huixian:  (My theory) is that it catches heat and light energy and converts it into kinetic energy. The nearer the spiral is to the flame, the spiral can catch the heat and light energy from the flame better and convert it into kinetic energy, causing the spiral to spin faster. (Elaboration) the further the spiral to the flame, the less heat and light energy it can catch, converting it slower, resulting in the slow motion of the spiral.

Ong rui: (my theory) is that wind energy caused the spiral to coil and move upwards.(New information) we’ve discovered that heat and light energy was not the cause of the spiral coiling up and down, but it was the kinetic energy in the rising air or wind energy that caused the spiral to move. (evidence) we did an experiment to find out which energy, heat , light, or wind energy. To find out if light energy affects the movement of the spiral, we used a torch light and shined it on the spiral but the spiral did not coil. To find out if heat energy affect the movement of the spiral, we lit a candle and put it beneath the spiral and used a Styrofoam board and put it over the candle to prevent the heat energy from reaching the spiral but the spiral did not coil too. To find out if wind energy affects the movement of the spiral we used a fan to fan the spiral and the spiral coil and move upwards. (Conclusion) Wind energy or kinetic energy in rising air causes the spiral to coil.

When notes were posted to critically build knowledge, there was often critical questioning which sought to seek clarification or the raise doubts about a proposed opinion and theory.   

An example of discourse that critically builds knowledge

Start of discourse 

Jerald: (My theory) is that flame from the candle has heat energy and heat causes the surrounding air to expand. As hot air rises, it pushes the coil upwards (I need to understand) why do rising air have such strength to push the coil.

Jamie: (My theory) perhaps as the heat form the flame continues burning for quite some time, the expansion of molecules in the air will increase, and as they accumulate, they rise in an upwards direction towards the spiral, pushing the spiral up (this theory cannot explain) how the molecules in the air push the spiral downwards.

Jerald: “The expansion of molecules in the air will increase” Jamie. (My theory) is that heat does not cause the molecules to expand but the heat from the candle flame makes the surrounding air less dense and will cause the air to rise/float. (I need to understand) how does heat cause the surrounding air to be less dense?
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Jamie: According to your picture, it shows that before the candle was lighted, the molecule are crowded together. After the candle was lighted the molecules were spreaded out. (I need to understand) does that mean that the situation in which the molecules spread out caused the air to be less dense?

Jerald: “the molecules are crowded together” Jamie ( a better theory ) air molecules do not crowd together even though my horrible drawing proves so.


Although both types of discourse in the community database contribute to the advancement of knowledge, it is critical knowledge building that produces knowledge that had more depth and breadth. A key feature of notes posted in critical building discourse is it’s initiation by notes scaffolded by “I need to understand” or “this theory cannot explain”. This indicates the importance of community reflection in the generation of ideas that are expansive in depth and breadth. 


In contrast to the selective action of posting of notes, reading of notes was carried out across all views. With 77.5% of the pupils reading at least 50% of all notes posted on the database. 


The fact that pupils were actively reading notes from all views is indicative of the value placed on the product of Knowledge Building by others as well as themselves. Although note posting was the central action of sub-communities of learners aggregated around common problems, the peripheral and covert action of note reading represented a legitimate form of participation in the activity of Knowledge Building in these sub-communities. This form of peripheral participation helped to ensure that all pupils knew what was happening in class on the topic of Energy, ensuring the symmetrical advancement of knowledge in the classroom community.

Validity of Knowledge Building Product


The Knowledge Building activities of the class produces ideas and knowledge viable and socially acceptable to the class. In order to determine the viability of this knowledge product in a wider school context, test scores on items related to energy were compared with a class of comparable academic ability. On average, the pupils in the class engaged in Knowledge Building scored 15.21 marks compared with pupils in the other class who scored 13.8 marks. This difference in marks was statistically significant using t-test (t=2.19, p=.032).


While the knowledge produced through Knowledge Building may be viable and socially acceptable in the context of the classroom community, it is important that this product is also socially acceptable and valid in the wider school community and the scientific community at large. The use of such knowledge in school assessment showed that pupils engaged in Knowledge Building performed comparably to pupils engaged in more conventional forms of the learning of science. This validation of the product perhaps highlights the ability of pupils to assume cognitive responsibility for their learning. The assumption of this responsibility would naturally lead to the observed actions of note posting and reading that resulted in a distribution of cognitive responsibility across various problems as well as the symmetrical advancement of knowledge across the whole class.

Pupils’ beliefs about the learning of Science


A survey was administered to the pupils at the beginning and again at the end of the 3-week programme to examine their beliefs about the learning of science. Among other responses, two prevalent ideas were reported: learning science through experiments and learning science through social interactions. Table 2 shows a comparison of these two responses.  

Table 2.  Pupils’ beliefs about learning of science

	
	Percentage of responses from first survey
	Percentage of responses from second survey

	Learnt through experiments
	61%
	12%

	Learnt through social interaction
	16%
	58%



The results indicate a shift in emphasis from perceiving science learning in terms of participation in personal endeavours like carrying out experiments to one that emphasized meaning making through social discourse. This did not mean that experiments were unimportant but rather that these experiments were part of the social process of meaning making that was generated by the problems arising from the experiments. In other words, pupils no longer saw the activity of carrying out experiments as central to their learning, instead ideas and their advancement through discussion was central to their learning. 

Conclusion


The Knowledge Building Model for the learning of science provides children with opportunities to take part in collective community efforts to make meaning. This model has the potential to change pupils’ perception of learning of science from a personal learning to a social interaction learning experience. Participation in discourse about ideas through the posting of notes as well as the reading of notes taps on the distributed cognition in the community and leads to the symmetrical advancement of knowledge in the class. Products of this knowledge building process are not only valuable to the classroom community, they are also valid knowledge products in the larger school community. 
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