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Abstract

Cooperative learning encourages group interaction with assigned roles, with each member sharing responsibility for the group and the work produced. The use of technology aids the learning activities to be more meaningful by allowing pupils to be more focussed on creating meaning and constructing knowledge. This paper examines two examples of the use of technology to support cooperative learning. In the first example, a teacher conducted an English lesson using an open-tool application and incorporating cooperative learning into the lesson. It was observed that when using the technology, pupils developed social skills and were motivated in their learning. The second example is a description of a collaborative project to study the living conditions of mesocyclops in Singapore. Mesocyclops are one-eyed organisms which have been proven to effectively eradicate the Andes mosquito larvae in Australia and Vietnam. Technologies such as Global Positioning System (GPS), Geographic Information Systems (GIS) and Dataloggers were used in the project. Pupils appreciated the use of technology to aid them in their investigation and they learnt the importance of teamwork and shared responsibility to accomplish the tasks they were assigned to do. 
Cooperation and Technology

The concept of Cooperation is now highly valued in an increasingly globalised world. Workers cooperate with one another to solve problems, companies merge and work on their strengths to churn out more profits, countries work together to solve international crimes or provide opportunities for development. As educators, we are concerned in training our pupils to meet the needs of the globalised world. The Chinese folklore, “The Ten Brothers” aptly captured the essence of the saying “united we stand, divided we fall”. It depicted the unity of the brothers when they combined the strengths of each brother to overcome adversities. Similarly, in our world today, there is a need for cooperation among workers, businesses and countries. 
At the same time, in today’s world, technology has become part and parcel of our lives. Technological advancement has changed the whole meaning of education. The standard chalk and board has evolved to the use of transparencies and projectors and now, we are using computers and technologies to educate our young. The challenge for educators today is not about chasing the latest technologies, but about utilising the potential of technology to enrich learning.
This paper aims to show how technology can be used to support learning, in particular Cooperative Learning.
Cooperative Learning and Collaborative Learning

Some clarifications need to be made with regard to the terms “Cooperative Learning” and “Collaborative Learning”. Cooperative Learning is a structure of interaction designed to facilitate the accomplishment of a specific end product or goal through people working in groups while Collaborative Learning is a philosophy of interaction and personal lifestyle where individuals are responsible for their own actions, including learning and respect the abilities and contributions of their peers (Panitz, 1997). Panitz also observed that each paradigm represents one end of a spectrum of teaching-learning which ranges from being highly structured by the teacher (cooperative) to one which places the responsibility for learning primarily with the student (collaborative). Thomas noted that Caplow and Kardash (1995) characterised collaborative learning as a process in which knowledge is not transferred from expert to learner, but created and located in the learning environment, while others such as Burron, James and Ambrosio (1993) envisioned cooperative learning as a strategy to help students improve intellectual and social skills (Thomas, 2001).
While there are differences between the two paradigms, there are also elements of collaborative learning in many cooperative learning activities. An obvious similarity is that both paradigms involve pupils in group activities to enhance learning. More importantly, the underlying premise for both terms is founded on the constructivist epistemology (Panitz, 1997). Here, students discover the knowledge and make meaning from this knowledge on their own. Learning consists of active participation by the learner as opposed to passive acceptance of information presented by the teacher. Learning also comes about through interaction among the learners. Hence both cooperative and collaborative learning are a team process where members support and rely on each other to achieve an agreed upon goal.
Having considered the differences and similarities between the two paradigms, the terms “cooperative” and “collaborative” will nevertheless be used interchangeably here as this paper is more concern with pupils’ learning in constructivist environments (in which both cooperative and collaborative learning are classified as), rather than highlighting the distinction in the effects of learning between the two paradigms.
Technology-Supported Cooperative Learning
Cooperative learning is a well researched and documented approach towards the understanding of how to improve group functioning in the educational contexts. It is defined as a diverse body of concepts and techniques for enhancing the benefits of group activities (Jacobs, Ward, Gallo, 1997).  The four basic principles to Cooperative Learning include : Positive Interdependence, Individual Accountability, Equal Participation and Simultaneous Interaction. (Kagan, 1992). Positive interdependence refers to a situation where there is a feeling among group members that by helping other group members, they are helping themselves. The gains of one pupil are positively correlated with those of another. As such, a positive climate is created. Positive interdependence fosters helping, encouraging and tutoring. Individual accountability refers to the feeling that all group members are responsible for participating and learning from the activities. Each group member has to participate and put in effort to ensure that work is done. This ensures equal participation and eliminates the problems of a particular student doing all the work and others doing nothing. Equal participation ensures that all pupils participate in the activities in one way or the other. This allows pupils to develop a mutual feeling of ownership. This will spur them to want to work on the project. Finally, simultaneous interaction is a crucial element in cooperative learning. This refers to structuring cooperative learning tasks such that interaction occurs simultaneously both within and among groups. 
Cooperative learning has no doubt been useful in ensuring the development of many skills to meet the challenges of the world today. However, with the large amount of information our learners are expected to process into knowledge, they certainly need some help to ensure that they maximise their learning. Technology can be utilised to support such learning. In this technological era, there is much hype about the use of computers and its technologies. It is common to hear the cry, “Computers are coming! Computers are coming!” which has resulted in this technological revolution being slowly and insidiously working its way into every classroom, from kindergartens through to institutes of higher learning. With technology now within our reach, we can explore ways to harness technology to aid our students’ learning. In many ways, technology can be harnessed to support cooperative learning. These will be discussed in the later part of the paper. 
Technology-supported cooperative learning could be likened to a group of theatre practitioners producing a theatre production. In every theatre production, there are actors and production crew members. The actors have a role to play and they work together as a team to act out the plot. There is a sense of positive interdependence, individual responsibility, participation and simultaneous interaction - all the elements of cooperative learning. The production crew is the ‘support staff’ that works behind the scenes to support the success of the production by ensuring that the details are taken care of. These include appropriate lighting and sound to convey the mood of the scenes, costumes for the actors and props on stage to provide the context of the play. The role of technology with regard to cooperative learning could be likened to that of the relationship between the production crew and the actors. While the production crew supports the actors by doing the ‘nitty-gritty’ of the production so that the actors can concentrate on the acting, technology supports cooperative learning by performing the ‘nitty-gritty’ such as ensuring efficient data storage and presentation etc, so that learners can concentrate on creating knowledge and making meaning from their own knowledge.
The diagram below illustrates the technology-supported cooperative learning process where learning occurs when learners are engaged in group activities and technology is used to support learners’ thinking processes so that they can construct knowledge on their own to achieve a common goal.

Diagram 1: Technology-Supported Cooperative Learning
Technology as Mindtools

Technology should not support learning by attempting to instruct learners, but rather, “technologies should be used as knowledge construction tools that students learn with, not from.” (Jonassen, Carr & Yueh, 1998).  In this way, learners function as “knowledge creators” while technology functions as Mindtools for interpreting and organising knowledge. Mindtools are computer applications that, when used by learners represent what they know, engaging them in critical thinking about the content they are studying (Jonassen, 1996). That is, they require pupils to think about what they know in different meaningful ways. 

Some of the mindtools that this paper will examine are the Semantic Networking tools such as Concept Mapping, and Investigation Tools such as Geographic Information Systems and Dataloggers.

Example 1 : Concept Mapping with Cooperative Learning
Concept Mapping is a study strategy that requires learners to draw visual maps of concepts connected to each other via links. These maps are spatial representations of ideas and their interrelationships. Concept mapping can be used to generate ideas (brainstorming, etc), design complex structures, communicate complex ideas and assess understanding or diagnose misunderstanding. Although concept maps can be drawn with papers and pens, it is inevitable that there will be revisions to the concept maps. This can sometimes result in an untidy product. The use of technology with its ease to edit concepts can help pupils concentrate on the concepts or ideas generated rather than ensuring that their maps are neatly represented.
Concept Mapping was used as a mindtool for a group of primary school pupils in an English lesson. The teacher, Ms Farlinah, attended a customised workshop conducted by the Educational Technology Division to incorporate the use of a concept mapping tool, Inspiration for English lessons. The workshop also introduced cooperative learning strategies together with the concept mapping tool. The teacher then conducted a lesson using cooperative learning with the concept mapping application supporting the lesson activities. Pre-lesson and post-lesson discussions were conducted between the teacher, two Heads of Department (English and IT) and the IT trainer to examine the effectiveness of the lesson.
Composition of students

The subjects in the study were a class of Primary Two pupils. The class consisted of a mix of active and passive learners, with most of the boys belonging to the former category. Hence, the teacher deliberately grouped the pupils in pairs according to gender as she felt that most of the girls were generally more passive and shy. The objective was to get the more active and spontaneous pair to guide the passive learners. 
Task

The pupils had to complete the following tasks : 

· Unscrambling Letters of the Alphabet of Sounds Made by Animals. 

This activity served as a form of revision on what the pupils learnt in an earlier lesson. Hence pupils have prior knowledge of the words to describe the sounds made by the various animals they see on the computer screen. As a follow-up, pupils embarked on the Rally Robbin strategy where each pupil attempted to unscramble a word on the computer terminal. The pupil then switched computer terminal with their partner and attempted to unscramble a different word. At the same time, the pupil peer edited the partner’s work through colour coding. When a mistake was spotted, the pupil used a different coloured font type to correct the mistake.

Diagram 2 illustrates the procedure. Pupil 1 attempted to unscramble the letters of the alphabet of the word ‘Quack’ which was posted on the Notes box. Pupil 1 types out the correct spelling of the word into the Notes box. Similarly, Pupil 2 attempted to unscramble the letters of the alphabet of the word ‘Neigh’ and types out the scrambled word into the Notes box.
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Diagram 2 : Unscrambling Letters of the Alphabet
Once each pupil completed the first attempt, they switched computers to perform the same procedure on a different word, and at the same time, they peer edited each other’s work.  Diagram 3 illustrates the process. Pupil 2 took over Pupil 1’s computer and vice-versa. Pupil 2 used his/her prior knowledge on the sound made by duck and checked that Pupil 1 has typed in the correct word. Pupil 2 then selected another animal to unscramble the letters of the alphabet; in this case, it is the word ‘Croak’. Pupil 1 did the same thing as Pupil 2. Pupil 1 spotted a mistake in the spelling of the word ‘Neigh’ and typed the correct spelling of the word using the red coloured font and underlined the word. Pupil 1 then proceeded to select another word to unscramble the letters of the alphabet.
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Diagram 3 : Peer Editing Partner’s Work

The pupils repeated this procedure until all the words were unscrambled and/or edited. After they completed their tasks, the pupils checked for mistakes and explained the mistakes to each other.
· Identify rhyming patterns of various sounds made by the animals. 

In this activity, pupils had to identify the rhyming patterns of the words they had unscrambled. To do this, they adopted the Think-Pair-Share strategy to identify rhyming patterns. Pupils sat in pairs in front of a computer terminal. Pupil 1 began by reading aloud the words on the screen. (eg : coo, quack, moo …). Pupil 1 soon realised that the word ‘Coo’ rhymes with ‘Moo’ and demonstrated the rhyming words to Pupil 2. Pupil 2 used the Underline function to highlight the rhyming words.  Pupil 2 then repeated the same procedure to identify another pair of rhyming words while Pupil 1 highlighted the words when they were identified. This process was repeated until all the rhyming words were identified.
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Diagram 4 : Think-Pair-Share to Identify Rhyming Words

The Think-Pair-Share approach requires learners to think alone about a question or problem for a specific amount of time, and then form pairs to discuss the question with someone in the class, usually a team mate. (Kagan, Cooperative Learning, 11:2, 1992.) In this lesson, the more active pupil took the lead in verbalising the thinking process while the passive pupil observed. The passive pupil ‘imitated’ that thinking process to solve the question. After the pupils identified the rhyming words, the teacher called upon some pupils to share their partner’s answer with the class as a whole. The pupils learnt quickly that they were accountable for listening to their partners because during share time, they were called upon to share the answers they heard from their partners. 
· Matching Animals with their Environment. 
Pupils created concept maps by matching the animals with the environment they can be found. The choice of the environment was pre-determined by the teacher before the lesson. These included the Park, Farm and Forest. In creating the concept maps, students decided on which animal fitted the assigned environment based on their prior knowledge. They used the Links and Nodes functions to create arrows linking the animals to the appropriate environment. They also used the Drag and Drop function to change the positions of the animals in the concept maps. After they have created their concept maps, the pupils proceeded with a gallery tour. The pupils moved about the room in the same pair to view, discuss and give feedback of the concept maps of other teams posted on the computer terminals. Pupils were encouraged to provide feedback or ask questions by typing into the computers. As the pupils moved from one computer to another, they soon realised that some animals were categorised in two environments (eg : the monkey was categorised in the forest and park). They questioned why the monkey was not categorised in the farm. This resulted in the pupils typing questions into the concept maps. After the gallery tour, the teacher conducted a discussion with the class to address the issues raised. 
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Diagram 5 : A Question Posed by a Pupil during the Gallery Tour
How Technology Supported the Cooperative Learning Activities

Jonassen, viewed computers as Mindtools as “intellectual partners with the learner in order to engage and facilitate critical thinking and higher order learning”. (Jonassen, 1996 in Ho, Chin and Tham, 2002). When using computers as mindtools, learners are creators of knowledge rather than receivers of presentations (generativity), learners are actively engaged in their learning (engagement) and they take charge of their own learning (control). (Ho, Chin and Tham, 2002).



Diagram 6 : Technology aids learning through engagement and generativity of knowledge

The following discussion focuses on how technology supported the cooperative learning activities shared earlier in terms of Pupil Learning, Pupil Motivation, Social Skills and Classroom Management.
Pupil Learning

The use of technology supported the pupils’ learning in that the concept maps presented on the computer screens allowed easy visualisation. It facilitated easy comprehension of the information presented. This allowed pupils to concentrate on analysing the information. Pupils could identify spelling errors through colour coding, verbalise rhyming words at a glance on the computer screen and even identify patterns during the gallery tour. As such, pupils were activity engaged in the learning. 

The ease of comprehending the information also allowed pupils to concentrate on generating knowledge rather than focussing on its presentation. This could be seen in the gallery tour when pupils started asking questions about the possibility of an animal appearing in more than one environment. The application allowed pupils to view everything in the concept maps at once, thereby allowing pupils to identify patterns and ask questions. Pupils were able to move from one level of thinking to another level when they compared their concept maps with those created by other groups, which in turn led to them establishing reasons why a monkey does not appear in a farm. Pupils were engaged in a discussion on the reasons a monkey does not live on the farm based on individual exposure and knowledge to the issue which led to the conclusion that a context is needed for the pupil to decide if an animal should appear in a particular environment. Hence, based on Jonassen’s mindtool model, the pupils had certain control of their learning and they were generating knowledge rather than focussing on the presentation.
Pupil Motivation

Being in a high-tech generation, the pupils were exposed to the use of computers at a young age. They were receptive to the use of computers and were able to pick up the use of the concept mapping application, Inspiration very quickly. During the lesson, pupils were observed to be very enthusiastic when they were allowed to do work using the computers. The teacher and two of her Head of Departments, who were present in the lesson, commented that they observed an increase in enthusiasm when the pupils were exploring the tools and doing work at the computers as opposed to when they were passively listening to the teacher. In this respect, technology increased pupils’ motivation in their cooperative learning groups.

Social Skills

While technology itself does not enhance social skills, it was observed that pupils developed social skills through cooperation and interaction when using the technology. It was observed that pupils who were more technology savvy taught their partners how to type on the keyboard or use the software. Social skills were also observed when pupils took turns to use the mouse or work on the keyboard. There were also occasions when pupils interacted between groups when doing the gallery tour to ascertain their observations and clarify doubts.
Contrary to what some had thought, that computers isolate learners, the use of computer tools, with the colourful visuals actually attracted the young learners and socialisation was again evident as they interacted constantly, encouraging one another to try out the various functions of the application and to type their responses into the computer. This was supported by Farlinah’s observation that technology kept her pupils focussed on their work and cooperative learning got her pupils to discuss ideas and solve problems. Together with cooperative learning, the use of technology has in a way helped the pupils develop their social skills and be engaged in their learning.

The observations made implied that technology can co-exist with cooperative learning. Technology-supported cooperative learning can be used to aid pupils in their learning when they actively create knowledge, develop on their own knowledge and establish interrelationships between ideas generated. Farlinah aptly sums up this co-existence, 

“They (technology and cooperative learning) can co-exist. Technology allows pupils to be fully engaged in their tasks … it allows pupils to make mistakes, to backspace, to edit whatever they have written with no trace whatsoever. Being human beings, we are afraid to make mistakes. So when our children are given the liberty to backspace or to edit whatever they have written wrongly, they would not be afraid to make mistakes and give more ideas during the cooperative learning activities.”
Farlinah, primary school teacher
Classroom Management
According to the teachers interviewed, primary school pupils enjoyed visiting the computer labs for lessons. This could be due to the element of novelty to have a lesson conducted away from the usual classroom setting. In that sense, the computer lab is a very attractive venue for the pupils and they tend to be more focussed during the lesson. While Jonassen’s model prefers more pupil control, it was observed that certain activities require more teacher control when dealing with young children. The teachers observed that when working with pupils of such young age, it would be best to design activities that require minimum movement. Farlinah commented that it was easier to manage the class when her pupils had to move in pairs during the ‘Unscrambling Alphabet’ activity where they merely switched places at the computer terminals as compared to them moving in groups to different areas of the computer lab during the gallery tour. Farlinah noted that instructions given to the pupils when conducting such group activities must be clear and that it would be advisable to keep movement to the minimum when working with young children. In addition, based on past experiences, she found that it was easier to manage the class once the pupils become more familiar with the teacher’s expectations after going through more of such lessons. 

To summarise, the table below shows the cooperative learning strategies employed and how technology was used to support the activities.

	Cooperative Learning activity
	Technology to support lesson

	Rally Robin to unscramble alphabet of sounds made by animals
	Editing  tool to assist students in editing mistakes made by peers

	Think-Pair-Share to identify rhyming patterns of various sounds made by animals
	Notes function, colour coding for easy visualisation when pupils categorise the different rhyming sounds

	Gallery tour to view concept maps. Discussion for reasons why certain animals do not appear in a particular environment
	Links and Nodes for easy visualisation and analysis of the items presented in the concept maps. Notes function to allow the recording of ideas generated.  


On the whole, it was felt that technology aided the learning activities as there was active engagement in the learning and the pupils could focus on generating knowledge rather than on the presentation of information. However, careful exercise had to be administered in deciding on the amount of pupil control especially when dealing with very young children. Through the lesson activities, pupils exhibited positive independence through peer teaching and individual accountability where each pupil did their share of the work to accomplish the task. There was also equal participation and simultaneous interaction as pupils shared ideas and interacted with one another during the activities.

Example 2 : Investigation Tools and Cooperative Learning

When learners investigate, they observe and inquire into something thoroughly and systematically. Investigation is a dynamic approach to learning as it involves learners exploring the world, asking questions, making discoveries and making new meaning from those discoveries. Very often, when pupils do investigative work, cooperative learning comes into play. Pupils need to collaborate to achieve a common task.
Technology can be used to support such collaborative work by allowing data collected during the investigation to be stored efficiently and effectively, for examples in layers, tables and charts thus enhancing the understanding of data collected and grasping the interrelationships between a wide range of data. 

The following is a description of a Geography/Science project conducted by the Educational Technology Division with various secondary schools in Singapore participating in the project. The teams from the schools had to research for the presence of mesocyclops in Singapore. Mesocyclops are water-borne organisms, which can be described as ‘natural borne killers’ of mosquito larvae breeding in stagnant waters. They have been used successfully in Vietnam and Australia to aid in the control of occurrences of dengue cases. The objective of the project was to determine the presence of the one-eyed organism and identify conditions that support the growth of such organisms. Its success would have implications in the authorities’ ability to control dengue cases which is common in Singapore.

In this project, technology was used to ensure that the investigative work could be carried out smoothly. The Global Positioning Systems (GPS) was used to aid the teams to accurately identify the locations of the sites which they wished to conduct their research. The Data Loggers were used to help the students to measure the variables determining the suitable conditions of the mesocyclops’ habitats. The Geographic Information Systems (GIS) was used to store the data collected, to organise and present the data in tables, charts and graphs for further analysis. The digital camera was also used to document the whole investigation process.
Pre-fieldwork

Each group, with 6 pupils from each school, selected sites across the island for their investigations. Among the groups, they employed the Jigsaw cooperative learning strategy in that each member of the team was assigned a specialised task. The roles were assigned based on the strengths of each member of the team. Each specialist had to learn to use a particular equipment to aid in their investigations. Once they mastered the use of their assigned equipment, the pupils had to teach their team members how to use the equipment.

Fieldwork
During the actual fieldwork, the members of the team had specific roles to perform. As ‘specialists’ each member was accountable for their own duties and they had to ensure that they worked well together to collect the sample data, store the data, identify the organism, document the data and investigation process. The GPS ‘specialist’ used the Global Positioning System to locate the sites which the team was to study. Next, the Data Logger ‘specialist’ used the Data Logger to measure the various variables of the site. These included the pH level, level of dissolved oxygen in the water, temperature of water and light intensity. The GIS ‘specialist’ input the data obtained by the data logger into a database to store the data. He then generated tables, charts or graphs to represent the data collected. The team also collected some water samples which were taken back to the school laboratory for analysis. In the laboratory, a Research ‘specialist’ used the microscope to identify the presence of mesocyclops. Throughout the fieldtrip, the cameramen took photographs and filmed the whole investigation as part of the group’s documentation. At the end of each fieldtrip, all the members of the team gathered to share their findings and reflections on the investigation process.
How Technology Supported the Cooperative Learning Activity
The pupils interviewed on this project found the whole activity very enriching as they learnt that each member had to be accountable for what they were tasked to do. For instance, the Data Logger specialist failed to charge the batteries for the data loggers, which were very important as they were used to measure variables that were crucial in the identification of the mesocyclops’ habitat. This oversight on the part of one member resulted in the team having to redo the fieldtrip. This taught the pupils the importance of shared responsibility and instilled in them the motto of “united we stand, divided we fall”. 

There was also a sense of positive interdependence in that the pupils did not feel threatened by each other. Instead they were constantly encouraging one another and teaching their team mates in the use of equipment during the investigation process. They were aware that they needed to work as a team in order to get things done. All these are in line with the expectations of workers in the real world. 
They also felt that technologies such as GIS and Data Loggers supported their learning as these technologies were able to help them store, organise and represent data effectively, making their learning more enriching. Without these technologies, they anticipated that they would need to spend a lot of time in presenting the data and information. With technologies such as GIS, much time was saved in drawing the charts and graphs. The students could then spend more time in analysing the data. 

Most importantly, through this technology-supported cooperative learning activity, the students learnt that they needed to think beyond their textbooks to be involved in such an authentic project. One of the team member, aptly sums up the whole experience 
“I was glad to be able to take part in this project … learning how to identify a mesocyclop and using handheld devices such as the GPS and GIS. Although I am working with a group of people whom I do not know well, I was glad that we could co-operate and socialise quite well while working on this project.”
Kingsley Ng, Henderson Secondary School
Using Jonassen’s mindtool model as reference, the pupils, in learning how to use the technologies, were actively engaged in the learning. In addition, because the technologies facilitated effective and efficient data storage and representation, the pupils could concentrate on analysing suitable conditions that contribute to the presence of mesocyclops. Through the analysis, pupils were more involved in generating knowledge and ideas rather than the presentation. Finally, by mastering the use of the technologies, pupils had greater control of their learning as they could use the technologies in their investigations. Hence there was greater pupil control with the teacher acting as a facilitator, guide and sometimes a co-learner in the investigation. 
The technologies used enabled pupils to carry out their investigations smoothly. In the course of their investigations, they acquired the elements of cooperative learning. Hence technology provided a platform for development of technical skills while the jig-saw approach which was adopted in this project provided pupils with opportunities to develop their social skills, discipline, responsibilities and thinking skills. 
Conclusion

Constructivist approaches to learning strive to create environments where learners actively participate in an environment that is intended to help them construct their own knowledge, rather than have the teacher instruct them with what to do. In constructivist environments, learners work collaboratively to be actively engaged in interpreting the external world, reflecting on their interpretations and creating meaning out of their own interpretations. 
From the examples shared earlier, it is clear that learning occurs when learners observe, question and investigate while collaborating to achieve a common goal. Technology by itself cannot ensure higher involvement in pupils’ learning. It needs to be complemented by the human essence found in cooperative learning activities. In order for learning to be more enriching, we need to be able to harness the potential of technology to support cooperative learning activities that could engage pupils to attain a higher level of learning which traditional classroom lessons might not be able to provide. Like the production crew that supports the actors in a production, technology supports cooperative learning through ease of visualisation and analysis as well as effective and efficient manipulation of data to enable ideas to flourish and knowledge to be constructed, so that our pupils will be equipped to meet the challenges of the 21st Century.
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