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Abstract: Collaborative working environments are an essential and integral part of human resource development in today’s knowledge economy.  This need for effective means of communication and sharing of knowledge and resources has been augmented due to globalization of economies and democratization of education and educational opportunities. This paper presents Merlin, a collaborative learning environment for systematic planning, integrated chat, visualization of concepts, easy retrieval and uploading of resources, modeling, coaching and reflection of ideas. User testing on learning effectiveness shows promising results.
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1   Introduction
Learners’ entry levels differ according to prerequisite or background knowledge, aptitudes, motivation, experience, learning styles, capability and psycho-motor skills. Thus, educational-oriented systems [1] should function as an enabler to assist learners to constructively form their own meaningful knowledge, bridging the gap between task requirements and skill levels. The enabler comes in the form of scaffolds; either human (instructor and/or peers) or technological.
A scaffold is defined as “any tool, procedure or aspect of the learning environment that is specifically engineered to assist learners in performing tasks for which they would otherwise be unprepared” [2]. In other words, scaffolds facilitate the association between the current stimuli and prior knowledge by supporting and simplifying a task in order to extend the capability of the learner. Scaffolding can range from presenting a demo of the entire task (modeling the instructor) to providing occasional hints [2]. As learners understand better, the degree of scaffold can be reduced or revised.  

The subsequent question that arises is how should we shape the learning environment to scaffold learning experiences in order to help the learner achieve his or her learning goals?  
2 Problem formulation

Jonassen [3] suggests that scaffolding must enable the learner to adjust the learning process to their needs and capabilities.  He also adds that one of the best ways to scaffold learning in a constructivist environment is through cognitive apprenticeship. The cognitive apprenticeship approach focuses on the creation of curiosity and questioning through challenging tasks in different contexts of use.  Hence, representations of concepts in the knowledge space are crucial to facilitate reasoning.  In addition, explorations of broader cases and resources, supported by cognitive and collaborative tools to provide sufficient contextual support are encouraged as shown in Fig. 1.   
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Fig. 1. Considerations for designing 

constructivist environments 

2.1 Objectives

We have incorporated Jonassen’s cognitive apprenticeship requirements illustrated in Fig. 1 into our collaborative software, Merlin [5], as we recognize that the process of learning is more important than mere learning of content itself. Merlin is both a collaborative and cognitive tool. It provides chat and concept mapping in a common workspace to enable students to express and visualize their ideas to their peers.  Contextual support is in the form of cognitive apprenticeship function tabs (task planning, modeling, coaching and reflection of ideas).  Merlin also enables retrieval and uploading of resources. 
The goal of the study is to investigate whether 
1)   concept maps and
2)   cognitive apprenticeship scaffolds 
in Merlin can enhance learning effectiveness in a collaborative environment. The criteria for evaluating learning effectiveness are based on Kommers’ [4] learning effectiveness metrics, i.e., conceptual fluency as observed in the number of nodes, conceptual flexibility (the number of nodes at different levels of hierarchy in relation to the main concept), breadth of perception (degree of divergence) in terms of the variety of nodes generated.
The outline for this paper is as follows: Section 3 describes how collaborative and cognitive scaffolds are embedded into the Merlin collaborative concept map, Section 4 introduces related works and in section 5 we assess learning effectiveness with the students’ concepts maps as instruments. 
3 Problem solution

Before logging on to Merlin (Fig. 2), students have to explicitly identify the Learning Concept (such as Branding) and the Main Concept (such as Brand Communications) that suits their own learning goal. Upon successful log-on, a list of connected users is shown on the right hand side of the screen.  Knowing who is on-line creates social scaffold; a sense of community. They can start chatting in the chat space at the bottom panel of Merlin. 

Students are encouraged to put forward their knowledge in a common workspace; at the same time allowing other collaborators to elaborate, comment and consider others’ opinions before coming to a consensus regarding the problem at hand in a constructivist learning environment. Learners themselves play an essential role here. They are encouraged to lead in discussions and in managing conflicts or disagreements that may arise during discussions.


Embedded cognitive scaffolds are in terms of concept maps and cognitive apprenticeship function tabs. Students can draw the oval to represent the main concept using the drawing panel on the left. Subconcepts are represented by rounded rectangles. Multiple hierarchies can be created and arrows to link these hierarchies of concepts and subconcepts are automatically generated by the system. The hierarchy of subconcepts is indicated by the number of dots as well as the color of the rounded rectangle. 
[image: image2.png]e T e

DOnnBn





Fig.  2. Merlin user interface (Whiteboard tab selected)


The first cognitive apprenticeship tab is planning; second demo; third, coaching; fourth post-test. At the onset of discussion, they are encouraged to determine their own objectives, learning tasks and strategies in the Task Planning tab. These learning tasks can be reviewed and revised. 


Subsequently, they can proceed to the demonstration/modeling tab where they can analyze and learn how experts have solved ill-structured problems.


Having had a general idea of strategies and tasks that can be used and/or adapted from, the students can proceed to discuss in the chat panel. During discussion, concepts can be externalized and visualized by all the students on-line simultaneously using the concept-mapping tool in the Whiteboard (Concept-mapping) Tab, allowing all group members to acknowledge, evaluate and highlight misconceptions and acknowledge and validate each other’s concepts. Shifting learning initiative into the hands of learners encourages students to plan and analyze; two of the most essential meta-cognitive skills learners should refine and master.  If at any stage the students are not sure, they can still go to the coaching tab panel where hints are provided.

The Coaching tab enables search by concept definition, concept examples and related concepts from the knowledge base. Instructional material in the knowledge base is adapted to suit individual learning needs using a performance-based student model and design pattern. 

Discussion summaries and project reports are submitted via the Project Report tab. A snapshot of interaction within a collaborative group can be captured in the form of concept map, task planning progress and project reporting function which can be reviewed later.

In terms of resources, Merlin provides multimedia materials to support learning in three ways. First, learners can share external media resources with other collaborators. Secondly, media resources which were uploaded could be hyperlinked from group concept maps. Thirdly, suitable media resources (audio, video, documents, graphical illustration and URL) were embedded into instructional material at appropriate places. Hence, the concept map and instructional material provide an affordance between shared media and learning concepts, supporting dual coding as recommended by [6].
3.1 Related work 
Related work which we evaluated were Intelligent Tutoring Tools (ITTs), Solution, Mapping, Intelligent, Learning Environment (SMILE Maker), Agent-based Information Management System (AIMS) and Remote and Adaptive Educational System offer  constructivist communicative environments (RAPSODY).  Each of these systems is elaborated on and comparisons with Merlin are identified.
Instructional design in ITT [7] is based on three models of cognitive apprenticeship: modeling, coaching, scaffolding and fading. Merlin extends these by including exploration via a synchronous collaborative concept map, articulation through a chat box and reflection in the post-test and project reporting. 


SMILE Maker [8] focuses on refining students’ analytical skills for solving ill-structured problems with agent technology and instructional design strategies. The SMILE Maker agent will take on different facilitator roles (profiler, advisor, navigator and system helper) to guide users through the problem-solving process. The type of assistance provided depends on the nature of gaps between the expert’s concept map and a user’s map. In AIMS [9], the expert’s concept map is provided. 

The first difference between Merlin and AIMS is that AIMS’s explicit conceptual mapping of the domain knowledge is system-generated; but, concept maps in Merlin are constructed by learners; thus providing constructive interactivity. Secondly, the method for scaffolding problem-solving in Merlin is via the cognitive apprenticeship function tabs.


RAPSODY [10] uses a 3-dimensional “CELL” model to set up the appropriate e-Learning environment according to the learner’s requirements and needs. The “CELL” model is described using Learning Object Metadata (LOM), focusing on three primary aspects: learning goals, learning contents and learning media. As the learner makes progress, RAPSODY will decide on the proper CELL for the next learning step. 

In Merlin, learning concepts, learning tasks, main concepts, sub concepts, concept examples, related concepts and media resources are modelled using design pattern. Adaptive instructional material is retrieved using a performance-based student model (populated using post test score) to provide learning material which suites individual learning needs. Sequencing from one learning goal to another is dependent on the conceptual hierarchy defined by the instructor. Furthermore, where ITTs, AIMS, SMILE Maker and RAPSODY are for a single user, Merlin is collaborative in nature. 

The following section presents user testing results on students’ learning effectiveness.
4   User testing: learning effectiveness 
4.1   Objective
This pilot test aimed to measure students’ learning effectiveness based on Kommer’s [4]    evaluation criteria, i.e. conceptual fluency as observed in the number of nodes,  conceptual flexibility (the number of nodes at different levels of hierarchy in relation to the main concept) and breadth of perception (degree of divergence) in terms of the variety of nodes.
4.2   Sample and Methodology
24 second year students pursuing a Bachelor degree in Information Technology were randomly chosen to participate in the pilot study. 8 were in the control group whereas 16 in the Merlin study group. Students were given an assignment where they were required to justify and plan an Enterprise Resource Planning system for an e-commerce application in 4 weeks. 
The assignment was part of their course work for the subject Multimedia Information Systems and Management (TMS 2091). The deliverables of the assignment were a final report and a concept map(s) that outline the final report. Concept maps were compared to assess the degree of learning effectiveness for both groups.
4.3 Findings
4.3.1 Conceptual fluency
A comparison between the Merlin group and the control group revealed that Merlin groups had better conceptual fluency as the total number of concepts constructed by them was significantly higher by 43%. Merlin groups have the capability to generate more concepts in their concept map than their counterparts in the control groups.

4.3.2 Conceptual flexibility
In terms of conceptual flexibility, there was no significant difference among the control and the Merlin groups in terms of the number of nodes at Levels 1 and 2 (although the Merlin group constructed slightly higher number of nodes).  For the control group, a slight increase was seen at Level 2 and 3 (Table 1). Nodes at Level 5 were almost non-existent. However, there was a significant increase in the number of nodes in Merlin groups from Levels 3 to 5, with the most significant at Level 4 (Table 1). Thus, Merlin has helped the students to create more concepts at a greater level of detail.  

All nodes at Level 5 were found in ‘Hyperlinked’ maps; maps hyperlinked from the original concept map.
This showed that although Merlin groups had a small number of important concepts at the top level, the number of detailed concepts increased at subsequent levels. Thus, Merlin groups showed greater conceptual flexibility at different levels in relation to the main  concept.
Table 1. The number of nodes (on average) at different levels in the Merlin group 
and control group and the percentage of difference. 

	
	Number of nodes

	Level of nodes
	MG*
	CG*
	Difference (MG* - CG*)
	Percentage (%)

	1
	4.5
	4.227
	0.273
	+ 6.07

	2
	13
	11.454
	1.546
	+ 11.89

	3
	22.75
	12.045
	10.705
	+ 47.05

	4
	27.25
	4.818
	22.432
	+ 82.32

	5
	5.0
	0.545
	4.455
	+ 89.10


MG* = Merlin groups. CG* = Control groups.
4.3.3 Breadth of perception (divergence)
4.3.3.1 Divergence in ideas

Merlin groups were more divergent as the scores on the number and the variety of ideas that they generated were significantly higher (by 51%) than that of the control groups (Table 2).  Merlin groups were able to generate significantly more elaboration, suggestions and creative ideas based on the hints from the knowledge base.  They also adapted instructional materials from the domain knowledge in the modeling and coaching phases when elaborating or suggesting.
A suggestion node is a concept that has a specific suggestion or approach. For example, there should be a proper disaster recovery procedure for the ERP system to enable a business entity to resume its operation in the event that disaster occurs. 

Elaborations are detailed explanations of a concept. For example, the disaster recovery procedure should be less than 30 minutes as critical business processes are depending on the ERP.

Examples are instances or cases of real-world illustrations of a concept. For example, ACME Company has their disaster recovery plan for the ERP System in place the moment the ERP Project goes live.


Creative ideas are ideas which are unique to Merlin groups’ concept maps and cannot be found in the control groups’ concept maps. 
4.3.3.2 Divergence in nodes

Merlin and control groups generated almost the same number of nodes which exemplify facts, assumptions and illustrations. However, it is noted that Merlin groups were superior in the type of nodes generated, i.e. constructing fact, opinion and analogical concept nodes as shown in Table 2 below. For example, Merlin groups showed their concerns on security measures (firewall setup, user authentication and activity logging) for their ERP system, as indicated in Table 2. Therefore, our findings showed that Merlin groups fared better than control groups in terms of divergence.


Facts are evidence or true statements that a concept represents. For example, ERP (Enterprise Resource Planning) is an integrated information system that serves all departments within an enterprise.


On the other hand, assumptions are statements whose validity is not proven. For instance, ERP modules may be able to interface with an organization’s own software with varying degrees of effort. Assumptions form the bases for opinions. 


Opinions are concepts that express one’s thoughts or feelings. For example, in the 1960s, many companies wrote their own software rather than outsource.

Analogies enable comparisons and predictions based on similar prior occurrences. For example, sales management is one of the most challenging balancing acts in the entire business world.


Illustrations refer to charts, diagrams and tables which are use to explain a concept.
4.3.3.2 Divergence in labels
We also found that both groups used predominantly descriptive types of link labels. Descriptive labels describe a concept. Examples are Sales Quotation and Order Problems.


However, Merlin groups used significantly more structural, causal, and interrogative link labels. Structural labels demonstrate sequences of events. For example, define enterprise’s business solutions and subsequently; identify data for business analysis.  

In contrast, causal labels illustrate cause and effect of an event. For example, delay in disaster recovery can subsequently affect project implementation.  Interrogative labels are made up of queries.  For example, “What are distinguishing qualities of a good sales management?”

In addition, from their report submissions (essay), subjects using Merlin were able to demonstrate better sequence and flow of ideas. Better coherence in presentation may be due to Merlin groups transferring the structure of their learning tasks (in the task planning module) into their concept map. There is better correspondence between task planning, chat and concept mapping. 
Table 2. Table showing the comparisons on number of nodes for each criterion, namely variety of ideas, variety of nodes and variety of labels. MG* = Merlin groups. CG* = Control groups.

	
	Variety of Ideas

	
	Solution
	Elaboration
	Suggestion
	Creative Ideas
	-
	-
	Total

	MG*
	4
	23.25
	6.75
	4
	-
	-
	38

	CG*
	3.454
	12.818
	2.727
	0.272
	-
	-
	19.271

	
	Variety of Nodes

	
	Fact
	Data
	Opinion
	Assumption
	Analogy
	Illustration
	Total

	MG*
	9.75
	2.5
	2
	0
	0.5
	4.5
	9.75

	CG*
	0.909
	0.272
	0.59
	0.045
	0.09
	4.3631
	6.2691

	
	Variety of Labels

	
	Descriptive
	Structural
	Causal
	Interrogative
	-
	-
	Total

	MG*
	5.75
	5.25
	2.25
	0.75
	-
	-
	14

	CG*
	6.181
	1.681
	0.09
	0.045
	-
	-
	7.997


5   Conclusion
Merlin’s instructional design is a cross section of constructivism, cognitive apprenticeship,  collaborative learning and knowledge representation in the form of concept maps. Learning effectiveness in terms of cognitive fluency, flexibility, divergence and breadth of perception has been shown to be positive. We look forward to testing Merlin with a bigger sample size.
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