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Abstract 

This paper attempts to make sense of engaged learning. Approaches such as problem-based learning 
should be advocated because it is an authentic form of learning encouraging students to be self-reg- 
ulated and thus metacognitive towards their own thinking and behaviours. In contrast to passive 
forms of instruction, where learners are not perceived to be active and engaged or reflective, we are 
highlighting alternative pedagogies that promote this sense of self-regulatoy actions. We  describe 
the engaged learningframework - focusing on both problem and process - which would be neces- 
s a y  for authenticity in learning experiences. 

Introduction 

The recent proliferation of literature and emphasis on active forms of learning as 
opposed to passive and didactic methods of learning and instruction has pro- 
moted moves towards problem-based and constructivist pedagogies. Educators 
and researchers all over the world are relatively cognizant of these initiatives but 
may not be as familiar with the psychology or philosophy of these pedagogies. In 
this paper, we will go into these engaged learning pedagogies to some depth and 
discuss,, in particular, how such forms of learning encourage self-regulatory learn- 
ing and metacognitive behaviours. We consider these behaviours important as we 
believe that these skills are critical in a complex and fast-changing society. In the 
sections below, we will be covering some literature on authenticity in learning or 
what it means to make learning engaging, how authentic learning environments 
encourage self-regulation and metacognition, and how authentic engaged learn- 
ing environments such as problem-based learning (PBL) promote self-regulatory 
learning. 

The purpose of this paper is primarily theoretical. The authors attempt to 
make sense of the concept of engaged learning by crafting it in the context of 
recent notions of meaningful learning, authenticity in learning and self-regulated 
learning and in established strategies such as PBL. By synthesising the above 
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concepts, a framework is proposed that merges the various concepts of engaged 
learning. A case example is provided to concretise the framework. 

Theoretical Foundations 

Engaged learning is grounded in recent notions of active learning, where learn- 
ers take responsibility for their own learning. The term "engaged learning" is 
often used synonymously with active learning, meaningful learning and other 
similar constructivist orientations. Learners are responsible for their own learn- 
ing, actively develop thinking/learning strategies and formulate new ideas and 
understanding in conversations and work with others. Active engagement is 
defined as engaging in the learning process, constructing knowledge from expe- 
rience, meaning interpretation and having interactions with peers and teachers. 
Congruent to constructivist notions of learning, knowledge evolves as a meaning 
construction and interpretation process where people negotiate with one emother 
relating to their multiple perceptions of reality (Jonassen, Peck, & Wilson, 1999). 

Engaged learning was mooted by the North Central Regional Educational 
Laboratory (NCREL) in the US. The goal of engaged learning is to produce learn- 
ers with skills for self-directed learning and able to collaborate with others. To 
achieve the goal, learners are given authentic interdisciplinary problems to solve. 
Learners in collaborative groups are to assume different roles and work together 
as a team in projects. Teachers act as guides and CO-investigators to support the 
learners' pursuit of knowledge and understanding. 

Engaged or meaningful learning can be traced back to the related concept of 
situated cognition. Situated cognition places learning within a participatory 
framework and not just in an individual mind (Lave & Wenger, 1991). This means, 
among other things, that learning is mediated through language by differences in 
perspectives among CO-participants (Bakhtin, 1984; Habermas, 1984; Lave & 
Wenger, 1991; Wittgenstein, 1958). Learning often happens in a social setting, com- 
munity and context. From this perspective, human learning is best ~nders~tood as 
a process of dialogue, appropriation and socialisation (e.g., Bakthin, 1984; 
Maturana & Verala, 1987). 

Another implication of situated cognition is that if we view knowledge and 
thinking as inherently situated in social and physical contexts, much of what is 
learned is implicit. By immersing students in activities and authentic problem 
tasks that have rich conceptual meanings and encouraging them to explore and 
discover, teachers help students acquire the skills and dispositions necessary to 
participate in disciplinary discourse, which could be called knowledge about a 
discipline. Students also learn interpretive abilities and skills from those who are 
already active participants in the disciplinary practice. In terms of disciiplinary 
content, students need to also acquire the technical skills and knowledge in the 
discipline called knowledge of the discipline. These two kinds of knowledge 
interact. 
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Authenticity in Learning 

The central thrust of engaged learning is to make learning experiences authentic. 
Authenticity can be seen from the perspective of the disciplinary community of 
practice, for example, scientists or mathematicians. Students should be encour- 
aged to1 engage in meaning construction in ways similar to disciplined inquiry 
such as scientific thinking and in producing artefacts and products in a manner 
similar to that of practitioners. Thus, authenticity from this perspective approxi- 
mates what the real world is engaged in, that is, the real world of scientists and 
practitioners (Roth, 1995). Students are engaged in authentic activities when, as 
participants, they 1) learn in contexts constituted in part by ill-defined problems; 
2) experience uncertainties, ambiguities and the social nature of scientific work 
and knowledge; 3) are driven by a demand to apply their current knowledge state; 
4) experience themselves as part of communities of inquiry in which knowledge, 
practices, resources and discourses are shared; and 5) draw on the expertise of 
more lunowledgeable persons, be they peers, advisors or teachers. 

Making science learning resemble scientific practice better has been a common 
goal since the time of Dewey (1964). The goals and potential benefits are clear in 
that stu.dents become like scientists, engaging in scientific knowledge and inquiry 
within a meaningful and realistic context. Brown, Collins, and Duguid (1989; p 36) 
have argued that "authentic activity .. . is important for learners because it is the 
only way they gain access to the standpoint that enables practitioners to act mean- 
ingfull!~ and purposefully". "Authentic activities provide learners with the moti- 
vation to acquire new knowledge, a perspective for incorporating new knowledge 
into thleir existing knowledge and an opportunity to apply their knowledge" 
(Edelson, Gordin, & Pea, in press). 

The CoVis (collaborative visualization) project has been experimented in K-12 
schools; within revised curriculum activities that enable 1) a focus on local phe- 
nomen,a such as enable students to experience science concepts within their local 
and personal environment; and 2) a multischool community by taking advantage 
of networking technologies to replicate the diverse community of perspectives 
and experiences that make up the scientific community. According to Edelson 
(1998), in order to make science learning authentic in the classroom, the key fea- 
tures of scientific practice have to fall within these three categories: attitudes, tools 
and techniques, and social interaction. In terms of attitudes, scientific practice is 
characterised by uncertainty or unanswered questions and the commitment to 
pursue answers and issues due to a wide variety of reasons (Edelson, 1998). The 
tools aind techniques are those that have been developed and refined over many 
years within that practice. And science includes the sharing of results, concerns, 
and questions among scientists. For scientists, their attitudes, tools and tech- 
niques, and social interaction are all supported by a body of knowledge that pro- 
vides a meaningful context for scientific activity (Edelson, 1998). "Students at all 
grade levels and in every domain of science should have the opportunity to use 
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scientific inquiry and develop the ability to think and act in ways associate:d with 
inquiry . . . " (National Research Council, 1996; p 105). 

Similarly, when we simulate these processes in the classroom, students need to 
have the opportunities to engage in the development of attitudes, which involves 
self-regulatory behaviours through the use of practice-oriented tools in the context 
of social discourse and interaction. Self-regulated learning involves students' abil- 
ity and propensity to be "active participants in their own learning" (Zimmerman, 
1994; p 3). We conjecture that at this stage the fundamental difference between the 
active and traditional forms of learning is in the exercising of self-regulation behav- 
iours such as planning, organising, and other monitoring actions. 

Self-Regulated Learning 

In the 1980s and 1990s, conceptions of self-regulated learning evolved to include 
interactions between students' knowledge (e.g., metacognitive, domain :specific 
and epistemological), metacognitive skill (e.g., planning and monitoring:), moti- 
vation (e.g., self-efficacy beliefs) and cognition (e.g., application of a cognitive 
strategy). More recently, the social dimension of self-regulation has been included, 
focusing on individuals acting in social contexts (e.g., Paris & Paris, 2001). Self- 
regulation also involves a social aspect that includes interactions with peers and 
teachers (Patrick & Middleton, 2002) who facilitate and design learners' tasks by 
CO-regulating learning (Meyer & Turner, 2002). Hence, "self-regulation is now 
thought to occur when students are motivated to reflectively and strat~egically 
engage in learning activities within environments that foster self-regulation" 
(Butler, 2002; p 60). In other words, self-regulated learning is usually linked up 
with attempts in students' engaging in project work or PBL as these efforts require 
learners to investigate a driving question or problem, construct explanations and 
artefacts, collaborate with others and use technology to support inquiry (Patrick & 
Middleton, 2002). Situated within contexts such as communities of learners, stu- 
dents are "simulated into" situations where they have to plan and monitor their 
actions and activities, including the use of appropriate tools and strategies in order 
to achieve these goals. 

Metacognitive activities within the concept of communities of learneris can be 
both explicit and implicit. By explicit, we mean the structuring of activities where 
learners need to engage in explicit processes of reflection such as researching, 
sharing and performing (Brown & Campione, 1996). Students begin by research- 
ing complex domain-specific issues and sharing what they have learned in their 
subgroups with others. Through reciprocal teaching, students are exposed to com- 
prehension and monitoring strategies that guide them in the sharing process. 
Structured within a zig-saw approach with cross-cross sharing, students take 
turns to ask questions, self- and peer-assess and report their findings. 

In other examples, computer-supported intentional learning environments 
provide scaffolds in the form of procedural cues to assist learners in conjecturing, 



Engaged Learning 5 

providing personal theories, find more information, etc. (Scardamalia & Bereiter, 
1991). The Scientific and Mathematical Arenas for Refining Thinking (SMART) 
program facilitates generation of ideas, multiple perspectives, researching and 
revising, testing one's ideas, going public with one's ideas, reflecting on the 
process and looking for newer challenges (Barron et al.., 1998). The above two 
examples revolve around authentic problems and ideas. 

In the next section of this paper, we discuss the pedagogical approach of PBL 
and consider how learning can be anchored in or centred around authentic prob- 
lems with the potential for self-regulated learning and metacognitive activities on 
the part of the learners. PBL is one form of learning that is authentic and that also 
promotes self-regula ted learning. 

PBL 

"The principal idea behind problem-based learning is . . . that the starting point for 
learning should be a problem, a query or a puzzle that the learner wishes to solve" 
(Boud, 1995; p 13). PBL starts primarily with a focus on real-life problems and 
activities, rather than intense disciplinary knowledge (Hung, 2002). The approach 
attempts to move students towards the acquisition of knowledge and skills 
through a staged sequence (serving as a scaffolding process) of problems pre- 
sented in context, together with associated materials and support from necessary 
sources, for example, teachers and experts. 

PBL, which originated with medical school real-world case studies, has these 
objectives (Barrows, 1986) for students: 

construction of clinically useful knowledge 
development of clinical reasoning strategies 
development of effective self-directed learning strategies 
increased motivation for learning and becoming effective collaborators 

The fundamental approach adopted in PBL, as practiced in medical schools, is 
as follows (Bereiter & Scardamalia, 2000): 

Problems play a central role in the educational process. 
Dialogue is a central vehicle for problem solving. 
Finding out what needs to be found out is critical to the learning process. 
Small groups work together to solve the problem. 
Information gathering and other tasks are distributed among group members. 
The focus is on a cognitive outcome rather than producing an artefact or 
product, thus distinguishing it from project-based learning. 

Barrows (1986) has identified two factors that affect the probability that any of 
these objectives might be achieved: the nature of the case - whether it is a 



6 Hung W L., David, Cheah Horn Mun, Hu Chun & Cheung Wing Sum 

complete case, a vignette or a full problem simulation; and the locus of control of 
learning - whether it is teacher-centred, student-centred or mixed. In medical 
school, the patients are real patients. Barrows worked with the doctors in gather- 
ing the details of case studies used for PBL. 

There are three reasons why the problems must address real issues. First, 
because the students are open to exploring all dimensions of the problem, there is 
a difficulty in creating a rich problem with a consistent set of information. Second, 
real problems tend to engage learners more - there is a larger context of famil- 
iarity with the problem. Finally, students want to know the outcome of the prob- 
lem (Savery & Duffy, 1998). 

The original conceptions of PBL as derived from Barrows (1986) within the med- 
ical school context had a strong linkage with the medical community of practice. 
Developed in the mid-5Os, it is now spread into more than 60 medical schools. 
Traditionally, in the first 2 years of medical school, students were given the tradi- 
tional lectures such as in anatomy and physiology. The PBL approach transforms 
this method into one in which upon reaching medical school students are (divided 
up into groups. A group of five to seven medical students, for example, and1 a facil- 
itator meet to discuss a problem (Barrows, 1986). The facilitator provides the stu- 
dents with a small amount of information about a real patient's case, and then the 
group's task is to evaluate and define different aspects of the problem and to gain 
insight into the underlying causes of the disease process. Hypotheses are generated, 
and issues are also raised. The group members may choose to divide themselves up 
to investigate the various issues and discuss the findings subsequently. The students 
regather to share what they have learned, to reconsider their hypotheses or tlo recon- 
struct new ones based on their consolidated understanding. The facilitator's role is 
to help the students' learning processes by modelling hypothesis-driven reasoning 
and other forms of metacognitive skills (Savery & Duffy, 1998) for the students and 
by encouraging them to be reflective. As students become more experienced with 
the PBL method and take on more of the responsibility for identifying ].earning 
issues, the facilitator is able to fade this type of support or scaffolding. 

Barrows (1986) is adamant that the facilitator's role and interactions be kept at 
the metacognitive level when engaged with learners on issues and with the prob- 
lem at hand. The facilitator should constantly ask questions such as "Do you know 
what this means?", "What are the implications of this?" or "Is there anything else?" 
Through this process, students are encouraged and expected to similarly think crit- 
ically and monitor and regulate their own understanding (Savery & Duffy, 1998). 

"Through problem-based learning, students learn how to use an iterative 
process of assessing what they know, identifying what they need to know, gath- 
ering information and collaborating on the evaluation of hypotheses in liglht of the 
data they have collected" (Stepien & Gallagher, 1998; p 44). 

"[Plroceeding through the PBL process requires the learner's metacognitive awareness of the eficacy 
of the process. In this regard, PBL is inherently self-regulated. Yet, PBL does not exist in  a vacuum. 
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Rather, it is a social system within a larger cultural context. The knowledge that the learner seeks is 
embedded in and derives from social sources - in this case, the world of medical practice. From this 
perspective, the learner is seen as both transforming and as transformed as the processes of practice 
and their underlying symbol systems are internalized through dialectical activity . . . In this sense, 
learning is not an accumulation of information, but a transformation of the individual who is mov- 
ing toward full membership in the professional community. This identity-making is marked by 
observing the facility with which cultural tools, or ways of thinking and using language, are 
invoked. The sociocultural context of PBL is the group meeting that simulates the social process of 
medical problem solving in a scaflolded way." (Hmelo & Evensen, 2000; p 4) 

Hung (2002) suggested that the process of PBL requires that students adopt 
active and metacognitive learning strategies through posing their own problems 
and questions and seeking the respective solutions. PBL approaches converge 
with the notion of communities of learning engaged in disciplinary engagement. 
Engle and Conant (2002) discuss the elements of disciplinary engagement as 
1) problematising subject matter; 2) giving students authority to address prob- 
lems; 3:) holding students accountable to others/peers and shared disciplinary 
norms; and 4) providing students with the relevant resources. These elements are 
congruent with the processes underpinning PBL. Students are encouraged to 
question theories and challenge previously accepted facts by presenting evidence 
of their conjectures. The basic approach taken is to engage learners in inquiry 
processes similar to experts and practitioners in the discipline. 

Similar to PBL approaches is project-based science or PBS. The American 
Association for the Advancement of Science (1993) and the National Research 
Counci:l (1996) have in the last few years been recommending that students be 
engaged in the activities of scientific inquiry - asking questions, conducting 
experiments and investigations, collecting data, interpreting results and reporting 
findings (Roth, 1995). 

PBS is one example where such learning occurs, emphasising inquiry and 
social constructivist learning activities. PBS is characterized by 1) a driving ques- 
tion; 2) investigations; 3) artefact development; 4) collaboration among students, 
teachers, and others in the community; and 5) use of technology tools to support 
inquiry. (Singer, Marx, & Krajcik, 2000). 

By adopting a driving question that contextualises the science project, PBS 
makes the inquiry process authentic (Patrick & Middleton, 2002). "The driving 
question uses students' real-world experiences to contextualise scientific ideas 
and subquestions and anchoring events to help students apply their emerging 
scientific understandings to the real world, thus helping them see value in their 
acadenuc w o r k  (Singer, Marx, & Krajcik, 2000; p. 167). 

Common to both PBL and PBS, the starting point is an authentic problem or 
driving; issue that learners can possibly relate to. In both, students collaborate with 
peers within their groups and with others outside the classroom. Due to chal- 
lenging driving questions and problems, students are compelled to address sub- 
questions to an overarching question and develop strategies to monitor their 
progress. Assisting in this developmental process and transformation from novice 
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ways to methods that experts adopt is fundamental to understanding how we 
learn (Bransford, Brown, & Cocking, 1999). 

Self-regulated learning and metacognitive strategies involved in PBS are par- 
ticularly interesting (Patrick & Middleton, 2002). Cognitive and meatcognitive 
strategies are needed when students have to think systematically and deeply 
about questions and subquestions, use the appropriate technological tools to cre- 
ate models, connect different pieces of information, represent their ideas in differ- 
ent ways, monitor their progress, work together with others, etc. Thus, success in 
PBS requires the cognitive, metacognitive, motivational and collaborative engage- 
ment that comprises self-regulated learning (Patrick & Middleton, 2002). 

Implications for Engaged Learning Environments 

Designing authentic learning environments is an important concern for teachers 
and educators. Inherently, these authentic activities are fundamentally learner- 
centred in nature, allowing opportunities for learners to reflect and plan for their 
actions. Such monitoring and regulatory behaviours are crucial for learners. 
Tenets for engaging students in authentic learning experiences, in PBL, PBS or any 
similar settings, include the following: 

meaningful and real life complex problems - usually project based; 
staging activities - structured activities and investigations that introduce 
learners to investigation techniques, background knowledge and processes 
needed in inquiry similar to particular disciplinary practices; 
supportive tools - cognitive and reflective tools and other forms of social col- 
laboration tools that enable learners to think and collaborate; 
embedded information cases - embedding a library of resources that is 
linked directly to an investigation process; and 
monitoring and planning - allowing learners to record the process an.d inter- 
mediate products of an extended activity. 

In order to facilitate self-regulatory and metacognitive behaviours in our stu- 
dents, the problem and the process of solving the problem ought to be authentic 
to the learner. Authenticity in other words is both at the problem and process levels. 
By process, we mean the use of tools and strategies to solve problems in !:he con- 
text of communities or groups in solving the ill-structured problem. Morelover, by 
process, self-regulated learning in authentic learning situations such as PBIL can be 
facilitated under the following conditions: 

adopting the kinds of thinking and questioning processes of experts; 
appropriating the kinds of tools and strategies used in communities of 
practices; 
developing artefacts and products related to the problem, albeit in a simplified 
form such as those produced by experts; 
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dividing the problem into subproblems; 
peel: sharing and critique; 
experts' consultation and advise; 
access to relevant sources of information and materials; 
opeining ideas for challenge; 
opportunities to reflect upon trials and experiments; and 
opportunities to explain issues, findings and conclusions. 

Ownership of inquiry where learners feel that the development and solution 
of the problem is meaningful is crucial to the design of authentic learning envi- 
ronments. Experts who are linked with learners in projects should coach and 
model the disciplinary thinking process through the use of support tools. 
Opportunity must be given to learners to reflect on the problem solving process 
together with facilitators and experts. 

A Proposed Engaged Learning Framework 

Summarising the above discussion, we derive the engaged learning framework - 
Problem, Activities, Disciplinary knowledge, Ownership, Collaboration, Monitoring, 
Experts, Tools and Scafolds (see Figure 1) - the five tenets of authentic learning 
Environments. In essence, the framework involves the following tenets: 

1. the design of the Problem task, which needs to evolve based on the learners' 
learning goals and needs to understand; 

2. the design of Activities that are similar to subtasks leading to solving a partic- 
ular problem; 

3. the relevant Disciplinary or content knowledge required to solve particular 
problems; 

4. Ownership of learning towards the problem at hand and an engaged responsi- 
bility towards the ideas and concepts being explored; 

5. Collaboration or interaction with others as a central means of problem solving; 
6. Monitoring and regulatory processes that lead to closure of experimentation 

and discourse of ideas; 
7. the role of Experts and facilitators in the learning process; 
8. the role of supporting Tools in the generation of ideas and problem solving; and 
9. the staged sequence or process of bringing a learner from one particular stage 

of his learning to that of another - commonly referred to as Scafolding. 

We would stress that "authenticity" in learning cannot be based on problem 
authenticity alone. Authenticity is both problem and process. Hence the design of 
authentic problems should include both problem design and process design. The 
set of design principles for authentic problems can be seen as follows: 

Problem design - Problem (P), Activities (A) and Disciplinary knowledge (D). 
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Fig. 1. The engaged learning framework. 

Problems (P) should be ill-structured, with real life as the anchoring prob- 
lems/context. These problems should contain relevant learning issues also related 
to the syllabus that students have to learn in school. In this sense, problems should 
be identified collaboratively by teachers and students. The problem should be an 
integration of disciplines in problem solving so that students are given the oppor- 
tunity to practice linking knowledge and skills of different disciplines in problem 
solving. 

Activities (A) are the kinds of subtasks that the learners together with the 
teachers plan for in relation to achieving the goals of the problem. In a sense, activ- 
ities can be designed in a staged manner where the learners are scaffolded nnto the 
problem solving process. 

Disciplinary knowledge (D). Students need to be acquainted with the relevant 
disciplinary knowledge in order to solve particular problems. Since the problem 
could be interdisciplinary in nature, students, through their problem solving 
efforts, could appropriate the relevant concepts from within various disciplines. 

Process design- Disciplinary knowledge (D), Ownership (0), Collaboration (C),  
Monitoring (M) ,  Experts (E) ,  Tools ( T )  and Scaflolds (S). 

Ownership (0) 

Students should identify their own learning goals through the facilitation of 
teachers and experts. 
Students should be engaged in all the different aspects of the inquiry process 
such as investigation, experimentation, reflection, etc. 
Students need to know how to break the problem down into subproblems and 
to engage in the problem solving process. 
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Collaboration (C) 

Students could be working in groups where they solve problems collabora- 
tively. 
Students need to divide their projects up into respective roles and subtasks in 
order to achieve the objectives. 
Students can account to each other on the work done. 

Monitoring (M) 

Monitoring should be holistic, emphasising Process rather than Product, 
involving more than one form of evaluation technique. 
Self-regulatory processes are needed on the part of the learners in order to 
monitor their progress in the problem solving process. 
Monitoring should be done as a process similar to multiple evaluation in situ, 
which is at different crucial points of the problem solving cycle to assess learn- 
ing as well as to inform the extent of support to provide in subsequent activities. 

Experts (E) 

Experts together with teachers should provide a well guided inquiry/problem 
solving framework for problem solving. 
Experts and teachers should provide mediating tools and techniques for 
inquiry that are modelled after those used by the experts. 
Experts and teachers should provide sufficient/appropriate support for the 
inquiry process, metacognition, collaboration and communication to bridge 
the gap between the experts' knowledge and skills and those of the students. 
Experts and teachers should provide opportunities for students to play multi- 
ple roles in solving problems. 

Tools (T) 

The problem solving process should be done collaboratively through open 
communication tools between the students, teachers and experts. 
The problem solving context should be collaborative and communicative 
thrlough tools that are modeled after those used by experts. 

Scafolds (S) 
Importantly, the engaged learning framework can be seen as a staged process sim- 
ilar to cognitive apprenticeship methods, where problems are provided in terms 
of increasing complexity and diversity. The degree of progress in terms of the 
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levels of ownership, monitoring behaviours, collaboration, expert-participation 
and tool-support can also be conceived similarly to be progressive. Such. a pro- 
gressive or staged approach can be perceived as scaffolds that bring a learner from 
one particular stage to another. 

Technologies that support Engaged Learning 

Mind tools (Jonassen, Peck, & Wilson, 1999) are one example where learners 
engage actively in the creation of knowledge through tools such as concep t-maps, 
reflecting their comprehension of the concepts rather than focusing on the pres- 
entation of knowledge. Jonassen proposes a model of a constructivist learning 
environment that aims to engage learners in active and meaningful learning. The 
kernel of the constructivist learning environment is the issue, problem or project 
that serves as the focus of the learning episode. Jonassen believes in using inter- 
esting and authentic problems to motivate learners towards the learning goal. 
Jonassen proposes using ill-structured problems arising out of a real life context, 
which usually contain some emergent aspects that are definable by the learners. 
One major difference between expert and novice problem solvers lies in their 
experience in domain-specific problem solving. Experts possess knowledge and 
past experiences that are often encoded as stories: when met with a new situation 
or problem, they can readily search their memories for related cases. Jonassen pro- 
poses using related cases to supplant student experience and to provide multiple 
representations of content that reflect the complexity of the domain knowledge. In 
a constructivist learning environment, relevant and appropriate information, 
including web-based materials, could be made accessible as embedded hyperlinks 
at an appropriate juncture. 

To help engage learners in higher order thinking, Jonassen suggests the use of 
cognitive tools, including visualisation tools, knowledge modeling tools, per- 
formance support tools and information gathering tools. These tools help facilitate 
cognitive processes and support learners in performing problem solving tasks. 
Premised on the notion of social constructivism, which emphasises learning 
through collaborative construction of socially shared knowledge, Jonassen sug- 
gests using computer-mediated communication tools to support dialogue and col- 
laboration within communities of learners who share similar knowledge and 
values and are pursuing similar learning goals. Collaborative tools include simple 
discussion forums and scaffolded environments such as Knowledge Forum. 
Besides devoting our effort to the design of a constructivist learning environment, 
Jonassen argues that a crucial factor for successful implementation of the learning 
activities is the social and contextual support. Without social and contextual 
support, which includes the physical infrastructure readiness and training to 
instructors and learners, the learning activities may be rendered ineffective. 

Another example of technologies for engaged learning is anchored instruction. 
Anchored instruction situates classroom learning in real-life problem solving 
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scenarios in order to engage students in problem solving. By anchoring learning in 
real-life contexts, we are encouraging students to apply the knowledge they learn 
in classrooms to solve real-world problems, thus linking "school knowledge" with 
everyday applications. An example of anchored instruction is the series of video- 
based programmes called The Adventures of Jasper Woodbuy Mathematical Problem 
Solving Series, developed by the Cognition and Technology Group at Vanderbilt. 

Unlike traditional instructional videos that record "talking heads" to emulate 
lectures, each Jasper video contains a short realistic story that represents suffi- 
ciently complex problems. Since learning is demand driven, the detective-like 
adventures help motivate the students to engage in problem-solving tasks. Using 
the "embedded data design" principle, the videos contain all the data necessary to 
solve the problem with purposeful inclusion of irrelevant data to simulate the com- 
plexity ~raf real-life problems. Jasper adventures also contain "embedded teaching" 
episodes that model an expert's approaches to solving problems. Taking advantage 
of digital video technology, the video can be viewed and revisited as learners solve 
the problems. While traditional mathematics teaching focuses on teaching of 
heuristics and problem solving steps, followed by "practice questions" that have a 
single correct answer and one best method of getting the solution, the Jasper videos 
challenge students to identify the problems, generate subgoals, source for relevant 
information, cooperate with peers in planning and problem solving, compare per- 
spectives, present possible solutions, select the best solution and justify for the final 
solution. By taking up the challenge, the students apply their mathematics knowl- 
edge and concepts, critical thinking and communication skills. 

In summary, Table 1 describes the kinds of tools that can support the engaged 
learning framework. 

To concretise the above engaged learning strategies with supporting technol- 
ogy, we suggest a sample problem project that students can work on with regard 
to water issues in Singapore: 

Problem. To understand the problem of water shortage in Singapore and pro- 
pose solutions to the problem by describing the impact of water shortage on var- 
ious aspects of life in Singapore. Derive implications about the water supply in 
Singapore and its impact on the country's progress. 

Activities. Students are to produce a timeline of the major events that hap- 
pened during the 1963 water rationing exercise; produce a mind map on the 
impact on various aspects of life in Singapore; participate in an online discussion 
and write a short essay on the implications of water supply issues in Singapore. 

Disciplinary knowledge. The matter of water is an interdisciplinary issue that 
involves understanding geographical and social issues. Moreover, students would 
also need to apply some form of mathematics and statistics to formulate data and 
projections. 

Ownership. As the water issue is central to the survival of Singapore, the com- 
munity of teachers and students bring an intrinsic ownership to the problem. 
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Table 1. 
Summary of technological supports that can support the engaged learning framework 

Design considerations and tools for engaged learning 

Problem 

Activities 

Disciplinary 
knowledge 

Ownership 

Collaboration 

Monitoring 

Experts 

Tools 

Scaffolds 

There is a need to provide a problem that is CO-formulated by the students and 
teacher(s). The problem can be simulated in a learning environment after being 
CO-formulated. The specific goals must be related to real-life cases according to 
the realities of the community of practice. Videos such as in anchored instruction 
can be adopted to describe the problem. 

The problem can be subdivided into a series of activities and subproblems. 
These activities could be supported with technology-based templates that guide 
the learners through the problem solving process. 

Disciplinary knowledge is needed for solving problems, and such knowledge 
can either be searched for through information tools or through artefacts and 
communication with teachers, experts and other peers. 

The problem or case example must be interesting to the community (both 
students and teachers, and even experts). 

The cases/problems are situated in a real-life context. The learners, teachers 
and practitioners each play a different but realistic role in solving the problem. 

Students need to have tools to monitor and reflect on their learning experiences 
such as reflection logs, peer critiquing tools and other forms of monitoring aids. 

There should be plenty of opportunity for experts such as practitioners to 
operate within the learning environment. These activities can be scaffolding in 
terms of increasing complexity and diversity. 

Tools are used throughout the process, in particular, social-constructivist 
tools for collaboration/communication between the students, teachers and 
experts, in particular the CO-formulation of problems, CO-setting of goals, co- 
experimentations CO-explanations, and CO-explorations of 'what-if' questions. 
Mind tools and other forms of constructivist learning tools (e.g., concept map- 
ping and visualisation-simulation tools) are useful here. Information resources 
of precious cases, problems and related information are crucial. Learners 
should receive appropriate feedback from each other, the teachers and experts 
through the supports provided. 

Scaffolds are the structures that are put in place in order to enable the learner to 
progress from one stage to another. At the macrostages level, technologies prob- 
ably do not have a significant place. However, technology can aid in the problem 
solving processes, such as providing procedural cues as prompts to cognition. 

Newspaper articles on the water shortage problem can also be used to enhance 
students' motivation to derive authentic solutions. 

Collaboration. Students work together in teams to solve the problem and sug- 
gest possible solutions to the project. They can be subdivided into various groups 
that work on 1) understanding the water issue more deeply; 2) the social-political 
climate; 3) alternative sources of water; 4) manufacturing water; and etc. 
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Monitoring. Students need to monitor their plans and learning goals and take 
cognizance of their schedules. They can be given project planning templates, 
where they record and monitor their actions. Moreover, reflection logs can be 
administered. 

Experts. Students consult experts in their various subgroups. These experts can 
come from the university, public utilities board in charge of water, the water man- 
ufacturing plants, etc. 

Tools. Project management tools can be given to students. Moreover, students 
can be provided with online discussion forums where they can continue their 
brainstorming and discussions. Graphing and data tabulation tools can be pro- 
vided to project data collected. 

Scafolds. As students may not be comfortable with handling projects, staging 
an authentic project in terms of phases and what needs to be done in each phase 
and guidelines on the use of tools, how experts can be consulted and where to 
locate useful and valuable information would be necessary. Moreover, students 
need to be scaffolded into making informed decisions among various possible 
solutions and justifying the best solution. 

Conclusion 

To orchestrate an engaged learning approach, it must start with the design of the 
anchoring problem. However, the process of problem solving should also be 
authentic. Authenticity should then be seen as both problem and process. The 
entire engaged learning framework of learning should be an authentic co- 
construction process on the part of learners, teachers and experts where ownership 
of problem and process is an integral part of the learning experiences. Most impor- 
tantly, the engaged learning framework differs from traditional learning in that 
learners are engaged in self-regulatory behaviours and that personal and collabo- 
ration knowledge construction are the tenets for authentic and engaged learning. 
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"Use of Multimedia Storybooks for Children" project, and the "Use of Asynchronous Online Discussion to 
Develop Thinking Skills" project. 
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