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Abstract

Scaffolding is a learning approach designed to promote a deeper understanding, it is the support given during the
learning process which is tailored to the needs of the student with the intention of helping the student achieve the
learning goals, including resources, a compelling task, templates and guides, and guidance on the development
of cognitive and social skills. Meanwhile, problem-based learning (PBL) situate learning in complex tasks. Such
task require scaffolding to help students engage in sense making, managing their investigations, problem-solving
processes, and encouraging students to articulate their thinking and reflect on their learning. This study aimed to
develop four scaffolding modules for collaborative problem-based learning through the computer network on
Moodle LMS for the computer programming course of undergraduate students, and to analyze the satisfaction of
the experts and students after using the developed scaffolding modules. The four scaffolding modules consisted
of metacognitive scaffolding, conceptual scaffolding, strategic scaffolding, and procedural scaffolding, each of
which represented by a 3-D animation expert cartoon to attract students. The sample group were twenty-two
students of small group pilot and six experts. The findings indicated that the degree of satisfaction towards the
scaffolding from the experts was high and the degree of the satisfaction towards the scaffolding from the
students was also high. This can be used the four scaffolding modules to complete PBL task successfully.
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1. Introduction
1.1 Using Scaffolding in Learning

In the globalization period, everything changes so fast in all aspects such as economics, politics, societies,
technology, culture. The world becomes a learning society in which knowledge and intelligence become
important instruments in boosting up the potentials and development of the country. Education has become the
core to push the whole country securely to the next century, but the quality of the education needs to be
constantly revised. Studying directly from teachers through memorizing and focusing only the contents cannot
develop students completely (Satayasai, 2004). Thus, children and young people have not yet been developed to
their full potentials and have not been cultivated with the desired characteristics such as curiosity, analysis
thinking, logical solution, disciplines and honesty. Moreover, teachers usually give lectures focusing on the
contents and the subjects, but not the students. This kind of teaching cannot make students learn to face problems
and be able to solve them in their real lives (The Office of the National Education Committee, 2002). Good
teaching and learning needs to be able to draw students’ attention, serve different groups of students, and
emphasize more on skill practice, thinking process and situational management.

Problem-based learning is an effective instructional approach used to enrich students to become better problem
solvers for today’s information technology society. An essential characteristic of PBL is the use of a problem to
focus and hold learning. PBL emphasizes active knowledge building while students solve problems rather than
exposing them to discipline knowledge before problem solving (Albanese & Mitchell, 1993; Hmelo & Evensen,
2000). This approach uses problems to start the learning process, develop the reasonable problem-solving skills
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and search for relevant information for solving those problems. The PBL success depends on the students’
practice and the unknown problems. When students face the problems, they may be discouraged to solve them
and learn something from that. Teachers need to give necessary skills to motivate and guide students, as well as
acknowledge them about a lot of sources of information (Howard & Robyn, 1980). This technique is called
scaffolding, it is an assistant approach to help students solve problems by themselves or achieve their goals.
Students also learn from working with adults and friends and develop more knowledge and competence or
intelligence to finally be able to solve problems. Scaffolding shapes the way students interact in a PBL
environment by imposing additional structure to their learning (Ge & Land, 2004), moreover scaffolding can
decrease the flexibility of PBL and may reduce student opportunity to do exploratory learning, which may have a
negative effect on learning in a PBL environment (Pea, 2004). In education, scaffolding can be thought of as
three related pedagogical scales. First, there is the meaning of providing a support structure to enable certain
activities and skills to develop. Second, there is the actual carrying out of particular activities in class. And, third,
there is the assistance provided in moment-to-moment interaction. Schematically, this can be represented in the
following way: a) scaffolding I: planned curriculum progression over time (e.g. a series of tasks over time, a
project, a classroom ritual), b) scaffolding II: the procedures used in a particular activity (an instantiation of
scaffolding I), and c) scaffolding III: the collaborative process of interaction (the process of achieving
scaffolding II) (Walqui, 2006).

There are actually five different scaffoldings: 1) modeling of desired behaviors, 2) offering explanations, 3)
inviting student participation, 4) verifying and clarifying student understandings, and 5) inviting students to
contribute clues (Hogan and Pressley, 1997). These techniques may either be integrated or used individually,
depending on the material being taught. The instructor’s goal in employing scaffolding techniques is offering
just enough assistance to guide the students toward independence and self-regulation. However, Hannafin and
Oliver (1999) divides scaffolding into four different categories as follows: 1) metacognitive scaffolding, it
suggests how to deal with thoughts during the learning in the self-thinking process, 2) conceptual scaffolding, it
helps learners to build concepts about what they have learned, recognize the concept of knowledge relating to the
problems, gain structure of what to do and separate it into the categories of concept, 3) strategic scaffolding, it
promotes analysis, planning, decision-making during the study, separation method and choice of information
used to connect previous knowledge to new experience. Strategies then motivate learners to be aware of the
instruments and sources that may be useful under the particular circumstance, and 4) procedural scaffolding, it
suggests how to use sources and instruments, as well as advise the learners during the learning to use intelligence
tools (Hannafin, & Oliver, 1999).

In term of conceptual scaffolding, they will mainly benefit students’ understanding towards content knowledge
instead of overall problem-solving performance (Jonassen, 1986; Cho & Jonassen, 2002). On the other hand,
they may reduce students’ cognitive load spent on content learning, therefore, they may have more cognitive
resources to manage the problem-solving process. In a study of scaffoldings by Cho and Jonassen (2002),
students participated in an online discussion board to discuss and solve problems in groups. A conceptual
scaffolding was designed to help them post well-structured argumentation. Results indicated that students who
received the scaffolding produced better quality argumentation, more claims, and more problem-oriented
communication during discussion than those who did not have the scaffolding. In a follow-up individual
problem-solving activity, students from the scaffolding group created significantly higher quality argumentation
than those in the no scaffolding group (Cho & Jonassen, 2002). However, scaffolding-supported students did not
outperform no-scaffolding students on problem-solving performance. Meanwhile, Su and Klein (2010),
investigated the use of scaffoldings in problem-based hypermedia by three hundred and twelve undergraduate
students enrolled in a computer literacy course worked in project teams to use a problem-based, hypermedia
program focused on designing a personal computer. The program included conceptual scaffoldings,
metacognitive scaffoldings, or no scaffolding. The results revealed that posttest scores for students who received
conceptual scaffoldings were significantly higher than those who received metacognitive scaffoldings (Su &
Klein, 2010). Type of scaffoldings also had a significant impact on student attitudes. Findings have implications
for the design and delivery of problem-based hypermedia. Conceptual scaffoldings can direct student attention to
important information and encourage understanding, and a study by Wolf (2000) investigated the effects of a
metacognitive scaffoldings on students’ problem solving performance and attitudes in an online multimedia
resource database. The results showed that students who received using scaffoldings in problem-based
hypermedia, the scaffoldings achieved significantly higher score on problem-solving performance than their
peers who didn’t receive the scaffoldings. However, no significant difference was found on student attitudes
between two conditions (Wolf, 2000).
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With the right techniques and materials, a teacher can provide the temporary support that children need to grow
intellectually. These scaffoldings allow children to reach levels of understanding and task mastery that would
have been unattainable without it. Just as scaffoldings help workers to complete difficult jobs, learning
scaffolding helps children to build solid understandings of challenging tasks or problems, particularly in
problem-based learning that is more likely to motivate and excite the students to learn, wherein they need to play
an active role in analyzing things for a given assignment, it enhances the problem solving skills of the students as
opposed to providing only theoretical knowledge. Learning, therefore, goes beyond bookish knowledge and
helps the students face and see through practical problems (Buzzle, 2000), and also allowing the students to use
prior knowledge to solve a new problem, it ensures deeper understanding, moreover it cultivates independence,
curiosity, skills for self-directed, and life-long learning. According to researches, learning is enhanced when new
information is presented through a meaningful context and comes in conflict with the existing knowledge.

Basically, in term of modern technology, nobody can deny that technology has revolutionized education.
Educators have also dramatically adjusted their teaching methods in response to new technology over the years.
Gone are the field of dreams days when believing that simply putting computers in the classroom would
automatically make a difference (Smith & Winthrop, 2012). The potential of technology to help improve
education has significance beyond teaching children reading and math. Quality education plays an important role
in promoting economic development, improving health and nutrition and reducing maternal and infant mortality
rates. Economic growth, for example, can be directly impacted by the quality of the education systems in
developing countries. Many schools now carefully consider cost and application when debating how to best use
new technology. Because technology changes rapidly and affects learning and teaching and brings the learning
society to everyone. Technology then has been applied to develop the quality of learning and teaching. Since the
computer network works faster and more efficient, it becomes the useful instrument in developing and
supporting the learning and teaching process. This is also a good time for learners to take advantage of the
network. At present, they do not need to study only from the textbook in classes, but they can learn more from
other sources of information. The varieties and communities of learning help expand education opportunities and
equalities more than ever before. There is, however, a certain challenge to develop the learning and teaching
through the network, that is, giving more opportunities to learners to learn from interactive communication
without staying together at the same time or in the same place. They can communicate their ideas and learn from
each other with various supportive instruments, thus reducing the limitations of time, place and participants.

Although the learning network appears to bring several advantages, some learners still face learning problems,
for example, they fail to cooperate because learners in the same group pay less attention to the study. Some
learners may not be sure nor be interested in participating in activities or may have negative attitudes to the
learning network, resulting in unsuccessful learning and teaching. Therefore, ways to solve these problems are:
organizing suitable learning environment, developing better teaching techniques, increasing potentials and using
suitable and efficient supporting technology.

In term of the collaborative problem-based learning model as shown in Figure 1. It was developed by
Teemuangsai & Tiantong (2008), this model was obtained from the opinion survey of the experts using the
delphi technique. The model consists of eight modules as shown in Figure 1, as follows: 1) PBL module, this is
the main part of the model that provides problems or situation to the students, 2) student module, this connects to
PBL, knowledge, collaborative, scaffolding, and assessment module, 3) collaborative module, this provides
collaborative learning techniques for group learning, 4) communication module, this provides communication
tools for group learning, 5) knowledge module, this provides an effective information for students to complete
their tasks, 6) coaching module, this module coaches the students as a reviewer, director, monitor, facilitator, and
evaluator, 7) assessment module, this is to evaluate the learning progression of the student, and 8) scaffolding
module, this is designed to promote a deeper learning for students (Teemuangsai, & Tiantong, 2008).
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Figure 1. Components of the collaborative problem-based learning model by Delphi technique

Because of such problems above, the authors were interested in studying and developing the scaffolding to
promote learning through the computer network in the computer programming course for undergraduate student.
Later, the problem-based scaffolding modules would be associated with the collaborative learning model and
learned through the computer network developed by the authors. Thus, this study aims to develop four
scaffolding modules for collaborative problem-based learning through the computer network on Moodle LMS
for the computer programming course.

2. Method
2.1 Main Procedure

The research procedure followed the five phases of the ADDIE instructional model (Clark, 2004) as follows: 1)
A — Analysis: to begin, study of the previous research about the scaffolding in learning and teaching, write the
course curriculum and assign the target learners, 2) D — Design: the next step was to design the contents structure,
topics and lessons, learning activities and evaluation criteria, sources, and scaffolding techniques, 3) D —
Development: in this stage, the researchers applied the Moodle LMS to develop the lessons and added activities,
quizzes, tests, learning sources, portfolios, communications, scaffolding, follow-up and evaluation, 4) 1T —
Implementation: this step was to assign learners into small groups, set up location, and train learners for the
tryout lessons, and 5) E — Evaluation : students and experts were asked to evaluate the lessons. The test results
would represent the satisfaction towards the developed scaffolding modules in the computer programming
course.

2.2 Analysis, and Design Phase

Actually this phase consists of the system requirements and the process requirements. The system requirements
describe the students needs in terms of the system or the scaffolding modules that are created, meanwhile the
process requirements describes how students interact with the modules. Ten experts with at least five years
experiences at university level were used in this phase to analyze these requirements of the system using focus
group discussion.

2.3 Development Phase

The four scaffolding modules were developed through the Moodle LMS on the computer network. This phase
elaborates and builds on the system requirements and the process requirements that were produced in the
analysis and design phase.

2.4 Implementation Phase

This phase is where the scaffolding modules for collaborative problem-based learning through the computer
network on Moodle LMS for the computer programming course are actually delivered to the samples for
evaluation.
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2.5 Evaluation Phase

The total of eighty-one undergraduate students in the Computer Science program, Faculty of Science and
Technology, Rajabhat Maha Sarakham University were used, Simple random sampling was also used to select
only twenty-two students from this group to be the samples of the study for the learning computer programming
course with the Moodle LMS.

Six experts, with at least five years experience at university level were separated into two groups, a technical
group and procedural group to evaluate the satisfaction towards the developed scaffolding

3. Results
3.1 The four Scaffolding Modules

The four scaffolding modules for collaborative problem-based learning through the computer network on
Moodle LMS for the computer programming course are shown in Figure 2.

5
( ) PBL Module
Metacognitive scaffolding L
( ) Knowl ( A t )
Conceptual scaffolding [ rﬁ/c[)(\)x&slc}ege Student Module ?\j[eosslrlrll:n
Strategic scaffolding Scaffolding ( Collaborative Coaching )
\ Module Module Module
Procedural scaffolding
N Communication
Scaffolding Module Module
—————————
Moodle LMS Environment

Figure 2. The four scaffolding modules for collaborative problem-based learning through the computer network
on Moodle LMS for the computer programming course

The four scaffolding modules consisted of metacognitive scaffolding, conceptual scaffolding, strategic
scaffolding, and procedural scaffolding, each of which represented by a 3-D animation experts cartoon to attract
students as follows: a) Uncle E, he represents the metacognitive module specialized in giving concepts and using
logics and problem structure to fight for solutions. (metacognitive scaffolding), 2) Dr.W, he represents the
conceptual module specialized in thinking, finding ways to solutions and solving puzzles and problem games.
(conceptual scaffolding), 3) Professor H, he represents the strategic module specialized in giving advice and will
power, solving group conflicts, providing learning techniques and additional sources. (strategic scaffolding), and
4) Miss J, she represents the procedural module specialized in giving advice and examples of the problem-based
learning process. (procedural scaffolding), as shown in Figure 3.
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He represents the metacognitive module specialized in giving
concepts and using logics and problem structure to fight for
solutions.

(Metacognitive scaffolding)

Name: Uncle E

He represents the conceptual module specialized in thinking,
finding ways to solutions and solving puzzles and problem
games.

(Conceptual scaffolding)

He represents the strategic module specialized in giving advice
and will power, solving group conflicts, providing learning
techniques and additional sources.

(Strategic scaffolding)

Name: Prof. H

She represents the procedural module specialized in giving
advice and examples of the problem-based learning process.

(Procedural scaffolding)

Name: Miss J

Figure 3. 3-D animation experts cartoon of the four scaffolding modules
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Figure 4 (a). Example of learning screen (in Thai) for student automated to scaffoldings
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Figure 4 (b). Example of learning screen (in Thai) for student automated to scaffoldings

In figure 4 (a) & 4 (b), it shows a sample of content-based scaffoldings for students. The four scaffoldings is
automated to match the content type of the lessons, as Uncle E is automated to match the metacognitive content,
Dr.W is automated to match the concept content, Professor H. is automated to match the strategic content, and
Miss J is automated to match the procedural content. These approaches provides students with confidence in
their own learning. This is the main goal of scaffolding, enabling students to become more independent and a
self-regulating learner with problem solving skills (Hartman, 2002).

3.2 The Evaluation Results of the Four Scaffolding Modules

The students and experts were asked to evaluate the lessons using a rating-scale questionnaire. The results
represent the satisfaction towards the developed scaffolding modules in computer programming course for
undergraduate student in Rajabhat Maha Sarakham University, as follows:

1) The experts expressed very high levels of satisfaction.
2) The sample students also expressed high levels of satisfaction.
4. Conclusion and Discussion

Scaffolding is often considered as a part of the cognitive apprenticeship theory, this theory addresses the problem
of coaching a student to perform a specific task. A student learns through active participation in a task in an
authentic setting in a close collaboration with a master (Pahl, 2002), meanwhile scaffolding is suitable for active
learning. The teacher can be replaced by an intelligent agent that also controls the learner activity. Activity
theory is a framework that can help us to redefine scaffolding in the context of the computer network. Activity
theory is a conceptual framework that can describe the structure, development, and context of
computer-supported activities (Nardi 1997). Its emphasis on the interaction between agents and their
environments explains the principle of tool mediation. Tools shape the way humans interact with reality. Tools
reflect experiences other people, such as the master in the apprenticeship approach. This experience is
accumulated in structural and behavioral properties of the tool. A teaching and learning environment is the tool
that provides a student with access to a part of the reality, the course subject guided by structural and behavioral
rules defined by the instructor. Approaches such as problem-based learning, constructivism, or exploratory
learning can be derived from constructivist theory (Dede 1995). Constructivism says that knowledge is
constructed by a student, rather than taught to the student. The process of knowledge construction is viewed as
deeper than the traditional approach. The student is engaged in solving meaningful problems. This lends itself to
be supported by scaffolding.

Problem-based learning is the instructional approach in which carefully constructed, open-ended problems are
used by groups of students to work through content to a solution, has gained in many segments of higher
education. Research shows that PBL gives the learner greater long-term benefits than traditional learning, and
many successful and progressive universities around the world use it in their courses. Graduates of PBL courses
advance faster and further in their careers. It can also provide students with insights into the learning process. It
encourages students to learn through the structured exploration of a research problem and to take responsibility
for their own learning by providing a problem that needs solving. The fundamental basis of engaging learners
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with a problem is that they develop skills necessary to solve the problem, therefore it can and has been used as a
method of teaching the practical application of knowledge in a real world setting (Dennen, 2004). In term of
benefits of PBL are as i.e., it makes learning more student centered, experiential and activity based as it engages
students in structuring solutions to real life, relevant, contextualized problems. Therefore students become
actively engaged in meaningful learning, it promotes student interaction and teamwork, thereby enhancing
interpersonal skills, working with group dynamics, peer evaluation encouraging an appreciation of teamwork and
the value of others and how to present and defend their ideas, and students can achieve higher levels of
comprehension and skill development as PBL focuses on activities rather than knowledge, encouraging deeper
rather than surface learning (Bridge & Hallinger, 1991) .

However, every PBL project is carefully designed by experts or teachers to expose to the information and skills
that want students to learn. When assigned a project, the designers are give a statement of the problems,
questions to consider when solving the problem, a framework for the time and effort students should spend on
the project, and support from the courses, peers, tutorials, and teachers, that is the role of scaffolding to support
students as they work on a specific task (NIU, 2008). Because one of the main benefits of scaffolding is that it
provide for a supportive learning environment. Teachers are caring and interested in helping students learn.
Students are free to ask questions, provide feedback, and support their peers in learning new material, teachers
who use scaffolding become more of a mentor and facilitator of knowledge than the dominant content expert.
This teaching style provides the incentive for students to take a more active role in their own learning, moreover
students share the responsibility of teaching and learning through scaffoldings that require them to move beyond
their current skill and knowledge levels. Through this interaction, students are able to take ownership of the
learning event (Hogan, 1997). Therefore, the need to use a scaffolding will occur when teacher realize a student
is not progressing on some aspect of a task or unable to understand a particular concept. Although scaffolding is
often carried out between the teacher and one student, scaffoldings can successfully be used for classroom and
online learning through the computer network.

Thus, this study intended to develop four scaffolding modules for collaborative problem-based learning through
the computer network on Moodle LMS in the computer programming course, and to study the satisfaction of the
experts and students towards the four scaffolding models. The participants of this study were six technical and
procedural experts and twenty-two students. The results suggest the four scaffolding modules: metacognitive,
conceptual, strategic and procedural ones. The modules were represented by 3-D animation pictures to draw
students’ attention and recognition. Instead of using messages, the pictures of the experts were used to
communicate with students. The evaluation of the experts’ satisfaction was at a very appropriate level of
satisfaction and that of the students was also at a high level of satisfaction. In conclusion, Moodle LMS is
ready-made with no extra costs, it is suitable for students to use as an instrument in designing the online lessons
which are highly flexible and efficient with ease of use of Moodle LMS enabling regular updating of
links/materials. Teacher could edit/add new links in lessons, immediately as they are suggested by students, to
provide an ordered list of course requirements (Couteur, 2007), and finally, the designers or teachers could create
scaffolding in lessons to complete students’ situations or problems successfully.

For further study, the authors would like to compare the learning achievements of the control group and the
experimental group who learn with and without the developed scaffoldings modules.
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