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Abstract — There are many difficultiesint eaching large classes. This paper presents an e-Learning platform, e -Learning
Hub, to promote |earning-by-doing in large classes. The proposed e -Learning Hub is based on experiential learning theory
and integrates doing int o every step of learning process . It combines various teaching and learning stra tegiesin a single
platformto suit the needs of students with different learning stylesinalargeclass . The combined strategy allows e-Learning
Hub to achieve the following educational objectives. 1. To enhance student comprehension on the concepts so that their
thinking ability is enhanced. 2. To stimulate deep thinking and enhance student’ s capabilities of transferring what they have
learnt to new situations so that transfer of learning takes place. 3. To develop and foster independence of learning in which
student devel ops the ability to discover and reconstru ¢t knowledge for themselves. The e-Learning Hub creates a learner -
centered environment and makes|ear ning mor e effective, efficient, meaningful, and joyful inalargeclass.

Index Terms — Teaching largeclass es, activelearning, learning by doing, experiential learning , Internet based learning,
e-Learning.

INTRODUCTION

With the increased enrolment and shrank budget in colleages and universities, teaching large classes in higher education
becomes unavoidable. It is a very different experience in teaching a large class compared to a small one. The difficulties
encountered in large classes include [1]: engaging students in active learning, personalizing the environment, working with
diverse student needs and backgrounds, managing classroom disruptions, adapting one’s teaching style to the large lecture
situation, etc. How do we overvome these difficulties and enhance the learning experience in a large class? One possible
solution is to leverage on the vast experience accumulated in teaching small classes. In order to do so, we need to identify the
differences between large and small classes andtry to create a small-class environment in a large one so as to achieve the
same quality as in asmall class. It is generally accepted that learning outcomes are inversely proportional to class size, i.e.
the smaller the class is, the better the student learns. However recent foundings revealed that class size does not necessarily
correlate tolearning outcomes and student satisfaction. The size of a classis not the most important factor affecting the
learning outcomes, rather the teaching quality plays an important role in the learning process. The key to the success is the
student’ s participation in the learning process. The main advantage small classes has over large ones is that they provide
students with more opportunities for interaction, feedback and more personalized environment, which leads to higher
teaching quality and greater student satisfaction [2]. The question is how to duplicate the small class environment in alarge
one without incurring additional manpower cost. Many researchers [3]-[8] proposed different ways to address these issues.
We believe that the better teaching quality can be achieved by applying a learning-by-doing strategy in a large class. Such a
strategy is well suited for teaching engineering students as skill development is one of the important components in
engineering education.

There are many articles available with the keywords of teaching large classes and learning-by-doing, but few articles can
be found with keywords of the marriage of the both teaching large classes and learning-by-doing, or articles about integration
of learning-by-doing in teaching large classes. This paper will give the instance of the integration of learning-by-doing into
large classwith the help of an Eductor-to-Learner Portal, e-Learning Hub .

We begin this paper with a brief introduction of the Kolb'stheory of experientia learning and the motivitaions of
introduction learning-by-doing into large classes. Followed by the detail description of e-Learning Hub . We use one of
courses on digital signal processing to illustrate how to promote learning-by-doing in a class with about 300 students.

MOVITATIONSTO INTRODUCE LEARNING-BY-DOING INA LARGE CLASS
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David Kolb introduced awell known theory about experiential learning in 1984 [9] which stated that “Learning is the process
whereby knowledge is created through the transformation of experience.” The theory presents a way of structuring and
sequencing the curriculum and indicates, in particular, how a session or a whole course may be taught to improve students
learning [10]. According to the theory there is a learning cycle which includes a four-stage model showing how experience is
translated through reflection into concepts, which in turn are used as guides for active experimentation and the choice of new
experiences. Kolb refers to these four stages as: concrete experience (feeling), reflective observation (watching), abstract
conceptualization (thinking) and active experimentation (doing). They follow each other in a cycleas shown in Figure 1.
Besides, there are two primary axes that lie behind the cycle: an “abstract-concrete” dimension that relates to how we think
about thing, and an “active-reflective” dimension that is about how we do things.
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FIGURE 1
LEARNINGCYCLE

The experiential learning occurs as a direct result of the learner's participation in events, it utilizes the participants own
experience and their own reflection about that experience [11]. The effectiveness of such an approach is based on the premise
that students learn best from doing something. It is well said that there is really only one way to learn how to do something
that is to do it [12]. There are still many studies and literature show that students learn better when they are physically
engaged in the learning process. The best way to engage students is to adopt a learning-by-doing strategy, i.e. let them do
something, trying something, watching how well or poorly it works, reflecting on how to do it differently, then trying it again
and seeing if it works better [13].

A large class usually consists of a wide spectrum of student. With the increased diversity in the student population, not
only in race and culture, but also in age and knowledge background, it isimportant to address the different learning styles and
comprehension abilities. The needs of al learners are best met through the use of a variety of activities that best match their
preferred learning styles. According to Kolb's theory, learning is enhanced as more of the learning stages are used. It is better
to provide al the four learning styles, active, reflective, abstract and concrete, so that all students in the class can use their
preferred styles to study. The learning-by-doing provides various learning activities to cater for different learning styles by
spending timeto teach each of the different learning styles through the learning cycles and encourage students to adopt to
different learning styles. By providing preferred learning styles for every student learning-by-dong realizes personalized
environment in larger classes as in smaller classes. Such an approach provides alearner-centered environment for students
and promotes active learning in a large class.

LEARNING-BY-DOING INACTION

To facilitate learning-by-doing in a large class, we need to provide students with learning-by-doing activitieswithin a
classroom and between each lesson. In-class activities, such as buzz group and think-pair-share [14]-[15], invite students to
participate actively in the learning process. Tutorials, assignments and laboratory sessionsare some of the after-class
activities that fill the gap between two lessons. These activities should be made available to students anytime and be
accessed from anywhere. Internet is such an enabling platform that gives access to students from anytime and anywhere. To
support learning-by-doing for the course, Digital Signal Processing (DSP), we developed an Educator-to-Learner Portal, e-
Learning Hub , that integrates doing into every step of learning process. e-Learning Hub provides students with a learner

International Conference on Engineering Education October 16-21, 2004, Gainesville, Florida.



centered environmentto facilitate the learning. Itincludes. online multimedia learning materials, simulation tools,
multimedia demonstrations to visualize difficult concepts, virtual laboratory tools, online intelligent tutorial tools, and quiz
system with real-time feedback. These tools match students with their preferred learning styles, expose them to other learning
styles, and systematically guide them through Kolb's learning cycle.

The students are provided with four sets of toolsunder e-Learning Hub as shown in Figure 2, including Course Tools,
Tutoria Tools, Hand-on Tools, and User Tools. The course and user tools are for students to manage their courses and user
account. The tutorial and hands-on tools are mainly for learning-by-doing activities. In the following sections, we give the
detail descriptions of these two learning tools under e-Learning Hub and how we can use them to achieve the goa of
learning-by-doing.
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FIGURE 2
INTERFACE OFE_LEARNING HUB

Tutorial tools
1. SM Stutorial system with instant feedback

The diverse background of studentsin a large classroom calls for an adaptive approach to suit different learning styles among
students. It is very hard to determine what teaching method should be used for a given topic if we do not know what
difficulties are faced by students. One of the advantages of smaller classes has over the larger ones is that it provides more
opportunities to get feedback from students. e-Learning Hub addresses this problem by reinforcing the interaction between
students and the lecturers and provides instant feedback by using SMS based instant feedback system. The instant feedback is
achieved by using Short Message Service (SMS) provided by mobile phone. The selection of SMS service asan instant
feedback tool has two advantages [16]. Firstly, it is most cost effective way to gather instant feedback and is easily to
integrate with a web-based system. Secondly, it is an effective method to grasp students’ interest and attention and engage
them in the learning process. Students are very familiar with SMS service. They are very excited when such a service is
applied to learning. The SMS instant feedback system is designed for all students. To implement it in a large class, many
small discussion groups of 2— 4 students are formed at the beginning of the course with each group having at least one
mobile phone. A think-pair-share approach is adopted when an in-class quiz is conducted. The students work on the quiz
individually and then pair up to compare and improve their answers before they submit a final one to SMS system. In such a
way, the system does not leave out the students without a mobile phone. Such think-pair-share approach not only alows
students to share handphone but also promotes the cooperative learning.

The SMS based quiz feedback system is able to diagnose students’ input automatically and provide real-time feedback to
students and lecturers. Figures 3 and 4 show the one example of SMS quiz and the statistic bar chart viewable by the lecturer,
respectively. During alesson, the lecturer will give students a quiz whenever there is a need to check students' understand on
a given topic. Students will answer the quiz by sending a SMS message to an instant feedback system. The instant feedback
system will automatically grade students’ answers and give feedback to both students and the lecturer. For students, if the
answer is right, system will give“ Congratulation” message, while for the wrong answer SMS feedback system provides
subject-related hints or advices to encourage students to continue their effort in finding correct answer which promotes
students participation in learning. For the lecturer, SMS feedback system provides a statistic bar chart of the answers from all
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students, which helps the lecturer toidentify the weak points of the students andto adjust the teaching content, pace or
strategies accordingly.
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Hands-on tools

1. Visualization tools

One of the difficulties in learning DSP islarge numbers of mathematical equations introduced to students at the initial stage.
Students need to put some efforts to appreciate the underlying concept. It isthisinitial complexity and apparent abstractness
of the subject that keeps students away from learning DSP. However, the students start to appreciate the DSP techniques
once they manage to go beyond the tedious equations. The challenge posted to usis how to help the students to penetrate the
initial difficulties fast so that their interest in DSP is well maintained. e-Learning hub incorporates a set of multimedia
demonstrations to visualize the concepts before mathematical descriptions are presented. This helps student to understand the
concept quickly. It gives student a clear picture of the underlying concept for a mathematic description, and stimulates their
curiosity and thinking ability. The students are given access to the demonstrations and are able to view them at anytime from
anywhere. These demonstrations give students intuitive experience and comprehension of related theory or algorithms.
Active student participation is a key to concept, principle or skill learning. Demonstrations maximize the participation of
students. Our experience shows that students display a very high level of interests towards these demonstrations because they
are dealing with something concrete which they can experience first hand. Besides, multimedia demonstrations give students
practical experience to “observe and reflect” on what they have just witnessed. This process is one type of doing and helps
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students to improve their comprehension on difficult concepts during the watching process. Figure 5 shows a multimedia
demonstration of the relation between the frequency response and z-transform transfer function of an FIR digital filter.
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AN EXAMPLE OFMULTIMEDIA DEMONSTRATION
2. Simulation tools

Simulations offer a fun and effective way to enable sudents to learn by doing and provide opportunities for active
experimentation in solving practical problems which requires the application of knowledge learnt. Simulation models a real
or theoretical system through which students are alowed to manipulate input variables and observe the consequences, to
formulate and test hypotheses, to interpret principles or properties displayed by models; The most importance is that
simulations provide a controlled environment which affords the individual an opportunity to learn by making mistakes,
correcting errors and receive additional information in the form of instructive feedback. In the course of DSP, a single
sentence and mathematical answer are always possible for a specific tutorial question. It is highly appreciated if student can
carry out a reasoned simulation before answer the question. MATLAB is such a tool that is capable of such a simulation, but
the learning curve involved in understanding the tools can distract a student from trying to adopt it. e-Learning hub provides
many simulations to help students to assimilate abstract ideas, concepts and principles, such as to illustrates the relationship
between continuous-time and digital signals, to show the effects of sampling an analog signal, to design a frequency response
masking filter, and to examine the effect of interpolation. Fogure 6 shows the user interface of visual simulation that provides
an interactive interface to give students opportunity to operate the simulations.
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VISUAL SIMULATION USER INTERFACE

3. Virtual laboratory
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Virtual Laboratory offersanother way to motivate students to conduct experiments using a web browser, affords more
individualized and independent learning, provides simulations of complex processes that are similar toa real |aboratory.
Virtual laboratory is particularly useful for large classes as it is not limited by lab space Students are able to access it
anywhere and anytime.

Virtual laboratory experiences can reinforce concepts from lecture material, convey practical issues associated with
actual experiments, and urge students learn through observation and critical thinking thus encourage student to learn by
doing. Under the Kolb’s model of learning styles, students’ concrete experience and reflective observation are enhanced from
the repeatability of the experiments. For the DSP course, the ability to develop DSP algorithms becomes important for
students when they go deeper into the DSP. A virtual laboratory becomes a good starting point for them to develop such
skills. It shortens the learning curve of programming lauguage by guiding student step by step in writing simple DSP
algorithms. Figures 7 shows the visual lab user interface for a guided lab.
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FIGURE 7
AN EXAMPLEOFVIRTUALLAB

CONCLUSION

We have presented an Educator-to-Learning Portal, e-Learning Hub, that supports learning-by-doing in large classes. The
success of e-Learning Hub is the integration of learning by doing in every step of learning process based on Kolb’s theory of
experiential learning. It guides students through four stages in the learning cycles, provides different tools to suit students
preferred learning styles, encourages them to participate in different learning activities, and provides personalized learning
environment in a large class. e-Learning Hub facilitates learning by doing in a learner-centered environment and makes
learning more effective, efficient, meaningful, and joyful in alarge class.
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