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Abstract  This chapter* presents an active-learning-based teaching model for implementation 
in the MTCS course, which is based on the constructivist approach. This model is used in 
this Guide in most of the offered activities. The chapter starts with the motivation and the 
rationale for using active learning in the MTCS course; then, the active-learning-based 
teaching model is introduced and explained, including a description of the role of the 
instructor of the MTCS course in the model implementation.

2.1   
�Introduction

As mentioned in the Introduction, the main purpose of the MTCS course is to prepare 
prospective computer science teachers (the students of the course) toward their future 
career as computer science teachers.

In general, courses about science teaching in the secondary school emphasize curricu-
lum-related issues, addressing topics such as, learning theories and pedagogical methods, 
principles for the development of scientific curricula, laboratory instruction and other 
investigative learning approaches, professional ethics in science instruction, and the place 
of science learning in the pupils’ general education. All these topics are also relevant and 
important in the case of computer science teaching to promote the prospective teachers’ 
professional perception.

The recommended teaching methods for the MTCS course, as are described in Chap. 1, 
indicate that the MTCS course should be built as a teaching model. Accordingly, the course 
should be designed in a way that (a) promotes students’ positive learning experience in a 
supportive teaching environment, and (b) enables the students to imitate this way in their 
future computer science classes. To achieve this goal, the MTCS course should be based 
on constructivist teaching methods and implement active learning. This approach is impor-
tant not only because we want the prospective computer science teachers to enjoy their 
learning processes and improve their understanding of computer science concepts, science 
teaching, and computer science education (by experiencing a variety of learning/teaching 
methods), but also because we want to inspire their future way of teaching in the high 
school.
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2
This chapter presents an active-learning-based teaching model for implementation in the 

MTCS course. This model is used in this Guide in most of the offered activities.

2.2   
�Active Learning

Confucius (551 BC – 479 BC) once said:

I hear and I forget,
I see and I remember,

I do and I understand.

Active learning is widely accepted nowadays as a quality form of education. Among the 
many descriptions of active learning, we highlight Silberman’s assertion (1996) according 
to it “Above all, students need to ‘do it’ – figure things out by themselves, come up with 
examples, try out skills, and do assignments that depend on the knowledge they already 
have or must acquire.”

According to constructivist educators (Kilpatrick 1987; Davis et  al. 1990; Confrey 
1995), learning is an active acquisition of ideas and knowledge construction, rather than a 
passive process. In other words, learning requires the individual to be active and to be 
engaged in the construction of one’s own mental models. As follows from the above quote 
by the famous Chinese philosopher, the more active learners are, the more meaningful is 
their understanding of what they learn. Therefore, in the design of the MTCS course, we 
propose educators to encourage “learners to be active in their relationship with the material 
to be learned” (Newman et al. 2003).

There are numerous ways to implement active learning in computer science education (see, 
e.g., Whittington 2004; Ludi 2005; McConnell 2005; Anderson et  al. 2007; Gehringer and 
Miller 2009). McConnell (1996), for example, suggests several techniques, such as modified 
lectures, algorithm tracing, and software demonstration. In this spirit, this Guide is based on the 
implementation of the active-learning-based teaching approach by offering a wide collection of 
activities to be implemented in the MTCS course in the context of computer science education.

2.3   
�Why Active Learning Is Suitable for Implementation in the MTCS Course?

In addition to the general argumentation about the suitability of the active-learning-based 
teaching approach to the MTCS course, we suggest that active learning may also promote 
the professional development and perception of the prospective computer science teachers, 
as the following justifications propose.

•	 Constructivism: Constructivism is a cognitive theory that examines the nature of learning 
processes. According to this approach, learners construct new knowledge by rearranging 
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and refining their existing knowledge (cf. Davis et al. 1990; Smith et al. 1993; Ben Ari 
2001). More specifically, the constructivism approach suggests that new knowledge is 
constructed gradually, based on the learner’s existing mental structures and on the 
feedback that the learner receives from the learning environments. In this process, men-
tal structures are developed in steps, each elaborating on the preceding ones, although 
there may, of course, also be regressions and blind alleys. This process is closely related 
to the Piagetian mechanisms of assimilation and accommodation (Piaget 1977). One 
way to support such gradual mental constructions is by providing learners with a suit-
able learning environment in which they can be active. The working assumption is that 
the feedback, provided by learning environment in which learners learn a complex 
concept in an active way, may support mental constructions of the learned concepts. In 
our case, in order to support the construction of the computer science teachers’ profes-
sional perception, the prospective teachers participating in the MTCS course must have 
a learning environment that supports this complex mental construction. It is suggested, 
therefore, that active learning is naturally suited for use in such situations.

•	 Wearing different hats: In order to support the construction of the prospective computer 
science teachers’ professional perception in the MTCS course, it is important that dur-
ing the course, the students experience wearing different hats (see Fig. 2.1). At times, 
the prospective computer science teachers wear the hat of a high school pupil and are 
asked to perform “pupil assignments”; at other times, they wear the hat of the computer 
science (future) teacher; and yet at other times they wear the student’s or the research-
er’s hats. As it turns out, active learning enables the switching between such situations 
in a very natural manner.

It is also important to mention that as future computer science teachers they will 
have to wear different hats in their daily work (role-model, tutor, evaluator, leader, 
counselor, and decision maker are just a few examples) and the experience they gain in 
the MTCS course could help them in performing these roles.

•	 Wearing the student hat: Since the computer science material itself is usually still 
fresh in the student’s mind, in addition to learning the content of the MTCS course 

Fig. 2.1  Wearing four hats in the construction process of the prospective computer science teachers’ 
professional perception
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itself and the construction of the professional perception as computer science 
teachers, the prospective computer science teachers continue, in parallel, with their 
mental construction of the computer science body of knowledge. From a construc-
tivist perspective, in such situations, active learning is preferred over lecture-based 
teaching.

•	 Reflection: The prospective computer science teachers can improve the construction of 
their professional perception also by incorporating reflective processes into the con-
struction process (Ragonis and Hazzan 2010). That is, by becoming reflective practitio-
ners (Schön 1983, 1987), their comprehension of the profession of computer science 
education may be improved. Reflective practitioners are professionals who continu-
ously improve their professional skills based on their on-going reflection with respect 
to their professional performance. Active leaning is compatible with the reflective prac-
tice perspective since it provides learners with an opportunity to reflect on the activities 
they perform as part of their active learning.

•	 Teaching methods: Active learning enables the illustration of different teaching meth-
ods. Consequently, it enables to expose the prospective computer science teachers to 
different teaching methods and class arrangements. Based on the constructivist 
approach, the prospective computer science teachers’ experience of different teaching 
methods in an active learning fashion, promotes their understanding of the methods’ 
advantages and disadvantages.

•	 Bridging gaps: Active learning can bridge gaps in the teaching experience and com-
puter science background that exist among the students participating in the MTCS 
course. Some of them may have stronger backgrounds in computer science; others may 
have more teaching experience. Since active learning enables each student to continue 
with the construction of his or her professional perception from his or her current pro-
fessional stage, active learning can help instructors of MTCS courses overcome these 
variations that exist among the students.

•	 High-order thinking tasks: Last, but not least, active learning enables to offer the 
prospective computer science teachers tasks that enhance higher-order thinking, such 
as analysis, synthesis, and evaluation tasks.

2.4   
�Active-Learning-Based Teaching Model

So far, we have explained the rationale for the implementation of an active-learning-based 
teaching approach in the MTCS course. We now propose a model for active-learning-
based teaching to be employed when teaching MTCS courses. This model is used in most 
of the activities presented in this Guide.

The Active Learning Based Teaching Model consists of four stages – trigger, activity, 
discussion, and summary – focusing on a particular topic addressed in the MTCS course. 
The model is illustrated in Fig. 2.2 and is described in what follows. Needless to say that, 
when appropriate, (a) this model can be implemented in additional computer science teaching 
situations, and (b) variations in the model implementation can be made.
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First stage: Trigger.  Following the constructivist perspective, the objective of this stage 
is to introduce a topic with a worthwhile assignment in a nontraditional fashion (Brooks 
and Brooks 1999). For this purpose, the prospective computer science teachers are pre-
sented by a challenging active-learning-based trigger, an open-end activity of a kind with 
which they are not familiar. Specifically, a trigger should enhance and foster meaningful 
learning and should have the potential to raise a wide array of questions, dilemmas, atti-
tudes, and perceptions. Following Newman et al. (2003), it is proposed that a trigger should 
be realistically complex and relevant for the learners. Depending on the trigger’s main 
objective, the activity can be worked on individually, in pairs or in small groups.

In the MTCS course, a trigger can be based on different kinds of activities, such as 
analyzing a class situation, debugging a given computer program, composing a test on a 
specific computer science topic, designing an exhibition poster about a particular computer 
science concept, following a visualization or animation display for a given computer pro-
gram, and so on.

One of the main objectives of introducing a new topic using a trigger is to train the pro-
spective computer science teachers how to face and deal with open-ended and unfamiliar 
situations. Such situations, which are so predominant in teaching in general, and in computer 
science education in particular, require teachers to consider multiple reaction options. In 
order to achieve this objective, it must be possible to approach a trigger in more than one 
way. Furthermore, a well-designed trigger exposes the students, while working on the trigger 
itself, to a rich and varied mix of computer science and pedagogical aspects. Throughout the 
model stages, this vast collection of ideas is discussed, elaborated, refined and organized.

Second stage: Activity.  In this stage, the students work on the trigger presented to them. 
This stage may be short, or it may be longer and take up the majority of the lesson. The 
specific period of time dedicated to this stage naturally depends on the kind of trigger used 
and on its educational objectives.

Third stage: Discussion.  After the required period of time, during which the students work 
on the trigger either individually, in pairs, or in small groups, the entire class is gathered. 

Fig. 2.2  Active-learning-
based teaching model
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At this stage, products, topics and thoughts that originated during the activity stage are 
presented to the entire class and are discussed. At this stage, the students refine their under-
standing of concepts, attitudes, and ideas, as part of the construction process of their pro-
fessional perception.

The instructor highlights important ideas presented by the students and emphasizes 
principles derived from these ideas. In order to convey the notion that no unique solution 
exists for most teaching situations in general, and for the specific activity presented by the 
trigger in particular, the instructor does not judge students’ positions and opinions. At the 
same time, however, classmates are encouraged to react and express their opinions and 
their constructive criticism with respect to the different ideas or materials presented.

Fourth stage: Summary.  This stage of the model puts the topic into the context of the 
course and emphasizes the concepts that were discussed. It is managed differently than the 
three previous stages. First, it is significantly shorter. Second, while in the first three stages 
the students are the main actors, in the Summary stage, the MTCS course instructor takes 
front stage. The instructor wraps up, summarizes and highlights central concepts, teaching 
ideas, conceptual frameworks, and other related topics that were raised and discussed during 
the previous three stages.

The summary can be expressed in different forms, such as a framework formulation, 
listing connections between the said topic and other topics, concept map, and so on.

2.5   
�The Role of the Instructor in the Active-Learning-Based Teaching Model

The term “instructor” refers to the lecturer teaching the MTCS course. In what follows, we 
explain the significant role of the instructor during each stage of the proposed teaching model.

In general, the instructor has to create a supportive intellectual and emotional environ-
ment that encourages students to be fully active.

In the first stage (Trigger), the instructor constructs and presents the trigger. As men-
tioned earlier, a trigger must be designed very carefully as it constitutes the basis for the 
entire model.

In the second stage (Activity), the instructor circulates between the different groups 
working on the trigger, listens to their opinions, is sensitive to what they say, and encour-
ages them to deepen their thinking. When needed, the instructor guides the students in their 
discussion. Though the guidance should encourage alternative thinking approaches, the 
instructor is advised not to dictate any position.

In the third stage (Discussion), the instructor must act as a good listener and be sensitive 
to crucial points suggested by the students. Specifically, the instructor should encourage the 
students to explain why and how they developed their suggestions, suggest exploring differ-
ent options, foster reflection processes, all without passing judgment on the students’ opin-
ions. Since well-designed triggers lead to rich discussions and debates, instructors may, at 
this stage, find themselves navigating through various disagreements. When needed, the 
instructor highlights the important facets of each opinion and presents possible connections 
between different ideas.
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In the fourth stage (Summary), the instructor sums up the ideas presented during the 
previous stages. This summary is organized logically so as to highlight the main messages 
that were raised and discussed during the lesson. When needed, the instructor adds ideas 
and clarifications that were not suggested by the students themselves.

As mentioned before, the Active Learning Based Teaching Model is used throughout 
this Guide in many opportunities to support the construction process of the prospective 
computer science teachers’ professional conception as computer science teachers.
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