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Abstract

Teaching computer networks is a complex process due to the abstract nature of the theoretical material associated with this branch of computer science. In this research, a range of Active Learning techniques were employed to engage the students with the concepts at “deeper” levels. The Active Learning techniques used included; Fact Rounding, Network Phasing, Active Writing, Team quizzes, and some of Edward de Bono’s CoRT Techniques.

Fact Rounding is an activity where the students are asked to recall one fact from the material covered in a particular lesson. Network Phasing begins with the class being divided into groups and each group works on a particular section of a larger problem and after a given period of time the groups are merged to finally make one large group. Active Writing requires that the students submit questions based on the material covered in a particular lesson. These questions form the introduction for the next class. Team Quizzes divide the students into groups, and each group are given a specific amount of time to generate questions on the material covered. Edward de Bono’s CoRT Techniques are a collection of simple yet powerful tools which can help optimise thinking, decision-making and problem solving.
The above collection of techniques are being used for a course in the Cisco Certified Network Associate (CCNA). CCNA is a globally recognised professional qualification from Cisco Systems Incorporated, the world leader in computer networking solutions. In the delivery of the course the above techniques and others, as well as activities were used to promote meaningful thought processes within the students and to encourage active engagement with the course material. 

The students were given a questionnaire to evaluate how the techniques helped facilitate their learning processes. The reaction was extremely positive with different students expressing preferences for different techniques. All of the students felt their appreciation of the topic was deepened by use of these approaches.

1. INTRODUCTION 
Within each county in the Republic of Ireland, a Vocational Education Committee (VEC) has been established. The City of Dublin Vocational Education Committee (CDVEC) is the largest VEC in the Republic of Ireland. While spatially its administrative area is limited by the city boundary, its ambit extends nationally. It delivers a broad range of educational courses, and provides a wide variety of complementary and supplementary services, to over 12,000 full-time students and 17,500 part-time adult students and employs over 3,800 staff.

Killester College of Further Education (KCFE) is one of 22 colleges within the CDVEC. KCFE is a centre of learning committed to providing education and training of the highest quality while striving to excel in responding to the educational needs of the community. 

Central to the approach of Killester College is our approach to learning, which is termed Inclusive Learning.  It is an approach that will benefit all and, indeed, represents an excellent approach to learning and teaching.  Inclusive Learning involves the ‘match’ between how students learn best, what they need and want to learn and what the College provides.  The Inclusive Learning approach does not deny individual differences but addresses them within the learning environment. 

An example of this commitment to Inclusive Learning is the involvement of Killester College in the Education for Employment (E4) project. The E4 project is an innovative joint research project between Killester College, Dublin Institute of Technology Kevin Street, I.T. Blanchardstown, the Centre for Independent Living and the Central Remedial Clinic which aims to increase the employability of people from marginalised groups (people with disabilities, educationally disadvantaged, lone parents, etc.) through up-skilling participants to work as Technical Support Officers in Information & Communication Technologies (ICT) and Assistive Technologies (AT). The objectives of the project are to establish lifelong learning pathways to employment for participants through the provision of foundation courses at rehabilitation centres and progression to colleges of further education, and to provide internships and work experience placements through partnership with industry.
Two of the E4 objectives focus on this specifically by addressing teaching and learning methodologies and by supporting teaching and lecturing staff with CPD:

To develop new teaching and learning methodologies that will facilitate the learning process for students from the target groups.

To enhance the teaching and training skills of educators and trainers in the partner organisations by providing them with training in these teaching and learning techniques.

It is in addressing these two objectives that the E4 Development Partnership has taken an approach that includes focus on both the environment and on the individual. In focusing on the individual the project has made a conscious decision to avoid individual assessment and has created a student support network, which includes a range of tools to empower learners.

2. THE DATA NETWORKING COURSE
Killester College of Further Education teaches the CCNA as part of the two year Data Networking course. Students who successfully complete this course have the opportunity to continue into the second year of the degree programme in Dublin Institute of Technology. The CCNA is comprised of 4 parts as follows:

· Introduction to Networking

· Routers and Routing Basics

· Switching Basics and Intermediate Routing

· WAN Technologies. 

In this research there were 18 students, which comprised of 6 different nationalities. The course was delivered in English. In the following sections the active learning techniques that endeavour to provide the learners with the opportunity to become equipped with a skill set that will allow them to tackle questions that reside in the upper layers of Bloom’s Taxonomy [9] are identified. Too often students learn material without the ability to apply it to real life situations or to have the ability to make decisions based on that knowledge. The techniques were employed to promote lifelong learning for all students and in some cases teach the student thinking skills to better equip them for future study or employment.

3. ACTIVE LEARNING
“Active learning involves providing opportunities for students to meaningfully talk and listen, write, read, and reflect on the content, ideas, issues, and concerns of an academic subject.”[6]
The classic model for the classroom generally takes the form of the teacher doing most of the talking and the student playing a passive role. This will result in the students with rote learning skills and good short-term memories getting the higher grades. This approach never gives the majority of students the opportunity to apply course material to real life situations or to ask meaningful questions and form a solid understanding.  However, research shows that engaging students in an active way results in heightened learning experiences, more enjoyable classes and an overall empowerment of the student. If a teacher could shift the focus of his delivery of course material to the engagement of students with the course material, then that teacher would be promoting active learning (move from being a "sage on the stage" to becoming a "guide on the side"). The goal of the teacher should be to facilitate learning; Active learning techniques allow the teacher to achieve that goal. 

3.1 Fact Rounding








Figure 1. Fact Rounding in action.

The Fact rounding technique works as follows, towards the end of a lesson the students are asked to recall one fact from the material covered. Another student should not repeat a fact already mentioned and the activity should continue until all the lesson material has been covered. This technique can be used for several reasons. The first reason may be to see if the teacher has covered all the material as set in the learning outcomes for that particular class. If one or more of the learning outcomes are not mentioned by the students this will then be highlighted to the teacher. The second reason may be so that students effectively summarise their own learning during a class. Taking an active role like this can help students engage with the material covered in the lesson and will result in a heightened learning experience. Thirdly, as the activity continues around the classroom it takes a deeper cognitive ability to come up with a fact not already mentioned by another student. Hence, the students are developing skills that will help them in answering questions that require an application and analysis of the material to come up with new answers.

3.2 Phasing
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Figure 2. Three groups becoming one through phasing.

The activity of Phasing starts off with three groups in its first Phase. These groups will each be assigned a particular section of a larger problem. All groups are then given a specific amount of time to work on either fact finding or a solution or both.  The time frame most suitable for Phasing is two hours but the approach taken can vary depending on the needs of the particular problem. After a given period of time the group elect a leader to present their findings. From this short presentation the students will learn about the different sections of the larger problem. 

Phase 2 begins with the original groups being split in two halves and those halves coming to form two new groups. This formation ensures that all students get exposure to all areas of the larger problem. The two new groups will have a new solution or facts to find. Phase 2 develops in the same way as Phase 1 and the elected leader of each group present the findings. 

Phase 3 takes the form of a group discussion bringing the findings of Phase 2 together to form the solution to the larger problem. This discussion should be lead by the teacher to ensure the student’s findings are correct and to give suggested improvements.

The approach to Phasing can be a varied one, but starting out with more than three groups is not advisable. Also, spreading the Phasing over more than two hours can become laboured and students may lack the concentration levels for the activity to produce a learning experience. Phasing promotes teamwork and will give some students the opportunity to learn presentation skills. 

3.3 Active Writing
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Figure 3. Questions being carried from the end of one lesson form the introduction to the next lesson.

The Active Writing technique is used as follows; at the end of the lesson students are asked to submit questions based on the material covered. These questions are used as an introduction to the next lesson. The purpose of this activity is to ensure that the students will have their questions answered and to reflect on the material. This activity is different to the other because it is spreads across two separate lessons. This promotes a structured approach to the material being learned. As students think in writing, they clarify the material for themselves and begin to form a deeper understanding of the material. This technique can also be used to gauge students’ understanding of a subject based on the questions they submit. 

3.4 Team quizzes



Group A
Group B






Figure 4. The two groups answer each other’s questions.

The team quizzes activity divides the class into two groups (Group A and Group B). The groups are given an amount of time to generate questions on the material covered. The teacher aims Group A’s questions to Group B and visa versa. If the group give the correct answer a point is awarded, otherwise the other group must give the answer. The purpose of this approach is to promote the generation of well thought out questions and answers.

3.5 Creativity and Critical Thinking 

The CoRT (Cognitive Research Trust) Thinking Techniques are a collection of simple yet powerful tools developed by Dr. Edward de Bono, which can help optimise thinking, decision-making and problem solving [5]. The CoRT techniques are based on the principle that thinking is a skill, which can be improved by training. In this sense thinking is a bit like learning to type on a keyboard, most people can type with two fingers, and with all the practice in the world they can still only become very fast two-fingered typists, whereas with the proper training they can use all their fingers.

The CoRT Thinking Techniques provide a collection of tools to train the mind towards better thinking and provide a practical way to teach critical thinking skills. These tools are like carpenters tools, each one has its own pre-defined function, and the skilled carpenter knows which tools to use at any point in order to achieve the desired effect. In the exact same way each tool in the CoRT toolbox has its own defined function and each is a simple but powerful way to structure thinking. The first two techniques of the CORT I toolbox were used in this research, PMI and CAF, to promote active learning.

3.5.1 PMI: Plus, Minus, Interesting

One of the most common flaws in traditional thinking is the use of it to back up an opinion that has already been formed (based usually on first impression). The PMI is an attention-directing tool that can help to prevent this. In doing a PMI attention is first directed towards the Plus points, then towards the Minus points, and finally towards the Interesting points. This is done in a very deliberate and disciplined manner over a short period of time. 

The PMI is a powerful thinking tool that is very simple, but is almost unlearnable, since everyone thinks that they use it anyway. The PMI is the first CoRT tool to learn since it sets up the mood for objectivity and scanning. A PMI exercise occurs as follows, the students are required to take out a piece of paper and divide it into three sections (one for P, one and M and one for I), they are presented with a topic for discussion (usually something humorous to start with e.g. What if I had a third eye in the back of my head?) and they are required to critically evaluate that topic in the following sequence;

First in Positive phase, they must spend 2 to 3 minutes focusing only on the positives of a particular topic (if they come up with any Minus points or Interesting points, they are not allowed to write them down, the only section they can write into during this phase is the P section). Next is the Minus phase where they have to focus on the negative issues relating to the topic for 2 to 3 minutes, again if they come up with any Interesting points they are not allowed to write them down, and if they come up with any Positive points it’s too late the Positive phase is over). Finally the Interesting Phase where they have to focus on exploring the topic outside the judgment framework to see what is interesting about the idea or where it leads to. During this phase hopefully one interesting idea will lead to another and generate a momentum. Again this phase is for 2 to 3 minutes and any Positive or Minus points should not be added in, it’s too late those phases are over.

The key points about using the PMI are, first, that it requires a student to focus their thinking completely in one particular direction and, secondly, by keeping each phase to a short period of time it helps to encourage some creative stress.

To begin with group-based PMIs should be undertaken, that is to say that the entire class does a PMI together and once the exercise is over the teacher asks each student in turn “Tell me a P that you came up with…” all of which are written on the board, followed by a request for everyone’s M’s and finally their I’s.

3.5.2 CAF: Consider All Factors

Like the PMI this is an attention-directing tool, in other words a tool to make concrete what would otherwise remain a general intention to look broadly around an issue. Doing a CAF means considering all factors associated with a situation. There is no attempt to evaluate these factors. In doing a CAF the emphasis is on “What has been left out?” and “What ought we also consider?” 

A CAF exercise occurs as follows, it normally begins with deciding on the number of factors and not stopping until that number of factors is identified. So, for example, the teacher may require 15 factors about a specific topic. The students are required to take out a piece of paper , they are presented with the topic for discussion or the decision to take (usually something humorous to start with, e.g. Reasons for choosing your hairstyle) and they are required to list a range of factors that they consider relevant to that topic or decision.

This tool helps overcome normal mental laziness, generally when people are taking a decision they come up with 3 or 4 factors which they consider relevant, but the CAF forces them to look beyond the obvious factors and may help uncover less obvious but extremely significant factors.

To begin with group-based CAFs should be undertaken, that is to say that the entire class does a CAF together and once the exercise is over the teacher each student in turn “Tell me a factor that you came up with that is different from the ones we’ve come up with already” all of which are written on the board.

4. STUDENT RESPONSE 
At the end of the student's exposure to these techniques they were required to fill out a questionnaire designed [3] to illicit the students' attitude towards the active learning techniques employed in this course. The questionnaire had two sections. The first section was designed to allow the student to rate their understanding from ‘no understanding’ to ‘crystal clear’ on a list of topics and concepts within data networking. The second section allowed for a more open-ended response from the student. The students were asked questions about their satisfaction with the course to date, the materials used in class, what the best and worst thing was for them so far in the course, and direct questions about the active learning techniques. Students were not asked to sign their name or number to allow them to feel comfortable with giving an honest answer.

4.1 Fact Rounding

The use of the fact rounding technique helps summarises the lesson for the students. Most students found this a very positive experience, and typical comments include “Very good. We are learning facts from each other”, “Makes people think” and “An easy way to learn”. This demonstrates that the students are being to think about how they think (and are therefore becomes reflective learners).

One of the key points of the Active learning techniques is to get classes to work together, and to allow students to see that other students are interpreting the material in different ways, this encourages them to think about their own approach to learning, examples of this can be seen in comments such as “It gets you thinking about what you have learned” and “I remember a lot of material from this exercise”.

4.2 Phasing

Phasing was identified as being a very popular approach, typical comments included “Challenging and encouraging” and “Fast and convenient”.  It is considered very useful as it provides the students with the opportunity to look at a problem from a range of different perspectives, with a number of different groups. Additionally, some students felt that phasing could help to prepare them for work-based scenarios, e.g. “It draws us close to real life working situations”

4.3 Team Quizzes

Clearly, by exposing students to each other's perspectives on the materials being covered, it allows them to see the module for different perspectives, typical comments include “Very good for picking up things I may have missed when I was reading by myself” and “It helps me learn because everyone has different questions”. Again, overwhelming positive feedback was received for this technique; comments included “I find it very informative and it helps the learning process”, “Very good. We should have them more often”, and “Knowledge is gained”

This approach also expanded the students’ awareness of the ways in which they learn and also the range of approaches to learning that are possible for them, e.g. “Very good because it is another way of learning” others strongly identified quizzes as the alternative that best suited them “The best way of learning” 

4.4 CoRT Techniques (PMI / CAF)

The CoRT techniques were greeted with universal praise, in the feedback students used phrases such as “Excellent” or “We should do more” to indicate how much they enjoyed these techniques and how useful they found them. Of particular note was the fact that some students specifically mentioned the PMI technique as being particularly helpful, comments such as “Always get good results from PMI” and “I learn something new every time we do a PMI" indicate the success of the PMI technique.
As mentioned in the previous sections, the CoRT techniques also provide the students with an opportunity to reflect on their own learning processes, an example of a typical comment on the questionnaires which highlights this point is "Hearing other peoples understanding has helped me”.

CONCLUSIONS
Active Learning Techniques encourage students to access their own prior knowledge, and find personally meaningful problem solutions or interpretations. This is a foundation of a more student-centred approach to both teaching and learning. The results of the questionnaire have verified that the techniques employed in this research have helped to create a personal relationship to the material being taught.

The approaches that emphasize participation, particularly participation in groups, ensure that the students are more actively involved in their own learning. This is clearly important since for most students, it is more motivating to be active than passive. 

One of the central philosophies of this research was to introduce the students to a range of active learning techniques to ensure that students with different learning styles [4] find a specific technique (or techniques) which best suits their learning, and in such a way achieve a learning success to help build their confidence. The techniques therefore included contrasting techniques; some individual work and some group work, some written and some spoken work, some techniques that take a very short amount of time to undertake and some that take several hours.

Finally and perhaps most importantly, the key finding of this research is that not only were the students highly enthused by the approaches outlined here, but additionally the teacher of this module felt he became enthused in a new way be employing these techniques, and this enthusiasm on his behalf was communicated to the students.
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