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Abstract

There is a belief that the more information a stideas, the better his learning
experience will be and the more information he weliain for future recall and reuse
(Mayer, Heiser, & Lonn, 2001; Moreno & Mayer, 200However, in practice an
over-supply of rich content can result in supealidearning and can cause cognitive
overload (Moreno & Mayer, 2007; Kalyuga, Chand&meller, & Tuovinen, 2001).

Cisco’s Certified Networking Associate (CCNA) ceuium is an example of this
phenomenon. A rich thick form of content is avdialtomprising of online course
notes, books, animations and hands-on laboratogyceses which can be completed
on Packet Tracer™, a network simulator providedCisco. However, the content of
the practical labs which accompany the theoretmaait of the course is overly
scaffolded. This results in students working thioug task list without really

understanding what they are doing.

This research investigated if adopting a problesetddearning pedagogy facilitated
by the Socratic Method and semiotic tools coulcegige to deeper learning. Problem
based learning was introduced to replace the stdnd@NA labs in an attempt to
engage students’ high order thinking skills. Thesévities were facilitated by a
Socratic led teaching and learning strategy aneractive simulators were used as
tools of semiotic mediation. The combination ofselements was used as a means
of enhancing development of meaning for the stuglentan effort to advance their

cognitive structures.

Both quantitative and qualitative data were colldctrom the learning experiences
and the yield from the data analysis provided eweesupporting the benefits of

combining problem based learning, the Socratic Eétind semiotic tools.

The findings from this limited study indicate ththe students experienced a deeper
understanding and felt that the whole experience avanore effective and enjoyable
approach to teaching/learning the practical aspedtsthe CCNA curriculum.
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1. Introduction

1.1. Background

When students engage in surface learning theynamdvied in activities which have a
low cognitive level (Biggs, 1999) and which requineimum effort on the part of the
student to complete the task. This results in sttedeot developing a deep, or lasting,
understanding of the content in question. Whenesttsdladopt surface approaches to
learning they are unable to apply their knowledgeuhforeseen and unexplained
problem-solving scenarios (Honebein, Duffy, & Finm1993, as cited in Malabar &
Pountney, 2002). Certain teaching tools promote factice by making tasks too
mechanical and easy to complete (Biggs, 1999). {figgnelements need to be
introduced into the learning environment to develbe necessary linkages for
knowledge to be constructed and hence deeply ldg@eldstein, Leisten, Stark, &
Tickle, 2005).

The particular instance of the phenomenon whichk thsearch focuses upon is the
practical laboratories associated with the CCNArseuThe case is chosen as CCNA
is very widely used - 9000 academies in 165 coestrivith more than 800,000

students in the program each year, makes extenswef ICT and is the route to a
well regarded professional qualification. Howevéhnjs thesis argues that the
instructional design of the CCNA practical labs pates surface learning. The lab
structure uses a sophisticated computer simulaimh follows an example-based
learning approach whereby students are given stegtdp instructions of the

commands necessary to complete each activity.

This research sought to address this problem bgstigating if the combination of a
problem based learning pedagogy, the Socratic Met#red semiotic tools could
encourage high order thinking and discourage ser@arning. Literature is examined
around these central themes to inform the desighefearning experiences and the
role of the instructor during the sessions, tordffie optimum learning experience for

the students.



1.2. Design of the Learning Experiences

Four learning experiences were designed incorpayadéi problem based learning
pedagogy. Two interactive simulators were usedals tof semiotic mediation with
the instructor exploiting the mediating function tfe artefacts through Socratic

dialogue to aid in the development of meaning lier students.

1.3. Implementation

The research was conducted in a College of FuEdercation with an adult group of
approximately twenty five students. The studentsewenrolled on a two year Data
Networking course and this researcher teaches C@NAhe current first year
students. The second year students are also thyghe researcher but two different
subjects - Java and System Software. The reseasltarried out over a period of
four weeks and incorporated four learning expeesneach of which lasted between

two and three hours.

1.4. Methodology

As rich descriptive data was required, the casdystuethodology was chosen in
order to understand the students’ learning expeeier-or data collection purposes, a
variety of instruments were used incorporating sestations, video, audio, a semi-
structured interview, questionnaires and a post-tesThe collection of both

guantitative and qualitative data allowed triangola to be applied between the

various datasets adding validity and credibilityhe study.

1.5. Research Question

This dissertation addresses the following question:
Would the adoption of a problem based learning gegg facilitated by the
Socratic Method and a semiotic tool encourage lugler thinking and avoid

surface learning caused by rich multimedia?



1.6. Thesis Roadmap

Following this chapter a review of current litenaus examined around the subject
domain to inform the design of the learning exp®es. The third chapter describes
the design of the learning experiences and isv@tb in the fourth chapter by the
research methodology adopted throughout the stDdgpter five details the analysis
of the data collected from the various activitiesl @iscusses the major findings. The
final chapter discusses the conclusions, the lioita of the study and areas for

further research.



2. Literature Review

2.1. Overview

This research investigated if adopting a probleseddearning pedagogy facilitated
by the Socratic Method and semiotic tools couldoenage students to engage in
higher order thinking and discourage surface |legnio inform this study, literature

was examined around these core themes. A critiguasio included on the Cisco

Program as well as an anecdote of this researcheparience of teaching CCNA.

2.2. Knowledge Construction

The predominant teaching style in third level ediwcatoday is lecture style. This
didactic, one-way communication medium, involves tteacher ‘pushing the
information to the students. Learners tend to ba passive role and are expected to
progress in a linear sequenced fashion througleglapnned curriculum which when
completed should signify that learning has occuri@dnole & Dyke, 2004). This
methodology has resulted in many students beingblento apply their own
knowledge to unseen and unexplained problem-solgoenarios (Honebein et al.,
1993, as cited in Malabar & Pountney, 2002). lbajses against Piaget’s belief that
knowledge is not simply transmitted between teached student but actively
constructed by the mind of the student and thatrio8on should consist of
experiences that facilitate knowledge construc{ionassen, 1999; Kafai & Resnick,
1996; Mayer & Chandler, 2001).

Constructionism suggests that learners are mostylito construct new knowledge
when they are actively engaged in making some mateartefact which can be
reflected upon and shared with others. Accordinthi®approach, students do not get
ideas; they make them (Kafai & Resnick, 1996). 8theNessels, Effelsberg, Hofer,
and Fries (2005) claim that the major difficultytivthe lecture mode of teaching is
the lack of interactivity with the students, a ftactwhich is also contrary to
Vygotskian principles. Active involvement of theateer should have a positive effect
on their learning outcome (McRitchie, 2005). Thisul indicate that increasing the

students’ level of interactivity should facilitatbeep learning and have a positive



effect on their motivation, attention span and diegelopment of cognitive structures
(Cameron, 2003; Evans & Gibbons, 2007; Scheelk,&2G05).

Bonwell and Eison (1991) describe active learnirgy “astructional activities
involving students in doing things and thinking abavhat they are doing”. They state
that in order for a student to be actively engadrgh-order thinking tasks such as
problem-solving, analysis, synthesis and evaluatieed to be introduced. Bruner
(1966) also believed that learning needs to becimeaprocess and this is not offered
to the students using the lecture mode. He arduadristruction is an effort to assist
or shape growth and is a provisional state whichdsaits purpose the self-sufficiency
of the learner. For him, learning and problem-savilepend upon the exploration of
alternatives, so instruction must facilitate th@lexation of alternatives on the part of
the learner. Bruner states that there are threectsfo the exploration of alternatives
— activation, maintenance and direction. Uncerjaiatone of the prerequisites for
activating exploration and if a task is too cut-ahigbd, there is no room for
exploration. To maintain the exploration, the bésefrom exploring alternatives
should be greater than the risks incurred. If ttetruction is effective, Bruner claims
that learning with the aid of an instructor shol&more fulfilling and less risky than
learning on one’s own. The direction of the explioradepends upon the knowledge
gained from the results of one’s trials and ingtarcshould provide this information

at a time when the knowledge can be used mosttie#écfor correction.

In a constructivist environment, the role of theieator is not to impart knowledge
but to allow opportunities for students to condtthe knowledge for themselves — or
to quote from the poet Kahlil Gibran, the wise teaxc‘does not bid you enter the
house of his wisdom, but rather leads you to tmestiold of your own mind”.By
adopting a constructivist approach, the goal slfifisn mastery of procedural skills to
the ability to function in unknown problem-solvisguations (Malabar & Pountney,
2002). Vygotsky (1978) claims that exposing stisléa new material through oral
lectures does not allow for adult guidance or dam#aboration with their peers. He
views learning as a social process and emphagiseneted for the instructor to be
involved in the internal development process ofgh&lent for learning to occur. To

him, teaching is the means through which developnsesdvanced.



Vygotsky (1978) introduced the concept of the zafigproximal development to
define two stages in a person’s development. Tist fitage is a person’s actual
mental maturity, i.e. the skills that a person mastered and is capable of performing
on their own. The second stage is their potengiatll of development of a particular
skill set achievable under the guidance or in @atation with a more capable other.
This theory allows a new formula to be developedctvistates that the only learning
which is ‘good’ learning is that which expands theental development of an
individual. Vygotsky proposes that an essentiaktuiea of any learning is that it
creates the zone of proximal development; this meahat any learning evokes a
variety of internal development processes thatardy operate when an individual is
collaborating on a social level with people. Whdrese processes have been
internalised, they become skills which are capalblexdependent delivery and give

an indication that the zone of proximal developnteas been increased.

2.3. Rich Media Learning

Rich media learning is synonymous with multimedarhing. Multimedia learning
refers to the presentation of information in worgsctures or sounds while
multimedia instruction refers to the presentatidnvords and pictures intended to
foster learning (Mayer & Moreno, 2003; Mayer, 200Human beings can accept
information both visually and verbally. The tradital instructional format for
presenting material is through words — both spolkemn text but the latest
technological developments have allowed materiabgopresented in a visual and
auditory manner - animations, video, graphics, doetc. It is anticipated that
individual learning styles are catered for by preéseg material in differing modalities
alongside the notion that learners receiving infation on two channels results in
more meaningful learning. This concurs with Paisitheory of dual coding which
predicts that more effective learning takes pla¢tenwinformation is encoded both

verbally and visually (Paivio, 1990).

Mayer (2001) contends that there are two possikf#@aeations — the quantitative
rationale and the qualitative rationale, why remgvmaterial in multiple modes is
considered to be more conducive to meaningful lagrmThe quantitative rationale
states that more material can be presented onhaonels than on one and therefore



presenting material twice gives the learner doubl@osure to the material. In
contrast, the qualitative rationale is that wordd gictures complement one another
and understanding occurs when learners can memédgrate both visual and verbal
representations resulting in a deeper understariianrg from words or pictures alone

could yield.

While it is accepted that the students’ learningegiencemaybe more enjoyable and
visual as a result of this rich media, whetherappropriate linkages are being made,
which will allow knowledge to be transferred to neancepts, yet to be learned, is
guestionable (Goldstein et al., 2005). Mayer et (@001b) intimate that the
presentation of additional but largely irrelevanulimedia material diminishes the
learning performance of the student. The term aalmy effectis used to refer to
situations in which adding words or pictures to altrmedia presentation, results in
poorer performance on tests of retention or trangfieough overloading the sensory

channels of the student.

For students to meaningfully learn within these timadal environments, the student
needs to select the relevant verbal and non-vénfi@mation to process in working
memory. This information then needs to be organisgd a mental model and
integrated with prior knowledge. Because all osthappens in working memory, a
cognitive load is experienced. Schnotz and Rag0bB5) recognise that multimedia
learning can offer active learning opportunitiesstadents through interactivity and
exploration. However, they concur with Mayer etsa(2001b) view by recognising
that these rich learning environments can place demands on learners through
complex navigation spaces and the need to integratkiple representations of

material into coherent structures.

Mayer and Moreno (2003) contend that the problesa ar multimedia learning is the
limited mental capacity of working memory. Cognéigverload occurs when the total
intended processing exceeds the learner's cogrepacity thereby hindering deep
learning. Examples include poorly designed feedlbraeksages which produce split
attention when they appear in a separate windowsower the task statement or the
field for entering the solution. Also, when excegssiamounts of information are

introduced, expecting learners to manipulate tooyrglements, causing learners to



observe concurrent changes in different locationthe screen (spatial split-attention)

or keep track of sequential events (temporal spléntion).

Poor instructional design can also cause an owrlofacognitive resources by
diverting them to activities which do not contributo learning. Active learning
environments need to be created with effectivemessind, i.e. degree of cognitive
load imposed and mental effort spent and not j@tiency. The challenge for
instructional designers in a rich learning envireminis that multimedia instruction
needs to be designed in ways that minimise any agssary cognitive load. Mayer
and Moreno (2003) conclude by recommending that kibst way of improving
instruction in multimedia learning environmentstasunderstand firstly how people

learn.

2.4. Problem Based Learning

Within a constructivist learning environment a desh, a question or a project drives
the learning. The goal for the learner is to sahe problem, answer the question or
complete the project. Cognitive tools help the neas to interpret aspects of the
problem and collaboration/conversation enablesraneonity of learners to form to

co-construct meaning for the problem (Jonassen9)19ather than the problem,
guestion or project being just used as an examiptbemries and concepts already
taught, the problem becomes the driver. Studeat® leontent to solve the problem

rather than solving the problem as an applicatidearning.

The design of the problem should be interestingvesnt and engaging. The reason
for this is to make the problem meaningful to tearher because only then will the
learner take ownership of it. The problem shouldilbdefined or ill-structured to

encourage a variety of skills on the part of therer to solve the problem.

However, research has shown that extensive probtdumg activities can be an
ineffective way of learning (Kalyuga et al., 200I)his has been attributed to
cognitive load theory which specifies that devotitignited working memory

resources to activities which are not directly tefato knowledge construction
inhibits learning. Providing examples of solutiomstead of presenting problems



should reduce the cognitive load and allow the extido study each problem state
without overloading their memory. By eliminatingdtendant information, limited
mental resources can be fully directed to the gppate information which aids
knowledge construction and thereby reduces theafskognitive overload. This is
known as the redundancy effect (Kalyuga et al.,120@n Merrienboer & Sweller,
2005).

An alternative to pure problem-solving is a typeimgtructional activity known as
example-based learning. This type of activity csissiof presenting a problem
statement, one or more solution steps and thenah $olution to the problem. The
purpose behind this form of instructional desigrtasprovide the student with an
expert’'s method of solving the problem which tharher can then use for their own
problem-solving efforts (Atkinson & Renkl, 2007)h& example-based problem is
then followed up with practice problems which trearher completes using the

methodology demonstrated.

However, Kalyuga et al. (2001) have concluded thiattype of activity does not suit
all learners and is most successful when learreve httle domain knowledge. They
claim that learning from examples is better thaabfgm-solving for learners who
have little domain knowledge. However, this metHodes its advantage as the
learners gain more content knowledge and probldmrgpis a better instructional
activity for more expert learners. This phenomeisoknown as the expertise reversal
effect and occurs when instructional methods thatoatimal for novices may hinder
learning for more expert learners (Kalyuga, 200 Merrienboer & Sweller, 2005).
Episodes of expertise reversal effect have impboat for the design of instruction.
van Merrienboer et al. (2005) suggest that a tngirprogram starts best by using

worked examples and gently works up to conventipnatblem-solving.

For the learner with greater domain knowledge, rofte instructional advice can
cause cognitive overload, due to the need to psattesinformation from two sources
— the instructor and the student’s own long ternmay (Kalyuga, 2007). As the
learner acquires more knowledge, problem-basednitearbecomes superior to
studying worked examples because these worked d&arnpve become redundant.

Instructional procedures need to be levelled atetkgertise of the learner to avoid



cognitive overload (van Merrienboer & Sweller, 2DOBiffering levels of learner
expertise should be taken into account before dewgjginstructional methods for a

specific task.

2.5. Socratic Facilitation

Socratic teaching originated in the Platonic diaksgy using a particular technique
known as thd&lenchus|lt is a pedagogy characterised by self-discovanyeducation
by interrogation (Rowlands, Graham, & Berry, 199The purpose behind the
Socratic Method is the engagement in active diaddgetween instructor and student
in the hope of achieving purposeful engagement. pttpose of Socratic questioning
is to prompt and guide students’ thinking, inste&dmparting information by direct
instruction. The questions should be qualitativealiow the student arrive at the
intended goal without the teacher instructing hien/thirectly (Rowlands et al., 1997).
Socratic questioning allows students the opponutatexercise critical thinking of
their own prior knowledge. Socratic questioning e¢so be used to assess the extent
of a student’s knowledge on a particular subjedtivicould then be used as a starting
point for further instruction (Paul & Elder, 2007).

The most important rule of Socratic teaching isrlle of non-authority (Birnbache,
1999). The teacher’s task is not to teach the stsdeut to steer them in the right
direction. The teacher’s role is also one of féaitir through guiding and informing
the lesson, with students being in a more proactaféective role. The teacher needs
to strike a balance between giving no guidanceimcton and giving too much,
either of which are easier ways of teaching thectap hand (Birnbache, 1999; Fink
Chorzempa & Laurie, 2009; Rhee, 2007).

The type of questions asked, has a strong influenckow the student embraces the
information and in turn constructs their own knodge from it (Chin, 2007).
Rowlands et al. (1997) see Socratic questioninth@dink between both ends of the
zone of proximal development. With Socratic questig the facilitator asks concept-
guestions which enable the student to reach tlgettaroncept on his own without
direct instruction. The aim of Socratic questioniisgto highlight any erroneous
misconceptions that impede attainment of the taogetcept. The target concept

10



stands at one end of the zone of proximal developraad spontaneous concepts
stand at the other. Parallel questions stand wdmt. These questions should not be
seen as working alongside the spontaneous conbaptather as a challenge to the
student’s ‘misconceptions’ and cognitive state.sTisi consistent with Vygotskian

theory that scientific concepts start their livasstudents’ minds at the level where

their spontaneous concepts will reach only later.

2.6. Semiotic Tools

Using technology in the classroom allows studeptengage in discovery-based
rather than routine-based learning (Malabar & Poewyt 2002). Knowledge is built
up from personal experiences and the more dynamemetexperiences the better the
cognitive structures they build. Using a visualiyeractive multimedia artefact can
provide these rich dynamic experiences to allowimar opportunity for learning to
occur. Activities that are carried out using tedbgyg can provide meaningful
experiences for students which allow them to tmanghis knowledge to other

problem domains.

Introducing technology in the classroom has givalse optimism that learning is
guaranteed to occur but there is nothing inhemenéchnology that presupposes this
fact (John & Sutherland, 2005; Malabar & Pountn2§02). For technology to be
used effectively in any learning process it mushighly visible as a learning tool and
highly invisible as a mediating technology. The m#&dn function of a computer is
based on its ability to create a channel of comgation between the teacher and the
student based on a shared language (Mariotti, 2000)n the teacher’s perspective,
introducing a technology tool involves the teaclewreloping a new relationship
between their knowledge and the computer and regjtiim/her to adapt their role as

mediator to take cognisance of the new elementsdated by the technology.

The constructivist use of the computer providesletis with rich vivid experiences
which allow them to convert the concrete into thesteact more successfully
(Dubinsky, 1991, as cited in Malabar & Pountneyp20 Learning with tools is

considered a richer form of learning than that Whaonsists of paper and pen
(Bartolini Bussi, Chiappini, Paola, Reggiani, & Rait, 2004.). This is because the

11



tool is the result of a thought process which mead at achieving some result and as
such it is the embodiment of ideas. The meaningotsonly in the tool or in the
interaction between the student and the tool bst @etween the student and the
teacher (Mariotti, 2002). The meaning also lieshia aims which the tool is used for
and the various activities that can be engaged imsing the tool. Bartolini Bussi and
Mariotti (2008) claim that the semiotic mediationn€tion of an artefact can be
exploited by the teacher who has an awareness semiotic potential and uses it to
guide the development of meaning for the student.

Mariotti (2002) claims that an artefact has a deubterpretation. On the one hand it
is an object that has been designed with a spquifipose in mind to achieve some
goal. On the other hand, it is an instrument whighthe result of the student’s
individual manipulation of the object. She clainmstt the instrument is an internal
construction of the object and is different for svetudent who uses it. By using a
technological artefact, a channel of communicatsoopened up not only between the
student and the artefact but also between the isthel the teacher with the artefact
acting as the mediation (Matriotti, 2002).

Vygotsky distinguishes between the mediation furctiof tools and signs (or
instruments of semiotic mediation). Vygotsky sessd as having an external focus —
to enable the user to perform some activity andsées signs as being internally
focussed belonging to the internal activity of ttser. The external tools are made up
of the tool/artefact, paper and pencil and signs made up from dialogue and
gestures (Mariotti, 2000). Tools have a two-folddtion. Firstly, externally oriented,
they are used to accomplish a task. Secondly,naligroriented, they are aimed at
controlling the action. Through internalisation,ol®o may be converted into
psychological tools which when internally orientedll shape new meanings and
therefore function as semiotic mediators (Vygotsig/78).

An artefact which is to be used as a tool of seimioiediation is characterised by the
presence of:
* An object constructed to perform some functiorhioh is used by the

student to accomplish the goal of the task.

12



« Utilisation schemes - the different modes of @tsi which are accomplished

by using the artefact to achieve the goal.

The artefact has a double function: firstly measiegnerge when the student uses it
to achieve the goal and secondly it is used byeaheher to direct the development of
meanings for the student with regard to the prokdéimand. By using the artefact, the
knowledge built into it becomes accessible to theent but to construct and develop
meaning from the artefact comes from the sociaktrantion in the classroom under

the guidance of the teacher (Mariotti, 2000).

2.7. CCNA Critique

Cisco Systems design, manufacture and sell netngrdtevices to enterprises, public
institutions and telecommunication companies. Thec& Network Academy was
founded in 1997 to teach students about computsvonks. Cisco is unique in the
corporate world due to its involvement in vocatioeducation, making it a leader in
this innovative approach. What follows next isreebliterature review on the CCNA

Program.

Maj, Kohli, and Fetherston’s (2005) analysis of tB€NA curriculum found that it
primarily teaches networking via case studies usangaditional Command Line
Interface (CLI). They saw the negative aspect isf éipproach being the sheer volume
of output which must be interpreted by the learaed the difficulty for novices to
understand this output. Secondly, status informatiom the many different device
protocols, interfaces etc. must be obtained byralbau of different CLI commands
making it difficult for students to identify and derstand the concepts underlying the
use of the CLI. Another criticism by Maj et al.tiee definition of devices in the Cisco
Program as ‘black boxes’. By not explaining speeifly the function of devices,
students are denied the opportunity to construgit thwn knowledge, making it an
ineffective teaching strategy. They recommend shadents should be provided with
a conceptual model at the start of their studidschvmust not only be technically
correct but valid for different levels of complexifThe provision of this model assists
students in building better conceptual structurgsfdrming a bridge between a
student’s existing ideas and ideas that form patt@body of knowledge.
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Maj and Kohli (2004) from Edith Cowan University iRerth developed such a
conceptual model and evaluated its use as the pgitad foundation of a networking
curriculum in the university. Two groups were se&delc— the first group were doing
an undergraduate course in networking and werehta@@NA in the normal Cisco
prescribed manner. The second group were postgeditadents and they were
taught using the conceptual model designed by Mdjkohli. The two groups were
evaluated at the start of the semester, the erntleoEemester (totalling ninety six

hours) and then again six weeks after the finahenations.

The results of the research demonstrated that tldergraduate students using the
Cisco curriculum were able to provide standard rigfins to questions asked but
appeared to lack a detailed understanding of dewopmration, indicating that the
students were simply recalling learnt material. pbstgraduate students taught using
the conceptual model were also able to provideratewdefinitions but demonstrated
a far better understanding of device operation. Mgjal. surmised that these
postgraduate students are more likely to retaimteaaterial as it is linked to more

and better concepts which will enhance recall.

Richard Murnane of Harvard University’s Graduaté@&@x of Education is co-author
of a report written about how the Cisco Academyitdedh generic problems which

were besetting the American education system, vdaleering their program in high

schools and community colleges (Murnane, Sharkey.e&y, 2002). The research
was initiated firstly in the hope that based oncGis experience, solutions might be
found which would help deal with obstacles that evemdering progress in general
education matters and secondly to understand, duehé Cisco Program’s

extraordinary rate of growth, how the program wosaksl why it was appealing to
high schools and community colleges.

In this study, the Cisco instructors interviewed lurnane et al. criticised the
instructor training which they had received, claigithat it was less successful in
imparting pedagogical skills than it was in delimgr content and that a didactic
teaching style was too prevalent during the trajnirhis was contrary to Cisco’s best

practices document in which it was very clear anithportance of engaging students
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in hands-on activities and that time spent lectushould be limited. Selinger (2004),
the education strategist employed by Cisco withpaasibility for Cisco's social
investments in education, claimed that instructaming needs to devote more time
to developing a range of teaching strategies atignethe pedagogical perspectives
for both labs and theory, to ensure student sucdémsCisco Academy recommends
that more time should be spent on students engagintands-on activities than
listening to the instructor lecturing (Murnane &t 2002). Murnane et al. concluded
that the quality of the training which the instiust received was a direct consequence
of the quality of the Regional Academy instruct@sd that technology should
complementhe skills of the instructors and is notsabstitutefor instructors who

model best teaching practices.

Personal Experience

The following paragraphs are anecdotal and baseth@mesearcher's observations

and personal experience from delivering the CCN#&iculum over a period of years.

The Cisco CCNA curriculum consists of four semesgésrch of which covers between
seven and eleven topics. Each semester builds eprtvious one and each topic
progresses from simple concepts to the more compBmntrary to Vygotskian
principles, the lecture mode is chosen as the rmfisttive medium for delivering
content, based on this researcher's experiencegr atistructors’ opinions and
literature reviewed, due to the sheer volume obtéical concepts which need to be

imparted to the students.

The CCNA curriculum is lab intensive, with approxstely seventy five percent of all
class time spent doing lab activities. The hand$abs, which are provided as part of
the CCNA curriculum, follow an example-based leagnapproach which gives the
student an expert’'s method of how to complete #treexercise. These labs provide
opportunities for students to be actively engaged @so allow students to socially
collaborate with their peers and receive guidanam fthe instructor when necessary.
This aligns well with Vygotsky's ideas in principlgiving students the opportunity to
increase their zone of proximal development, bupiactice students seem to be

engaging in surface learning. This is evident filooth observations by the researcher
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during lab sessions and when a similar task nextie tperformed subsequently, the
learners need to source all information again,cailig that the necessary knowledge

was not constructed and internalised in the firstance.

The problem, which this study is attempting to &ddr stems from the over-
scaffolding of the labs thereby making the tasksdot and dried for the students and
allowing them to complete the steps in the exercis#hout understanding the

underlying process. An example of a typical CCNB $heet is as follows:
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Figure 1: CCNA Lab Sheet

As can be seen from the above example, the laletsteu displays the network
topology - all necessary devices are presentethdimg the interfaces which need to

be configured and the IP addressing scheme. Thieslstudents the opportunity to
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consider alternative design/networking solutionsl do practice their subnetting

skills.

The students complete the first lab in a chaptesibply following the instructions
with regard to the physical build of the netwotke 1P addressing scheme to be used
and then copying the appropriate commands fromlaghesheets to configure each
physical device. It is evident that very little oative processing and high order
thinking is being done by the students. To compéetg subsequent labs, students
usually refer back to the first lab and copy therapriate commands thus providing

the solution.

The Cisco Academy recognises the value of studengmging in problem based
activities and provides a troubleshooting lab ircheahapter. An ill-configured
network topology is presented which the studenedne troubleshoot and correct,
giving them the opportunity to engage in high-ordleinking and problem based
activities. However, once again students usuaherrback to the first lab which
provides the correct configuration commands andycap appropriate. Students
engaging in this practice are operating in a passapacity by not attempting to
source the information themselves, which might hedimforce the concepts. This
leaves students in a situation where the new kriyeehey have gained has not
passed through the cognitive processes of assiomla@nd accommodation which
enables their learning to move from short term m@mo long term memory,
resulting in this new knowledge being forgottenaimelatively short period of time.
This practice by students suggests that successeirchapter exam is their main
priority and the labs are simply activities whiched to be completed. Because the
curriculum is so assessment heavy, students aretaal to invest time in areas which
are not directly assessed, demonstrating a lacikdérstanding by the student of the
educational benefit that practical activities céiero

Another aspect of the CCNA labs which the studeiigike is the narrow focus of

each lab. Currently a lab presents a network tapoto the students but the only part
left uncompleted which requires student involvementhe task related to the focus
of the current chapter — all other devices haventétevork addresses applied to them

and all the configuration commands have been pfepoed. These other device
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configurations would have related to previous chiegpand the students perceive this
as a lost opportunity which could have allowed th&mrecall and use prior

knowledge.

2.8. Summary

Rich media can give rise to surface learning. Basethe literature reviewed and this
researcher’'s experience, CCNA is a prominent exangbl this in practice. This

results in students not developing a deep or lgatimderstanding of the content in
guestion. The literature review puts forward a namiif aspects which can lead to a

deeper learning experience.

The literature states that by increasing studdet&ls of active engagement, deeper
learning is facilitated. Problem based learninguisexample of an activity that can
actively engage students by utilising their higkhesrthinking skills. By making the
problem meaningful, relevant in context and illidetl, students can take ownership
of the task and explore alternative solutions. Pheblem based activities can be
designed to create the zone of proximal developmalhdwing students to be
challenged beyond what they are capable of dointpein own. The literature argues
that the ability to recall information does not stitute learning, but the ability to

apply it to unforeseen problem-solving situationssl

The literature claims that students are more likelgonstruct new knowledge when
they are actively engaged with an external artefaaicher form of learning occurs
when the semiotic mediation function of the artefaan be exploited by the
instructor. Socratic dialogue can be used for fhigpose as well as allowing the
instructor to be involved in the internalisationopess, without giving direct
instruction. Socratic questioning can be used bsdge within the zone of proximal
development and can highlight any erroneous miscehgmsions that may impede

attainment of the target concept.

This researcher argues that a combination of proldbased activities, interactive
simulators acting as tools of semiotic mediatiod #re Socratic Method, working in
tandem, can give rise to a deeper learning expegiéor the students. A case study
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was conducted in this researcher's CCNA class testigate this hypothesis and

understand how the different elements interact wéth other.

19



3. Design of Learning Experiences

The literature review has demonstrated that proddaised activities, semiotic tools
and the Socratic Method, working together can mteva rich environment for
students and give rise to a deeper learning experiel his chapter puts these generic
principles into practice by applying them to indival learning experiences in place
of the standard CCNA labs, to test out the hypashest the combination of these
three elements working in tandem can engage stsidegh order thinking skills and

discourage surface learning.

3.1. Design of Individual Activities

The individual learning experiences comprised ot¢helements problem based
learning activitiesperformed on interactive simulators, which wouldused agools
of semiotic mediatiorfacilitated by the instructor usirf§pcratic dialogue

The literature review has demonstrated that prolidased learning is recognised as a
mechanism for encouraging high order thinking. ds lalso demonstrated that the
current presentation of the CCNA labs is overlyffetded, allowing students to
surface learn. For this reason the problems instiidy were presented to the students
in purely textual format without any documentedffatding. No graphical topologies
were presented to the students as the purposeovediew students the opportunity to
plan and design alternative solutions without aisyi@l guidance. The activities were
designed to give students an opportunity to ine&e#seir zone of proximal
development which required a careful balance betweaking the tasks complex
enough to challenge the students without beinglpwamplicated thereby causing

cognitive overload.

The literature review has suggested that learnersere likely to construct new
knowledge when they are activity engaged with aereal artefact. This study had
the benefit of two external artefacts — a digifah@ and a network simulator. These
artefacts were intended to be used as tools ofadenmediation. It was anticipated
that the semiotic mediation function of the artéfacould be exploited by the

instructor using Socratic dialogue to allow the Wiedge built into them be
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accessible to the student and help guide the dewelot of meaning, without giving
direct instruction (Mariotti, 2000).

The literature review demonstrated that Socratestjaning is valuable for assessing
the extent of a student’s current knowledge and tirges it as a starting point for
further instruction. This was most useful in thestfilearning experience when it was
necessary to understand how well the students réeret decimal positional value

as a precursor to learning binary positional value.

The first learning experience was designed to allstwdents to experience a
technological artefact as an ‘object to think witatilitated by the Socratic Method.
Socratic dialogue in combination with the artefaes used to help students first of all
recall their prior knowledge of the decimal numhgrsystem and secondly to transfer
this knowledge to help understand binary positiorsdle. The semiotic function of
the artefact could be manipulated to its greatedene as the researcher was
completely in control of directing the session amdlerstood fully the potential of the

artefact, through having developed it.

The subsequent three learning experiences pressttddnts with a problem based
activity which required the use of the network siator for implementation. Socratic
dialogue was used by the instructor with the sitouldo exploit the mediating
function of the tool. The three learning experienaeere similar in context but
differed slightly in content. They were designetharily to provide comparative data
revealing the success or otherwise of combinindplera based activities, a semiotic

tool and the Socratic Method to achieve a deeaenieg experience for students.

3.2. Pilot Study

First Learning Experience - Understanding Binary Po sitional Value

A pilot study was carried out by the author in H®mdemic year 08/09 in which an
interactive tool was built to help teach numberteays - an understanding of which is
important prior to learning network addressing.Sdcratic approach was adopted and
three students were chosen as a purposeful saiftpdefindings from this previous
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study demonstrated that all of the students weteessful in learning how to convert
a binary number to a decimal number and vice vesiigin a short period of time.
According to the students, much of the succesb®Ekercise was contributed to the
successful recall of decimal positional value tiglodhe interactivity of the decimal
abacus and the use of Socratic dialogue for maatipgl the semiotic mediation of
the tool. The students felt that the visually iatgive artefact allowed them to think

and play with different combinations.

Varying degrees of scaffolding were provided onagmeeded basis which allowed
the students the opportunity and time to consttbheir own knowledge without
receiving direct instruction from the researchencr@tic dialogue was hugely
beneficial in recalling prior knowledge of decimabsitional value and also when
trying to transfer this knowledge to the binary@lsa The findings suggested that the
combination of the software artefact, the recalpbr learning and Socratic dialogue

were all essential ingredients for the successftdame of this exercise.

Based on these findings from this previous studsin@lar exercise was carried out
with this researcher's CCNA students. In this aoirrestudy, the session was
conducted with the whole class group rather thatividual students as learning
binary positional value is part of the CCNA curtiom and as such needed to be
taught to all students. The following graphic désg the decimal abacus, which was

used to help students recall their prior knowlefige Figure 2).
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Figure 2: Decimal Abacus

The graphic below displays the binary abacus whiels anticipated the students
would understand by transferring their prior knage of the decimal numbering

system.
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Figure 3: Binary Abacus

This first learning experience was an opportunitystudents to increase their zone of

proximal development with the researcher playing tble of facilitator to scaffold
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their learning through the semiotic mediation @ tbol, but without giving any direct

instruction.

3.3. Problem Based Learning Activities

As demonstrated in the literature review, the CCMhs are overly scaffolded
allowing students to engage in surface learningedch of the subsequent three
learning experiences, the problem was relevanhéocurrent topic in the original
CCNA lab. A problem based activity was presentetektual format to the students
with no graphical scaffolding offered, allowing dants to both take ownership of it
(Jonassen, 1999) and the scope to explore alteensiutions (Bruner 1966). As per
the arguments discussed in Section 2.9, theseitadishould assist in knowledge
construction while offering an opportuntity for dants to test their knowledge base
through recalling prior knowledge to solve unfomssgroblems (Honebein et al.,
1993, as cited in Malabar & Pountney, 2002). Thevities were also an opportunity
for students to increase their zone of proximaleflgyment (Vygotsky, 1978).

Two of the learning activities were conducted iroups to allow students an
opportunity to socially collaborate with their pgefVygotsky, 1978). The third
activity was performed individually to allow studsrtest their knowledge base and
understand if they had constructed the necessanylkdge to solve the problem. The
Socratic Method was the teaching/learning strateggd in all the activities which
allowed the instructor to exploit the mediating dtian of the artefact (Bartolini Bussi

& Mariotti, 2008) and be involved in the internali®n process (Vygotsky, 1978).

In these activities, Packet Tracer™ - a networkusaor, was the external artefact
used to assist in knowledge construction (Kafai &sR®ck, 1996). It provided the
platform which allowed students to design and impdat a network solution which

would not be otherwise possible due to a lack ofsmal resources (Park, Lee, &
Kim, 2009). More importantly it was used as a toblsemiotic mediation by the

researcher to assist in the development of medoimtipe student (Bartolini Bussi &

Mariotti, 2008).

The three learning experiences are now describadmn
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A Local Area Network in a Small to Medium Business

This activity was conducted in a group setting with students deciding themselves
on the individual groupings. This decision was tals® that students would feel
comfortable working within their chosen group ratttean the researcher insisting on

particular structures.

The activity required the students to take on tie of a Network Consultant charged
with setting up a local area network for a smatlurance company (see Appendix 1)
incorporating both wired and wireless routing.

Wired routing had been covered earlier in the tsomthis was an opportunity for
students to recall prior knowledge. Wireless ragitvas a new topic introduced in the
previous week so the activity also involved knowgedonstruction in which students

could increase their zone of proximal development.

Network Upgrade in a Small Office/Home Office

As businesses expand, networks often outgrow timetial design. Upgrading a

network involves considerations of scalability addsign issues. Prior to any
implementation, a network design needs to be drawmaper and agreed with all
stakeholders. This activity was an individual eisdo allow students to assess their

own understanding and knowledge base (see Appéindix

In this activity, students firstly had to draft gaper their recommended network
design, prior to any build in Packet Tracer™. Tbeve students experience of
planning a network upgrade by deciding on the rssrgsdevices and cabling
required to satisfy the business need. This agtimtorporated all the topics which
the students had covered since the beginning of serit was a real opportunity for
students to assess their knowledge base to undérgtahey had constructed the
necessary knowledge to implement the solution.Mswas an individual activity, it
was also an opportunity for students to comparemrgork with individual work to
understand the benefits or otherwise of each.
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Inter-VLAN Routing

This activity was conducted with the second yeadents as it was felt that they
would be in a better position to compare and cghtthis proposed alternative
approach for conducting the CCNA labs to the metiheg currently use. The second
year students have a different CCNA instructor hedvas asked to design a problem

based scenario around their current focus of steely Appendix IlI).

In designing the activity, the instructor was askedbe mindful of the design
decisions of the study as outlined in Section JHhis activity was performed in
groups which were formed by combining stronger etisl with weaker students
based on prior exam results. This was done to almdpossibility of the weakest
students exclusively belonging to one group andstinengest students in another.
This could have the impact of skewing the data yamslbecause of individual
capabilities rather than individual experienceswdts anticipated that by combining
the stronger and weaker students in a group, neakstic data would be collected

and also collaboration within the group might bereneffective.

3.4. Summary

The current CCNA labs are overly scaffolded allayvgtudents to surface learn. The
literature has demonstrated that introducing probleased activities can actively
engage students and by using Socratic dialoguexpoie the semiotic mediation
function of an artefact, students are afforded dpportunity for a deeper learning
experience. The activities in this chapter werdgiesl to encompass these generic
principles and replaced the standard CCNA labs. n&et chapter discusses the
research methodology, ethical considerations, megaeetting and participants, data
collection instruments and data analysis methodstwhiere used in this study.
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4. Research Methodology

4.1. Overview

Having discussed the design of the learning expee® in the previous chapter, this
chapter deals with the reasoning and considerati@snd the choice of the case
study methodology and the advantages it offershigrparticular research topic. This
chapter also discusses the participants, the ptheettings for the activities and the
data collection methods. It concludes with an omsvwvof the preparation technique

used to analyse the data.

4.2. Literature Review

This section briefly discusses research methodesognd the rationale behind their
adoption. Particular studies have been highlighteédch reflect similarities in

context, purpose or approach to this proposed relsedhe purpose of this brief
review is to understand the various research metbgg choices and data collection

options with a view to informing this researcht® ¢chosen methodology.

When it was obvious that conclusions needed torbevrd from the students’ own

experiences, it became clear that qualitative rekemethods needed to be adopted.
Smith (2008) states that behind each approach aditggive research, is a concern
with human experience, the richness of which isinable in research methods and
drawing conclusions. The strength of the case simdyits ability to deeply examine

a case within its “real-life” context (Yin, 2006j.is most appropriate when research
topics are broadly defined, covering multiple caiotis and not isolated variables and
when the research relies on multiple and not sargstburces of evidence. However,
the case study should be complemented with otheéhadelogies e.g. surveys,

guestionnaires, experiments etc. so that the striergf each of these methodologies
can counteract any inherent weaknesses, therebyiraffthe widest perspective and
the most complete, rich, thick data set (Shavel&iiowne, 2002; Yin, 2006).

Creswell and Garrett (2008) concur and declarewHen researchers bring together
both quantitative and qualitative research, thengths of both approaches are

27



combined, leading to a better understanding ofarebeproblems than either approach

alone could yield.

This gives rise to a basis for a new approach searh called “mixed methods
research” in which the researcher links both quainte and qualitative data to
provide a unified understanding of a research grob(Creswell & Garrett, 2008).
Tashakkori and Teddlie (2003, as cited in Cres&etarrett, 2008) have described
this mixed methods approach as the third movemerthe evolution of research
methodology after quantitative and qualitative asgberceived to be the way most

educators will approach research in the future.

As this particular piece of research addressessarigéive question which requires

rich thick data for analysis purposes, a case staly/the most appropriate approach
to adopt (Yin, 2006). Since all studies rely omnaited set of observations, it needs to
be possible to generalise the findings to a broaeting (Shavelson & Towne , 2002;
Yin, 2006). Shavelson and Towne claim that knowéedgn only advance when the
findings can be reproduced and applied in a masballsetting and a range of times
and places. By conducting several activities aroutitferent problem-based

scenarios, it was anticipated that the yield frdre tlata analysis would provide
evidence allowing generalisations to be drawn addiine benefits of problem-based

learning facilitated by the Socratic Method and sgimtools.

These multiple activities would represent confiromgt cases, i.e. “presumed
replications of the same phenomenon” but with eslatariations among the cases
(Yin, 2006 p. 115). It was also anticipated thatdmgaging in multiple activities, the
findings of the entire study would be strengtheriecbugh the collection of a
reasonable amount of comparative data for analydiss was to counteract the
possibility that a single activity could be consitk standalone or idiosyncratic and

have limited value beyond the circumstance of siregular activity (Yin, 2006).
A number of similar studies from the literature discussed below with a view to

identifying best practice in research methodologied instruments which can be

adapted for this research.
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As outlined in Section 2.9, Murnane et al. (200@)ducted a study on how the Cisco
Academy dealt with problems while delivering thpnogram in high schools and
community colleges. They interviewed instructorsd astudents in six Local

Academies and four Regional Academies in the Negldfid area, developing semi-
structured interview protocols to guide these witaws. They spent several hours
observing classes and also spent two days at theo Gicademy’s Curriculum and

Assessment Development Centre in Phoenix, intemigwhe Cisco personnel who
started the program and those -currently responsible curriculum, student

assessment and instructor training. An early dreithe results was sent to the Cisco
employees and instructors for their comments amgctions of factual errors and the

feedback they gave was used to revise the paper.

Through the variety of channels which Murnane etaalopted, the collection of
multiple sources of rich data helped them triangutbeir findings and add strength to
their research. Due to the similarity in contextween Murnane et al.’s research and
this study, it is also proposed to use a semi-girad interview and observations.

Crossley, Osborne, and Yurcik (2002) conductedudyson the development and
evaluation of a pilot computer architecture CD-R®Mich taught children “how a

computer works”. The data collection methods usethis study were observations
and semi-structured interviews of the participantsle being recorded on video.

Teachers were also surveyed for their views onhibeefit the tool offered in a

classroom setting. It is proposed in this rese&wchiso video students and interview
instructors to understand individual experiencedaivering CCNA.

Rieber, Tzeng, and Tribble (2004) conducted a sttmlyinvestigate ways of
facilitating or enhancing referential processingewhusers were interacting with a
computer-based simulation supplemented with brieftimedia explanations of the
content. Rieber et al. used traditional performameasures, e.g. question based pre-
tests and post-tests to assess participants’ @xpliderstanding of the science
principles modelled in the simulation. However, li&e et al. admitted that they
believed their research would have benefitted foualitative data, such as observing
and interviewing participants as they completed #imulations, due to the

“explanative power of rigorous qualitative method&ieber et al., 2004, p. 321).
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From this advice, it is proposed to conduct quéNiaresearch in this study to collect

the rich descriptive data of the students’ exp&esn

Goldstein et al. (2005) conducted an experimenintestigate and measure the
change in understanding that occurs when a simoul&tiol is used to facilitate active
learning. Goldstein et al. designed practical sessiusing a network simulator to
facilitate active learning by providing an analglicproblem-solving and evaluation
framework. They assessed students both before fé@d participating in a session
using a pre-test and a post-test. As this resedscsteidy has similarities in approach
and design, the decision was taken to post-tesstingents after the first learning

experience based on Goldstein et al.’s and Rigtedr'e research methods.

This post-test would assess student success irnylimaecimal and decimal to binary
manipulations. As the students had no prior kndgéeof binary positional value,
there was little point in conducting a pre-testeTiesults of the post-test should
provide quantitative evidence of the success of #assion, as the students were
starting from a zero knowledge base, notwithstagpdime fact that an alternative
teaching method could produce the same resultséudsion forum was also planned
to collect data on the students’ own experiendass providing the qualitative data
that Rieber et al. felt was lacking in their study.

Rieber et al. concluded that unlike traditional r@aghes where simulations are
usually used as follow-up practice activities ttotials, it may be possible to centre
learning on the highly interactive and experientiature of a simulation. This current
research proposes investigating this latter painthér through its investigation of
centralising learning around problem based scesdacilitated by the use of an
interactive simulator. By adopting Rieber et ahfgroach, advice and data collection
mechanisms, evidence should be elicited that alltves research question to be

successfully answered.

This concludes the brief literature review on reskeanethodologies. Based on this
review, the case study methodology will be adoted complemented with various
other data collection techniques, which should gleva rich thick data set from

which the research question can be answered.
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4.3. Ethical Approval

Human participation is required in qualitative @®f when the intent is to yield
detailed information, reported in the voices of geaticipants, contextualised in the
setting in which they provide experiences and theamngs of their experiences
(Creswell, 2008). As this research involved humabjects, it was necessary to obtain
permission from Trinity College’s Research Ethiasn@nittee, the school Principal

where the research was intended to be conductetharghrticipants themselves.

An information sheet (see Appendix 1IV) was compiledorming students that they
were participating in a study, describing the psgp®f the study, the proposed
research, the intended data collection methoddletmescales involved (Creswell,
2008). This information sheet together with a RetjUder Permission form (see
Appendix V) to conduct the research was signeddmh estudent and counter-signed
by the researcher. As the proposed participants s researcher’s own students, a
conflict of interest was declared, which requirée@ Principal to also approve the
research to Trinity College. Formal approval waseneed which allowed the problem

based activities to commence.

4.4. Proposed Setting and Participants

In qualitative research, the aim is not to “gensedlto a population but to develop an
in depth exploration of a central topic (Cresw2008; Yin, 2006). With this in mind,
the services of the first and second year Data bigivwg students in a College of

Further Education in Dublin were engaged as a m#fobsample.

To present multiple perspectives of individuals an attempt to represent the
complexity of the subject area (Creswell, 2008heot participants in the study
included CCNA instructors from various Cisco acawsmaround the country. It was
anticipated that these instructors could providermation on their approaches to
teaching the CCNA curriculum as well as their pectipes on their own students’

learning experiences.
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4.5. Data Collection

The purpose of data collection is to gather thesypf data needed that will address
the research question (Creswell, 2008). By usingadety of data collection
techniques, a multiplicity of data should emerge altow triangulation or the
establishment of converging lines of evidence whstlould make the findings as
robust as possible (Yin, 2006). The following deddlection instruments were used to
gather this multiplicity of data with the aim ofgwiding confirmatory evidence which
allowed the research question to be answered 2006).

Audio/Video Material

The first learning experience was videoed in aenagit to collect evidence on the
whole class group’s interaction with the digitabab The decision to video only the
first learning experience was taken because treareiser was completely involved in
directing this activity, making it impossible to s#yve the students’ interactions
whilst at the same time deliver the session, wiselieathe latter three learning
experiences, the researcher was a participant \asable to view first hand the
students’ experiences. A video camera was posiiam¢he classroom in such a way
as to capture the LCD screen displaying the artefaavell as the interaction of the
students with the artefact. Analysing the outpoinT the video session provided

evidence of the degree of activity/engagement bysthdents.

A tape recorder was used during the semi-structumegtview to capture all the
comments from the student groups. The audio ouypasg transcribed for later

analysis purposes.

Observations

In this study, observational data such as the bebess of individuals, sequence of
events, quotes made by individuals etc. were retbusing descriptive field notes on
an observational protocol form (see Appendix VI)dafrom reviewing the

audio/video output after the sessions had complet&s opportunities arose during
the sessions, reflective field notes were alsordsmh describing personal thoughts or
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insights of the researcher. The researcher addipéeble of a participant observer by
engaging in the activities, allowing the opportyrid view first hand, the experiences
from the perspective of the participant. By perforgnmultiple observations over the
entire research process, data was gathered fronarietw of activities which
strengthened the findings of the entire study (Y006). Prior to each activity a
checklist was compiled outlining key areas whickded to be observed in an attempt

to answer the research question.

Interview

A semi-structured group interview was conductechwiite second year networking
students after the final activity in order to cotlelata on these students’ experiences
with this alternative approach to teaching the CCHA these students were exposed
to the Cisco prescribed method of delivering theN®Qabs from the previous year, it
was anticipated that they would be in a prime pmsito compare and contrast this
different approach and that an interview would e best medium to capture these

experiences.

Questionnaires

Questionnaires were circulated after the latteeghactivities to collect data on the
students’ experiences with the specific sessioa fggpendix VII). A combination of
open-ended and closed questions was included. [Bse-ended questions required
students to tick a box indicating their preferente.complement this quantitative
data, open-ended questions in which the participaualtd voice their opinion on their
experiences, unconstrained by particular optionheresearcher’'s perspective, were
also included. The questionnaires were anonymouwsldw students the freedom to

be critical, without the fear of being identifiegt the researcher (Creswell, 2008).
Questionnaires were also circulated to other CCM#tructors in an attempt to

understand their views on their students learnixygegences while studying CCNA

and to reveal different approaches taken to tdaishstibject (see Appendix VIII).
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Discussion Forum

An open-forum discussion was conducted in the chagsthe students following the
first learning experience. This forum provided apportunity to understand the
students’ experiences of using the digital abad wahether they felt more actively
engaged by the addition of the technology.

Network Topologies from Packet Tracer™

The completed topologies built by the students guishre network simulator were
analysed to understand if the students were suotess solving the problem.
Evidence of success was collected from both thernial configuration of the various
devices in the topology as well as the abilitylod tlevices to communicate with each

other using the Internet Control Message Proto@lping.

Post-Test Exercise Sheet

After the first learning experience, an exerciseethwas circulated to ascertain
student success in binary/decimal manipulationsis Thok the form of twenty
decimal-binary conversion algorithms and twenty abyadecimal conversion

algorithms. A rating of fifteen or more on eachtt&@as considered proof of mastery.

The following table demonstrates which data coidecinstruments were used in each

of the four learning experiences (see Table 1).
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Data First Second Third Fourth Other
Collection Learning Learning Learning Learning CCNA
Instruments | Experience | Experience | Experience | Experience | Instructors

Audio/Video
Observations
Interview

Questionnaires

Discussion
Forum

Network
Topologies

Post-Test
Exercise Shee

Table 1: Data Collection Instruments per Learning Experience

4.6. Data Analysis Preparation

The data was hand-analysed, due to the relativelgllsamount of data, non-
familiarity with a software program and to be closaed have a more hands-on feel
for the data (Creswell, 2008). As the activitiestins research took place in a
sequential fashion, it wagossible to perform data collection, analysis aeplort

writing simultaneously. Undergoing these continuawysles informed alterations

necessary to the next planned activity.

As each activity was completed and the necessatg ttanscribed, an initial
exploration was done to get a general feel for data. Brief notes were placed
alongside particular themes or opinions to helpnfan initial analysis. The next stage
in the analysis process was to code the data whudived labelling the text to form
descriptions and broad themes in the data. Thisegsinvolved going from the
particular, i.e. transcribed notes from audio/videnput, to the general — codes and

themes.

After this process, all code words were analysedsifmilarities and/or redundancies.

From this new list, the documents were re-analysadhderstand if the codes catered
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for all of the ideas expressed in the documentsgAbtes supporting specific code
words were circled in red.

The codes were then generalised into a smaller auoftihemes - five in total, which
consisted of the most common ideas, most unusu@dt expected or have the most
evidence to support them (see Appendix IX for aangple). A matrix was formed by
re-analysing the data again from the theme pensjetct ensure all ideas expressed in
the documents were captured by these themes.

Figure 4: Codes and Themes Figure 5: Re-analysing from Theme
Perspective

The following table quantifies the number of codepporting the individual themes
(see Table 2). Whilst ‘Enjoyment’ emerged as anridieg theme, this was
evidenced mostly from both observations by theaesdeer and quantitative data (see
Figure 9). Thereasonsfor the ‘enjoyment’ were evidenced qualitativelyrdugh
coding and theming.
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Major Themes Number of Codes Supporting Theme
Active/Independent Learning 80
Knowledge Construction & Retention 35
Real Life Context 30
Collaboration 67

Table 2: Number of Codes Supporting Themes

Finally, a narrative description of the findingsoguced from the analysis was
documented. Dialogues supporting the themes weretifted and particular quotes
which captured specific feelings of individual statls learningexperiences are
reported in the Data Analysis and Findings chapday contradictory experiences

were also highlighted.

As a validation strategy, the data was triangulaetng the different data sets to
enhance the accuracy and credibility of the stugyldmonstrating that information
was not drawn from one single source, individual,poocess of data collection
(Creswell, 2008).

4.7. Summary

This chapter has outlined the research methodolbgydata collection tools and the
preparation of the data for analysis. The next tdragnalyses this data in an attempt

to yield findings which answer the research questio
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5. Data Analysis and Findings

5.1. Overview

Having discussed the research methodology usedhisr study in the previous
chapter, this chapter details the process of amgytbe data collected from multiple

media, to yield findings which provide an answethe research question:

Would the adoption of a problem based learning gegg facilitated by the
Socratic Method and a semiotic tool encourage bigler thinking and avoid

surface learning caused by rich multimedia?

An over-supply of rich media can result in supeafitearning and cognitive overload
(Moreno & Mayer, 2007; Kalyuga et al., 2001). @igwovides rich thick content for
the CCNA curriculum but the content of the pradtitzdbs which accompany the
theoretical part of the course is overly scaffoldeuich promotes surface learning.
This places learners in a passive role and resultse necessary linkages to allow

new knowledge to be constructed not being developed

This research sought to address this problem bgstigating if the combination of a
problem based learning pedagogy facilitated bySberatic Method and a semiotic
tool could encourage students to use high orderkiting and discourage surface
learning. The literature has demonstrated thatlprobased learning is an example of
a high order thinking task that actively engagesdtudents (Bonwell & Eison, 1991).
The Socratic Method was adopted as the teachimgiten strategy, to allow the
semiotic mediation function of the interactive slatars to be exploited (Bartolini
Bussi & Mariotti, 2008) and also to allow the insttor to be involved in the
internalisation process (Vygotsky, 1978).

5.2. Analysing the Data

Interpretations by the researcher are subjective the researcher recognises the
interpretative influence of the research but accépe difficulty of removing oneself

from the study to report objectively (Creswell, 8DOHowever, an attempt was made
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to interpret the data in view of past research ggiftom the literature and through
data triangulation. The findings below are basedcammon themes which emerged

from the data analysis.

Before going into detailed analysis of the sessiars overview of the learning
experiences is discussed. The combination of pnolddased learning, the Socratic
Method and the semiotic tool provided students withch learning environment in
which they collaborated and enjoyed a deeper Iegrexperience. From observations
and data collected, a major contributor to the sss®f the sessions was the students
not being ‘spoon-fed’. Even though the step-by-stspructional format of the CCNA
labs make it easier for the students to completeas very obvious that this was not
how they wanted to learn. They wanted to be inddpenlearners, challenged to
source a solution which both gave them confidemctheir ability when they were
successful and provided evidence that they hadtreated the necessary knowledge
to solve the problem. Even if they weren't sucadlssf solving the problem, the
experience allowed them to develop a methodologyhow to approach problem
solving which will be beneficial to them in the dwé. In this study, the combination
of the three elements did achieve the requiredltresul discourage students from

surface learning.

What follows next is a detailed analysis of eachheflearning experiences. The data
collected from the first learning experience waalgsed separately as it differed in
approach, content and delivery from the other theaening experiences. Following
on from this, the three subsequent activities waaralysed together to extrapolate
common themes. As the study incorporated threeeslesi+- problem based learning,
the Socratic Method and a semiotic tool, each et¢helements was analysed for
common themes and to understand the degree of famoer and value which each
element offered. The following datasets were usettiangulate the data from which
five major themes emerged:

— Semi-structured interview recorded on tape fronuéents.

— Quantitative and qualitative data yielded from 4@iestionnaires

completed by students.
— Network topologies from Packet Tracer™ (approx 24)

— Post-test result after first learning experiencenfrl2 students
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— Other CCNA instructors (6) views collected by qimstaire

The data represented in graphical form throughbig thapter is a summative

analysis sourced from three learning experiences.

5.3. Analysis of Data Collected from First Learning
Experience

The data analysed from this session was collectad three sources — audio/video
output, an open-forum discussion with the wholesglgroup after the session had
completed and a post-activity exercise sheet whvals used to ascertain student

success in binary/decimal manipulations.

From the outset, on the day the research was lminducted, there was an air of
anticipation in the classroom. The introductiortled video camera and its initial set
up, added to this anticipation. The students weevare of the content of the class or
how the class would be conducted which was delibeby the researcher in an

attempt to increase the energy, engagement anmpetion of the students.

As the session progressed, it was clear that théests were very engaged and
interested. This was evident by the continuousramderous responses to the various
guestions posed by the researcher whilst usingStieratic Method indicating that
they were concentrating and trying to recall tipeior knowledge as well as construct
new knowledge. At various points during the sessibe students were asked to
convert a decimal number to binary or vice versarimy these exercises there was
complete silence in the class, which would not beral behaviour, indicating that
the students were actively engaged.

The students were quite competitive with each oifeéheir attempt to be the first to
complete the exercise. They were encouraged te whiir answer on paper rather
than shouting out the answer to everyone. Thisvaitbthe researcher to individually
check each student’s result, giving immediate faellbon the students’ levels of

understanding as well as allowing the weaker stisdéme time to complete the
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exercise or receive further scaffolding if necegs@he literature states that feedback
is critical in helping the learner to build cogwméistructures and in constructing new
knowledge (Rieber et al., 2004). Bruner (1966) nokd also that the direction of

exploration depends upon feedback received fromeblts of one’s trials. Using the

number of correct answers by the students as acatod, helped gauge the pacing at
which the class could progress. It also highlighstudents who were having

difficulties and who needed extra scaffolding. Thestions allowed students to be
supported on both the content learnt and the legnmiocess.

Socratic dialogue was used in conjunction with thgital abaci to help students
firstly recall prior knowledge and then to conttbe pacing of the class based on
signs emerging through the semiotic mediation efdhefact. It was anticipated that
through using the artefact, the knowledge builbiitt would be accessible to the
students and Socratic dialogue was the means threigch this information would
be extracted (Mariotti, 2000).

The following sample dialogue demonstrates the evaiti the Socratic Method in
helping a student construct knowledge. From obegnthis student’s demeanour
during the session, it became clear that he didhaee a great understanding of
decimal positional value so at this point, everutifothe class had progressed to the

binary abacus, it was necessary to return to thandé abacus for a time.

Instructor: Let's start again at the beginning. ou remember when |
showed you the decimal abacus you said to melteaf't
column was 1 and what did you say the next coluas?w

Participant: 10

Instructor:  And what was the next column?

Participant: (Long pause). 20

Instructor:  Lets go back now for a second to theimeal abacus. So what
did we say the®icolumn was?

Participant: 1

Instructor: Ok, and the 2nd column?

Participant: 10

Instructor: And the next one?
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Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

Instructor:

Participant:

100

OK <pointing to the next column>

1000

OK <pointing to the next column>

10,000

OK, so what did you do to each colummét to the next one?
Multiply by 10

So you multiplied 1 by 10 to give yooatv

The next column

Yes, so what would that be?

<No response>

So you are telling me this is units éan this column <pointing
to units column> and how do | get the value of tbidumn
here <pointing to the tens column>

Multiply by 10

So if | multiply this column by 10 whadlue does this column
have <pointing to tens column>?

100

Well what value does the first columavéa?

<Silence at first and then> 10

Not the first column, no. What did ysay a minute ago the
first one was? Remember | did this <clicking onw8tdns in
units column> what is this value?

<Silence>

What is that value if | click those Bttons?

3

Yes it is. And if | click this one <ck a button in 10s column),
what is that?

9

Where did you get 9 now?

0

If this is 3, what value does this aolo have <pointing to
units>

<Silence> Don’t know!
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Instructor:  What did we say the relationship wasween the columns of
the abacus?

Participant: 10

Instructor:  Great! Hold onto that! So it's 10 OK® Svhat do you do to this
column to get the value of the next column?

Participant:  Multiply by 10

Instructor: Perfect! Great! You multiply by 10.

Eventually the student understood the positiondueveof each column and the
relationship between the columns and could progress the binary abacus with the
rest of the class. The abaci were instrumentaélpihg this student understand binary
positional value. Being able to readily switch frahe binary abacus back to the
decimal abacus maintained the student’s conceoraéivels keeping him engaged
throughout. The visual design of the abaci madagsty for the instructor to ‘point’ to

specific columns by referring to them by coloursélby clicking on the individual

buttons and making them ‘jump’, helped the studemntisually recognise the numeric
value. The scaffolding built into the abaci, whiahowed the actual values to be
displayed textually as well as visually, providedapplication of dual coding theory

(Paivio, 1990) and gave the instructor a helpingdhahen it was felt the student was
getting embarrassed because he could not understdosing interest because he felt

he was getting nowhere.

After the session was completed, an open-forunudson was conducted in the class
to gain feedback on the students’ own experienOe® of the purposes behind this
learning experience was to encourage more actigagament by the students. Firstly
the students were asked to display a show of handsho had enjoyed that day’s
session. The entire class groups’ hands were raisgghteen in total! When asked if
the students had noticed anything different abdwt way the class was taught
compared to other classes, one student stated:

‘There was mordoing stuff, than just listening and instead of yast saying

stuff and we have to take it in by just listenim@llowed us to get in and do it

ourselves. The more you do it, the more it is gtanstick in your head
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The literature states that learning needs to bacéime process and this is not offered
to the students using the lecture mode (Bruner6186cRitchie, 2005). Another
student replied:
‘The main thing | noticed, which | thought was vegood, was that you
stepped back a little and you allowed people taurggthings out for
themselves. If they needed a little help, you cantegave them a hand but
you sort of allowed people to come to the corresveers on their owh

This statement concurred with the literature whiestated that knowledge is not
transmitted between teacher and student but agtoaistructed by the mind of the
student. Vygotsky (1978) also claimed that learnisga social process and
emphasised the need for the instructor to be il the internal development
process. The students’ comments indicated to teeareher the effectiveness and
huge benefit that the Socratic Method affords tmlshts by allowing them the time to
reflect and to arrive at a conclusion in their otume whilst still allowing the

instructor to be involved (Shugan, 2006).

Another purpose of this learning experience waallmwv students to interact with a
technological artefact for the purpose of achievingleeper learning experience —
both visually and cognitive. When the students wasked what they thought the
abaci added to the lesson, one student replied:

‘Physicality’.
The students were then asked if they would haveddhe class as beneficial if the
whiteboard or PowerPoint was just used. One stuggthied:

‘The visualisation was better and seeing the pldicttons moving helped.

Yes we felt we learnt better rather than doingnitioe whiteboard'.
Another student replied:

‘Your attention was kept by the interactions’

Kalyuga (2007) claimed that interactive learninggismnments respond dynamically
to the actions of the learners and judging by tleesements, it would appear that the
students felt the artefact was hugely beneficiald amaluable in learning

binary/decimal manipulations.
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Finally, it was important to understand if the snts enjoyed participating in a whole
class group session rather than individually andhat degree collaboration between
the students had occurred. When asked if they faumelpful doing this activity as a
whole class group or would they have preferred aotiggpate individually, one
student replied:
‘Prefer to do it as a class because we can help e#odr and there is more
interaction. If someone gets stuck and someonekelses it they can help
them out'.
Note: This quotation is an example of a code suppotttieg'collaboration’ theme for

data analysis purposes.

It was evident from the students’ feedback thay thejoyed the collaborative nature
of the activity and it was refreshing to hear thporganeous willingness of the
students to help out a less capable peer. It veasaddserved by the researcher during
the session, that pairings of students naturalyné&a when working through the

problems, without being given direct instructiordim so.

To analyse the success of the session, a posexestise sheet was circulated
consisting of twenty questions to measure studemplicit understanding of binary
to decimal conversion and another twenty questionmeasure decimal to binary
conversion. These questions measured the studabnitiay to apply the conversion

algorithm to unforeseen numbers which is evidehaglearning has occurred.
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Figure 6: Decimal to Binary Conversion Figure 7: Binary to Decimal Conversion

Twelve students completed the post-test. The 1ieaudt as follows:

No. of students
w

20 19 18 17 16 15 <15

Marks achieved out of a maximum 20

H Binary to Decimal B Decimal to Binary

Figure 8: Post-Test Results

Note: One other student achieved 8 out of 8 in the Idatto Binary conversions but

12 questions were left unanswered due to time canss.
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With the exception of one student who did not catelthe exercise sheet, no other
student achieved less than 15 correct answersfaupossible 20 in either exercises
providing evidence of knowledge construction. Itaiscepted that teaching students
binary positional value in a more traditional wag, pen and paper, might be just as
successful, but from experience, this researchendahat the ability to move the

buttons on the abaci made it easier for the stgdenvisualise the 0 and 1 positions
and to recognise the positional value of each colofrthe abaci. Secondly the ability

to display the number in both binary and decimdpdée students understand that a

number can be represented in different number bases

The session ended and everyone was thanked for plagficipation. From the
researcher’s viewpoint, the session was extremehawsting but seeing the upbeat
demeanour and smiling faces leave the classroorm dhg made it completely

worthwhile and particularly when the weakest studethe class announced:

‘Best class so far!’

Certainly it was felt that the students had deejpiglerstood the concepts taught and

had experienced and enjoyed a different methodaafting.

5.4. Enjoyment

This next section highlights one overriding theméiock pervaded all learning
experiences and as it was not associated with articplar element of this alternative
approach, it warranted a section of its own. Adimedl previously in Section 5.3, the
students’ show of hands demonstrated their seneajoyment after the first learning
experience. Data collected after the second andhf@essions, indicated that 75% of
the students also enjoyed these sessions. Themsemktrated in the table below (see
Figure 9).Note: This question was not included in the questiomnaiter the third
learning experience and therefore statistics ateamailable for inclusion, however
based on observations by the researcher and theadatysis it was clear that the

students had also enjoyed this session.
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"Did you enjoy today’s class? - Indicate your level of
enjoyment"
10 1 9 9
9 4
8 4
)
£ 71
S 6-
=
& 5
5 4
o 37 2 2 2
Z 2 -
17 0 0
0 T T T T T T
Completely Mostly Somewhat Neither Somewhat Mostly did Completely
Enjoyed Enjoyed Enjoyed enjoyed nor did not Enjoy not Enjoy  did not Enjoy
did not enjoy

Figure 9: Levels of Enjoyment

From the coding and theming of the data analysig,different reasons emerged as to
why the students enjoyed the sessions. The fiestore involved thgroup problem-
based activities in which the students enjoyedctilaborative nature of the activities.
Vygotsky (1978) believed that students need toaboltate on a social level with
others for learning to occur and these group probtesed activities allowed this
social aspect of learning to happen. As the cursgnicture of the CCNA labs
presents the network topology in graphical forngréhis no opportunity for students
to collaborate with each other and discuss alteragolutions, a concept which
Bruner (1966) considers necessary for successduhiley. The students claimed that
they learned from each other by listening to hovellow group member might
approach the problem.

“Because it was good to work in a team environmantl see different

members’ skills and how each one interacted duttegtask.”

The other factor emerging from the data analysistie enjoyment experienced by
the participants was the fact that the activityuiseg the students to think more
deeply and be more active to solve the problemirAdeecause of the current CCNA
lab structure, the instructions to complete the &b laid out in a step-by-step

sequential format. It seemed the students enjoyledge personal gain from having
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more ownership of the problem. They felt a renewedfidence in their ability to
plan, design and configure a network which allowsem the opportunity to increase
their zone of proximal development. Setting a @mae for them gave them the
opportunity to self-assess their own understandimdj achieve satisfaction in solving
the problem:

“l enjoyed getting the chance to work out problemgself instead of just

listening to theory or being told what to do in tabs”.

Interestingly, the two students who tickedd' Enjoyment” were two of the weakest
students in the class and who subsequently wersuwgessful in passing the CCNA
semester exam. The reason given by one studemigdack of enjoyment was that
working in a group did not provide the opportunityr individual testing of
understanding. The reason given by the other studas that there was not enough
time to complete the activity. However, the otheurf groups had completed the

activity with thirty minutes to spare!

The following sections individually analyse the gbrseparate elements of these
learning experiences — problem based learningSteeatic Method and the semiotic
tool under the major themes emerging from the datdysis. The analysis was done
in this way to understand the degree of importaameeé value which each element
offered or to understand whether a particular elgmes relevant at all in the final

analysis.

5.5. Problem Based Learning

Active/Independent Learning

The data analysis revealed an extreme dislike antlbagstudents for the ‘spoon-
feeding’ aspect of the current CCNA labs. Studemdgcated that merely transcribing
commands from the lab sheet to the networking @evisulted in a lapse in
concentration and deep understanding of the cosogps not taking place. It was
necessary to understand if the students felt thail@m based learning led to more

active engagement (see Figure 10).
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"Did you feel that having a problem to solve, engag ed you more,
increased your interest and required you to work ha rder and
concentrate more than you normally would in class?"
30 - 26
25 -
1]
S 20 -
3 13
&7 151
© 104
2
5 -
1 0 0 1 0
0 T — T ——
Completely Mostly Somewhat Neither Somewhat Mostly Completely
Interested Interested Interested Interested nor Disinterested Disinterested Disinterested
Disinterested

Figure 10: Levels of Interest

The students were then asked what value the probésmd scenario brought to their

learning experience. The results showed:

"What value does the problem based scenario bringt o your
learning experience?"
16 1
14
14 -
12
2 10
S 10 -
E
a8
2 6
o
z 4]
2 1 1
0 — 0 0 0
0 T T T T T T 1
Completely Mostly Somewhat Neither Somewhat Mostly has  Completely
valuable valuable valuable  valuable nor has no value novalue  has no value
has no value

Figure 11: Value of Problem Based Scenarios

Further investigation into this seemingly positsugport for problem based learning,
highlighted the students dislike of step-by-stegtrunctions and being ‘spoon-fed’ on

the next step to complete when doing a lab activity
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“You are not thinking about what you are doing. Yare just reading off the
screen, you are putting a command in; you are hioiking what the command

is doing.”

The students claimed that by having a problem teesavhich required them to use
prior knowledge, meant that they had to refer bexkheir notes or the online
curriculum for information to help them solve thelplem which in turn made them
more proactive in their learning:
“The problem had no instructions to follow or evarndiagram so | had to
think more about the design phase right through>tow it would effect the

configurations”.

The students also found it invaluable to be ablertoompass prior knowledge plus
the new information gained in this specific chaptgo one activity. This challenge
gave the students the opportunity to increase thame of proximal development.
When asked what aspect of the activity capturedr tinéerest most, one student
replied with what he disliked about the CCNA labs:
“When we are doing a lab on inter-VLAN routing atluting configurations
are done for you except the inter-VLAN routing @nen it tells you what to
do so you are not learning, you are just goingdad it off the screen and you

could be thinking of something else”

Real-Life Context

The analysis revealed that the students consiqeddem based learning to be more
akin to a real-life situation. They recognised thia# workplace would expect an
analytical type mind to be a successful and effectietwork Administrator and
problem based learning gave them experience amtdigeaf this skill set. They also
recognised the importance of planning out a satuby considering all options, a
process which would be expected of them in the plade, before ‘jumping straight

in'.

The literature suggests that for students to takeeoship of a problem, it needs to be
interesting, relevant, meaningful and ill-definedallow scope for interpretation, just
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like real world problems tend to be. This ownerdfijes students’ responsibility for

their own learning and allows them to become sdfificgent learners (Bruner, 1966).

It was necessary to understand if the studentsdfdhe activities satisfied these
criteria and were asked their opinion on the cantérthe problem based scenarios

(see Figure 12).

"Tick all that apply. Did you find the problem to b e?"
20 1
18
18
16
14
14 4
2 12
S 12 - 11
E
A 10 4
S 84
o
zZ 6 -
4 -
2 -
0
0 T T T T
Interesting Relevant Meaningful Engaging ll-defined

Figure 12: Content of Problem Based Scenarios

From the data analysis, 72% of students deemechotttent of the problem to be very
important. The current CCNA lab structure appearsd too cut and dried with little
uncertainty, a factor which Bruner (1966) considerscessary for activating
exploration and this has the impact of denying etisl the opportunity to consider
alternative solutions. Interestingly, the studepirceived ‘ill-defined’ to be a
negative attribute rather than a positive, posgillg to their lack of understanding of
what an ill-defined problem means. By having thebpem ill-defined allowed the
students the scope to use any method/resource/kdge/base to solve the problem —
a need that the CCNA labs currently do not sati€iye student replied when asked
for his comments on the importance of doatentof the problem based scenario:

“It showed me how | would use what | have learnedhe workplace and

tested how | would manage the type of problemenatbrkplace”
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A negative comment was made about the final prolidased activity — inter-VLAN
routing. While the activity itself was ill-definednce the solution had been agreed on
paper and the main switches had been configuredretst of the activity involved a
lot of repetition in configuring the other switcheapproximately fifteen in total! This
activity was conducted with the second year stuglwiith the help of their instructor
and he explained afterwards that he hadn’t reallysitlered the repetitive nature of
the activity which he had designed. It is a pointrtlv noting on the importance of the
contentof the problem when designing the activities t@kehe students engaged

throughout.

Knowledge Construction

Obviously one of the most important reasons forngopractical work in any
discipline is to give students an opportunity td fheory into practice. As lab work
takes up a considerable amount of class timejnp®rtant that students realise value
from it. The students were asked if the problemebtascenario helped with

knowledge construction and retention (see Figuje 13
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"Do you think a problem-solving scenario like this gives the
opportunity to build knowledge and enhances your ab ility to
retain it for longer?"

Completely does not help in knowledge construction and 0
retention

Mostly does not help in knowledge construction and 0
retention

Somewhat does not help in knowledge construction an d 0
retention

Neither helps nor does not help :| 1

Somewhat helps in knowledge construction and retent ion I 6

Mostly helps in knowledge construction and retentio n I 10

Completely helps in knowledge construction and I 33
retention

0 5 10 15 20 25 30 35
No. of Students

Figure 13: Knowledge Construction and Retention

From the data analysis, 66% of students felt tlm&t problem based scenario
completely helped with knowledge construction argtemtion. The students
recognised that they learn from making mistakes baotfortunately with the
instructional design of the CCNA labs, this simptgans that one step was omitted
from the configuration and careful examination oépously typed commands would
reveal the omission. Bruner (1966) claimed thattrirtsion must facilitate the
exploration of alternatives and based on the stisdenmments it would appear that
the problem based scenario provided this meang; détramented:

“Building practical ideas to be implemented and isgeif those ideas from

your knowledge base are logically sound or not Eadning from it”

“Because | didn't read if off a sheet — | had toeusly memory and could

easily recall what | done rather than reading theps off a sheet”
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5.6. Socratic Method

This is the second element of the proposed altemapproach and forms the basis
for the teaching/learning strategy which was adbpteoughout the problem based
activities. The Socratic Method gave students tpeodunity to reflect and be
supported on both the content learned and the iteanrocess. Vygotsky (1978)
believed that rather than a learner independentiyrgy a task, they must rely, at least
initially, on a more able other to succeed and asvproposed to use the Socratic
Method to facilitate this end.

The natural impulsive reaction for an instructoraseply to a student’s question with
the answer. However, it was evident from the da&yais that the Socratic Method
allowed students the opportunity to think solutidghsough for themselves which
facilitated knowledge construction and increaseddestts’ knowledge retention
capabilities. The students were asked on theiropaisexperience of the Socratic

Method being used as the teaching strategy (sesd-igt).

"How did you feel about not having your questions d irectly
answered by the facilitator? Was this frustrating o r did you
feel you had to think more for yourself?"

Completely frustrated and would have preferred ast  raight :I 1
answer
Mostly frustrated and would have preferred a straig ht 0
answer
Somewhat frustrated and would have preferred a stra  ight 0
answer
Neither made me think more for myself not did not :I 1
Somewhat made me think more for myself 0
Mostly made me think more for myself I 11
Completely made me think more for myself | 25
0 5 10 15 20 25 30

No. of Students

Figure 14: Perception of Socratic Method
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However, while 94% of the students highlighted thenefit which the Socratic
Method afforded to them, it did not turn out to d® important a factor in the final
analysis as was initially envisaged. Very littleeusas made of the instructor as the
more capable other, because the students soughti@® their questions from other
sources, i.e. each other, the curriculum, boo&s@n reflection, this was seen by the
researcher as a positive effort by the studentetome truly independent learners by
not relying on the instructor as the only sourcenédrmation. However, it is possible
that in other circumstances, e.g. a younger stublase, the students might not be as
independent or as proactive as these studentsameréherefore the Socratic Method
should still be considered as an important elenudénthis alternative approach to

overcome surface learning.

Active/Independent Learning

Students saw the Socratic Method as once agaihengpportunity not to be ‘spoon-
fed’. They considered it to be another challengéciwiif conquered would increase
their confidence in their ability to solve a netkiog problem. The students also
considered it as another positive mechanism famgesheir own knowledge base to
understand if they had the necessary knowledgelte she problem:
“I don't like being ‘spoon-fed’ answers; | want fmd out for meself why, if |
am not sure about something, | will go back anddrep on it, rather than just
have someone tell you well that's it, and then walliprobably forget it the

next time anyway”

Once again, they felt they were more active inngyio source a solution from their
books or the curriculum without being given a diragswer.
“It was good to be able to do it all on my own andke my own mistakes and
working out what they were and correcting them rfiysewith the help of my

group instead of a teacher correcting them”.
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Knowledge Construction

The students found that by not having their questianswered, forced them to try
and source solutions for themselves. It also hethedh to reinforce what they had
already learnt which aids retention of knowledge:

“l needed to find solutions instead of asking fenth

From the instructor's point of view, the Socratieetdod puts the responsibility of
learning back in the students’ shoes and gives th@mplete ownership of the task.
The only student who ticked the “Completely frustthand would have preferred a
straight answer” box, commented that:

“Sometimes a straight answer is needed in ordesaige the problem”.

This somewhat limited and simplistic view of prabldased learning would strike
this researcher as a student who is lacking inktievledge necessary to solve the
problem even though the material would already Hasen covered in class or is a
lazy worker who does not really want to make tHereto be more active to solve the
problem. As another student stated:

“If your knowledge base is what is involved in ttfallenge, it would not be

frustrating!”

During the first learning experience the Socratiethbd worked very successfully as
the students had no prior knowledge of the binamylmering system and the Socratic
Method was instrumental in the successful tranafef students’ prior knowledge of

the decimal numbering system. Through the manifuadf the abaci and Socratic
dialogue, the instructor could maximise the potdntif the semiotic tool to help

students construct knowledge. Possibly usingStheratic Method as a mechanism
for recalling prior knowledge and using this knogde to construct new knowledge is

where the Socratic Method is at its strongest.

5.7. Semiotic Tool — Network Simulator

The semiotic tool used in the latter three learrérperiences was Packet Tracer™ -

the network simulator. The literature claims thavisually interactive multimedia
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artefact can provide rich dynamic experiences whigiximise the opportunity for
learning but for an artefact to be used as a sentmal it needs to be able to create a
channel of communication between the teacher amdtident. It was anticipated to
use Socratic dialogue as this communication medaailow the instructor to exploit
the mediating function of the artefact and be imedl in meaning making for the

students.

However, while little use was made of the instru@e a more able other during the
activities, it was obvious through observing thedshts in their groups that they were
mediating with each other through the simulator.isTivas evident from the
continuous pointing at the screen whilst suggestion alternative solutions to the
problem were being discussed. Through implementimg solution on Packet
Tracer™, the network topology became the resultaothought process which

embodied the students’ ideas.

By using Packet Tracer™, the students were abllesggn a network topology which
could be discussed, refined and reviewed. It wamntant to understand the students’
views on the use of the network simulator and wéeithbrought any benefits to their

learning experience (see Figure 15).
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"Does the way the network simulator i.e. Packet Tra  cer™
responds to your actions, help you deepen your
understanding of networking concepts by allowing yo uto
explore alternative solutions on Packet Tracer™ and
backtrack if they are not working?"

PT™ made no difference to my understanding :l 1

PT™ mostly did not help deepen my understanding 0

PT™ somewhat did not helpdeepen my 0
understanding

Neither helped nor did not help deepen my
understanding :I 3

PT™ somewhat helped deepen my understanding I 3

PT™ mostly helped deepen my understanding | 12

PT™ completely helped deepen my understanding | 20

0 5 10 15 20 25
No. of Students

Figure 15: Value in way Packet Tracer™ was used

Active/Independent Learning

From the data above it appears obvious that the Reaket Tracer™ was used was
instrumental in helping students deepen their witdading of networking concepts.
Rieber et al. (2004) claimed that an important @eration in the design of computer
simulations is how to provide meaningful feedbackhte learner. Bruner (1966) and
Gredler (2004) also claimed that feedback at alyimmanner is essential for learning.

Students claimed that Packet Tracer™ made it visible to them, both graphically

and textually, if their network design/configuratgwere incorrect due to the display
of the link lights between the devices and confagion information. Through its ease
of use and adaptability students are able to reWe initial configuration choices,

which is one of the factors why Osborne & Yurcik@2) claim simulators are better
than the real thing. Again, this tool made it efmystudents to explore alternative

solutions and backtrack if they were wrong (Bruri®66).

59



Whilst the researcher had little involvement in lexpng the mediating function of
the artefact using Socratic dialogue, the feedhaloich the students received from
the simulator allowed the individuals in the groupsuccessfully mediate with each
other, enabling them to be active independent &rarn

“It was beneficial because if it didn’t give yowettback you couldn’t know if

there is a connection”

Knowledge Construction

One of the major benefits of using Packet Traces™he ability to visualise packets
as they move from source to destination. It is {pbssto view source/destination
MAC addresses as well as the source/destinaticadtifesses as they move through
the various internetworking devices to reach tlugstination. The students were
asked if this visualisation process was beneftoidhem (see Figure 16).

"Do you think that using Packet Tracer™ helped you to
visualise this particular networking process in a m ore
tangible manner?"

PT™ made no difference in the visualisation

0
process

PT™ mostly did not help in the visualisation 0
process

PT™ somewhat did not help in the visualisation 0

process

Neither helped nor did not help in the visualisatio n
process :I 2

PT™ somewhat helped in the visualisation process :l 1

PT™ mostly helped in the visualisation process :l 1

PT™ completely helped in the visualisation

[19
process

0 2 4 6 8 10 12 14 16 18 20
No. of Students

Figure 16: Visualisation Aspect of Packet Tracer™
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Eighty three percent of the students found that wiseialisation aspect of Packet
Tracer™ was hugely beneficial to them. The studet@sned that the visualisation
process helped with knowledge construction thrdumying the ability to interpret the
packet header information at every internetworkohgvice between source and
destination. This helped students to understansetipeocesses which would not be
possible on physical equipment, a factor which Rarél. (2009) and Goldstein et al.

(2005) consider advantageous when studying netwgrki

The data analysis revealed that 93% of studentegla high value on being able to
complete a network design from planning throughnplementation which would not
be possible on physical equipment due to the laeldequate resources. This was one
of the criticisms by the students of the currentN&Qab structure, in that it presents
the network topology completely configured exceptdne small part. Implementing
a complete solution allowed students to discover gaps or weaknesses in their
knowledge base and gave them confidence in thalerstanding and a sense of
achievement and satisfaction, when they solvegtbelem:

“After the completion of the problem, | actuallytfike a real consultant and

| strongly think | have added value to myself agards networking”

However, students also recognised the limitationBaxket Tracer™. The range of
devices available on Packet Tracer™ is limited ifustldents have a requirement for
higher specification devices these options mayh®otaivailable in Packet Tracer™.
This denies students their optimum device choicenyiianning a network design. In
the fourth activity on inter-VLAN routing, the stedts ended up using fifteen
switches to configure the network, as the maximwmlmer of ports available on the
Packet Tracer™ switches is twenty four, whereashmaiger switches are available

in industry.

5.8. Collaboration

Three of the learning experiences were group diesvi The findings revealed that
there were very opposing opinions on the benefitetberwise of group work. As
outlined in Section 5.4, the collaborative natuiréhe activities was a reason given by

some students as to themjoymenof the sessions.
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On further investigation into the preference foougy work, it emerged that students
liked ‘bouncing ideas off each other’ and felt thiearnt from their peers’ ideas,
perspectives and plans on how to approach thegmobA negative reaction to group
work stemmed from the fact that one student’s nmga@hensions/misinterpretations

can confuse other group members.

Concentrating better seemed to be a common realgrstwdents preferred working
individually. Also the challenge for an individual more satisfying when the activity
has been completed by oneself, due to the immedksi@back a correct solution
yields, on the adequacy of one’s knowledge baseothfen reason for individual

preference, which became evident from the analyss, control over the pacing of
the activity. As an individual, it can be takenaapace in which one is comfortable
and has an understanding of everything that isgogame.

5.9. Another Viewpoint

In the fourth learning experienced with the secgedr networking students, their
instructor was present as he had devised the pnobksed scenario. This was an
opportunity to discover another CCNA instructorisw on this proposed alternative
approach. He stated that he realised that theoQadxs took the ‘paint by numbers’
approach but it wasn’t until he actually saw how #tudents worked and interacted
with each other during the activity that he realigs full potential. While admitting
that setting up the problem based activity tooketirhe felt it was well worth the

effort as the students seemed to engage with therimammediately.

When asked his view on the Socratic Method, he Heltwas weaker using this
strategy than he had expected because he is saasedwering questions directly
but recognised the advantage it offered the stedénerall he was surprised at how
well this alternative approach worked both for hamnd the students. He felt the
students engaged with the course material and se&menjoy taking responsibility
for their own learning. While admitting he won’tptace all in-class lab work with

this approach in the future, he said he will dedlyi use it regularly.
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5.10. Other Instructor’s Viewpoints

It was hoped to gather data from other CCNA ingtngcto be in a position to
compare and contrast their experiences with tegcl@CNA. Unfortunately the
timing of the instructor surveys happened at theidai time for CCNA instructors —
semester exams. This resulted in only six complstggey forms out of a possible

thirty, which meant that being able to generalisgrtexperiences was not possible.

However, the surveys did reveal some interestirtg. damongst the six replies, lab
work was performed in groups by all instructorst the underlying reasons given
were different. One reason given for conductingugrtab activities was purely down
to lack of time and equipment to allow individuarfcipation. Only two of the six

instructors indicated that group work was prefezadue to the stimulation of
discussions within the group, development of teaosrkimg skills and the use of peer

learning to reconcile any miscomprehensions that naae been acquired.

None of the six instructors felt that the studemése deeply learning the material but
felt students were more concerned with achievirggrdquired grade in the chapter
exams. To discourage students from solely focussimghe chapter exams, one
instructor reduced the weightings of these examsndtm minuscule numbers or

deferred the exams altogether until near end ahtand then used them as a
mechanism to ‘force’ students to revise and rettbadearlier chapters or as a study
aid. Another instructor drew a diagram and askadesits to set up the network from
the diagram without any further instructions, sdmrej similar to what this study is

trying to achieve through problem based learning.

5.11. Generalisation

Shavelson and Towne (2002) claim that knowledge @aly advance when the
findings can be reproduced and applied in a marbajlsetting and a range of times
and places. The findings from this study are notlesively applicable to a
networking curriculum and it is possible to alloengralisations to be drawn to other
curricula around the benefits of problem basedniegr facilitated by the Socratic

Method and an external artefact as a tool of seocxiotdiation.
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Firstly, the core of this study is around probleasdd learning, so in any situation
where tasks to be performed can be embedded vathimblem based activity make it
a good candidate for this type of approach. Impartant to recognise the skill level
of the participants before introducing pure probleased activities as Kalyuga et al.
(2001) concluded that learning from examples i®teb strategy when learners have
little domain knowledge of the task at hand. Ceftala choice between example-
based learning and pure problem based learningldoeiladopted to appeal to the
individual capabilities of the students rangingnfrmovice to expert. The important
underlying factor is to give students the oppotiurio engage their high order

thinking skills which problem based learning ordexivatives readily provides.

Socratic dialogue is a very effective way of exjg the semiotic mediation of an
external artefact allowing students total contralero the pacing and level of
instruction. The Socratic Method is adaptable tsh@arning situations and it is the
proficiency of the facilitator which will dictatehé success or not of this teaching
strategy. Like any new skill, practice and repetitis required to achieve a level of

competency to enable it to become a valuable tegaiesource.

Kafai & Resnick (1996) claim that students condtiumowledge when they interact
with an external artefact which can be reflectedrupnd shared with others. While
this study had the benefit of both the digital alzancl Packet Tracer™ as its semiotic
tools, there is no reason why the artefact needsettechnologically based. Many
teaching resources today make use of instructitoals and any of these could
facilitate knowledge construction and be a tool s#miotic mediation. The
fundamental factor for this alternative approacthesability of the artefact to be used
as a semiotic tool, which the instructor can expllerough having knowledge of its
potential, to help students achieve the target&oinand this could be, for example, a

burette in a titration experiment within a Sciecoericulum.

5.12. Answering the Research Question

Based on the evidence yielded in this limited stadgl notwithstanding the impact of
the novelty factor, it would appear that the stusldmoth enjoyed and benefitted
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hugely from the problem based activities. By inavgting many of the educational
theorists recommendations for ‘good’ learning, itite problem based activities, gave
the students the opportunity to be more activehairtlearning, engaged their high
order thinking skills which in turn facilitated deser learning and challenged
themselves which allowed them to self-assess their understanding and identify
gaps or areas of weakness. The students also depeesonal benefits from the
activities which should help them in their futurareers. These benefits included -
development of team working skills, increased selffidence in their abilities,

development of the professional attributes whichusth help them in their role as
Network Administrators and gaining experience oingsparticular processes and

tools that may aid their employability.

In answer to the research question and based agvitience yielded from this study,
this alternative approach to conducting the pratpart of the CCNA did enhance the
students’ learning experiences by requiring therartgage their high order thinking
skills thus discouraging them from surface learnif@pme final comments from the
students epitomises their feelings on the valuhisflearning experience:

“l found the experience to be very enjoyable andcadional”

“It was an excellent way of learning. | hope masirhing is done this way”
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6. Conclusion

Most students enjoy a challenge which can introduden and competitive element
into the class while at the same time allowing shidg to become more active and
increase their zone of proximal development. Evegeaf learning occurs when the
students solve the problem and this is more satgfyvhen the students receive
feedback from an external artefact, rather thamftbe instructor. This alternative
approach certainly places the instructor in a if@atdry role rather than simply a
transmitter of knowledge and allows the studentsbémome truly independent

learners.

The College where this study was conducted haewiaw day for all its students and
their respective tutors to understand the studgtsyress and their likes/dislikes of
the course in general. One of the questions osthdent Feedback form is:

“In your opinion what could be done to improve theCourse?”

One student commented:

“Doing the Cisco class the way <researcher> didher experiment”

And another student commented:

“More hands-on labs without handouts — only probleoiving scenarios”

This epitomised for this researcher the impact #lisrnative approach had on the
students when out of nine modules covered in thesep of which CCNA is just one,
introducing problem based scenarios facilitatedSbygratic dialogue and an external
artefact were seen as the most effective way ofompg the entire course.

6.1. Limitations

It is accepted that the findings from this study lmited in number and are subject to
researcher bias. It is also accepted that the tyofadtor introduced by the problem
based scenarios played a part in the positive iceably the students to the learning
experiences. The findings are weakened due toitbteykar students not being in a

position to conduct a fair comparison on which apgh they would prefer for
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conducting the practical part of the CCNA curriculas they have not been exposed
to the Cisco prescribed approach for a signifiqgaeriod of time. The study would
have been strengthened if the second year studeats more available as a
purposeful sample for research as they were iniraepposition to compare and
contrast both teaching approaches. The researdtl atso have been strengthened if
more time was available to interview a greater neimif the students about their
personal experiences with this alternative approatier than gaining these insights

through questionnaires.

6.2. Further Research

The findings suggest great disparity between thnefits or otherwise of group work.

The more able students seemed to prefer indivitasis as they felt there was
nothing to be gained out of group work whilst tlked able students felt they would
have learnt more if they had performed the acasitalone. Further research could
investigate this phenomenon to understand whictesiubase or perhaps neither,

gain more benefit from group work.

Continuous assessment is a significant part o2G&IA curriculum. Some strategies
that CCNA instructors use to remove students’ smteis from achieving seventy per
cent in the chapter exams is to reduce the weightof these exams or defer them
until the end of the semester. Further researcidcowestigate whether this
continuous assessment has a negative impact oanssiidocus for learning. Is the
focus simply to achieve seventy per cent in theptdraexams or is the main focus for
students to understand the concepts and processesamrking to take with them to

the workplace?
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8. Appendices

8.1. Appendix | — Second Learning Experience

Activity 2 —Implementing a Local Area Network in aSmall to Medium Business
Format: Small groups of 3 — 4 students
Description:

Michael Foley has decided to set up a small inmgaompany using his own home
as his company headquarters. He needs assistaptanimng and implementing this

network and has employed the services of your Ndivwg Consultancy Company.

Initially Michael will employ one office administtar, one receptionist and three
salespeople. The office administrator's PC anddleeptionist's PC will be stationary
devices. The three salespeople will use wirelesbled laptops when travelling on
the road and they will also need to be able to sxtiee WLAN when they are in the
office. Security on the wireless links needs to dmmsidered as it is extremely
important that the confidentiality of the Companyddients’ information is
safeguarded.

The following considerations need to be taken iatwount when designing the
network:
1. The receptionist's computers will be assigned dicstl® address in the
172.17.10.0/24 network and will connect directhatmulti-function device.
2. The office administrator's computer will also besigeed a static IP address in
the 172.17.10.0/24 and will connect directly to @tirfunction device.
3. The three salespeople’s computers will connect lessty to the multi-
function device and obtain their IP addressingrimiation from DHCP.
4. The multi-function device must have security featuenabled and the default
settings must be changed.
5. The WAN interface of the multi-function device wbke assigned a static IP
address from the ISP.
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The following considerations need to be taken iatcount when configuring the
devices:
1. Name the multi-function devid&/RS1
2. Name each wireless client’s laptop@alesl LP, Sales2 LP, Sales3 LP
respectively
3. Name the receptionist’'s computerRacp PC
4. Name the Office Administrator’'s computerAdmin_PC
5. Set up a static Internet connection on the muhifion device with:
a. IP address of 172.15.88.25
b. Subnet mask of 255.255.255.0.
c. Default gateway of 172.15.88.1
6. Set the multi-function device’s internal IP addres472.17.10.1 and subnet
mask 255.255.255.0
7. Enable the router as a DHCP server and createlahzaavill deliver 25
addresses starting at 172.17.10.50
8. Allow for mixed devices connecting to the Wirel@&éstwork
9. Change the shared network namégurance
10.Do not advertise the network name if this optionasfigured
11.Choose the most secure security mode for this Aceest
12.Use a preshared key with a valueI#3ABC789D
13.Choose the strongest encryption method available

14.Set the router passwordfey

Your task, within your group, is to build and téke above network using Packet
Tracer ™. When the network is complete, ensureadhdhe devices, both wired and
wireless can communicate with each other. Completefollowing table when the

activity is complete.
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Device

IP Address

Subnet Mask

Gateway

WRS1 WAN
Interface

WRS1 LAN
Interface

DHCP Address
Range

Salesl LP

Sales2_LP

Sales2 LP

Recp_PC

Admin_PC
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8.2. Appendix Il — Third Learning Experience

Activity 3 — Design and Prototype a Network in a Srall Office/Home Office
Format: Individual
Description:

Dr Mary Kelly and her husband Dr Andrew Kelly hgwerchased a new home with a
view to relocating their private medical practice this residence. As well as
accomodating the two doctors, a nurse will be eggalowith responsibility for blood
tests, minor injuries and general nursing dutiago Tays a week, a physiotherapist
will see patients at the surgery and will need ssde these patients’ medical records.
Both doctors will need Internet access for resegmgiposes and for exchange of
information between other doctors and hospitals. tAs confidentiality of the
patients’ records is of the utmost concern to tleéys, security considerations on the
network are of the highest priority.You have beskea to advice the Kelly’s on the

set up of a network and implement a prototype afr\gmlution on Packet Tracer™.

The following considerations need to be taken iatwount when designing the
network:

1. The nurse’s computer will be assigned a static dBress and will connect
directly to a multi-function device.

2. The two doctors’ computers will be assigned a dyinaaddress and will also
connect directly to a multi-function device.

3. The physiotherapist’s laptop will connect wirelgssb the multi-function
device and obtain its IP addressing informatiomfioHCP.

4. The nurse’s computer will eventually host the compaebsite so all requests
from the outside network for web and ftp servidesutd be forwarded to this
machine.

5. The WAN interface of the multi-function device whble assigned a static IP
address from the ISP.

Based on the above information, draw a physicavorlt diagram of the planned
network below, showing all network devices, PCs aalling. Identify all devices

and interfaces.
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Physical Network Topology

On Packet Tracer™, develop a prototype of yourmeunended solution. Connect the
WAN interface of the multi-function device to paB8 on the Switch. When the
network is complete, ensure that all the devicesth bwired and wireless can
communicate with each other. The following consatiens need to be taken into

account when configuring the devices:

Multi-function Device
1. Change the admin passwordddllesterO
2. Set a static IP address on the WAN interface -2800.1/27
3. Set a static IP address on the LAN interface -16.20.1/24
4. Activate DHCP on the LAN interface and create al ploat will deliver 50
addresses starting at 172.16.10.20
5. Change the default SSID kelly

Nurse’s Computer
1. Name the PCNurse PC
2. Set a static IP on the nurses’s computer of 172018/24 and an appropriate
default gateway.
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Physiotherapist’'s Computer
1. Name the PC Physio PC
2. Create a profile that will enable you to associaith the multi-function
device.
3. Configure the wireless host to use the SSID asigordd on the multi-
function device
4. Configure the wireless client to obtain an IP addrieom DHCP.

Test Connectivity
Verify connectivity by pinging from the:
Wired hosts to LAN gateway
Wired hosts to ISP gateway (209.98.20.30)
Wireless host to LAN gateway
Wireless host to ISP gateway (209.98.20.30)

Wired hosts to each other and wireless host

Note: Do not proceed to the next step until you havé ¢ohnectivity from the
wireless host to the ISP gateway 209.98.20.30.
Configure Security on Wireless Host

1. Disable SSID Broadcast.

2. Configure a static WEP key d€BA987FED5 on both the multi-function
device and the client

3. Enable MAC address filtering to allow only your ®igss client to connect to
the network.

4. Disassociate from the wireless network and thesissmciate to ensure that the
wireless security features are in use.

5. Test connectivity by pinging from the:
0 Wireless host to LAN gateway
0 Wireless host to ISP gateway

0 Wireless host to wired hosts
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Configure Port Forwarding

The nurse’s computer will host the company web eserxternal Web and FTP

access to this machine must be enabled.

Enable port forwarding on the multi-function devee that any requests for web or
FTP access made to the IP address of the WAN auervill be directed to the

nurse’'s machine.

Documentation
Complete the table below with the IP addressesnhetulmasks and gateway

information of the multi-function device, the wiradd wireless hosts.

Device IP Address Subnet Mask Gateway

Multi-Function
device WAN
Interface

Multi-Function
device LAN
Interface

DHCP Address
Range

Dr Mary Kelly’s
PC

Dr Andrew
Kelly's PC

Nurse’s PC

Physio’s Laptop

In the space provided below, draw a physical nétvasagram showing all network
devices, PCs and cabling. Identify all devices iaterfaces according to the interface
chart above and indicate the IP address and subask for each interface, based on

the entries detailed above.
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Physical Network Diagram
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8.3. Appendix Ill — Fourth Learning Experience

CCNA 3 : LAN Switching and Wireless
Module 6 : Inter-VLAN Routing

Challenge Lab Activity

International company ‘MoneyManage’ have boughtralt office block in Dublin
city centre with a view to setting up a small offiéor their money laundering
facilities. It is highly illegal so security is garamount importance. You are required
to submit a simulation of their network model incRet Tracer™. This simulation

will be used as part of your application to getdbatract for the installation.

The needs of MoneyManage are as follows:
The MoneyManage Dublin office will be split intoulodepartments.

1. Cheques
Employees: 43

2. Bank Drafts
Employees: 90

3. Credit Cards
Employees:146

4. Cash
Employees:11

The employees will be physically adjacent in somses on the office floor, but

logically they must be separated.

Calculate the addresses needed for the departfnems 72.16.0.0 / 16.

The departments, although separated for secuasores, will need to be able to

communicate to share resources. This must be iadludthe configuration.

81



Test connectivity between networks. All pings slaoloé successful.

Advanced Configuration

The employees of CreditCard and BankDraft needsacttea remote server
called TravellersCheques with an IP address 22061200/28 . The other two
departments must not be able to contact this server
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8.4. Appendix IV - Information Sheet

There is a belief that the more information a shideas, the better his learning
experience will be and the more information he watiain for future recall and reuse.
Students today are presented with large amountscbf thick content in many

multimedia formats. It is believed that by presegtstudents with this thick data in a
variety of formats, which should appeal to indiatlilearning styles, their learning
experience will be optimised. However, sometimegwr-abundance of information

related to one specific topic can cause cognitixerload.

Using the Cisco Network Academy Curriculum, a rithick form of content is

available, comprising of online course notes, boo&simations and hands-on
laboratory exercises which can be completed ond@dalacer™, a network simulator
provided by Cisco. However, the availability anchbisity of this rich media can

obliterate the need for students to engage in arger thinking and problem-solving
activities, as the overly-scaffolded exercises ltesustudents merely typing in the
appropriate commands. This is referred to as seitesarning with the students putting
minimal effort in to complete the task. This resuhl students not using their high
order thinking skills and not formulating the nexay cognitive linkages to allow

new knowledge be constructed.

Socrates believed that the purpose of teachingneashe provision of information

but through questioning and active dialogue, sttgleuld develop their knowledge
from within. The role of the instructor is that fafcilitator and rather than imparting
information by direct instruction, questions aré&embkto prompt and guide student
thinking. Using Socratic questioning should alloke tstudent the opportunity to

exercise critical thinking of their own prior knasdge.

This research proposes to investigate ways in whicBocratic led teaching and
learning strategy, using problem based learning,icgorove the effectiveness of the
CCNA networking curriculum by requiring the studet engage in more high order

thinking processes.

83



It is proposed to introduce four problem-basedvéets to the CCNA class at various
times over the next three months to allow studémesopportunity to use their high
order thinking skills. These activities will takieet form of binary/decimal conversion
arithmetic, IP addressing problems, network topplpgoblems and troubleshooting
activities. These activities will be conducted invariety of sessions including
individual activities, activities with groups ofrde to four students and activities
which involve the class group as a whole. Packeicdr™ will be used for the
problem based networking activities.

In order to draw conclusions from this researchiadaeeds to be collected and
analysed. A variety of data collection instrumemtdl be used comprising of
guestionnaires, open forums with students and odm#&ideo recording of one of the

activities.

The participation in these activities is completetyuntary and students can withdraw
at any stage if they so wish, as well as omittimgweering questions from the
questionnaire if so desired. Anonymity and full fidentiality is guaranteed to all

participants in the analysis, publication and pnéstoon of the resulting data and
findings. Audio/video output will not be made publbut will be used to form

generalisations which will in turn inform the reega However, in the extremely
unlikely event that illicit activity is reported tme or recorded during any activity |

will be obliged to report it to appropriate authies.

If a student wishes to opt out at any stage, artg dallected in which he/she has
partaken will be edited to exclude their participatand contribution. Also, for a

student who chooses to opt out of the researcangements will be made in the class
for the student to attend the session but be egdlfidm the research. On completion
of the research, findings will be presented backh® participating students and

debriefing sessions will be available for any studeho wishes to avail of them.

Bernadette Garry
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8.5. Appendix V — Request for Permission Form

To Whom It May Concern:

Thank you for participating in this study. This dyuis for part assessment for the
Masters in Technology and Learning in Trinity Cgkle This research proposes to
investigate ways in which a Socratic led teaching l@arning strategy, using problem
based learning, can improve the effectivenessefdGNA networking curriculum by

requiring the students to engage in more high dideking processes.

Anonymity and full confidentiality is guaranteed &l participants in the analysis,
publication and presentation of the resulting datad findings. None of the

recordings, i.e. audio or video will be identifiabr made public unless prior written
permission has been given to do so. The purpogéeofesearch is to collect and
assess the necessary output from the problem lzasedties to investigate whether
high order thinking skills have been used. Pleasenat name third parties in any
open text field of the questionnaire. Any such ie=plvill be anonymised. Please sign
below giving your consent to partake in these #&&w and also to allow these
activities to be observed.

Student Agreement

| confirm that | am 18 years or older and competerdupply consent. | understand
that partaking in this exercise is completely védum and | can opt out or terminate it
at any time. | understand that the data is beinigated for research purposes and |
give my permission to use any data collected feséhpurposes. | also give my
permission for my participation in these activitiesbe observed for the purpose of
data collection. | agree that my data is used toengific purposes and | have no
objection that my data is published in scientifidofications in a way that does not
reveal my identity. | understand that if 1 or angom my family has a history of

epilepsy then | am proceeding at my own risk.

Student Signature:

Researcher Signature:

Researcher Contact Details: bernadettegarry@minet
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8.6. Appendix VI — Observation Protocol Form

Date: Time:
Activity: Setting:
Group: Duration:

Observed by:

Time: Description Reflective Notes
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8.7. Appendix VIl — Sample Questionnaire
Questionnaire for Activity 4

1. Did you enjoy today’s class? Indicate your leveknjoyment.
Completely enjoyed
Mostly enjoyed
Somewhat enjoyed
Neither enjoyed nor did not enjoy
Somewhat did not enjoy
Mostly did not enjoy
Completely did not enjoy

2. Why or why not was it more or less enjoyable th#rer classes you have had?

3. Did you feel that having this problem to solve aygghyou more, increased your
interest and required you to concentrate more yoamormally would in class?
Indicate your level of interest.

Completely interested

Mostly interested

Somewhat interested

Neither interested nor disinterested
Somewhat disinterested

Mostly disinterested

Completely disinterested

4. Why do you think the problem increased/decreased yderest?
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5. What value do you think presenting a problem-basesario, which required you
to use the knowledge which you have acquired sdfaught to your learning
experience? Indicate the value of this problem-th@senario.

Completely valuable

Mostly valuable

Somewhat valuable

Neither valuable nor has no value
Somewhat has no value

Mostly has no value

Completely has no value

6. Explain the value or lack of value that the probleased scenario gave to you?

7. Did having to solve a problem force you to useatéht skills than if you were
receiving direct instruction on how to solve thelgem? Indicate the degree of
difference in skills used to solve the problem.

Completely used different skills

Mostly used different skills

Somewhat used different skills

Neither used different skills nor did not use eliént skills
Somewhat did not use different skills

Mostly did not use different skills

Completely did not use different skills

8. If you used different skills, explain what they wer
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9. Tick all that apply. Did you find the problem to:be

Interesting
Relevant
Meaningful
Engaging
lll-defined

10.How important is theontent of the problem scenario in helping you to build
knowledge and engage your interest?

11.Do you think a problem-solving scenario like thigeg you the opportunity to
build knowledge? Indicate the degree in which @f@m-solving scenario helps
you in knowledge construction.

Completely helps in knowledge construction

Mostly helps in knowledge construction

Somewhat helps in knowledge construction

Neither helps nor does not help in knowledge cotbn
Somewhat does not help in knowledge construction
Mostly does not help in knowledge construction
Completely does not help in knowledge construction

12.Why or why not would the problem-based scenarip reknowledge
construction?
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13.Do you think a problem-solving scenatrio like thidl Wwelp you to retain the
knowledge you have, better and for longer? Inditta¢edegree of retention of
knowledge from this problem-solving scenario.

Completely helps in knowledge retention

Mostly helps in knowledge retention

Somewhat helps in knowledge retention

Neither helps nor does not help in retention
Somewhat does not help in knowledge retention
Mostly does not help in knowledge retention
Completely does not help in knowledge retention

14.Why or why not will the problem-based scenariolaidwledge retention?

15.Do you think that you were more active today than ysually are? Indicate your
level of activity.

Completely more active

Mostly more active

Somewhat more active

Neither more active nor not more active
Somewhat not more active

Mostly not more active

Completely not more active

16. If you were more active, what benefit do you getrf being more active?

90



17.Do you think being active helps you to concentratee and learn better rather
than just passively listening?

Completely agree that activity enhances learning
Mostly agree that activity enhances learning
Somewhat agree that activity enhances learning
Neither agree nor disagree that activity enhatezasing
Somewhat disagree that activity enhances learning
Mostly disagree that activity enhances learning
Completely disagree that activity enhances legrnin

18.Why do you think that is?

19.Did you find working in a small group beneficialtdne person do all the work
or did everyone participate and contribute equally?

Completely agree that group work is beneficial
Mostly agree that group work is beneficial
Somewhat agree that group work is beneficial
Neither agree nor disagree that group work is ti@aé
Somewhat disagree that group work is beneficial
Mostly disagree that group work is beneficial
Completely disagree group work is beneficial

20.Explain your experience of working in a group.
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21.Do you think you would have learnt more doing #xercise individually?

Completely would have learnt more doing it indivedly

Mostly would have learnt more doing it individuall

Somewhat would have learnt more doing it indiviua

Neither would have learnt more doing it individyair in a group
Somewhat would have learnt more doing it in a grou

Mostly would have learnt more doing it in a group
Completely would have learnt more doing it in awgy

22. Explain your answer.

23.How did you feel about not having your questionrectly answered by the
facilitator? Was this frustrating or did you feeluyhad to think more for yourself?

Completely made me think more for myself

Mostly made me think more for myself

Somewhat made me think more for myself

Neither made me think more for myself nor did not
Somewhat frustrated and would have preferredaggsir answer
Mostly frustrated and would have preferred a gtraanswer
Completely frustrated and would have preferrettaight answer

24.Explain your preference.
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25.Does the way the network simulator, i.e. Packet@r® responds to your actions, help
you deepen your understanding of networking corsckeptallowing you to explore
alternative solutions on Packet Tracer™ and backtifethey are not working?

Packet Tracer™ completely helped deepen my uratetistg
Packet Tracer™ mostly helped deepen my understgndi
Packet Tracer™ somewhat helped deepen my undenstan
Neither helped nor did not help deepen my undedstg

Packet Tracer™ somewhat did not help deepen mgratahding
Packet Tracer™ mostly did not help deepen my wstdeding
Packet Tracer™ made no difference to my understignd

26.Explain your answer.

27.Do you think that using Packet Tracer™ helped youisualise this particular
networking process, i.e. inter-VLAN routing, in @ tangible manner?

Packet Tracer™ completely helped in the visuabsabrocess
Packet Tracer™ mostly helped in the visualisafimtess

Packet Tracer™ somewhat helped in the visualisgiiocess
Neither helped nor did not help in the visuali@atprocess

Packet Tracer™ somewhat did not help in the visa@abn process
Packet Tracer™ mostly did not help in the viswaditn of process
Packet Tracer™ made no difference in the visuabisaf process

28.How does this visualisation help in your understagaf this topic?
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29.Did you find it beneficial that Packet Tracer™ abgive you feedback if the
devices could not communicate each other?

Completely beneficial

Mostly beneficial

Somewhat beneficial

Is neither beneficial nor not beneficial
Somewhat of no benefit

Mostly of no benefit

Completely of no benefit

30.How did you find this feedback beneficial?

31.Did you solve the problem — could all devices comioate with each other?

All devices could communicate with each other
Some of the devices could communicate with ealsbrot
None of the devices could communicate with eabkrot

32.Could you apply your prior knowledge to solve thiseen problem?

33.1f you did not solve the problem, what factors irdpé your success?
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34.1f you did not solve the problem, what could haedplkd you to solve this
problem?

35.Have you anything else in general to say on tlamieg experience?
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8.8. Appendix VIII — CCNA Instructors Questionnaire

Name of College:

Course Content and Delivery
Number of hours dedicated to CCNA per week:

Of these hours, how many are:
Theory:

Practical:

What mode of instruction is used for delivering theoretical part of the curriculum
and why e.qg. lecture, tutorial etc.?

Do you request your students to pre-read the chapier to your lecture on it?
Please tick one of the boxes below.

Always Frequently Sometimes Never

Please state the reasons for your answer:

Labs

Are all three labs completed for each chapter?seléak one of the boxes below.

Always Frequently Sometimes Never

Please state the reasons for your answer:
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Are the labs done individually or in groups: Greup Individually

If they are done iGsroups, please state your reasons why:

To complete the labs, do you use:

Packet Tracer™ Physical Equipment Combination

Please state your reasons for the chosen resource(s

Do you find some students simply transcribe the mamds directly from the chapter
lab sheet, rather than attempting to understand ré@sons for a particular
configuration command? Please tick one of the boeésw.

Always Frequently Sometimes Never

For the second chapter lab which omits instructidiesyou find some students search
for the required configuration commands from otbeurces or do they simply copy
the commands from the first lab sheet? Pleaseotiekof the boxes below.

Always Frequently Sometimes Never
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On a sliding scale, rate the level of learning Wwhyou think the students are engaging
in?

Deep > Surface
Learning Learning
1 2 3 4 5

Are there any alternative methods you use, to enssiudents are deeply
understanding the concepts and not just engagisgriace learning?

Assessment
Do the students do chapter exams every week? Rleksme of the boxes below.

Always Frequently Sometimes Never

Please state the reasons for your answer:

What weightings do you apply to?

Chapter Exams:

Skills Demonstration:

Final Theory Exam:
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Do you think the students’ main concern is the tdrapxams rather than deeply
understanding the underlying concepts? Pleas®tielkof the boxes below.

Always Frequently Sometimes Never

Please state the reasons for your answer:

Is there any part of the CCNA curriculum of whiabuywould be critical e.g. labs,
assessment etc.
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Instructor Feedback
Are you aware that the Cisco Academy receives faedon the quality of the

instructor through monitoring the student scoresach class to highlight classes
where a high percentage of students earn low stores

Yes No

Do you agree with this instructor assessment gjyaad why:

Students also complete an online survey at theokedch semester, which asks them
for ratings on the instructor, the curriculum ame tcourse assignments. Are you
aware that instructors can learn about their perémice by accessing online, the
average rating their students have given them?

Yes No

Do you think that these instructor assessmentegfieg undertaken by the Cisco
Academy might influence the way instructors assdhe practical skills
demonstration, by inflating student scores so thigt might reflect better on them as

an instructor?
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8.9. Appendix IX —Interview Transcript with Codes & Themes
Transcription of Interview from Activity 4 — Inter- VLAN Routing
CODES DIALOGUE THEMES

R: Okay, so what did you think genuinely, this has

to be honest because if it is not honest, it is

pointless, alright? So what did you think of the

session?

P3: Much better idea than the way we do labs.

P1: Yes, | found that.

R: Much better idea, why? What was the

difference with it?
Spoon-Fed P3: You are not being ‘spoon-fed'. Indelpat

Learning

Considering | P1: Yes, made me think about, when | was Active
impact of configuring one part of the switch | was thinkinfg o| Learning
one action on how it overlaps with other technologies that aretor
other and normally | am just following what is on the
elements screen

P4: Or on the page
Trying to P2: You are not just reading lines one by one and| Active
work things | going through a set motion, you are actually wagkinLearning;
out for things out for yourself, trying to see what is Independent
yourself happening down the line. Learning
Real-life P5: It gives you a view into real life, in realdiff you | Collaboration
View — are in a work situation the amount of times youehay;
collaborating | to work in a group and different people have ddfdr| Real World
in a group ideas like how to accomplish the task and sometim&ontext

by doing things like this, you see tiR starts by

doing this with the task like and maybe | should be

doing that instead of doing a set list like.

14

R: Yes, absolutely.

Sharing ideas

P4: Picking each others brains faddike.

Collaboratior

R: Absolutely, yes!

R: So when you say you prefer doing it than kind
of doing the labs and being ‘spoon-fed’, what
difference does it make to you though, like why
did you prefer doing it like that?

Passive
Learning
Spoon-Fed

P3: When we are doing a lab on inter-VLAN routir
all routing configurations are done for you exciyat
inter-VLAN routing and then it tells you what to do
SO you are not learning, you are just going to fead
off the screen and you could be thinking of
something else.

dndependent
Learning;
Active
Learning

R: So did you think this makes you think more?
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Passive P2: Yeah we find out if you are forgetting someghinIndependent
Learning; or where you are going wrong because you like wjllLearning;
Spoon-Fed | see it in front of you rather than like if you guest Active
reading a list of instructions then you can’t gong | Learning
because it just means you missed a step somewhere i
you did.
Learning P1: Yeah, by making a mistake | found like | made Active
from mistake there and | wont forget that, it has clicke | Learning;
Mistakes now. Knowledge
Construction
Looking for | P5: Sometimes on Packet Tracer™ you are lookinéctive
100% at like what score | am at like and if it is 100%uy | Learning;
completion | go - the task is done, that's it like. Maybe yowghti | Independent
Follow steps | take stuff away from that. LikB3 was saying earlier| Learning
— Passive on, with a task like this, you start from the stagn
Learning follow certain steps like, you don'’t just have h la
Spoon-Fed | like and all you have to do is follow certain stéige
Not thinking | P6: You are not thinking about what you are doing.Active
about what | You are just reading off the screen, you are pgitan| Learning;
you are doing command in; you are not thinking what the commathowledge
Reading off | is doing Construction
screen -
Passive
Learning
R: But you know the second lab that you do, it
doesn’t give you all the commands
P4: That is the challenge lab.
R: Well there are kind of three usually.
P4: They give you the basic challenge. They gine y
the ‘Show Run’
R: The second one is kind of the first one without
the commands to tell you what to do, do you not
find this is the same type of thing?
P2: They more or less have the same type of
commands.
Show you P4: They give you the output of the switches liag g Active
commands | the ‘Show Run’, they show you the commands thatLearning;
used - were configured so then if you look at it you castj | Independent
Passive go, oh thatis I all I have to do. Basically yoe ar Learning
Learning looking at the bottom corner waiting for it to go
Spoon-Fed | 100%.
R: And then you are done?
Satisfaction | P4: And once you hit 100% you are done, whereasAlctive
Challenging | you were doing something where there is no tick theearning
box you are just giving the scenario, you are going Personal
finish it right down to the tee like until you are Gain;
satisfied yourself Independent
Learning;
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Self P1: You are going to get to the end and then ya li Active
assessment afwill be thinking back, did | do everything. That's | Learning;
knowledge | what I find. Instead of just being told oh Personal
Congratulations it is like | am done, now is Gain;
everything ok with it. Independent
Learning;
Gives you P3: Even the second lab that doesn’t give you the| Active
task step-by- | instructions, it still gives you the task step-hggs Learning;
step — Independent
passive Learning
learning
Spoon-Fed
R: It does yes, it breaks it down
Spoon-Fed | P2: And it still tells you what ports you have tgeu | Active
Tells you and what addresses you have to use rather that youearning;
what to do having to work it out again for yourself. Independent
Learning
R: Do you think a problem like this helps you to
recall back basically what you have done before?
Do you know what | mean? Did you have to think
about stuff you covered.....?
Encompasses P5: It helps with the eh....you are reading a book.}|.Knowledge
prior the book we are on now like there is Chaptersi tq recall
knowledge | like and a task like this everything works together
like
R: Right. Great.
Encompasses P5: So you are basically restudying stuff from two| Knowledge
prior three chapters before like recall
knowledge
Referring P1: Yes, | found, instead of just focussing on this | Active
back to chapter, like 1 was kind of going back to Chapter 1 Learning;
theory Knowledge
covered recall
Encompasses P6: This lab helps you go through old stuff. Yol haActive
prior to look at the design before you could write anyghi| Learning;
knowledge | obviously Chapter 1 the design Knowledge
recall
R: Ok. So it expected you to go back and think of
all the things you have learnt so far. It sort of
brought it all together
Spoon-Fed P1: Without telling you you had to dd tha Independent
Learning;

R: Ok. The interesting thing was that only your
group <indicating a specific group> were the only
group who had their books out. Did none of the
rest of you feel youneeded to open up a book?

P4: No.

R: You didn't need to or ....
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Group P5: No, because like by talking to the four peaple | Collaboration
Discussion | the group, everyone started with a certain....

R: But for the configuration even, the commands

themselves......

P3: No. Probably would have needed the book after

while maybe

R: So you just didn’t get to that point. Butyou did

(pointing to a specific group)

P5: | thought our group didn’t need it
Thinking P1: Yes, like | was working out kind of, | was Active
about and thinking about adding how many switches and thenlearning;
working out | was thinking about working out the throughput and Independent
Refer to book| then | had to go to the book to figure out that pér | learning

it

R: Yeah! Would you ever have to do that when
you are doing the Cisco labs? Would you ever
have to open up the book?

Spoon-Fed | P1: I wouldn’t think about going back to the boas¢ Active
Following | would just be following what is on the screen. Learning;
what is on Independent
screen — learning
Passive
Learning
R: So basically, it made you make more of an
effort, to find something that was going to help
you with the solution
P1: Yeah
R: Would the rest of you done that?
P4: If we really needed to, yeah.
P2: If you didn’t know something, yeah.
R: But you wouldn’t have had to dothat using the
Cisco labs?
Spoon-Fed P2: No, you don’t have to do it. Active
Learning;
Independent
Learning

R: Itis all there in front of you. No it is good;|
was delighted to see that you did, because that is
the whole purpose of it, to force you to try and
source this stuff. Ok where will | get the answerd
this question? So rather than sitting there and not
doing anything, it is good that you actually
decided lets open up the book or the curriculum
and find something from there. So that was really

good! Ok so what else have | got?
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R: Yeah, did you use different resources than you
would use if you were using the Cisco labs, did yo
find? Do you know what | mean, the fact that you
did have to use the book? What about working
with each other, like did you find that you kind of
tapped into each others brains?

u

Group
Discussion

P5: I think that’'s what you were saying with P1, he
used the book like. But with our group we all
discussed it before.

» Collaboration

R: They did too actually.

P5: | am not saying that they didn’t.

P2: We didn't use the curriculum at all.

R: You didn’'t need to use it.

P2: We had it open but ....

R: Ok, you didn’t have to refer backto it

Discussion
about process

P5: We all gave each other a certain time, what d¢
5 you think of the problem, what steps should we ta
and wrote them down and then we broke into two
groups like.

) Active
Keearning;
Collaboration

R: What about doing it as an individual and doing
it as a group. Now | know obviously there were
issues over here <pointing to a specific group>
with it.

P4: (member of squabbling group). No but the only

thing is.......

R: No genuinely be honest.
Real World | P4: The only thing is, we did have issues yeabuin| Real World
Scenario group like in the way that some of us prefer to do | Context;
Group things differently than others but at the end ef day| Collaboration
Conflict like, I think it was better that that happenedhis t

group because it gave us a chance to see like say
real world scenario like where these issues prgbal
would come up between network administrators

a

)

R: But did you think you approached it right like
you know.

P4: |1 think we did because in the end we all came

R: But P7 (student who wanted to work as group)
didn’t think you did.

P4: No, this is at the start.

R: Oh well | am talking about at the start,
genuinely, these two groups kind of worked
together on paper and thought about a process,
like you guys decided to separate anB7 didn’t
really want you to do that.

P4: Well not separate in a way.

R: Well you did, you three of you worked
individually

P3 (strongest member of squabbling group): We h

ad

three separate ideas of how it should be done
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R: But could you not have kind of worked
together

Conflict in
group

P3: We could have spent an hour arguing about o
a piece of paper with scribbly drawings

vEollaboration

P4: Yeah!

R: You see you could not see it as an argument it
is kind of constructive discussion over what is the
best solution, if it is group work

Individual
Solution

P3: I know but the three of us did three different
designs on paper, rubbed things out and all,nbts
looking right. The three of us spent ten minutess gu
quick illustration of what it looks like on screand
then you can say, that looks better, that lookiehet
that looks better

Collaboration

P4: Exactly and we chose.....

R: Itis not really how group work should work

No
perception of
benefit in
group work

P3: In a group, everyone is not going to do theesa
job

TCollaboration

R: No but P3, do you not see, you are a group
member, you need to work together, collaborate
together, discuss things together, as opposed to, i
is a bit of a cop out, ok you do your own thing and
we will come together at the end and see what
came up.

P3: No, | don't think it was!

P4: No, not really, no.

R: You are saying there P3, that you prefer
working on your own. Do you not see the benefit
of working with a group ever no? Genuinely?

Preference
for individual
work

P3: 1 do yeah, but what | mean that this one, there
wasn't just working individually. It wasn’t sayirtg
work individually. | was just saying for a minute,
until we get each other, because we were arguing
over the ideas, put a switch here, put a switchethe
and the piece of paper was starting to look like a
child’s scribbles after five minutes.

Collaboration

P8 (student from other group): | think you neeteo
able to choose to be in a group or individual

R: Well | suppose, the whole idea...........

P8: Some people want individual work
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R: Oh that’s fine, well | think it's funny like and
P31 am being honest here, you know what | mean
you are so good at this kind of stuff, you can help
other people with your knowledge and that is one
of the benefits of group work, its to kind of help,
do you know what | mean, and it also helps you to
thrash out in your mind what you are doing. You

know, | understand what you are saying that some

people do prefer to work individually but in terms
of learning, group work is fantastic for learning,
for all people involved in the group, genuinely. |
don’t know how you feel about that, whether you
would all agree or not. | knowP3 doesn’t agree,
P7 obviously does agree and thinks group work is
beneficial.

Preference
for individual
work

P3: I don’'t completely disagree; | agree, you don’t
have to always work everybody together as a grot
to work as a group, you can also work at different
tasks

Collaboration
ip

R: But this is the one time | asked you to work as
a group. Genuinely, do you know what | mean,
this isn’t something | do with you every single
week, like this is a once off kind of a thing.

P4: | know wheré*3is coming from though. We jug
drew a rough sketch each and brought them in
together and then discussed our rough sketches li
as a group and then came up with an idea of whic
one we were going to use like

—t

ke

R: What did the rest of you think about that? You
approached it differently!

Group Work
— Assignment
of roles

P1: Yeah, we started off with the subnetting B&d
was doing it and | thought we should bring in like
scaleability into it so, | decided to start doihg t
subnetting again, introducing scaleability and ehil
was doing thaP6 andP9 were working on other
parts of the project. But they went back to mind ar
just double checked it to make sure it was ok.

Active
Learning;
Collaboration

R: What you had done, ok. You basically did
separate tasks. You guys did the same didn’t you,
you agreed to do separate tasks but working on
the overall thing together.

Group Work
- Assignment
of roles

P5: It was after us discussing what we were gaing
do. We set each other different tasks.

tCollaboration

R: Ok, so you agreed first of all.

P5: It wasn't the case that one person was ingehar
the four people were in charge. We said right yous
are designing that, we are going to do the IP
addressing.

5

R: Perfect, great.
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P5: When we were both finished, we came togeth

er

Group Work
— Assignment
of Roles

P2: We set out as a four to see what we needeal t0 @ollaboration

and then split that in two, two people do one thing
and two people do the other thing

R: What are you saying?

P3: That's what we done; it was just that we
designed

R: Ah but you guys separated out P3.

Reluctance td
work
together

P3: Because we can’t put three computers beside
each other

Collaboration

R: But you should have worked on one computer.
That was the other interesting thing, these all
worked on one PC (pointing to other two groups)

P3: But we did after we had designed it out. That’
what we wanted to do, we just wanted to get a des
in our head

ig

U7

R: It should have been done on paper though!

P3: You should have seen the paper; it was like a
child got a marker...

All P: <laughter>

R: Anyway it is just a different approach. Would
you like that to be the way you always do the
practical work of CCNA? Obviously not P3 but it
doesn’t mean that you couldn’t individually
<laughter> no but genuinely | have done it with
individuals.

Real Life
Spoon-Fed

P5: | think the overall thing that is coming outibf
even if you are working individually or as a grasp
that it is better not being ‘spoon-fed’. If you aji@en
a task and say get that done and get it doneribire
like real-life.

Real World
Context;
Independent
Learning

R: Yes

Spoon-Fed
Passive
Learning
Learn from
mistakes/
lack of
progress to
solution

P5: It is like school — just well done you got that
done. But you are after being given the answers. )
are better off just, there is your task, get tidshed.
And if there is a problem area, then that is witat y
need to brush up on.

Active
Ybearning;
Independent
Learning;
Knowledge
Construction

R: Do you think you enjoyed the class more than
you would if it was just doing the labs?

P2: Yep.

P5: Yes.

108




Seeing where

P2: It doesn’t matter whether you are working as &

L Active

you are going group or individually, you have a better grasp bt Learning;
wrong you are doing and learning from what you are doindnowledge
Learn from | and you are seeing what bits you are going wrong i@onstruction
mistakes It doesn’t matter whether it is a group or indivadiu
R: It doesn’t, because you could have done the
same thing as an individual, each of you could
have done this
Spoon-Fed P2: It is just &5 said, not being ‘spoon-fed’, line QyActive
line, what you are going to be doing Learning
R: So do you think that will make you remember
it more? Do you think you will have learnt more
as a result of doing it like that?
P2: Yeah, | think so.
Made me P1: It made me think a lot more. Active
think more Learning
R: Okay.
P5: It gives you the sense of the design of gjves
you the sense of......
R: What about Packet Tracer™. How important
do you think that was in helping you? Say for
example if we did not have a network simulator?
If you didn’t have any technology in doing this?
Get to see a | P4: Packet Tracer™ helps a lot because you get toVisualisation
problem or | see, you know, if there is a problem and you get to
the way the | see the way that the packets go through all the
packets go | devices likes for inter-VLAN routing. You get toese
through the | where it is going or even which path that it's take
devices along the network like and if you want to manipalat
Can the path to see if it is actually working or not j@u
manipulate | and all that stuff. So Packet Tracer™ is good at th
the path sense but it can be tempermental sometimes you
know, cutting out on you...
R: I know that. But if you look at your topologies,
most of you had at least fifteen switches.
Impossible to do that on physical equipment!
P4: Of course yeah!
R: Never, particularly for an individual, you just
never could do it!
Lot of P1: That was one thing | found kind of that | didn’ | Content of
repetition really like about the lab, there was just a lot of problem

repetition.
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R: Yeah! | don’t think <Instructor Name> meant
you to go to the extent that you did — a port per
person. He said that in hindsight he probably
should have kind of just; you know, designed a
subnet and basically just had one port for say fift
people. He didn't really want it to go to that levé
that's why we kind of stopped it because you knoy
what | mean; you weren’t going to get any more
out of it. Once you had configured one switch, the

rest of them were going to be all the same anyway.

P1: Yeah!

R: But he didn’t want it to be too cut and dried
either which was good like because did you find it
was open enough for you to interpret it whatever
way you wanted.

P4: Yeah!

P1: Yeah!

R: So it wasn’t a very defined problem — this is
what you need to do to solve it! And he had the
actual ACL (Access Control List) at the end as
well, if anybody finished it. So there was lots of
complexity built into it which was hopefully trying
to appeal to everybody’s level, if you like, whiclis
important as well.

Context for | P5: It is just the bringing it all, as | said bedpr Knowledge
knowledge | together - the books, the chapters and all, you Recall and
acquired to | actually see a network working properly then. ladteRetention;
date of seeing individual chapters Visualisation
R: But do you not do that, do you not find that the
labs make you do that, you know, build in all the
previous chapters?

Spoon-Fed P5: No but an awful lot of the labsjikiP3 Active
mentioned before, when P3 said an awful lot of whémarning;
they go from 2 to 3 to 4 like when you go to do a | Independent
certain lab like, it already has that configuratdwone | Learning
and uses...

R: Oh | know what you are saying. So basically
you are building on what this chapter is providing
P1: And you don’t touch on that again until theafi
chapter
R: So this made you go back to Chapter 1 and use
what you learnt in Chapter 1 and bring it all the
way up to Chapter 6.
Problem with| P1: Yeah, cos a lot of the time you get to the@nd | Knowledge

retention

the book and you can’t remember what chapters v
what numbers.

v&tecall and
Retention

R: I know, | know. So would it be safe to say you
all did enjoy it more?

P1: Yeah!
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P2: Yeah!

R: Did you think it forced you to be more active
instead of just sitting there and typing?

P2: Yeah!

P1: Definitely!

P5: Yeah!

R: And do you think that is a good thing?

P1: Yeah!

R: Anybody anything else to say?

P7: 1 was thinking | never use Packet Tracer™a | ¢
through the labs and do everything myself. | think
does the same thing.

R: Do you not find what the guys were saying that|
it does tell you too much information?

P7: This book tells us exactly what you should do

R: But do you not find this <activity> makes you
think a little bit more, by basing it on a problem?

Time
constraint
with
Curriculum

P7: Oh yes, this type of lab yes.But I think as| e
Cisco labs. Always they are very active. Every

chapter, something new, you don’t have time to dc
something else

Content of
Problem
)

R: Say for example, we stopped doing the labs an
we just introduced a problem that covers all of the
labs and covers all of..... I mean you could have
completed that lab in three hours that would have
brought in all of the stuff on inter-VLAN routing
plus all of the other five chapters instead of just
zoning in on Chapter 6, the configurations.

d

P7: No, no, that is perfect, good. What | am sgyin
like is nowadays we have every Friday one exam,
one week for one chapter, so sometimes we just H
time for normal labs. Do you understand?

ave

R: Yes, | know what you are saying.Activity can
be.... just because you are sitting at the computer
typing in commands from the lab doesn’t mean
you are really active, it just means you are typing

P7: No, no, most of the time you are talking alibat
chapter

R: I just mean more active in terms of you have to
think more, you have to go looking for material,
you basically have to be more involved

P7: Most of the time | print the lab and do it by

myself
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R: Anybody anything else to say. | think | have
asked all the questions. The other thing I noticed
actually, sorry, what was really interesting, the
way you used Packet Tracer™ to look at the
actual configurations of the switches and the
router. Have you ever done that before? Do you
know what | mean, so you needed a switch with a
particular number of ports and you actually used
Packet Tracer™ itself to see, okay, if | use this
switch | am going to get that, if | use this
switch...... Normally again the Cisco labs tell you
use this particular switch.

Made us
think

P1: Oh yeah! That made us think like kind of fae th
core switches and the distribution

Active
Learning

R: To understand the different switches and what
they had. So 2960 will give you this, 2940 will gav
you that. Did you ever use that before, Packet
Tracer™ for that reason, did you ever have to?

P1: Maybe, only for assignments.

P2: Only myself, when you are going through
assignments, we normally just use like the one thé
they mention in the curriculum — the Catalyst 290(
2690.

R: That's it, yeah! But this time you were actually
looking on Packet Tracer™ to see which switch is
going to match, which was new, like | had never
seen you do that.

R: But the fact that you actually had to go looking
to see which of the switches is going to help yos 3
opposed to, as P2 said, Cisco telling you use the
2900. Now you know a little bit more about the
models.

P5: | think this project that you gave us this miog
was a bit like, <Instructor name> gave us out & ca
study as well to do like, involved this just a sét
lists and he is not giving us much info, he isingllus
to come up and ask him questions on it like. st |
as you say, he is not ‘spoon-feeding’ us like.

R: Okay

Encompassing
Prior
Knowledge

P5: And it is combining the routing protocols with
like the LAN configurations on the switches as we
like.

Knowledge
|Recall

R: Great! Good! Did you find it difficult that we
weren’t answering your questions directly? Did
you find that frustrating or were you alright on
your own.

P4: No.

P2: No | prefer that.

R: You prefer that! Why?
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Spoon-Fed P2: 1 don't like being ‘spoon-fed’ anssyémwvant to | Active
find out for meself why, if | am not sure about Learning;
something, | will go back and read up on it, rather| Independent
than just have someone tell you well that’s it, and | Learning
then you will probably forget it the next time
anyway.

R: So it helps you remember by......
Challenge P2: You want to go back and figure it out Active
Learning

Need P4: But if you are given something that you don’t | Negative of

Knowledge | know...... Socratic

Already Method
R: Oh well of course, but that wouldn’t be fair
because you couldn’t be expected to.

P4: That would be frustrating!
R: Ah yeah! But that’s the point, as long as you
cover the material.

Spoon-Fed P4: If you've covered it then, you devéint to be | Active
‘spoon-fed’, cos you know it. Learning

Surface P1: That's something | found. Sometimes | wouldn’Active

Learning do much reading at the start of the week, we’d comieearning
in and do one of the Packet Tracer™ labs and yd fl
through it, but em, just because | am doing wh#t i$
be done. But em like, if | didn’t read the Chapter
much and | was to do this, I'd have to go back anc
read. It forces me to.....

R: Ok, so it forces you basically to have covered
the material first.

Surface P5: Sometimes you can do a Packet Tracer™ and sayive

Learning that's me study done. Like grand! Learning
R: Yeah!

P1: But you don’t know what's going on.

P2: You haven't read it yeah!

P5: You haven't read it really like.

R: Sure! Anybody anything else?

P4: There is one more thing about the challenige la
and all that stuff like you know the labs in Cisco?
R: Yeah!

Worry about | P4: Well most of the time they introduce new, em,| Content of

not new commands when you are doing the challenge Rimblem

completing | or even just the basic or whatever, there’s new

labs commands which you don’t actually have. They
don’t actually tell you about them in the curricoru
and they could bring them up during exams and stuff

like that so that’s kind of where they would beywer
useful to keep them as well

R: But do you always do the challenge labs?
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P4: Yeah, nearly all the time for the chapters,lidos
it helps a lot more. Troubleshooting as well istjyre
good. Yeah, but if you incorporate like you knowy

could nearly do that stuff at home, you know and ¢

come in here and then it would be better, more
practical for to give us a challenge like you knidke
do this and we can collaborate with each other as
well like you know.

R: Yeah! So you did find it a useful way of doing
the practical side of the curriculum? Did you, all
of you? Is that fair to say or is that too general a
statement to make? Is there anybody that didn’t
and would prefer to do the Cisco labs the way the
currently are?

P1: No

P5: Prefer that!

P6: More beneficial in the long run!

R: Okay, great, good. Guys, thanks a million. |
know it has been a long morning. Thanks a
million, | really appreciate what you did today

and filling out the questionnaires — | know they
are a bit laborious and talking on the machine and
all the rest. So, thanks a lot and sure we might do
it again, we will see in January, we might do it

again, okay? We will see how it goes.
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