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Abstract

When it comes to the development of instru
developed on the basis of its technological capacity, and rarely is iacsedling to research
based p(Moremi&playersl699)in order to create effective and efficient learning
objects, instructional designers (IDs) must be well versed in what knowledge, epistemology, and
cognition are; ath understand the ramifications of cognitive loads placed on short term memory
by their multimedia instructional presentations. Instructional Designers must also consider that
learners entering into a learning environment are extremely diverse in thémgekisowledge
base. I n order for the appropriate instructio
existing knowledge base must be identified in order to avoid applying instruction which might
cause cognitive load problems which reducetfiectiveness and thereby the efficiency of the
instruction. Taking into account cognitive load theory (CLT) research on the suattajuity
effect, the temporatontiguity effect, the modality effect, the expertise reversal effect, and the
redundancyffect, is an important part of being a successful medayninstructional designer.
With ever increasing media choices, now more than ever, in order for instructional designers to
be able to optimize their instructional designs they need to be cogofzahthe variables that
can result in either a positive or negative i
effective learning environments. An analysis of published research articles on the positive and
negative effects of multimedan cogni tive | oad and how best to

knowledge base regarding a particular subject matter are the subjects of this literature review.
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CHAPTER ONE

According to Maye(2011, p.vi) At he centr al mi ssion of edd
|l earn. 0 Whether it be for education or traini
Apl ans for effective, e({@barec2®® p.xii) diAdesigdedpeal i n
educational programs take both human cognitive architecture and multimedia principles into
account to ensure that learners will work in an environment that iseffeative, efficient, and
a p p e a(van Megri@nboer J. J., The feaaomponent instructional design model, 2010)

One of the most influentidkarningtheories in instructional designtise Cognitive Load
Theory (CLT). CLThas been empirically researched for decades and providestmnal
designers wittmanyprinciples that help make instruction effective and effic(&ss, Moreno,

& Bruken, Cognitve load theory, 201)wo more specialized theories which are aligned with
CLT, thecognitive theoryof multimedia learning (CTMLand the cognitivaffective theory of
learning with media (CATLMprovideboth complimentary and additionadinciples which help
instructional designers mak&_T-based decisions about how to design instructional
presentations ithe mostffective and efficient manner possiljMayer & Moreno, 2010;
Moreno & Mayer, Techniques that increase generative processing in multieeatii;g: Open
guestions for cognitive load research, 2010)Va n Me r(2002}ourkcamponént
instructional design moderovides a framework whidncorporates CLTCTML, and CATLM
principles into a struared model for instictional designes to follow.

CTL is mainly concerned with four areas of the learning pro¢asthe intrinsic load the
concepts being presented hdbjtee extraneaus lbadther ner 6 s
selected methods afiist r uct i on pl ac aernnmemory(aincteasmgti,eer 6 s s ho
germane load during instruction, and promoting effective and efficient transfer of learning.

Although CTML, and CATLM generically organize multimedia into visual andtaugi
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modalities of presentingvords andmages, from the desigr@rperspective there are many
methodsand toolsavailable fordesigning, developing, and implementihgsewords and
images Integrating them into a seamless fabric that is effective, efficient, andiagpsdhe
challenge that all modern day instructional designers face.

Even after the instruction is | madeetonent ed
evaluatean instructional desigto determine if iis ganering the expected resylesvalidard
accurate assessment of the leaaraf the instructionahethodseing implementechust be
appliedand evaluated in order for the instructional presentation to eitehagively. Another
consideration is thaiolleges and universities use a learning management system (LMS) as a
prominenttool for student assessmentpirder for any instructional implementation to be
successfully integrated into the moder ¢ o | | e igreustbe SCOIBM (FareableContent
Object Reference Mdel) compliant

Research Question

The purpose of this thesigasto address thgquestionwill an intelligent tutor designed
usingcognitive loadand multimedigrinciplesusingthe 4C/ID frameworkand implemented via
a SCORM compliant LMS, mpr ove a | earner6s ability to | ea
tasks in college level information systems coursegpreparation for designing and developing
the intelligent tutor and literature review the researcher invedtigfaehistory and evation of
several learning theories including cognitive load theoognitive theory of multimedia
learning, and the cognitivaffective theory of learning with media. Two instructional system
design (ISD) modelareexamined the ADDIE (analyze, desigaevelop, implement, and
evaluate) model anithe four-component instructional desighG/ID) model.Valid assessment
methodshavealso benanalyzedand theeis a brief discussion of the need for and the purpose

of implemening theshareable content objaeferencemodel (SCORM).
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Statement ofPurpose

Mt . San Jacinto Collegeds Computer I nfor ma
programs in which i ts s tegrdeaatviorkingpragrammibgt ai n an
Internet authoring, and a gene@b category. Of the three core courses students are required to
complete as part of their study in each of tiee A 0 ¢ idemyreeepdograms, the CSIS 202
Networking and Data Communicatioosurse has historically been one of the most difficult for
students to completsuccessfullyOne of the most difficult skills for students to learn in the
CSIS 202 course is that of segmenting data communications networks, also krsolnettng
Subnetting is the process by which an information technology (IT¢gsmal takes a single
group of networked data communications devices and divides (segments) them into smaller more
manageable groups of networked devicesutietsin theory a weldesigned intelligent
tutoring system (ITS) could be developed whichrowes the instruction by making it more
effective, efficient, and appealing to the students learning from it. Bfégetivebeing defined
as improving the success rate of students using the ITS by incorporating principles based on
knowledge of how the huam mind works. Morefficientmeaning that students using the ITS
will learn with the least amount of effort expendedpossibleThe ITS will beappealingin that
it will motivate the student to want to use it. In additihre ITS should provide transfeo the
student using it, wherteansferrefers to the students ability to take what they have learned and
apply it to unique situations both similar and very different from the context in which the skill
was learned.

The collegatelevel of learning tend to berigorous anccomplex, especially in programs
which deal withthe sciencs, e.g.computer programming and information systeBexause of
the increased rigor and complexity of these types of college level comstesciional designers

who designinstructional blueprint$or this markeneed to pay close attention to the intrinsic
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load theinstructional presentatioput s o n t h eterin ;memomyleis aGsimportaot r t
for instructional designers to make every effort possibfgewentthe addition ofany extraneous
load created by the presentatitseif. One of the four componers of van Merri tnbo
model islearningtasks. One of the steps involved in the learning tasks componergasizing
thelearning taskinto task classes stepwvhich involves taslanalysis a step whiclcan aid an
instructional designer in evaluating and organizing the instructional materglshra way at®
reduce intrinsic load as much as possible. By being familiar with CTML and CATLM an
instructonal designer can make good decisions in the design praeéasoid having the
presentation add any extraneous lodd the mix.In addition to incorporating the principles of
the aforementioned cognitive load theories into its framework, the 4C/IDImlsde
incorporates the ADDIE (analyze, design, develop, implement, and eyahadel of
instruction a timetested instructional model used by designers for over three deratighich
helps to ensure that the design, development, and implemera&ti@instructional
presentatiomgoes through a rigorous iterative process of analysis and evaluation

Most, if not all, colleges and universities now employ learning management systems
(LMS) for both classroom and online learning environments. In order dourse developed by
an instructional designer to be able to interact with an LMS the course needs to be shareable
contentobjectreferencemodel (SCORM) compliant to be able to offer featurestliiasferring
assessments scoffesm the instructional gesentatiorto the LMS grade book and allowing
learners to bookmark their place in the course for a quick andvegstpreturn to where they
left off.

Rationale
Taking what psychologishavediscoveredaboutcomplexlearningand the cognitive

architectue of humansluring decades of empirical reseaectd using it to improve instruction
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is not a simple and straightforward matter.tBking theory and applying it to tlievelopment
of an intelligent tutoring systemvhich isimplementedss areal world application, much can be
gained by the experienemdwill help others in the fieldvho follow in these footstepsdf it can
be empirically proven that student success has increased due to the implementation of an
intelligent tutoring system adescribé herein, then much can be learned about what does and
does not work when it comes to using these methods as an attempt to improve student success
when it comes to the design, development, and implementation of multireesiid instruction
as well
Definition of Terms

The followingkey termswereused throughout this paper. These are terms that are most
germane to the theories the reader will encounter throughout this paper and understeseling
termswill help the reader better understand toecefs presentedihe terms are listed
alphabeticallyfor the purpose of providing@oint of quick and easy reference.
Cognition

Theact or process of knowin@ognition, 2010)
Cognitive load

The load placed on shearm (woking) memoryduring instructionPlass, Moreno, &
Bruken, Cognitve load theory, 2010)
Constituent skill

Individual interdependent skills which need to be coordinated in order to develop a
particular authentic learning tagkan Merriénboer & Kirschner, 2009)
Extraneous load

The load placed on sherm (working) memory caused by the instructialyuga,

2009)
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Germane load

Related to the processes that directintribute to learning, in particular schema
construction and rule automati@alyuga, 2009)

Instructional designer

AThe person (or persons) responsible for
i nstruct i (Litchkfield 2007 duct 0
Instructional designmodel

Indicates how toimplement the instructional design procbgsdescribing how to
conduct the various steps that comprise the probksgels vary by the degree to which they
makeassumptions about the user setting and ultimate implementation of the iostruct
Gustafson and Bran¢002)classified models according to the primary type of instruction they
are designed to produ¢a) instructian that is likely to be delivered inaassroonby an
instructor,(b) instructionalproductssuchas computebased modules designed for wide
distribution, andc) large-scale instructionaystemsuch as an entire distance learning course or
degree progm.

Intelligent Tutoring System (ITS)

An instructional system which provides dynamic feedback and instruction to its users
based on an eval asting knowledge ant pregressisnghroogh the r e
instructional system.

Intrinsic load

The loa placed on shotterm (working) memory caused by the number of elements that
must be simultaneously processed in skemh memory and the complexity of their interaction
(Kalyuga, 2009)

Learner
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The person who is receivingd instruction designed by the instructional desighyer
R. E., 2011)
Assumptions and Limitations
This research is subject to a few known assumptiimstesearchehas made the
following assumptions:
1. Students who usthe intelligent tutor must be experienced users of the MSJC LMS
This research is subject to a few known limitations. The researcher has recognized the
following limitations:
1. In order for the intelligent tutor to be fully functional it must be implemehted
SCORM compliant LMS
2. The intended audience for the intelligent tutor is students who enroll in the Mt. San

Jacint o Col Ii lgwwikisg a@lDatSCothrudications course.

Overview of Remaining Chapters

This research consists of five chapté&hapter One is an introduction which includes a
statement of purpose, a rationale, operational definitions, assumptions and limitations, and this
overview. Chapter Wo reviews theelated literature regardirtge instructional principles of the
cognitiveload theory, the cognitive theory of multimedeatning andthe cognitiveaffective
theory of learning with media. kterature reviews also conducted on learning transfer and the
four-component instructional design modehapterThreedescribes thenethods used to design
and develop the intelligent tutor system as well as the evaluation process. Ebaptiscribes
the intelligent tutor system in detail. Chapf@re summarizes the project complete with a
reference list, and appendix with all avaiion forms, a compact disc (CD) product, and

Institutional Review Board (IRB) documentation. This thesid companiomtelligent tutor
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will serve to detail thealidity of developing intelligent tutors based on principles of cognitive

architecture whemstructing for complex learning
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CHAPTER TWO
REVIEW OF RELATED LITERATURE

When it comes to the design of learning environments, The National Research Council
(2000f r ames t he discussion this way, Al earning -
designing effective learning environments; similarly, physics constrains but does not dictate how
to build a bridgeo (p131). Hu mahewieslofdearasingb e en s
dating all the way back tancienthuman civilizations. Some of the earliest recorded attempts at
producing learning theories ateatof the Greek rhetor&reek term for oratorvho used
memorization techniques like mnemonics to tiegm remember their speechesich, at that
time, couldnotbe easilywr i t t en down. From this desire to b
ability to learn, numerous learning theories and instructional methods have been developed.

Thanks t ogsRedvdsearchers likelTthvorndike and B.F. Skinmdraviorism
dominated much of the twentieth century ith advances in cognitive psychology and
neuroscience, a new learning theory, cognitive load thgilry), has come onto the landscape
andcould pausiblydominate the twentjirst century. Two, more specializgtieoriesof CLT,
the cognitive theory of multimedia learning (CTML) and the cognisiffective theory of
learning with media (CATLM) examine multimedia and its effects on the learningsz &y
applying and extending the principles of CLT. Historically, in the development of instructional
technol ogy, fimultimedia has been devel oped on
rarely is it wused accor(Morenogk Mayer, 198 ¥xamplesdf based
poorly designed instruction using multimedia are numerous. Too many instructional designers
arenottrained how to properlyse multimedia in instructioor are notkknowledgeable in the
area ofcognitive load theory, or botffo be an effective instructional designer (IBemust be

aware ofthe researclthelearning theories, and the learning principgtescerning theffect
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instructonhave on a | e ar anetheddsrivative gimdtidnal design madelsithat

have been developed to help implement effective and efficient instructional environments
Instructional designenmsiust also understand that learners entering into a learning environment

are extremely diverse in their existikgowledge base. In order for the appropriate instruction to

be applied to each individual |l earner, a | ear
order to avoid applying instruction which might cause cognitive load problems and thereby

reduce e effectiveness of the instruction. Taking into account research in the areas of CLT,

CTML, CATML and their accompanying principles is an important part of being a successful
modernday instructional designeBoth the nature and the skills needed farently available

jobs are rapidly changing while the information relevant to carrying out those jobs quickly

becomes obsolete. This poses higher demands on the workforce with employers stressing the
importance of problem solving, reasoning, and cregttaitensure that employees can and will

flexibly adjust to rapid changes in their environm@in Merriénboer & Kirschner, 2007Mlow

more than ever, instructional designeezdto be able to optime their instructionatiesigns in

order to create successful students who can meet the demands of industry needs. This means
beingcognizant of all the variables that can result in either a positive or negative impact on a

| earner6s cogni ti ve | oradefficient leasning environments.pAn o d u c e
analysis of published research articles on the positive and negative effi@stsuationon
cognitive |l oad and how best to determine a |e

particular subject mattés thefocus of thiditerature review.
Knowledge and Learning

In order for an instructional designer to fully understand all of the principles involved in
making good decisions about instructional design, they must start with a good foundation. In

order to devalp this foundation we will begin with the conceptkonbwledgeandlearning
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Knowledge is defined by th@xford English Dictionaras (1) facts, information, and skills

acquired by a person through experience or education; the theoretical or practical understanding
of a subjec{Definition of Knowledge, 2010)n order to acquire knowledge one mustizail

complex cognitive processes including: perception, learning, communication, association and
reasoningKnowledge, 201Q)The knowledge acquisition method that instructional design has
control over is learningvhichwehae j ust | earned is a Acompl ex
(Knowledge, 2010Q) This would seem to imply that cognition then plays a large part in learning

in order to gain knowledge.
Cognitive Learning Theories

Behaviorism, dong-standing standard in learning theories and cognitive learning
theories are similar in that they both believe that the environment influences learning. Where the
two differ is that cognitive learning theories are concerned with the internal proceasiesd
in making sense of the environmégBi/senck & Keane, 2010; Reiser & Dempsey, 2003} the
cognitive learning theories, the cognitive information processing theory was first on the scene
andbeganits rise to prominence in the 197(Reiser & Dempsey, 200.7%ince then, other
cognitive learning theories like semantic networks, schema theory and cognitive load theory
(CLT) have been developed and have become more influantted development of
instructional desigfivan Merriénboer & Sweller, 2005) here is a lot of commonality among
these four cognitive theories, among those that are most important to modern multimedia rich
learning environmds are: (a) perception and attention, (b) encoding of information, memory,
(c)comprehension, (d) active learning, (e) motivation, (f) locus of control, (g) mental models, (h)

metacognition, (i) transfer of learning, and (j) individual differer(@dsssi & Trollip, 2001)
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Perception andattention.

Perception and attention are shaped by thr
received in visual or aural form, it needs to be received as simply as possible, (b) the method b
which information is arranged, spatially and/
perception of i1t, (c) varying the way infor ma

attention(Alessi & Trollip, 2001)
Encoding

Although humans possess five senses, for the most part instructional input is received via
site and sound (visual and aural). Cognitive psychologists believe that the incoming stimuli must
be transformed into a format that can be stored in tha;kdhas process is called encoding.

Studies on how students encode information have shown that simultaneously receiving the right
types of information visually and audibly can actually improve lear(@igrk & Paivio, 1991

Mayer R. , 1997)
Memory

Learning does absolutely no good if what a student learns cannot be recalled when
needed. Alessi & Trollig2001)state that there are two principles that underlie almost all
memory enhancing methods: principle of organization and the principle of repetition. The
principle of organization states that things are remembered better if they are organized. This is
why adwance organizers are a good instructional tool; they both organize the material prior to
learning and call attention to the organizational structure of the information. Mnemonics is also a
form of organizing information to enhance retrieval. It has beehtlkat practice makes perfect,

actually the truth of the matter is that oplgrfectpractice makes for perfect performance and
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studies have shown that practice does logarithmically improve perforrfarc®lerriénboer &

Kirschner, 2007)
Comprehension

A big part of cognitive theories is how to build and modify schemas in long term
memory; this is where comprehension comes in. Comprehending a concept, a skill or an attitude
means that we are able to classify it, applgvaluate it, discuss it, manipulate it, and teach it to
other people. This is why teachers who have been teaching a subject for a while have a deeper
insight about it teaching information to others is one of the best ways to learn a subject in

depth(Alessi & Trollip, 2001)
Active Learning

Active learning means to learn by doing. Good instructional design will include student
interactions that are frequent, relevant, interesting, and apply just the right amount of difficulty
Primarily, applying the appropriate | evel of
knowledge. Prgesting can be very helpful in selecting the appropriate active learning strategy

(Clark, Nguyen, & Sweller, 200&5lessi & Trollip, 2001)
Motivation

Motivation is also a key factor in designing instructional content. Two models are
frequently used in multimedia design Mal oneds

motivational theoryfAless & Trollip, 2001).
Mal oneds motivation theory

This theory identifies four factors that are necessary for instruction to be motivational.
First, the instructional material must not only be challenging for the students but also

individualized and adjusted for the specific learner, varying the difficiltiie material as the
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|l earner6s performance i mproves keeps the | ear
Mal one suggests that the instruction should p
cognitive curiosity. Sensory curiosiepnsists of visual and audio variations that are surprising or

attract attention. Cognitive curiosity occurs when the information conflicts with the learners

existing information, is contradictory, or is in some ways incomplete. These situations encourage

the learner to seek new information that resolves the conflict. Third, is control, which refers to a

| earnerd6s ability to control the instructiona
that allow the learner to determine the sequencingjffanotion of power that a learner feels

from having some type of creation to show as
motivational factor is fantasy. Fantasy is when a student can imagine themselves in environments
that are realistic to thaibject being learned or even surrealistic such as in games or simulations

(Alessi & Trollip, 2001)
Kell erds ARCS motivational theory.

This theory is all in the acronym ARC&tention relevanceconfidenceand
satisfactionKe |l | er makes the point in his theory tha
in the lesson and then maintained througlietler & Suzuki, 1988) This reinforces the idea
t hat piquing a st ugkententth®ugloutthe iosguctional peocessare ar y i n
good strategies to implemeRelevancean prove motivational if the instructor or instructional
method can demonstrate to students why the material is important to their lives. Developing a
s t u d eorfidedcsecan be implemented by giving the user more control of the learning
environment, offering many attempts at being successful during the learning process, and making
the expectations for learning clear to the lear8atisfactionrcan come from encoagement, a

sense of progress, and fairness just to name a few strai@lgiss & Trollip, 2001)



Multimedia in ID| 15

Locus of Control

Locus of control is another way of saying give the learner the ability to take control of the
learning process by enabling them to control sequencing, pace, content, methodology, or other

instructional factors like the amount of support provi@iléssi & Trollip, 2001)
Mental Models

A mental model refers to the schemas a learner has built into their long term memory. By
recalling these schemas learners can reduce the amount of working memory required to solve
problems(Alessi & Trollip, 2001) Studies which compare novices to experts, as in the famous
chess master studié@Shase & Simon, 1973%howthat experts haveonsiderably more
schematic suctures from with to drawfor problem solving than novices; schemas that have

been developed from years of experience working with a particular subject.
Metacognition

Met acognition refers to a persondés ability
Research stws that high achievers have good metacognition in addition to good cognitive
abilities. General strategies f or-evaluatom,easi ng
reflection, and practice activities aimed at actually developing metacogskilisx(Alessi &

Trollip, 2001) Journaling, blogging, and peer evaluation are methods proven to increase a

|l earner6s metacognitive abilities.
Transfer of Learning

Transfer of learning is one of the most studied principle®ghitive learning Cormier
& Hagman, 1987)its focuses orransferencef problem solving techniguesdpsychomotor
skills, anddetermining which instructional methods enhaacel ear ner 6 s abi |l ity t

learn and apply it to situatiomsthersimilar tothose that existeduring instruction (near
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transfer)or to situations considerably different than the context in which they were learned (far

transfer)(Alessi & Trollip, 2001; Atkinson, 2010)
Individual differences

The principle of individual differences centers on the fact that not all people are alike and
thereby instruction shoul dnoét vebypergom Bhssnt ed i n
where the development of intelligent tutors can have the most impact in instructional design. By
adapting the | ear ni-exptingknaviedgs and prederreal ledrrengr ner 6 s

method could have a significant improvementtoalearning outcomgAnderson, 2007)
Cognitive Load Theory

Although Mary Driscoll(2007) Moreno and ParR010) and Allessi & Trollip(2001)
dondt agree precisely on the origins of the ¢
consensus among them and other researchers that CLT is curmeoily the mor@opular of
the cognitive learning the@s$ and is considered one of the most influential theories in
instructional designThis is due in part to mamgcent advances tognitive neurosciencéike
PET scans and fMRIsyhich have providethcreasing enence for the validity of many
principlesof the cognitive load theor@Merriam, Caffarella, & Baumgartner, 2007; Diwalding
Theory, 2009) Themain precepts atognitive load theory are the followinp) working
memory (also known ashortterm memory) idimited to holding seven items, plus or minus two
(Miller, 1994 (b) if a learnerdoes not possessy schemag(e-existing cognitivestructures) in
long-term memoryrelatedto the subject being learned then working memory can be quickly
overloaded with informatigrcausinga cognitive overloadhatreduesa per sondés abi | it
learn.Essentially, what cognitive load means to instructional designers is that in order for
instruction to be both effective and efficiedesigners need to be cognizant of thiseefactors

(a)the number of elements being presented and the amount that they interact with each other
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cannot exceed the amount of available working men{bjyhe indructional presentation should
not hamper the learning process by adding to the cognitive load in working memdcy tued
instruction should utilizéechniques which afford the learner to effectively produce subject
matter schemas in long term memany rule automaticityln CLT terminology the previous
three factors are referred toiafrinsic load extraneous loadandgermane loadespectively

(Moreno & Park, 2010)

An effective analysis of an instructional preséntaneeds to identify ways to reduce
extraneous loa@BSweller, 1994)Instructional designers should make every attempt to reduce the
effect of extraneous load on cognition by adhering to the following principles: thérgeal
effect, the workegexample effect, the spléttention effect, the completion effect, and the
redundancy effect. The gefike effect demonstrates why instructional designers should use
goatfree problems instead of mea@sds analysisinordertofes a st udent 6s atte
problem states and available operat@wen & Sweller, 1985; Sweller, Mawer, & Ward, 1983;
Tarmizi & Sweller, 1988)The workedexample effect encourages instructional desigie
replace meansnds analysis with workeeikamples thereby reducing extraneous cognitive load
by focusing a studentds att e (Cbopay& Sweller, 19870 b | e m
Sweller & Cooper, 1985)The splitattention effect is cause for replacing the placement of
multiple sources of mutually referring information with a single, integrated source of information
in order to reduce extraneous cognitive load by avoiding the need to mentallgtiatixgr
information sourcefChandler & Sweller, 1991; Chandler & Sweller, 1992; Sweller & Chandler,
1994; Sweller, Chandler, Tierney, & Cooper, 1990)e completion effect encourages
instructional designers to design instruction that uses partially completed problems rather than
having studentsd solve entire problems in ord

problem spacéPaas, 1992; van Merriénboer & de Crook, 199®tructional designers can
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eliminate the redundancy effect by replacing multiple sources of information that can be
understood in isolation with one source of informatiorthia case extraneous cognitive load is
reduced by eliminating the processing of redundant informéBbandler & Sweller, 1991,

Sweller & Chandler, 1994)

Considered to be a tougher if not impossible chghefor the instructional designer is the
reduction of intrinsic load which deals with the number of elements being presented in the
instruction and how much those elements interact with each other. There has been some
disagreement as to whether instructibtlesign can affect intrinsic load or r{8tweller, 1994;

Paas, Renkl, & Sweller, 200 ecent research however, seems to support the argument that it
can(van Merriénboer & Swelle2005) I ntrinsic | oad also factors
knowledge of the subject matter and is referred to afirfi@dditivity hypothesigMoreno &

Park, Cognitive Load Theory, 201®hich states that:

when peoplare faced with new material, the cognitive load imposed by the
material will consist of the intrinsic cognitive load due to element interactivity
and extraneous cognitive load determined the instructional design used. If the
total cognitive load is exces®, learning and problem solving will be inhibited

(Sweller, 1993)

This too is a hypothesis that is still open for debate, the question being whether intrinsic and
extraneous loads are indeed reduc{Blaas, Renkl, & Sweller, 2003; Paas, Tuovinen, Tabbers,

& van Gerven, 2003)ut again new research seems to be in favor of the argument that intrinsic

|l oad may be altered by reducing el ement inter

cognitive |l oad, u n d(gan Mdrianban &Sgeller,2008)1 so r educed

Optimally, by reducing extraneous load and controlling intrinsic load, instructional

designers can turn their focus to increasing germane load in their instructional materials so that
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the cognitive resources of working memeaan be devoted to schema acquisition and rule
automation(Plass, Moreno, & Briken, Cognitve load theory, 208&8hema acquisition is the

transfer of new information from short term memory to long term memory whioér diecomes

a new schema in long term memory or modifies an existing one. Schema automation, also known
as rule automation, is the ability to recall a schema from long term memory without having to

think about it, which is pragmatic for recurring tagkan Merriénboer & Kirschner, 20Q7)

Freeing available cognitive capacity by reducing extraneous load will not necessarily result in
increased learning unless the freed activities are directed to activities that are releseim¢ma
acquisition and rule automation. I f designed
ability to learn whereas extraneous load will reduce their ability to learn when intrinsic load is

high. There are studies that show that extraneous kmtittie or no effect when intrinsic load is

low (ibid).
The Effects ofMultimedia on Cognitive Load
Mayer(2009)d ef i nes mul ti media instruction as Apr!
pictures that are intendedtofest | ear ni ngo. Wh eaoneofltkesnosf ni ng i n s

important cognitive load principdgo keep in mind is that of dual coding theory (DCThe

dual coding theory, a&lessi and Trollip(2001)putiti suggests that | earning
compl ementary information codes are received
research written about dual coding by Yates (1966) and Rossi as early as theek@@0sh by

Clark & Paivio(1991)is considered to be the seminal paper on the subjeceno and Mayer

(2010; Mayer R. E., The Cambridge handbook of multimedia learning, 2010; Mayer, Heiser, &

Lonn, 20@) have used the termultimediaprinciple, displayed in figure 1, to describe the

benefits of combining different visual and aural information. It follows from dual coding theory

and applies directly to interactive multimedidessi & Trollip, 2001)
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MULTIMEDIA SENSORY WORKING LONG-TERM
PRESENTATION MEMORY MEMORY MEMORY
. selecting R organizing | Verbal
Words > Ears words > Sounds wolds > Model j
\ O integrating Prior
Knowledge
\ J
Pictures »| Eyes s_electlng N images organizing Pictorial
images images Model

Figure 1. Cognitive theory of multimedia learning. Adapted from figure 7.1 Mayer & Moreno in
Cognitive load theory Jan L. Plaas, Roxana Moreno, Roland Brunken (Eds.), 2010

In addition to the multimedia principle, Mayg&009)describes the following eleven
empirically tested principles to keep in mind when designing instructional content that utilizes
multimedia elementghe coherence pnciple, thesignaling principle theredundancy principle
thespatial contiguity principlethetemporal contiguity principlehe segmenting principlehe
pre-training principle the modality principle the personalization principlethevoice principle
andtheimage principle Thecoherence principlstates that people learn better when extraneous
material is excluded rather than included. According to Mayer in thirteen out of fourteen tests,
learners who received concise multimedisspreations performed better on tests of transfer and
that the median effect size was .97. This principle agrees with cognitive load theory which also
emphasizes the importance of reducing extraneous load in order to help facilitate learning. The
signalingprinciple states that people learn better when cues that highlight the organization of the
essential material are added, Mayer cites a smaller sampling for this principal five out of six tests
where the principle showed better transfer, also a smalleametiect size of .52. The
redundancy principlée s t he same as CLTO6s redundancy ef f e
extraneous cognitive load when graphics, narration, and printed texesented
simultaneously as opposed to graphics and narration,inaraatly. The median effect size was

.72. Thespatial contiguity principle s s i mi | a r-attenton €fflect where fuddnts t
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learn better when corresponding words and pictures are presented near, spatially or temporally,
rather than far from eactirer. This principle has a rather high media effect size of 1.09. The

temporal contiguity principastates that students learn better when corresponding words and

pictures are presented simultaneously rather than successively. This principle has the highes
median effect size of all of the multimedia principles, 1.31. Sdwementing principlstates that

students learn better when multimedia messages are presented Hpaceskformat rather than

as a continuous unit. The media effect size is .98 pféraining principlestates that students

learn more deeply from a multimedia message when they know the names and characteristics of

the main concepts. This is consistent with CLT claims that intrinsic cognitive load is reduced

when learners are able to kkdrom existing schemas. The median effect size is .85. The

modality principlestates that people learn more deeply from pictures and spoken words than
from pictures and printed words. This princip
theory whth demonstrated that learners do better when both the visual and auditory perceptions
are activated instead of having text and grap
visual channel alone. The median effect size was 1.02péditsenalizatiorprinciple states that

students learn better from multimedia presentations when words are in conversational style rather
than formal style and has a comparatively high media effect size of 1.1¢oitherinciple

states that students learn better whamatian is spoken in a human voice rather than a machine

voice. The median effect si ze imageprinCi@evhich he | as
states that people do not necessarily |l earn b
In five experiments, the median effect size f a

only .22.
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The 4C/ID Model

Fortunately for instructional designers, a learning model has been developed which takes
into account the principles of the cognitiead theory, the four component instructional design
model (4C/ID) for complex learning. The 4C/ID model calls for learning tasks to be sequenced
in ways that reduce cognitive lo@ghn Merriénboer, Kirschner, & and Kester, 200@)e 4C/ID
model focuses on authentic learning tasks based cfifectEsks as the driving force for
teaching and learning. The basic idea behind this focus is that such tasks help learners to
integrate knowledge, skills and attitudes; stimulate tteeooordinate constituent skills; and
facilitate transfer of what is learned to new problem situafidtesrill, 2002; van Merriénboer J.

, 2007; van Merriénboer & Kirschner, 200The 4C/ID model instructional approach is a
holistic design approach which can offer a solution for three persistent problems in the field of
education: compartmentalization, fragmentation, and the transfer pdkaatolkleriénboer &

Kirschner, 2007)

Conclusion
Too oftenit has beernhe case that instructional designiease been itprepared to meet
the challenge of properly preparing the modern day workforce to meet the needs of industry.
Primarily the problem has be¢hat the instruction is being developeithout regard tats
actual impact orognitive load which is stiflingearning outcomesn order to create effective
and efficient instructional environments designers need to be cognizant of and apply the
prindples derived from cognitive theories like the cognitive load theory (Ch€)cognitive
theory of multimedia learning (CTML) and the cognitiafective theory of learning with media
(CATLM). The four component instructional design model (4C/ID) embithese theories in
its framework and provides instructional designers a viable methodology to follow for

developing rich multimedia instructional environments which will be both effective and efficient.
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CHAPTER THREE
METHODOLOGY
A pre-determined group afubject matter experts and professors considered to be
proficient in instructional design and in the development of online course content were selected
from the faculties and staffs at Mt. San Jacinto Community College (MSJC); the University of

California,Riverside; and the College of Infomedical Technology (CIT) to provide observations

of usability, evalwuation of content, and feed

ability to promote effective and efficient learning.

Participants were prosted a hyperlink for access to the ITS which was installed on a
Web server housed in the Computer I nformati
facility on MSJCO6s Menifee campus. Due to t
SCORM conpliant learning management system could not be easily provided for each

participant, the SCORM component of the ITS was neither implemented nor evaluated.

Participants

During both the alpha and the beta release phases of tlam I@i®ail requesting
participation was sent to all potential participants. In the email the particulars of the project were
explained and a hyperlink was included which provided a link to the current ITS release version.
The recipients of the email congidtof a sekselected group of subject matter experts and
professors who were determined to be proficient in instructional design and in the development
of online course content selected from the faculties and staffs of Mt. San Jacinto College; the
Universty of California, Riverside; California State University, Fullerton; California State

University, San Bernardino; and the College of Infomedical Technology.

on

he
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Instrument

Those who chose to participate in the assessments of the ITS prototype were provided
withaWebbased evaluation form (see Appendi x B) w
submissions to a Microsoft SQL server database allowing for both quantitative anatigealit
anal yti cal reviews at a | ater date. The evaluwu
book Multimedia for Learning: Methods and Developm@®01)with nonapplicable items
omitted and prototype specific elementisied. Although the evaluation form addressed specifics
of multimedia learning such as affective considerations, interface, navigation, and pedagogy, a
particular emphasis was placed on questions regarding the principles of the cognitive theory of
multimeda learning (CTML) as explained by Mayer in his book Multimedia Lear(20§9)

The format of the CTML questions consisted of a brief explanation of the principle the question

was addressing in addition to the actual questionikért scale was used to record the

participants6 responses in most of the -quest:
inthebl ank with their opinion, for example #fif
component how mightyouchgre it s presentation?o

Procedures

The ITS prototype was made available to the alpha and beta evaluation participants via an
emailed hyperlink. A copy of the evaluation form (Appendix B) was included as an attachment
to the email sent to the alpha and betalators to allow the participants to familiarize
themselves with the content of the questions prior to their accessing the ITS prdtotygsefelt
that this would provide the participantsoé wit
evaluation. The responses from the alpha evaluations were analyzed and where applicable

changes were made to the beta version of the ITS. The results of the beta evaluations were
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analyzed andvhere applicable, changes were integratedantefined version of thE'S,

known asBeta 2 and was implemented in an actual MSJC online course utilizing the
Blackboard learning management system (LMSjudents who enroll in the online course are
being asked (not compulsory) to completeoalinecourse evaluation form updheir
completionor abbreviated exit of thel'5-based coursm order topromotefeedbackand

upgracks tothelTS productas anongoingiterative process
Results

From the large pool a potential participants that were emailed only a handful actually
comgeted the welbased survey for the alpha and beta versions of the ITS. The supposition is
that this anomaly has nothing to do with the ITS product itself but has more to do with the busy
schedules maintained by the pool of potential participants. Froma thsponses received most
were generally favorable and provided invaluable insights into aspects of the ITS that needed
improvement. Primarily there were issues of continuity and in a couple of cases there were bugs
in the system that could only be idertf during alpha and beta evaluations in which operators
of the ITS system performed or assumed unexpected selections of navigation. One issue that
cropped up during the initial implementation of the ITS on the BlackBdavts was the issue
of bandwidth. $ce all of the beta evaluators had Internet broadband access equaling or
exceeding download speeds of 10 Gbps, bandwidth was not an issue. But, because the students
who were using the LMS are a broader, more diverse population when it comes to thgitoabili
access the Internet, in some cases the largeness of the ITS files became an issue. In addition, the
number of simultaneous users was not an issue during the alpha and beta evaluations, but became

an issue during the initial implementation of the @r8duct. Currently, file and program
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optimization processes are being evaluated for development and deployment in future releases of

the ITS product.
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CHAPTER FOUR
Overview
Traditionally,for Mt. San Jacint&€€ o | | etgdends €lectintp obtaintheins soci at ed s
Degreein Computer Information Systems (C)$he most difficult course to complete
successfullyhas been th€SIS 202 Networking and Data Communicatioogrse. Consistently,
in theCSIS 20Zourse the biggest hurdle for students has beeargttgilearn the underlying
concepts and the procedural process of segmenting a data communications network, also known
as subnetting. Subnetting is the process by which an information technology (IT) professional
takes a single group of networked data camitations devices and divides (segments) them
into smaller more manageable groups of networked devicashoetsIt wastheoized thata
well-designed intelligent tutoring system (ITS) could be developed which imgprganthe
instructionof subnettingoy making it more effective, efficient, and appealing to the students
learning from it. Moreeffectivebeing defined as improving the success rate of students using the
ITS by incorporating cognitive psychological principles based on knowledge of how$iuma
learn best. Morefficientmeaning that students using the ITS will learn with the least amount of
effort expended as possible. The IT8uld beappealingin that it would motivate the student to
want to use it. In addition, the ITi&eded tgrovide tansfer to the student using it, where
transferrefers to the studeds ability to take what they have learned and apply it to unique
situations which are both similas avell asvery different from the context in which the skill was

learned.

Instructional Problem
In order to design, develop, and implement this project, a multitude of computer software
products and technologiegeded to bemployed including: Adobe Dreamweaver, Adobe

Photoshop, Adobe Captivate, Adobe Media Encoder, Adobe Soundbooth, Adsbater,
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Adobe lllustrator, Adobe Flash Builder, Adobe Flash Professional, Adobe Flash Player,
TechSmith Camtasia Studidrivantis Lectora Inspire; JavaScripActionScript,and Microsoft

Visual Studio utilizing C# and ASP.NET. In order foeintelligent tutoring system to be

successful and efficientiteeded tdollow proven pedagogicallpased instructional design
techniques andedeveloped using empirically established princiglesved fromcognitive

load theory (CLT)the cognitive theory of mtimedia(CTML), andthe cognitiveaffective

theory of learning with media (CATLM)The design and development of th&lligent tutoring
system alsmeeded tdollow time-tested guidelines of interface design including the use of
strategies such as: sign posting, intuitive navigation, breadcrumbs, and the ability for the user to
save and return to the point where they left off. In order for the-Ndsbdntelligenttutoring

system to be implemented through a learning management system like Moodle or Blackboard it
alsohad tobe SCORM compliant to provide proper integration waitearning management

system.

Proposed Solution

Developingtheintelligent tutoring system requule@dvance planning to ensure its
success; planning ahead also reditbe amount of debugging and editing required throughout
the development of the projetn. order to ensure that the intelligent tutoring systems is
effective, efficient, engaging and promotes transfer, throughowtasign, developent and
implemenétion ofthis projectthe principles of CLT, CTML, and CATLM were applied to all
components of the design. Intrinsic cognitive load was reduced by singdiasks in a modular
and granular fashion allowing for the content to be divided into small enough pieces that would
not violate theseven plus or minus twarinciple of cognitive load. Extraneous cognitive load
was reduced by adhering to the princigesforth by the cognitive theory of multimedia

learning and the cognitivaffective theory of learning multimedia. Consistent navigational
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elements were maintained from the beginning to the end of the presentation. This also helped
ensure that all multiedia content presented did so without adding to the intrinsic cognitive load.
Germaine cognitive load was increased by calling attention to key elements on the screen with
highlighting and animated techniques. In addition-jugime help was incorporatedroughout

the product allowing learners to easily recall previously covered topics while learning new ones.
Learner interaction was incorporated wherever possible and whenever applicable to help

promote retention and transfer.

Goal
The goal of this pr@ct was to develop an intelligent tutoring system which would
increase the number of students who can successfully subnet a network by their completion of

Mt . San Jacinto Collegebds CSI'S 202 course.

Learning Task Analysis/Instructional Objectives

This project aimedto deliver effective, efficieniand engaging instruction that will
enhance a studentodés schema acquisition and co
of learning which transfers to botlear and far problem solving skill§it can be empirically
determined that the methodology used to develop the intelligent tutoring system improves
student learning in the topic of subnetting, a topic that has proven to be the most difficult for
students to learn, then those methodologies can@edpo other networking and data
communications topics to enhance student | ear

completion rates.
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Project Description

The intelligent tutoring system incorpordi@n instructional design based on the latest
researchn cognitive psychological learning theories. It impleneela timetested interface
design with the most recent software development tools available today to create an interactive
and engaging webased and CD distributable tutoring system. MMi&conssted of several
types of instructional media including real world tasks, interactive tutorials, instructional videos,
learning objectives to focus learners on intended outcomedaghipractice, jusin-time
feedback, random practice, partially workecmples, fadedvorked examplesas well as
cognitive and skilldbased assessmenish e i nt el | i gent tutoring syst
ability to learn effectively and efficiently resulting in acquisition of the necessary cognitive
schemas and internalig the skill of being able to execute the task of logically subnetting a data

communications network under varying circumstances.

Target Audience

The target audience for tiv@elligent tutoring systemwill be college students seeking to
compl ete an Associateds degree in Computer 1In
The age range will vary from recent high school graduates transferring to the community college

and older workers who are lookjio change their career path.

Task Analysis

In order to achieve the goal established for the intelligent tutoring system a task analysis
was performed by interviewing IT networking professionals and IT networking instructors;
reviewing textbooks on netwking, Internet Engineering Task Force (IETF) requests for
comments (RFCs) 791, 950, 1009, 1219, 1375, 1517, 1518, 1519, 1520, 1817, and 1918, and

web-based instructional materials published by Cisco for their certified computer network
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associate (CCNA) cose. The tasks that were deemed necessary for the accomplishment of the

goal set forth are as follows.

Learners will be able to:

1
il

Analyze a network diagram and determine the number of subnetworks it depicts.
Translate classless intdomain routing (CIDRotation into a subnet mask value

in dotted decimal notation.

Calculate decimal to binary and binary to decimal conversions.

Apply Boolean anding to two binary values.

Construct a new subnet mask using variable length subnet mask (VLSM) best

practices.

Learning Objectives

In order to achieve the goal of this project the following learning objectives have been

integrated into the intelligent tutoring system:

T

Given a network diagram of a muiegmented network the student will be able

to accurately identifghe number of subnets depicted.

Given a network address which includes a CIDR value the student will be able to
correctly write out the corresponding subnet mask value.

Given an IP address in dotted decimal notation the student will be able to
correctly cavert the decimal values to their binary equivalent.

Given two binary values the student will be able to correctly calculate the results
of a Boolearandingprocess.

Given a number of subnets that need to be created the student will be able to
determine hav many host bits in a subnet need to be borrowed to create the

minimum number of subnets needed.
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1 Given a diagram of data communication subnets the student will be able to
accurately identify the first, last and broadcast addresses for each subnet.
Media Sdection
The intelligent cognitive tutor is designed to be distributed by standard http services
utilizing a content management or learning management system, and asomisaifed unit via
a compact disc. The presentational information incorporateseayaf media types including:
text, still images, graphs, animations, screen captures, interactive screens, and narrated

animations.

Navigational Controls

Theintelligent tutoring systerses standard forward and backward navigation
implemented byext aml back arrows in a global navigation bar wiagplicable Most of the
intelligent tutoring systemcreens guide the user through the programisgesiep with buttons
clearly marked as to their purpose. A cortsamsitive Help button will be readily avatlle from
the global navigation bar at the top of each screen. Users who are operaitimelltgent
tutoring systenwithin a learning management system will have the ability to bookmark their

progress in the program for a quick and easy return to wiheydeft off.

Interactive Controls

Theintelligent tutoring systenwill use several types of assessment to evaluate thé gser
learning progress. Ihassessments airgernally generated and, when installed in a learning
management system, automatically recorded as the user progresses through the program. The
assessment methods will include but are not limited to: partxahked examples, faded
examples, task compleh assessment, concept attainment, reflection prompdsandom

practce. The assessments are both cognitive and-Slafied.
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Personnel Analysis
The following milestones were identified as benchmarks for the progress of completing
the development of #hintelligent tutoring system project. The items are listed chronologically

although those marked with an asterisk occur throughout the project iteratively.

1 Assemble a team of developers proficient in the software tools required to

complete this project.

9 Build and test the fromend interface.

1 Write scripts and record for narrated animations.

M Create animated tutorials.

1 Write and debug code for interactive activities.

1 Incorporate animations and interactive activity into the ferd interface.

1 Evaluation ofthe product throughout the prototype, alpha, and beta development

stages.*

Production Work Plan

The schedule time for the design, delivery and evaluation for this product was set for January
May 2011. The table 1 below displays the projected and atairs for benchmark completions.

Tablel

Production Work Plan

Task Name Projected Start Date  Projected Finish Date
IRB Applicationand Approval 11.15.10 12.09.10
Planning 014.11 011311
Develop Prototype 011311 03.2.11
Development Alpha Version 03.2.11 04.1511
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Initiate Alpha Testing 04.12.11 04.15.11
Development Beta Version 0415.11 04.27.11
Initiate Beta Testing 04.22.11 04.27.11

The team assembly for the intelligent tutoring system consisted of ostrfell
developer and two outside contributofee actual assembly amounted to more coercion than
time expended. A lot of time was spent on evaluating which software tools would best complete
each development task. | ni t i awould/be the test tachfer t h o u
the job of building the frorénd interface, but as it turned out it had a lot of flaws and limitations
in its capabilities, the biggest of which was the inability to shrink textboxes to appropriate sizes
and precisely alignetee nt s on the screen. Travantiso6 Lect
tool for creating the fronénd interface along with Adobe Photoshop which was used to create
and edit the bitmap elements. Lectora Inspire handled mostenohibuilding tasks welbut
does have an antiquated cl osed captioning met
Captivate. Adobeb6és Dreamweaver was used ocass
information initially created by Lectora Inspire. Microsoft Word was used forngritie scripts

and Adobebdbs Soundbooth was wused for creating

Once the scripts were written and the narration recorded, the scripted text that was not
being narrated and used in animations was copied into the pages baiitora Inspire. The
scripted text that was recorded for narration was copied into Adobe After Effect compositions.
The graphical elements that required animation were created using digital still and digital video
cameras as wel |l a screénerecdrdihmsotiwaré and Weaerthierairapiorted into
Adobeds After Effect compositions to be synch
components were created using Adobe Flash Professional, Adobe Flash Builder, and Adobe

Captivate. The animains and interactive elements were then incorporated in the Lectora Inspire
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pages and several assessments were built and added in directly using the Lectora Inspire

program.

Code debugging, for the most part, went very smoothly, the two Flash integrated
dewelopment environments (IDEs) made writing and debugging ActionScript run quite smoothly.
Writing C# and ASP. NET code in Microsoftds Vi
the fact that | had little experience with any of these technologies. hdogpire handled all of
the necessary JavaScript coding and made it a breeze, except for having to track down of few of

t he pr og-mdavedgipt bauablést

One distinct challenge that had to be overcome was that Flash video files imported into
Adobe Captivate and exported as SWF files would not work when imported into Inspire. This is
the main reason that After Effects was used to create most of the animations. As it turned out,
After Effects was an extremely useful and powerful tool for creaimignations and provided a

lot more flexibility and options than did Flash Professional, Flash Builder, or Captivate.

Lectora Inspire was used to generate the final output of html and JavaScript files. It also
generated the SCORM compliant manifest XMk #ind collected all supporting media files into
appropriately named subfolders. Lectora I nspi
of the necessary files into a single folder transferable to a content management system or
learning managemesystem. Lectora Inspire also included the ability to generate the
appropriate executable files and folder structure for burning the completed project to compact

di sc media to run as a standalone product on
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Table 2Estimated Budget
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Projected Total Actual Total
Prototype Phase
Textbooks $179.00 $179.00
Prototype Phase Subtotal $179.00 $179.00
Design Phase
Textbooks $239.00 $239.00
DesignPhase Subtotal $239.00 $239.00
Development Phase
Developer pay (400 hours) @ $65/hr. $26,000.00 $0
Microsoft Office Professional 2010 $499.00 $199.00
Adobe CS5 Master Suite $2,400.00 $150.00
Tranvantis Lectora Inspire $2,000.00 $500.00
Canon Image Class MF8050CN
Scanner/Copier $599.00 $599.00
CanonVIXIA HF S1 HD Video Camera $1,299.00 $1299.00
Canon Rebel Xi Still Digital Camera $499.00 $499.00
Square Perfect Light Box Kit $89.00 $89.00
Behringer G1U Condenser Microphone $129.00 $129.00
Onkyo TS DX676 Audio Receiver $1,099.00 $599.00
Dell Studio XPS Desktop Computer
W/DVD burner $2999.00 $2999.00
Dell SP2309W Monitor 199.99 199.99
Dell ST2310 Monitor $299.00 $299.00
Textbooks $109.00 $109.00
Blank DVD Media X 10 $5.00 $5.00
DVD Cases X 10 $7.99 $7.99
Development Phase Subtota $38,232.98 $7,682.98
Project Grand Total $38,650.98 $:8,100.98

The prototype and the design phases cost relatively little as the expenses were for

research materials only. Most of the expense came during the development phase with the cost of

the developer topping the list. The remaining costs for the developmestywblastowards the

hardware and software required to complete the development. Fortunately we got some pretty

good deals on the software. The evaluation phase cost was incurred for distributing, collecting
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and tabulating the evaluations of the prototype,dlpha, and the beta versions of the product.

The reporting costs went towards materials and presenter pay.

Implementation/Evaluation Plan

The ITS prototype was made available to the alpha and beta evaluation participants via an
emailed hyperlink. Therial version of the ITS was implemented in an actual MSJC online
course utilizing the Blackboafdearning management system (LMS). A copy of the evaluation
form (Appendix B) was included as an attachment to the email sent to the alpha and beta
evaluatorsa allow the participants to familiarize themselves with the content of the questions
prior to their accessing the I TS prototype,
with a more acute view of the focus of ITS prototype evaluation. Themssp from the alpha
evaluations were analyzed and where applicabi@anges were madkiringthe development of
thebeta version of the ITS. The results of the beta evaluations were analyzed and where
applicable, changes were integrated into the initiihe course implementation of the ITS.
Students who enroll in the online course are being asked (not compulsory) to complete a course
evaluation form online upon their completionabbreviated exit of the IT-Based course to

allow for an iterative procesof evaluating and upgrading the product.
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CHAPTER FIVE

This chapter presents the findings from data gathered from the evaluatiorCoé&the
Tutor Learning Unit 8: Advanced TCP/IP Network Desigiiected during alpha and beta
testing Conclusions about the intelligent tutoring system product and its effectiveness are
included. Recommendations that were presented to the project team, based on findings and
evaluator comments, are discussed in detail.

Findings

The evaluation process f@S Tutor Learning Unit 8: Advanced TCP/IP Network
Designoccurred in two phases. Alpha testing was compligted March 28, 2011 March 31,
2011by evaluation participants identified under fharticipantheading inChapter 3f this
documentParticipants who responded using the online evaluation foifiered feedback about
thel e ar ni oogteny functiodakty and desigAn example of the evaluation form is in
Section B of theAppendix.The feedback from the alpha test was incorpordtethg the
development of the beta phase. The changes made were:

1 Tool tip help was moved from the bottom of to the top of the buttons displayed in the

global navigation system.
! Media player navigation was added to all of the animated lectures.
1 The animated lecturenahe relationship between IP addresses and subnet mask was
modified to make the points clearer and more visual.

1 All misspellings, grammar and punctuation errors were corrected.

Beta testing occurred from April 27, 2011 to April 30, 2011. As was dortedalpha
evaluation, the same email request method was used to request help from potential evaluators,
including a link to the beta version of the product. Many of those responding where the same

participants who to part in the alpha testing phase, ¢ sew evaluators responded also
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providing valuable new input. Beta testing also included the addition of a quiz that was
devel oped to evaluate the participantds knowl
subject matter content and theniagaost presentation in order to evaluate how well the CIS
Tutor improved their knowledge of the subject. During the final release of the CIS Tutor-the pre
test will be used for placing the learning at the appropriate starting point on the presentation.
This placement feature was disabled during the beta evaluation stage to allow participants to
view all of the content available throughout the entirety of the CIS Tutor. Most of the
participants were already very knowledgeable in basic networking conceptgasono surprise
that the cumulative score of 95% was achieved on the quiz durisiggtireg and 99% during
posttesting. The contents of both quizzes were identicalnard designed tmlentify the
l earner 6s knowl edge iLlearnind@nit8 oftherCISKTatgr. Insaddegians t a u
the quizzes had sever al g u eexidtingfounslatianal e v al uat e
knowledge of the subject matter which was critical for both understanding the lecture material
and successfully complag the learning unit which included a skibsised assessment in
tutorial number four of the learning unit
The evaluation questiongere adapted from fig. 12 in the Alessi & Trollip (2000)
book The answer to each question was ranked on a Likes stiéizing the five point levels of
171 very poor, 2 poor, 3i neutral, 4 good, and 5 very good. The questions were grouped
into the following eight categories: subject matter, auxiliary information, affective
considerations, interface, navigatigedagogy, invisible features, and robustness. The first three
guestions dealt with subject matter construction; how well the content was structured, how
accurate the content was, and whether or not the participant felt that the goals of the project of
theproject had been met. Overall the subject matter construction questions received high ratings

all falling in the 4 to 5 range; averaging 4.8. The next five questions where subject matter related
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as well and dealt with reading level, cultural biases, teahterms and jargon, spelling,

grammar and punctuation. This grouping of questions all received 5 point ratings. The auxiliary
grouping of questions dealt with how well the subject matter was introduced and the quality of
the directions, the help systeand the conclusion. This grouping was the most varied in its
results, with the help system receiving the
realize when the dynamic help system was invoked. The average score for the auxiliary
information grouping was 3.9. The affective considerations category consisted of only one
guestion; how well the learner was motivated by the presentatisnored an average of 4.7.

The interface category, which dealt with the display, presentation modes,aiit, ganimation,
graphics, input and spacing, scored very well averaging 4.9 points. The navigation category was
pared down to two questions, navigation aids and restarting, scoring an average of 4.8.
Bookmarking was removed from the navigation categp@gause the system was not being
evaluated on a learning management system and the ability to save the user place in the
presentation was not functional. Overall the pedagogy category, which included questions about
methodology, interactivity, cognitive pacity, learning metaphor, learning strategies, user

control, quiz questions, quality of feedback, format of feedback, and mastery level, all scored
well except in the two questions about feedback. This was understandable and was one of the
areas the devapers felt they needed to focus on before the final release of the product. In the
category of invisible features there was only one question which was about the accessibility of
the CIS Tutor and scored a 4.1 average. It is believed that this scorausdet the antiquated
closedcaptioning (CC) method incorporated into the Lectora design tool. Originally it was
thought that all of the closed captioning would be done in either Camtasia or Captivate which
have a more advanced method of clesagtioningvideo than Lectora. In the end the

development team did not have enough time to add captions to all of the animated tutorials. The
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security question was removed from this category because the product demonstration was not
implemented using an LMS and iaw/felt that there were no additional security features needed
during the evaluation phases. The final category, robustness, included questions about how
robust the product was during normal user actions and unusual user actions as well as its ability
to perform in crossplatform and crosbrowser compatibility. No metrics were added to the
evaluation to discern if evaluators actually tested this ability or not, it is assumed that the
majority of the evaluators tested the product on a Windmaged PC usinmternet Explorer as
their Web browser. The assumption of homogeneity is made because of the 5.0 average score
received during evaluation. However, the product was tested during development using several
different Web browsers types, Gecko, Presto, Ttidamd WebKit, so the results of the
evaluation should have garnered a 5 point rating anyway.
Conclusions

The purpose of this thesis was to address the question: will an intelligent tutor, designed
using cognitive load and multimedia principles usinga848D framework and implemented via
a SCORM compliant LMS, improve a |l earnero6s ab
tasks in college level information systems cour3és®results are inconclusive in that the
difference in the scores between éhe a | u a ttestrscorés apdrpesst scores are
negligible. It is felt that this is due in part to the fact that the majority of the participants who
took part in the beta evaluation phase already had extensrexiptimg knowledge in the fields
of information technology and data communications networks. It is planned to take the
modifications suggested by the evaluators during the beta testing phase, apply them to the
product and then implement the CIS Tutor learning unit 8 in a community collége oourse
and to track the increase or decrease of the student completion rate in order to discern if the

product is having a positive or negative impact on learners in this environment.
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Recommendations

Based on the quiz results and comments made ligipants of the alpha and beta
evaluations, recommendations were made to the project team to improve the CIS Tutor. The
development team also had several suggestions for improving the product as well. One of the
evaluator recommendations was to add materactive elements to the CIS Tutor suggesting
that at least one after each lecture component would be beneficial. Another evaluator had a
similar suggestion of checking for comprehension more frequently throughout the tutorials.
Several evaluators mademments about adding closedptioning to the narrated lectures. The
development team, as stated previously, was already aware of this and planned to do so when
more time was allotted. Another evaluator suggested that the instructions that are displayed i
the two number conversion games should remain on the screen while learners attempt to
complete the game. This feature has already been modified and incorporated into the beta 2
version of the CIS Tutor that was released with this paper. Due to the gdmplef adding
database connectivity to the CIS Tutor the development was unable to vary thieasaliis
assessment portion of the product and has plans to add database functionality and related
components to the CIS Tutor as soon as the kinks caoriegdiout.

The information presented in this paper was compiled over eight months and consisted of
five chapters. Chapter One included an explanation of why the researcher felt this topic was
relevant, a statement of purpose, operational definitionsroferssumptions, and limitations.
Chapter Two contained a review of the literature associated with cognitive load theory and the
effects of multimedia on cognitive load in complex learning environments. Information on the
4C/ID and ADDIE instructional degin models was discussed as well. Chapter Three was
comprised of the evaluation and assessment methodology of the product. Information specific to

the sample group was reviewed as well. Chapter Four included the duty and task analysis, media
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selection rabnale, a description of the instructional product, a personnel analysis, a project work
plan, an estimated budget, and an implementation and evaluation plan. The project work plan
was designed to accommodate the process of creating the CIS Tutor learnwighuflexibility

for any changes that occurred. Chapter Five concluded this research with an explanation of the
findings, conclusions and recommendations for improvements. In the appehdicefetence

list, evaluation form, product flowchagxampeés of pages from the instructional prodwstd an

IRB approval letter were provided. Additionallycompact disc of the instructional prodwas

also included.
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APPENDIX A

PLANNING DOCUMENTS

Table 2Estimated Budget
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Projected Total Actual Total
Prototype Phase
Textbooks $179.00 $179.00
Prototype Phase Subtotal $179.00 $179.00
Design Phase
Textbooks $239.00 $239.00
DesignPhase Subtotal $239.00 $239.00
Development Phase
Developer pay (400 hours) @ $65/hr. $26,000.00 $0
Microsoft Office Professional 2010 $499.00 $199.00
Adobe CS5 Master Suite $2,400.00 $150.00
Tranvantis Lectora Inspire $2,000.00 $500.00
Canon Imag(_a Class MF8050CN $599.00 $599.00
Scanner/Copier
Canon VIXIA HF S1 HD Video Camera $1,299.00 $1299.00
Canon Rebel Xstill Digital Camera $499.00 $499.00
Square Perfect Light Box Kit $89.00 $89.00
Behringer G1U Condenser Microphone $129.00 $129.00
Onkyo TS DX676 Audio Receiver $1,099.00 $599.00
Dell Studio XPS Desktop Computer
W/DVD burner $2999.00 $2999.00
Dell SP2309W Monitor 199.99 199.99
Dell ST2310 Monitor $299.00 $299.00
Textbooks $109.00 $109.00
Blank DVD Media X 10 $5.00 $5.00
DVD Cases X 10 $7.99 $7.99
Development Phase Subtota $38232.98 $7,682.98
Project Grand Total $ 38,650.98 $8,100.98
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Task Name

IRB Approval Application
Planning
Develop Prototype
Conduct Intial Brainstorming
Develop Initial Content ideas
Conduct Task and Concept Analysis
Define Subnetting
List Subnetting Steps
Develop Screens for each subnetting Step
Develop Activities
Numbering System Conversion Tutorial
The Anding Process Tutorial
Develop Ideas for Other Tutorials
Do A preliminary Program Description
Prepare Scripts
Useability Testing
Development Alpha Version
Determine & Collect Resources
Prepare Text
Create the Graphics
Produce Audio & Video
Assemble the Pieces
Write Program Code
Make Revisions
Initiate Alpha Testing
Development Beta Version
Make Revisions

Initiate Beta Testing

Duration

05 amv.m,

7.25 days
34 days
1 day

1 day
27 days
1 day

1 day

5 days
5 days
5 days
5 days
5 days
1day

5 days
1day
32 days
3 days
2 days
5 days
10 days.
2 days
5 days
2 days
3 days
8 days
5 days

3 days

Start

Mon 11/15/10

Tue 114111

Thu 11311

Thu 1413/11

Fri 1/14/11

Thu 113111

Thu 111311

Fri 1/14/11

Mon 1/17/11

Mon 1/24/11

Mon 1/31/11

Mon 2/7/11

Mon 2/14/11

Mon 2/21/11

Tue 222/11

Tue 3/1/11

Wed 372111

Wed 3/2111

Mon 3711

Wed 3/9/11

Wed 3/16/11

Wed 3/30/11

Fri4/1/11

Fri 4/8/11

Tue 412/11

Fri 4116/11

Fri 4/15/11

Fri 4/22/11

Finish

Mon 11/15/10;

Thu 11311

Wed 3/2/11

Fri 1/14/11

Mon 1117111

Mon 2/21111

Fri 1114111

Mon 1/17/11

Mon 1/24/11

Mon 1/31/11

Mon 2/7111

Mon 2/14/11

Mon 2/21/11

Tue 2122111

Tue 311711

Wed 3/2/11

Fri 4116111

Mon 3/7/11

Wed 3/9/11

Wed 3/16/11

Wed 3/30/11

Fri 4i1/11

Fri 4/8/11

Tue 4/12/11

Fri 4/1511

Wed 4/27/11

Fri 4122111

Wed 4/27/11
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Figure 2 CIS Tutor Project Timeline
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CIS Tutor Evaluation Instrument

Multimedia in ID| 50

The CIS Tutor was at matching the goals set forth in the project thesis.

Very good Good Neutral Poor Very poor

The CIS Tutor's content structure was

Very good Good Neutral Poor Very poor

The accuracy of the CIS Tutor's content was

Very good Good Neutral Poor Very poor

The reading level of the CIS Tutor was

Very good Good Neutral Poor Very poor

The lack of cultural bias, language or references, in the CIS Tutor was

Very good Good Neutral Poor Very poor

The use of technical terms in the CIS Tutor was

Very good Good Neutral Poor Very poor

Spelling, grammar, and punctuation in the CIS Tutor was

Very good Good Neutral Poor Very poor



The CIS Tutor introduction was

Very Good Good Neutral

The directions used in the CIS Tutor were

Very good Good Neutral

The Help provided by the CIS Tutor was

Very good Good Neutral

The conclusion of the CIS Tutor was

Very good Good Neutral

The motivational aspects of the CIS Tutor were

Very good Good Neutral

The CIS Tutor screen displays were

Very good Good Neutral

Poor

Poor

Poor

Poor

Poor

Poor

The presentation modes offered by the CIS Tutor were

Very good Good Neutral

Poor

Very poor

Very poor

Very poor

Very poor

Very poor

Very poor

Very poor
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The text quality of the CIS Tutor was

Very good Good Neutral Poor Very poor

The animations and graphics used in the CIS Tutor were

Very good Good Neutral Poor Very poor

User input in the CIS Tutor was

Very good Good Neutral Poor Very poor

The on-screen spacing of elements in the CIS Tutor was

Very good Good Neutral Poor Very poor

The navigational aids provided in the CIS Tutor were

Very good Good Neutral Poor Very poor

The ease of which you could restart the CIS Tutor program was

Very good Good Neutral Poor Very poor

The instructional methodologies used in the CIS Tutor were

Very good Good Neutral Poor Very poor
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