





ABSTRACT

COLLABORATIVE LEARNING UTILIZING A DOMAIN-BASED
SHARED DATA REPOSITORY TO ENHANCE LEARNING OUTCOMES

by
David J. Lubliner

A number of learning paradigms have postulated that knowledge formation is a dynamic
process where learners actively construct a representation of concepts integrating
information from multiple sources. Current teaching strategies utilize a
compartmentalized approach where individual courses contain a small subset of the
knowledge required for a discipline. The intent of this research is to provide a framework
to integrate the components of a discipline into a cohesive whole and accelerate the
integration of concepts enhancing the learning process. The components utilized to
accomplish these goals include two new knowledge integration models; a Knowledge
Weighting Model (KWM) and the Aggregate-Integrate-Master (AIM) model. Semantic
Web design principles utilizing a Resource Description Framework (RDF) schema and
Web Ontology Language (OWL) will be used to define concepts and relationships for
this knowledge domain that can then be extended for other domains. Lastly, a Design
Research paradigm will be utilized to analyze the IT artifact, the Constructivist Unifying
Baccalaureate Epistemology (CUBE) knowledge repository that was designed to validate

this research.

The prototype testing population utilized sixty students spanning five classes, in
the fall 2007, following IRB approved protocols. Data was gathered using a

Constructivist Multimedia Learning Survey (CMLES), focus groups and semi-structured



interviews. This preliminary data supported the hypotheses that students using the
Integrated Knowledge Repository will first; have a more positive perception of the
learning process than those who use conventional single course teaching paradigms and
second; students utilizing the IKR will develop a more complex understanding of the
interconnected nature of the materials linking a discipline than those who take

conventional single topic courses.

Learning is an active process in which learners construct new ideas or concepts
based upon their current/past knowledge. The goal is to develop a knowledge structure
that is capable of facilitating the integration of conceptual development in a field of

study.
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CHAPTER 1

INTRODUCTION

1.1 Background

A number of learning paradigms have postulated that knowledge formation is a dynamic
process where learners actively construct a representation of concepts, integrating
information from multiple sources. However, current teaching strategies still utilize a
compartmentalized approach, where individual courses contain a small subset of the
knowledge required for a discipline. It has been hypothesized (Turoff, 2006) that
“Ultimately the development of content knowledge bases that integrate content across
multiple courses within a degree program is an expected evolution.” The task of
integrating these distinct pieces of the puzzle is usually the responsibility of the learner.
The intent of this research was to provide a structure, several models, and a prototype
knowledge repository to realize this goél of creating a dynamic integrated learning
environment spanning an entire discipline.

In order to validate this approach a system called Constructivist Unifying
Baccalaureate Epistemology (CUBE), has been developed to integrate the materials from
multiple college courses. CUBE is a dynamic environment that incorporates student
input to ensure the evolution of the knowledge base. A generic structure has been
developed to allow other disciplines to utilize this framework. The central hypothesis is
that students utilizing the Integrated Knowledge Repository (IKR) will develop a more
complex understanding of the interconnected nature of the materials linking a discipline

than those who take conventional single topic courses.



In order to realize this interconnected knowledge repository, the current
constructivist learning environment was extended to incorporate a formal relationship
between the building blocks of knowledge formation. The evolutionary components of
factual knowledge, conceptual knowledge, procedural knowledge and meta-cognitive
knowledge, presented in Bloom’s revised taxonomy (Anderson et al. 2000), were
integrated into a Knowledge Weighting Model (KWM). The factual elements and course
materials form the basic elements that are interconnected with a concept-weighting
structure that forms an integrated conceptual knowledge. Procedural knowledge was
further constructed using a knowledge map that displays the skills and algorithms as they
evolve from basic to more sophisticated applications in a discipline. Finally, the meta-
cognitive component that captures the structure of a subject matter as cognitive tasks was
correlated using field relevance structure that ties together the philosophical underpinning
of a discipline.

The first step was to find an instructional design theory that supports this
approach. This research utilizes the Constructivist Learning Environment (CLE) (Dede,
1995) (Jonassen, 1991) which is an instructional design theory that is based on the
concept that learners actively construct a knowledge representation in working memory
based on six components.

These components are:

¢ active-manipulative
e constructive
e collaborative

o reflective-critical



e complex, and

e intentional.

These six components create a structural framework to engage students in
meaningful learning. In addition, the Revised Bloom’s Taxonomy (Anderson et al. 2000)
organizes knowledge formation as an evolutionary growth from factual to conceptual to
procedural knowledge. Finally, the overall structure of a discipline is woven together into
meta-cognitive knowledge where cognitive tasks, and how we structure our own
knowledge, are formed. These theories form the basis of the hypotheses that extend
constructivist theory to connect all these stages of knowledge formation.

The second step was to develop a Knowledge Weighting Model (KWM) which
integrates the individual course topics, common elements between the materials,
correlation weights as to the interdependence of the variables and finally the evolving
relevance of existing and new material to the overall growth of the discipline.

The third step was to develop an environment to facilitate students’ ability to
easily and intuitively access large volumes of factual knowledge. This was accomplished
by creating a cube structure to display, integrate and facilitate information retrieval across
multiple courses. In addition, a knowledge map linked conceptual threads spanning
courses into an evolving conceptual framework. These concepts were integrated into the
overall design of the user interface and system.

The fourth step was to select a discipline, Computer Technology, to test out the
hypotheses that an integrated learning environment, spanning an entire discipline, would
enhance learning and comprehension of the interconnected complexities inherent in any

discipline. Four well-defined courses, that span introductory to advanced topics, were



chosen to create this knowledge repository. The courses are: Computer Architecture,
Introduction to Networks, Advanced Network Theory and Medical Informatics. All the
course notes have been collected and the cooperation of the instructors has been obtained
to test this system. A control group was used to test learning efficacies. Components of
the Computer Information Systems Security Professional (CISSP) exam will be used to

test the accumulated knowledge, skills and comprehension.

1.2 Research Questions

This dissertation focuses on the development of more effective learning and information
processing tools and models to enhance the goals of Constructivist Learning Theory that
states, “Learning, as knowledge construction, is based on the concept that learners
actively construct a knowledge representation in working memory.” (Jonassen, 1991).
Enhancing knowledge construction, by developing an Integrated Knowledge Repository
(IKR), that spans an entire discipline, will facilitate students’ ability to traverse the road
of knowledge and will enhance and accelerate knowledge formation. This Integrated
Knowledge Repository incorporates the ability to select individual paths and tailor the
learning experience to their own individual abilities and learning styles.

It also builds on the Selection-Organization-Integrate (SOI) Knowledge
Construction Model (Mayer, 1996), that theorizes that selecting and integrating concepts
for a particular course or text, can form the basis for a more dynamic and expansive
learning experience model. This research introduces an Aggregate Integrate Master
(AIM) model that hypothesizes that, rather than having individual instructors or students
extract relationships between concepts, the core knowledge of a discipline, representing

N number of courses, can be integrated to facilitate conceptual synthesis of concepts.



Integrating concepts from the Semantic Web, the knowledge repository was
structured using a Semantic Web model. The Semantic Web is a “set of formats and
languages that are used to find and analyze data on the web” (Feigenbaum, 2007)
(Bernérs-Lee, 2001). A number of standards, published by the World Wide Web
Consortium Semantic Web Activity Initiative, utilize the Resource Description
Framework (RDF). Each piece of data and any link that connects pieces of data are
identified by a unique name called a Universal Resource Identifier (URI). In the RDF
scheme, two pieces of information are connected and grouped together in a triplet to infer
relationships between concepts. This will ensure that a standard vocabulary and
relationships between concepts will be maintained and provide a platform for future
growth.

The last component utilizes a Design Research paradigm. Design Research
involves the analysis of the use and performance of designed artifacts to understand,
explain and very frequently to improve on the behavior of aspects of Information
Systems” (Association for Information Systems (AIS)). Design Evaluation Methods
(Hevner et al. 2004) were used to evaluate the Information Technology artifact.

The Constructivist Unifying Baccalaureate Epistemology (CUBE), that provides
metrics for data analysis, was used to validate this research. The efficacy of an artifact
can be demonstrated by the appropriate selection of design evaluation methods (Basilli,
1996) (Zelkowitz & Wallace, 1998). The categories for the design evaluation methods
metric are: functionality, completeness, consistency, accuracy, performance, reliability,
usability and fit within an organization/university context. The design phase is iterative

and provides feedback during development.



1.3 Importance of This Research to the Field of Information System
This research is important to the research community for several reasons. First, there is
currently no existing model, face-to-face or online, to interconnect courses that share
philosophical and technical commonalties into a collaborative learning environment,
utilizing a shared knowledge repository. The second benefit of this research is to
introduce two new models; the Knowledge Weighting Model (KWM) and the
Aggregation-Integration-Master (AIM) Knowledge Construction Model are introduced to
provide a structure for future knowledge repositories. The third benefit of this research
validates the Constructivist Learning Environment (CLE) approach to learning that
emphasizes knowledge construction. The fourth benefit provides a generic tool, CUBE,
that fosters the learner’s process of organizing and integrating information. This can

serve as a platform for others to develop future knowledge repositories.

1.4 Organization of the Dissertation
Chapter 2 is comprised of a literature review that builds a theoretical foundation for this
researcﬁ. The chapter is organized into Constructivist Learning, theories of learning,
knowledge construction, knowledge mapping techniques and theories of distributed
cognition, focusing on their relevance to creating a unified knowledge repository, which
is a key component of this research. The extensibility of the knowledge repository, a
system design principle where the implementation takes into consideration future growth
and compatibility with other systems which utilize the Semantic Web model, is discussed

in this section.



Chapter 3 contains a description of the research, the hypotheses that were tested,
data collection techniques and the pilot testing that has indicted the efficacy of this
approach to enhanced learning and cognition. In addition, the data structures of the
CUBE (Constructivist Unifying Baccalaureate Epistemology) prototype, that has been
developed to test and validate this research, are described.

Chapter 4 presents the data collection and analysis strategies for this research.
Two new models, the Knowledge Weighting Model (KWM) and the Aggregation-
Integration-Master (AIM) Knowledge Construction Model, are introduced to provide a
theoretical framework for this research. The Constructivist Learning Questionnaire,
which has been validated by other researchers, was used to collect data on the new

system.



CHAPTER 2

LITERATURE REVIEW

This section describes various learning theories that have evolved over the last hundred
years. These theories form a foundation for the Constructivist Learning Environment
(CLE) that was utilized in the development of the integrated knowledge repository

described in this research.

2.1 Introduction: Constructivism
Constructivism postulates that learners construct knowledge for themselves. Individually
and socially they construct meaning as they learn. The goal of this research is to develop
a new paradigm, building on the constructivist theory that will allow students to more
effectively integrate knowledge spanning a discipline than current instructional models.
The current approach is to present students with pieces of a puzzle, independent courses
spanning several years, and hoping that at the end of their journey they will integrate
these concepts into a cohesive unit. In other words, the student must assemble the puzzle.
That synthesis often fails to occur. The goal of this research is to present, from the
beginning, all materials in a core knowledge repository, with conceptual connections
embedded, to enable students to construct threads tying together a discipline at every step
of their intellectual journey. This chapter explores the evolution of constructivist theory

and other learning theories that contribute to the development of this new paradigm.



2.2 Knowledge Construction

How learning occurs, and various effective techniques of organizing information into a
coherent synthesis, that maximizes knowledge construction and hopefully leads to the
attainment of wisdom, have been debated throughout history. Many of the basic terms
have multiple definitions and interpretations. The complexity of these concepts and
number of interpretations expand exponentially as one traverses from the building blocks
or data defined by experimental rigor to the eventual integration of individual facts into a
coherent structure that leads to an understanding of more complex interrelationships.

This research focuses on the development of more effective learning and
information processing tools and models to enhance the goals of Constructivisf Learning
Theory which state that, “learning as knowledge construction is based on the concept that
learners actively construct a knowledge representation in working memory,” (Jonassen,
1991). Enhancing knowledge construction by developing a knowledge repository, that
spans an entire discipline, will facilitate students’ ability to select their own individual
paths and tailor the experience to their own individual abilities and learning styles. A
Concept Weighting Model has been developed to quantify relationships between

individual concepts that interconnect a discipline.

2.3 Learning Theories
This section discusses various learning theories that describe how people learn and the
complex processes that underlie learning. They can be classified as Behaviorism,
Cognitivism and Constructivism. )

Learning behaviors will also be discussed in this section. In particular,

Constructivist Learning will be examined as it pertains to the development of this
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dissertation. Distributed Cognition, a field of psychology developed by Edwin Hutchins,
which emphasizes the social effects on cognition, is particularly relevant, not only
because of individual interaction with the knowledge repository, but also because of the

effects of social interaction on knowledge construction.

2.3.1 Behaviorism

Behaviorism can be defined as the theory that human or animal psychology can be
accurately studied only through the examination and analysis of objectively observable
and quantifiable behavioral events (Webster's College Dictionary, 1993). It concentrates
on the study of overt behaviors that can be observed and measured (Good & Brophy,
1990). In regard to learning theories, it is based on behavioral changes which focus on
new behavioral patterns being repeated until they become automatic (Schuman, 1996).
The behaviorist learning theory centered on that which was observable, not considering
that there was anything occurring inside the mind.

Behaviorism can be found as early as Aristotle in his essay entitled, “Memory,”
which made associations based on external events, in particular lightning and thunder.
Later, Hobbs (1650) and Hume (1740) mentioned similar associations between
observable facts and resulting behaviors. Pavlov, the Russian psychologist, studied
conditioning, using a dog, food and a bell (famous Pavlov’s dog experiment) where the
dog was trained to respond to stimuli which mimicked the effects of actual responses,
called, “stimulus conditioning.”

Edward Thorndike (1898) set out to apply "the methods of exact science" to

educational problems by emphasizing "accurate, quantitative treatment of information."
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"Anything that exists, exists in a certain quantity and can be measured." His theory,
Connectionism, stated that learning was the formation of a connection between stimulus
and response. Learning takes place when the bonds are formed into patterns of behavior.

John B. Watson (1913) built on Pavlov’s work and believed that humans are born
with a few reflexes and the emotional reactions of love and rage. All other behavior is
established through stimulus-response associations through conditioning. His work
demonstrated the role of conditioning in the development of emotional responses to
certain stimuli.

Skinner (1948), like Pavlov, Watson and Thorndike, believed in the stimulus-
response pattern of conditioned behavior. His theory dealt with changes in observable
behavior, ignoring the possibility of any processes occurring in the mind, and refers to a
utopian society, based on operant conditioning. Skinner's work on operant behavior
differed from that of his predecessors by focusing on voluntary behaviors used in
operating on the environment. Skinner believed in positive reinforcement or reward,
responses that are rewarded are likely to be repeated. For example, good grades reinforce

careful study.

2.3.2 Cognitivism

The Cognitive approach to learning states that learning involves the formation of mental
associations, established through contiguity and repetition, that are not necessarily
reflected in overt behavior changes. Individuals are actively involved in the learning
process and learning is a process of relating new information to previously learned

information.
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In the 1920’s, limitations to the behaviorist approach stated that children need
reinforcement to learn effectively. Cognitive theorists view learning as involving the
“acquisition or reorganization of the cognitive structures through which human’s process
and store information." (Good & Brophy, 1990). Later, Bandura and Walters (1963)
stated that an individual could model behavior by observing the behavior of another

person. This led to Bandura's Social Cognitive Theory.

2.3.3 Constructivism

Constructivists believe that learners, “construct their own reality or at least interpret it,
based upon their perceptions of experiences, so an individual's knowledge is a function of
one's prior experiences, mental structures, and beliefs that are used to interpret objects
and events." (Jonasson,1991). "What someone knows is grounded in perception of the
physical and social experiences, which are comprehended by the mind." (Jonasson,
1991).

Based on the premise that everyone constructs their own perspective of the world,
through individual experiences and schema, Constructivism focuses on preparing the
learner to problem solving in ambiguous situations. This theory was first introduced by
Bartlett (1932) and later became the Constructivist approach (Good & Brophy, 1990).

Merill (1991) believed that:

1) Knowledge is constructed from experience,
2) Learning is a personal interpretation of the world,

3) Learning is an active process, in which meaning is developed on the basis of
experience,



4)

5)

6)

13

Conceptual growth comes from the negotiation of meaning, the sharing of
multiple perspectives and the changing of our internal representations through
collaborative learning,

Learning should be situated in realistic settings, and

Testing should be integrated with the task and not a separate activity.



14

I[NUWTS [EJUSWUONIAUD AG JJO pa1o33in aram je)
sosuodsar onewoine Surires] Ajdwis uey) Joyjel JOute S[qIXS[J © UI asn
Apuanbasqns pmod Loy 1ey) PHIOM 9} INOGE SIOB] UILI] PINOd S[EWIUY

7661 UDP\ pUp SIPWIUY Ul L01apYag aarsoding Uewi[o ], prempyg
“Burajos wisjqoid aAnjoRINNU]
yuowdoaAd(] [euIX0Id JO SU07 KYS1084A AT
"9SN JOJ UOTIRULIOJUT 9ASLIAL PUR DJ03S ‘SS001d s1oures]
LY61 Sururea| A19A00SI(] Jounig dWOId(
wWSIARIUZ0))
I01ABYQQ pauonIpuo? Jo useyed asuodsar-sninuwns
8¢61 s 03 Suipuodsar jsnl ‘oarssed nuunsS J'd
"BuUIIONIPUOD
€161 | YSnoxy SUONRIOOSSE asuodsaI-sninwns YInOIy} paysI[qeIsa St I0IAvYag uosie |\ uyor
asuodsal
pue SNNUWITS US9MI(Q UOTII9UUO0D B JO UOT)BULIO] 97} Sem Juruea|
T161 WISTUONooUUoY) |  SYIPWIOY ], prempy
1U3s21d JOU ST POOJ USYM UIAD SIJBAI[ES
1681 ‘pooy 10J [[9q © 01 puodsal 0} paurer; s1 Sop y JuowiadXy S, A0jARJ AO[ARJ UBAT
Jopuny)} pue SUIUIYSI| SB YINS SJUIAS USIMII] UONBIOOSSY
0'd0I1€ AIOWIN],, ‘Aessq oISy
Dd0I¢ wsuIorABydYg
saje(q SUOISN[OUO0)) /SILIOAY I, JOYIIBISY L1093y,

WISIAT)ONNSUO)) PUR WSIANIUS0)) “WSHOIABYAE JO SWISLI) T'7 dqeL




15

7661 "PolAIIp (203 ST I0TABYSQ Uewny [V AUBYOS
Pliom o) Jo uoryeloxdiayul [euosiad e s1 SutuIed |
1661 -00uaLI9dXa WOIJ PAIONNSUOI ST SFPI[MOUY] TSI
"puIw 9yt Aq popusyaIdwos are yorgm sa0udLIadxs [e1oos
1661 pue [eorsAyd a Jo uondoosad U papunoIs ST SMOUY SUOSWOS Jey M UOSSeuOr
‘saouatradxo Jo suondoorad oy
0661 uodn paseq J1 121d13JUI JSBA] T8 JO ‘AIT[eal UMO JI9Y) JoNNsuod ‘soured] | Aydoig pue pooo)
sopin3d pue SI9UIBI[-00 Inq :IFpI[mouny| Jo siossassod
9]0S 21} J0U Ik SISYILI ], "99UAIIXS [BI SA[OAUT 0) PIIU pue
0661 | Surures] 1oy UI }SOIOUI [eMINUL B SARY SISUIBYT - A303vIpUy SOJMOUy] so[mouy
o8pamonry 1sed uarno 119y3 uodn paseq s1doduos
0961 JO SBIPI MU JONISUOI SISUIBS] YOIYM UI §59201d 2AN0R UR ST SUTUIRd | Joung
soouorradxs ised 10 ‘suonoear jsed Jo uoneZIURSIO JANOR UY
(43! BUISYOS JO uotus(g napred JOLIpaly
«S108] )M PI[LY
0261 9Q 0] [3SS9A B JOU SI 9y ‘9ATIOR 9 JSNW JOUTRI[ 33, Yy} PIASI[eq 9H 198e1d uear
7661 (1661 ‘oquia() 41037 ], SARIUB0]) [B100S BINpURY Hq[Y
WSIAIJONIISUO))
_ uonnadai pue
0661 | A1M3Nuod ySnoxy) poysI[qe)sd Suoneosse saajoaul Surures] yonur jeyy | Aydorg pue poorn
sae(q SUOISNIUO0)) /SILIOIY [, JIIILISIY Kooy,

(panunuo))) WSIANONIISUO)) PUB WSIARIUS0)) ‘WsLIoIARYSg JO SUISLIO [T d[qeL




16

2.4 Taxonomic Analysis Learning Behaviors
The following section describes several learning taxonomies, including Bloom’s, Revised
Bloom’s and Gagne’s learning taxonomy, that categorize the components of learning and

knowledge formation.

2.4.1 Bloom’s Taxonomy

Benjamin Bloom (1956) developed a classification of levels of intellectual behavior in
learning. This taxonomy contained three overlapping domains: the cognitive,
psychomotor, and affective. Within the cognitive domain, he identified six levels:
knowledge, comprehension, application, analysis, synthesis, and evaluation.
Knowledge is a starting point that includes both the acquisition of information and the
ability to recall information, when needed. Comprehension is the basic level of
understanding. It involves the ability to know what is being communicated in order to
make use of the information. Application is the ability to use a learned skill in a new
situation. Analysis is the ability to break content into components in order to identify
parts, see relationships among them, and recognize organizational principles. Synthesis is
the ability to combine existing elements in order to create something original. Evaluation
is the ability to make a judgment about the value of something by using a standard

(Bloom, 1956).

2.4.2 Bloom’s Revised Taxonomy
In order to update Bloom's work relative to today's theories, Anderson and Krathwohl
(2001) revised Bloom's original taxonomy by combining both the cognitive process and

knowledge dimensions.
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In the revised taxonomy, Bloom's six major categories were changed from noun
to verb forms. Additionally, the lowest level of the original, knowledge, was renamed
and became, remembering. Finally, comprehension and synthesis were renamed to
understanding and creating. The updated version has also added metacognitive to the
array of knowledge types. Metacognitive Knowledge is the awareness of one’s own
cognition and particular cognitive processes. It is strategic or reflective knowledge about
how to go about solving problems and cognitive tasks, to include contextual and
conditional knowledge and knowledge of self.

The revised taxonomy incorporates both the kind of knowledge to be learned
(knowledge dimension) and the process used to learn (cognitive process), allowing for
the instructional designer to efficiently align objectives to assessment techniques. Both
dimensions are illustrated in the following table that can be used to help write clear,

focused objectives.

Table 2.2 Revised Taxonomy Table

Knowledge Dimension | Remember | Understand | Apply Analyze Evaluate | Create

Factual Knowledge

Conceptual Knowledge

Procedural Knowledge

Meta-cognitive
Knowledge
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2.4.3 Gagne’s Taxonomy of Learning

Gagné’s work, “Conditions of Learning and Events of Instruction” (Gagné, 1965), called
Instructional Systems Development (ISD), related the existing learning theories to each
other and assigned to each theory its relative position with regard to their diverse learning
domains. Gagné based the main part of his approach on Bloom’s taxonomy of learning
objectives, and integrated the different learning theories that had been developed, from
behaviorism to cognitivism. The classification of learning, according to Robert Gagné,
includes five kinds of learning capabilities. The first three, which include intellectual
skills, cognitive strategies and verbal information, are based on Bloom’s theories of
cognitive development. The last two, attitudes and motor skills, relate to Bloom’s
affective and physical motor domain. The Gagné taxonomy is a popular learning
taxonomy in the field of instructional design (Reigeluth, 1983). Its popularity can be
attributed to its ability to clearly distinguish between abstract and concrete definitions of
learning (Seels & Glasgow, 1990).

Gagne's ideas of instruction are what he calls "conditions of learning." He breaks
these down into internal and external conditions. The internal conditions deal with
previously learned capabilities of the learner. Or, in other words, what the learner knows
prior to the instruction. The external conditions deal with the stimuli (a purely behaviorist
term) that are presented externally to the learner. His approach is relatively rigid, a
cookbook approach, and does not provide the flexibility needed for constructive learning

which allows students to construct their own knowledge representation.
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2.5 Social Constructivism
Social constructivism, developed in sociology and philosophy, emphasizes the
importance of culture and context in understanding what occurs in society and
constructing knowledge, based on this understanding (Derry, 1999) (McMahon, 1997).
This perspective is closely associated with many contemporary theories of Vygotsky and
Bruner, and Bandura's social cognitive theory (Shunk, 2000).

Social constructivism is based on specific assumptions about reality, knowledge,
and learning. To understand and apply models of instruction that are rooted in the
perspectives of social constructivists, it is important to know the premises that underlie
them. Reality: Social constructivists believe that reality is constructed through human
activity. Members of a society together invent the properties of the world (Kukla, 2000).
For the social constructivist, reality cannot be discovered; it does not exist prior to its
social invention. Knowledge: To social constructivists, knowledge is also a human
product, and is socially and culturally constructed (Ernest, 1999) (Gredler, 1997) (Prat &
Floden, 1994). Individuals create meaning through their interactions with each other and
with the environment in which they live. Learning: Social constructivists view learning
as a social process. It does not take place only within an individual, nor is it a passive
development of behaviors that are shaped by external forces (McMahon, 1997).

Meaningful learning occurs when individuals are engaged in social activities.
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2.6 Constructivist Learning Environment
There are three major approaches to learning that have evolved during the last century:
e Behavioral: Learning as response strengthening,
e Cognitivist: learning as knowledge acquisition, and
o Constructivist: learning as knowledge construction (Mayer, 1992).

Behaviorism focuses on observable changes in behavior, where a newibehavioral
pattern is repeated until it becomes automatic. Behaviorism did not account for many
types of learning, such as social behaviors and levels of cognitive reasoning (Tolman,
1932) where rats showed higher cognitive reasoning by storing mental maps of mazes.
Cognitivism “recognize that much learning involves associations established through
continuity and repetition” (Good & Brophy, 1990). Constructivists believe that our
construction of reality is more complex than simple association described in Cognitivism.
Constructivists believe that "learners construct their own reality, or at least interpret it,
based upon their perceptions of experiences,” (Jonasson, 1991).

The first approach has the learner passively receiving reward and punishments,
such as drill and practice, simple response and feedback. The second has students
placing new information in long term memory; the learner still passively acquires
information from the teacher who presents information in textbooks and lectures.
Knowledge is a commodity transmitted from the teacher to the learner. The third
approach, learning as knowledge construction, is based on the concept that learners
actively construct a knowledge representation in working memory. This emerged in the
1990’s based on human learning in realistic settings. The learner is the sense-maker and

the teacher is the cognitive guide who provides guidance and modeling on authentic
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academic tasks. The instructional designer’s role is to create environments in which the
learner interacts meaningfully and fosters the learner’s process of organizing and
integrating information.

The goal of Constructivist Learning Environments (Jonassen, 1991) “is to foster
problem solving and conceptual development.” Objectivist conceptions of learning
assume knowledge is individually constructed and socially co-constructed by learners
based on interpretations and experiences in the world. The goal is to “engage learners in
meaning making (knowledge construction), ” (Davidson, 1994) (Wilson, 1998) (Scavery

& Duffy, 1996).

2.6.1 Early Pioneers in the Field of Constructivist Learning

In the early 1900’s, Piaget’s theory of cognitive development in children (Piaget, 1928)
postulated a sequence of four qualitatively distinct stages of intellectual development:
Sensor-motor, Preoperational, Concrete Operations and Formal Operations. He believed
that “the learner must be active; he is not a vessel to be filled with facts...Learning
involves the participation of the learner.” Creating an environment designed to allow
students to explore and independently navigate tendrils of interconnecting concepts will
empower and enhance their construction of more cohesive understanding of
interconnected facets of a discipline. Later in the 1900’s, Vygotsky’s (1968) Zone of
Proximal Development (ZPD) stated that the potential for cognitive development depends
on social development. Skilis that can be developed in collaboration with peers exceed
those which can be attained alone. This supports the hypothesis that gaming can be used
to increase social interaction in learning environments and can potentially increase

knowledge acquisition. Later in the 1990’s, theories based on human learning in realistic
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settings (Jonassen, 1991) emerged where the learner is the sense-maker and the teacher is
the cognitive guide who provides guidance and modeling on authentic academic tasks.
The instructional designer’s role is to create environments in which the learner interacts
meaningfully and fosters the learner’s process of organizing and integrating information.
The Constructivist Learning Environment provides a framework for designing and

building the third approach.

2.6.2 Components of a Constructivist Learning Environment
The Constructivist Learning Environment (CLE) is an education framework that
combines eight components to engage students in meaningful learning (Jonassen, 1991)
(Dede, 1995). This will be used as a structural framework to model the MMOG learning
“environment.
The components are:

1) Active/Manipulative: Learners are engaged by the learning process in mindful

processing of information where they are responsible for the result.

2) Constructive: Learners integrate new ideas with prior knowledge in order to
make sense or meaning or reconcile a discrepancy, curiosity, or puzzlement.

3) Collaborative: Learners naturally work in learning and knowledge building
communities, exploiting each other’s skills, while providing social support and
modeling and observing the contributions of each member.

4) Reflective/Critical: Learners should be required by technology-based learning to
articulate what they are doing, the decisions they make, the strategies they use and
the answers they found.

5) Complex: The greatest intellectual error that teachers commit is to oversimplify
ideas in order to make them more easily transmittable to learners.
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2.6.3 Bruner’s Constructivist Theories

A major theme in the theoretical framework of Bruner (1960) is that learning is an active
process in which learners construct new ideas or concepts based upon their current/past
knowledge. The learner selects and transforms information, constructs hypotheses, and
makes decisions, relying on a cognitive structure. Cognitive structure (i.e., schema,
mental models) provides meaning and organization to experiences and allows the
individual to "go beyond the information given."

As far as instruction is concerned, the instructor should try to encourage students to
discover principles by themselves. The instructor and student should engage in an active
dialogue (i.e., Socratic learning). The task of the instructor is to translate information to
be learned into a format appropriate to the learner's current state of understanding.
Curriculum should be organized in a spiral manner so that the student continually builds
upon what they have already learned.

Bruner’s Theory of Instruction addresses four major aspects:

(1) Predisposition towards learning,

(2) The ways in which a body of knowledge can be structured, so that it can be most
readily grasped by the learner,

(3) The most effective sequences in which to present material, and
(4) The nature and pacing of rewards and punishments. Good methods for structuring

knowledge should result in simplifying, generating new propositions, and
increasing the manipulation of information. '
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2.6.4 SOI Model
The SOI model (Mayer, 1999) is an individual constructivism approach that is used for
designing text-based instructional messages to enable the learners to construct their own

meaningful learning outcomes.

S = selecting relevant information

O = organizing information in a meaningful way to the learner

I = integrating the new information with the learner's prior knowledge

The Knowledge and Concept maps have several features in common. First, they
organize information in a meaningful way by showing the linkages between concepts.
Second, as the knowledge map evolves it integrates and extends the learner’s prior
knowledge by adding new information.

The SOI model prime suggests that cognitive processes in learners are needed for
sense making and to support constructivist learning. It identifies the cognitive processes
that foster meaningful learning. Meaningful learning occurs when the learner actively
constructs a knowledge representation of information in working memory. Mayer defines
constructivist learning as an active learning process in which the learner possesses and

uses a variety of cognitive processes.
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2.7.1 Advanced Distributed Learning / SCORM

The Advanced Distributed Learning (ADL) initiative was developed for the Department
of Defense to harness the power of information technologies to standardize and
modernize structured learning. Sharable Content Object Reference Model (SCORM) is a
specification of the Advanced Distributed Learning (ADL) Initiative. .

SCORM is a collection of standards and specifications for web-based e-learning,. It
defines communications between client side content and a host system called the run-time
environment. The goal of SCORM is to have a set of technical standards that will allow
learning content to interoperate across multiple products, environments and tools, and to
make it easier to discover and use such content. In SCORM there is a set of services that
launches learning content, keeps track of learner progress, determines in what order
(sequence) learning objects are to be delivered, and reports student mastery through a
learning experience. -

Most web content consists of simple hyperlinks from one page to another. In the
SCORM world, the LMS is "smart" and knows what is to be delivered to the learner,
when he/she has mastered a skill or competency, and can branch to the right content
when needed (e.g., for remediation). Regular web content and servers do not have this
capability.

SCORM is divided into four components: reusability, durability, accessibility and
interoperability. Reusable refers to content that is independent of learning context.
Interoperable is content that will function in multiple applications and environments.
Durable refers to content that does not need modification to operate as platforms change.

Finally, accessible content can be identified and located when needed. These goals are
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achieved using shareable content objects (SCO’s).

A shared content object is a collection of assets that becomes an independent
piece of instructional material. These SCO’s should be the smallest unit that can be
tracked in a learning system. SCO’s cannot directly access other SCO’s, therefore, each
SCO should stand alone. An SCO can be a lesson, a module or some segment of a course.
An SCO must be independent of other SCO’s or any other content that gives meaning to
it. It is a stand alone object that can integrate into many different courses or forms of

instruction.

2.7.2 Asynchronous Learning Environments

2.7.2.1 Introduction. = Most traditional synchronous learning environments, primarily
face-to-face, rely on the role of the instructor in imparting information. The
Constructivist Learning Environment’s (CLE) philosophy suggests that learning is a
collaborative exercise where the instructor and students work together to form ideas and
collectively explore the concepts covered by the course. The asynchronous feature
differentiates ALN’s that follow many of these CLE attributes where students and
teachers can contribute ideas and thoughts at a pace and time of their choosing. “Some of
the members take two or three times longer than others to read and respond to materials
... they can work at a time and pace that suits them” (Hiltz, 1994).

Learning, knowledge leading to wisdom, is a process where we stand on the
shoulders of our predecessors. There is too much to be learned, even by the most
intelligent individuals, to believe we can function and grow on our own. Reading books is
one type of asynchronous learning network where ideas are explored with little ability to

network with peers. The emergence of online asynchronous learning networks (ALN’s)
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provides the ability to expand peer networks, research larger pools of data and accelerate
the rate of group interactions. So, for many, an ALN provides the ability to learn faster
and benefit from the collective consciousness.

In addition to the asynchronous advantages of anytime/anywhere learning,
additional digital media can provide the ability to combine a vast array of audio, video

and interactive tools to enhance the ALN experience.

2.7.2.2 Definition. There are two aspects to the definition of ALN:
1. Asynchronous Learning Networks (ALN’s) are defined here as distributed
learning environments that are “virtual classrooms” involving asynchronous
interaction and the exchange of information exclusively on-line with no face-to-
face interaction or conventional physical classroom arrangements. (Hiltz, 1994).
2. “Asynchronous Learning Networks (ALN’s) are people networks for anytime
and anywhere learning. ALN combines self-study with substantial, rapid,
asynchronous interactivity with others. In ALN learners use computer and
communications technologies to work with remote learning resources, including
coaches and other learners, but without the requirement to be online at the same
time,” (Hiltz & Goldman, 2005).
2.7.3 Learning Communities
A Learning Community is “a cohesive community where a culture of learning exists in
which everyone is involved in a collective effort of understanding,” (Bielaczyc & Collins,
1999). A defining characteristic of a Virtual Learning Community (VLC) is that a person
or institution must be a contributor of the evolving knowledge base of that group. There
is a mutual knowledge building process taking place,” (Hunter, 2002).

The asynchronous feature differentiates ALN’s from many of the CLE’s where

students and teachers can contribute ideas and thoughts at a pace and time of their

choosing. “Some of the members take two or three times longer than others to read and
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respond to materials ... they can work at a time and pace that suits them” (Hiltz, 1994).
In addition to the asynchronous advantages of anytime/anywhere learning, additional
digital media can provide the ability to combine a vast array of audio, video and
interactive tools to enhance the ALN experience.

Emergence of a learning commuhity takes time. Not only do participants need to
have confidence / trust in their fellow intellectual travelers, but they need to be assured
that their thoughts and ideas, no matter how outlandish, are not incorrect by mere
attempts at thought experiments trying to test the envelope.

Most important, it is necessary to develop a core database that incorporates the
knowledge of a particular discipline. All teachers, for example in Information Systems,
would contribute their online materials and an integrated knowledge base would evolve.
Student access and frequency of this database should be followed. A true learning
community would provide a mechanism for students to explore and share knowledge, and
possibly contribute to the core knowledge base, in much the same way that Wikipedia is

structured for some subset of the data.

2.8 Review of ALN Papers and Their Relevance to This Research
One of the opportunities and challenges of ALN’s is the ability to tailor the learning
environment for particular student learning styles so that the user could restructure the
presentation environment to facilitate their own particular learning style (see learning
styles section below). One approach utilizes Technology Mediated Learning (TML)
(Alavi & Leidner, 2001) in which the factors that technology plays in facilitating learning

can be discussed. “Technology can influence learning through direct support of the
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underlying psychological processes, for example facilitating cognitive information
processing activities such as search, scanning, transformation, or comparison of
information,” (Alavi & Leidner, 2001). These features of transforming and comparing
information support the Constructivist Learning Environment’s philosophy that learning
is a collaborative exercise wherein the instructor and students work together to form ideas
and collectively explore the concepts covered by the course. The development of an
integrated knowledge base, spanning multiple courses, allows students to navigate topics
and explore related discipline concepts. This seems to reinforce Alavi and Leidner’s
assertioﬁs as to the potential positive effects on learning that technology can have by

facilitating an individual’s own learning style.

2.8.1 Learning Styles

Most people prefer some particular method of interacting with, taking in, and processing
or information. A learning style is the method of learning particular to an individual that
allows that individual to learn best. It has been proposed that teachers should assess the
learning styles of their students and adapt their classroom methods to best fit each
student's learning style.

One theory (Kolb & Fry, 1975) in this Learning-Style Inventory (LSI) model, is
built upon the idea that learning preferences can be described using two continuums:
active experimentation-reflective observation and abstract conceptualization-concrete
experience. This results in four types of learners: converge (active experimentation-
abstract conceptualization), accommodator (active experimentation-concrete experience),

assimilator (reflective observation-abstract conceptualization), and diverger (reflective
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observation-concrete experience). The LSI is designed to determine an individual's
learning preference. |

One of the most widely known theories of learning style models is that of Dunn
and Dunn (1984), a VAK model. This model is widely used in schools in the United
States, and numerous articles have been published in peer-reviewed journals referring to
this model that "matches students’ learning style preferences with complementary
instruction to improve academic achievement and student attitudes toward learning,"
(Dunn, Dunn & Price, 1984). This would seem to indicate that providing the ability for
students to customize the method of presentation and content of the knowledge repository

would also increase effective learning.

2.8.2Cognitive Styles
Cognitive style is a term used to describe the way individuals think, perceive and
remember information. There are a number of cognitive styles that have been
hypothesized to affect or enhance learning. One approach, (Hudson, 1996) identified two
cognitive styles: convergent thinkers who are good at accumulating material from a
variety of sources relevant to a problem’s solution, and divergent thinkers who proceed
more creatively and subjectively in their approach to problem-solving. This knowledge
repository approach has relevance for convergent thinkers, where enhanced modes of
learning would be facilitated by aggregating the course materials. A

An alternate approach, cognitive complexity theories (Beiri, 1961) identified
individuals who are more complex in their approach to problem-solving as opposed to
those who are less creative. His approach also involves the organization of constructs and

their similarity. If the elements are construed in less related ways for all constructs then
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there is a more complex organization leading to different results. This approach has also
been interpreted by Crockett (1965) and others as one of 'differentiation’ and 'integration'.
Cognitive complexity is calculated from Crockett’s Role Category Questionnaire
(Crockett, 1965), where the number of independent constructs produced is taken as a
measure of cognitive complexity.

Additional tools that can facilitate ALN’s are cooperative work tools that are
defined in terms of their coordination between activities, which implies some domain
specific knowledge (Malone & Crowston, 1990). They refer to “goal-relevant
relationships™ between activities as “interdependencies.” These interdependencies may
be the key to a possible structure to define interdependent relationships that will be
explored in the Knowledge Integration Model. Factors such as identifying goals,
mapping goals to activities, selecting actors and selecting activities for actors, would be
important for managing interdependencies. This is particularly relevant to defining a core
database for a discipline. These interdependencies between concepts need to be mapped
and displayed in a user-friendly interface to allow easy navigation of concepts that

facilitate knowledge exploration.

2.8.3 Knowledge Elements

“By implementing a singular and global identity of all knowledge elements and other
information entities, to allow logical extensibility, the framework for physical
extensibility, replication and peer-to-peer interaction, has been established.” (Gardner &
Sheridan, 2003). In many respects, these knowledge elements seem similar to the shared
content objects (SCO’s) in SCORM. This article continues by discussing the structure of

a knowledge engine; “To create the foundations for a knowledge engine, which embodies
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at its core the way we group and classify our knowledge of the world through
generalization and specialization. These characteristics provide the foundation to deliver
a wide variety of solutions in many domains apart from the initial design target of
teaching and learning,” (Gardner & Sheridan, 2003).

Knowledge sharing tools, not only in educational settings, but in virtual
communities in general, could foster faster learning and greater knowledge retention.
Most information is presented with relatively little context. Developing the complex
interconnections that instill meaning is currently not available or relatively limited. In a
paper on knowledge sharing in virtual communities, Bieber et al. (2002) stated that
“Properly supported virtual communities could benefit society through collaboration and
knowledge-sharing in ways not yet articulated. It is believed that the best way to carry out
this investigation is through action research, in which an environment of integrated tools
is introduced and evaluated in an actual virtual community.”

“Yet, no existing approaches address the full range of knowledge repositories, and

knowledge sharing and learning processes discussed earlier,” (Bieber et al. 2002).
A series of new tools has been proposed:

(1) Computer-mediated communication (Turoff et al. 2001),

(2) Conceptual knowledge structures (Bieber et al. 2002) (Turoff et al. 1999),

(3) Advanced hypermedia features (Bieber et al. 1997),

(4) Community process support (Bieber et al. 2002),

(5) Digital video for collaboration, learning, and financial transaction support.
The integration of these components will represent a major advance (Gaines et al. 1997)

(Preece, 1999).
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2.9 Knowledge Maps
The concept of integrating knowledge maps to organize information was proposed by
Bieber (1999). “Using application-oriented conceptual maps to categorize group
discussions would be an advancement in the design of computer-mediated
communications (CMC) systems to allow much larger groups to collaborate productively.
The group meta-communication process should allow the group to modify and evolve
these conceptual discourse templates.” The voting scales suggested by Bieber suggest

the possibility of using voting to weight concept relationships.

Actions, Goals, Criteria Voting Scales:
Requirements, Criteria Desirability, Feasibility
Solutions, Decisions, etc.

Pro link

Opposition link

Arguments Arguments

Voting Scales: Importance, Validity

Figure 2.2 Voting scales.
(Bieber, 1999)

In support of this paper’s concept, Turoff and Hiltz (1998) proposed "group
support tools" for relatively small collaborative groups. They believe that the ability to
utilize complex discourse and visualization structures that are tailored to the problem
domain can ultimately support problem solving and learning communities of scores to

thousands of participants.
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One of the key goals is to provide a mapping between ideas and concepts that
span an entire discipline. Students and faculty will continually input their ideas, regarding
these relationships, which will be represented in the Knowledge Integration Model. These
interrelationships will be represented as correlation weights linking concepts. There will
be multiple threads that allow possible relationships to be explored by students. These are
equivalent to a neural network that allows multiple, possible paths to information
retrieval to be explored and new connections to be established. (Mortar, Mohan & Ranka,
1996). Categorizing these relationships between concepts, it is theorized, will enhance
knowledge acquisition, “formulating arguments or reorganizing material to introduce new
(previously unrecognized) relationships, thereby advancing the knowledge of the
participants,” (Harasim, 1990).

One of the key features of ALN’s is the concept that self learning “can be seen as
freeing the individual learner from time and space barriers to two-way communications,
which, in supportive situations, can foster self learning,” (Keegan, 1986). To enhance this
ability of knowledge exploration, tools that facilitate these explorations should result in
more knowledgeable students, it is hypothesized. An attempt will be made to confirm
these hypotheses by testing students with recognized exams like the Certified Information
System Security Professional exams. A number of papers have studied the enhanced
learning of ALN’S. “When groups are working asynchronously, members can reflect
longer and in more depth about their contributions than when they are in a face-to-face
discussion,” (Hiltz, 1994). “ALN supported participants, individuals and groups produced

better reports than did their manual counterparts," (Ocker, et al. 1995).
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If students in collaborative ALN’s have better learning outcomes, “The results
support the premise that when students are actively involved in collaborative (group)
learning on-line, the outcomes can be as good as or better than those for traditional
classes.” (Hiltz, Coppola, Rotter & Turoff, 2000). It is then reasonable to hypothesize
that tools that facilitate collaborative learning, like the new proposed synthesis forum,
will further enhance learning outcomes. This is supported by the Collaborative CLE
principle that states “learners naturally work in learning and knowledge building
communities, exploiting each others skills while providing social support and modeling
and observing the contributions of each member.”

Teaching online courses often involves a heavier burden on a professor’s time
than conventional face-to-face (ftf) courses. This was found to be a factor in faculty’s
dissatisfaction in teaching online courses (Harman & Davis, 2001). Any mechanism that
can relieve this enhanced burden and possibly the isolation of preparing and teaching
solitary online courses may enhance faculty satisfaction rates on ALN’s. The paper,
“Becoming a Virtual Professor” (Coppola, Hiltz & Rotter, 2002) discusses the issues that
arise when transitioning to an online ALN mode of teaching. If a centralized knowledge
repository was built that was used by multiple courses, it relieves the isolation and heavy
load placed on one instructor. A group of instructors working together sharing ideas,
skills and responding to students might better distribute the workloads. The discipline
databases would be structured initially with one senior ALN professor to mentor the

others.
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2.10 Distributed Cognition
One of the eventual goals of the knowledge repository is to connect multiple repositories
spanning several universities and incorporate/link all knowledge maps into a distributed
cognition model. This is supported by the Collaborative CLE principle that “learners
naturally work in learning and knowledge building communities, and exploiting each
other’s skills would provide social support and modeling the contributions of each
member.”

Distributed cognition is a field of psychology developed by Edwin Hutchins
which emphasizes the social effects on cognition. “Traditionally, human cognition has
been seen as solely inside a person’s head and studies have by and large disregarded the
social, physical and artificial surroundings in which cognition takes place.” (Salamon,
1993). It suggests that socicties and organizations have different ways of learning and
organizating information. This implies that learning is a group activity and true learning
and knowledge building takes place in a collaborative énvironment where we share and
process information.

Knowledge is distributed among a group’s members, each of whom uses his/her
knowledge to contribute to the group. “Not only are groups able to accomplish more, but
it has been argued that this type of learning leads to déeper understanding of content and
processes for the group members.” (Di Sessa & Minstrell, 1998).

Why utilize distributed cognition? Because “people think in conjunction and
partnership with others and with the help of culturally provided tools and implements.”
(Salomone, 1993). Cognitive systems that consist of more than one individual have

properties that differ from the individuals who participate in them (Hutchins, 1995). For
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example, individuals, working together on a collaborative task, possess different kinds of
knowledge and so will engage in interactions that will allow them to pool the various
resources to accomplish their tasks. In addition, individuals in a cognitive system have
overlapping and shared access to knowledge that enables them to be aware of what others
are doing. This enables the coordination of expectations to emerge, which, in turn, form

the basis of coordinated action.

2.10.1 Theories of Distributed Cognition

What distinguishes distributed cognition from other approaches is the commitment to two
related theoretical principles. The first concerns the unit of analysis for cognition. The
second concerns the mechanisms that participate in cognitive processes. While
mainstream cognitive science looks for cognitive events in the manipulation of symbols
(Newell, et al. 1989), or more recently, patterns of activation across arrays of processing
units (Rumelhart, et al. 1986) (McClelland, et al. 1986) inside individual actors,
distributed cognition looks for a broader class of cognitive events and does not expect all

such events to be encompassed by the skin or skull of an individual.

2.10.2 Internet Role in Distributed Cognition

The internet could be considered an example of distributed cognition, where meaning is
derived and achieved through social interaction among individuals, for example,
distributed cognition in which multiple minds are intertwined across time. The
distributed cognition approach is concerned with cognitive phenomena that cover a wide
spectrum, from analyzing the properties and processes of a system of actors interacting

with each other and an array of technological artifacts to perform some activity.
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The distributed cognition approach emphasizes the distributed nature of cognitive
phenomena across individuals, artifacts and internal and external representations in terms
of a common language of ‘representational states’ and ‘media.’ In doing this, it dissolves
the traditional divisions between the inside/outside boundary of the individual and the
culture/cognition distinction that anthropologists and cognitive psychologists have
historically created. Instead, it focuses on the interactions between the distributed

structures of the phenomenon that is under scrutiny.
The distributed cognition approach involves:
1) The distributed problem-solving that takes place (including the way people work

together to solve a problem),

2) The role of verbal and non-verbal behavior (including what is said, what is
implied by glances, winks, etc. and what is not said),

3) The various coordinating mechanisms that are used (e.g., rules, procedures),

4) The various ways communication takes place as the collaborative activity
progresses, and

5) How knowledge is shared and accessed.

2.11 Concept Mapping Tools
Concept mapping is a technique for visualizing the relationships between different
concepts. A concept map is a diagram showing the relationships between concepts.
Concepts are connected with labeled arrows, in a downward-branching hierarchical
structure. The relationship between concepts is articulated in linking phrases, such as

3% <C 99 46

“gives rise to”, “results in”, “is required by,” or “contributes to.”
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Concept maps are a technique used to visually represent the structure of
information. They are a result of Novak’s and Gowin’s research (1984) of human
learning and knowledge representation. "Meaningful learning involves the assimilation of
new concepts and propositions into existing cognitive structures.” The use of concept
maps has been shown to facilitate learning (Coffey, Carnot et al. 2003). Concept maps
have also been shown to be of value as a knowledge acquisition tool during the
construction of expert systems (Ford et al. 1996) and performance support Systems
(Coffey, Cafias et al. 2003), and as a means of capturing and sharing experts’ knowledge
(Coffey et al. 2002).

Cognitive Load Theory {CLT) developed out of several empirical studies of
learners as they interacted with instructional materials (Sweller, 1988). He stated that” the
optimum learning occurs in humans when the load on working memory is kept to a
minimum to best facilitate the changes in long term memory.” He found that the format
of instructional materials has a direct effect on the performance of the learners using
those materials. The concept maps facilitate this retention by showing all the complex
links between concepts.

New knowledge gains meaning when it can be related to existing knowledge, rather
than being "processed and filed" in isolation according to more or less arbitrary criteria.
Concept mapping supports the visualization of such conceptual frameworks and
"stimulates prior knowledge by making and requiring the learner to correlate the
relationship between concepts," (Jonassen, 1996).

A CLT tool called CMAP, CmapTools is a software environment developed at the

Institute for Human and Machine Cognition (IHMC) that empowers users, individually or
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2.12 Design Science
The following section describes the techniques to define ideas, practices, technical
capabilities and products through which the analysis, design, implementation,
management and use of information systems can be effectively accomplished. This is

referred to as design science.

2.12.1 Design Science in Information System Research

Two distinct and corresponding paradigms, behavioral science and design science, are
used in Information System research. The behavioral science model analyzes the efficacy
of information systems from the aspect of human perceptions and attitudes. Design
science “seeks to extend the boundaries of human and organizational capabilities by

creating new and innovative artifacts,” (Hevner et al 2004).

“Design research involves the analysis of the use and performance of
designed artifacts to understand, explain and very frequently to improve
on the behavior of aspects of Information Systems.” (Association for

Information Systems (AIS) www.aisnet.org , 2008).

Design science has its roots in engineering and the sciences. It is basically a
problem solving model whose goal is to “define ideas, practices, technical capabilities
and products through which the analysis, design, implementation and management and
use of information systems can be effectively accomplished.” (Denning, 1997)
(Tsichritzis, 1998). Design science’s relevance to IS research is well documented in the

literature (Glass, 1999), (Winograd 1996, 1998), (Benbasat & Zmund 1999). “IS
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research is directly related to its applicability in design, stating that the implications of
empirical IS research should be implementable... synthesizing an existing body of
research ... or stimulate critical thinking among IS researchers. Technology and behavior

are not dichotomous in an information system, they are inseparable,” (Lee, 2000).

2.12.2 History of Design Science

Design science research “is an activity that contributes to the understanding of a
phenomena,” (Kuhn, 1962 and 1996). Design refers to developing and creating
something new that is not naturally occurring. Research is an activity that contributes to
an understanding of an observable fact. In 1969, Simon established the foundations for ‘a
science of design,” which would be ‘a body of intellectually tough, analytical, empirical,
teachable doctrine about the design process.” Simon further decomposes the design
process into an inner and outer environment that satisfies certain goals. The outer
environment is the set of external forces that act on the object. The inner environment is
the components that make up the artifact/object and the relationships with that object to
the organization. The interaction of the functionality between the inner and outer
environments makes up the design activity.

It has been postulated that there are four general design outputs: constructs, models,
methods and instantiations (March & Smith, 1995). Constructs are the language of a
problem domain. They arise during the problem conceptualization phase. The model is a
set of statements articulating relationships among constructs. A method is an algorithm
defining how to accomplish a task. “Implicit in a design research method is the problem
and solution statement that is expressed in the construct vocabulary” (March & Smith,

1995). An instantiation is the solution or realization of the artifact in an environment.
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Occasionally, the instantiation precedes the complete vocabulary definition as indicated
in the iterative evolutionary development of a design.

A complimentary approach to design science (Takeda et al. 1990) is the design of
the interface between the inner and outer environment. This is defined as mapping from a
functional requirement, constituting a point in multidimensional space, where an artifact,
satisfying the mapping, constitutes a point in that space. Design is the knowledge to
perform that mapping.

A fifth output of design (Rossi & Stein, 2003), (the first four can be mapped to
March and Smith’s design methods), is referred to as Better Theories. Design research
can contribute to theory building with the first component being methodological
construction of an artifact, or experimental proof of a theory. The second, the design of
the artifact, can expose relationships between its elements. These relationships can
support or refute previously theories. “Human Computer Interfaces (HCI) artifact
construction is perhaps the most effective medium for theory development,” (Carrol &
Kellog, 1989).

The philosophical perspective of the design researcher creates reality through
constructive intervention, and then becomes a positivist observer, recording behavior of
the system, that is, the testing and experimental process as listed in the design and

evaluation phases (Hever et al. 2004).
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Positivist Interpretive Design
Ontology A single reality, Multiple realities, Multiple, contextually
knowable, socially constructed situated alternative
probabilistic world states. Socio-
technologically enabled
Epistemology | Objective Subjective values and | Knowing through
dispassionate, knowledge emerge making, objectively
detached observer | from the researcher constrained construction
of the truth participant interaction | within a context.
Iterative circumspection
reveals knowledge
Methodology | Observation, Participation, Developmental measure,
quantitative, qualitative, artifact impacts on the
statistical hermeneutical, composite system
dialectical
Axiology Truth universal Understanding situated | Control creation
(The study of and descriptive progress, improvement,
Values) understanding

Design research introduces unique artifacts, which implies that they deal with alternative

world states. This contrasts with positivist ontology with a single typical unit of analysis.

In design research, even the problem statement is subject to revision as design research

proceeds. Epistemologically, a design researcher can determine if a piece of information

is factual through means of construction/circumspection. As an artifact is constructed, its

behavior and interactions are determined; its meaning is its functionality. The design

researcher is thus a pragmatist (Pierce, 1931).

2.12.3 Design Science Guidelines in IS Research

Seven Design Science Research Guidelines have been identified, in the creation of a
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purposeful artifact (Hevner et al. 2004). An artifact is defined as a vocabulary and

symbols. The goal was to develop a framework for effective design science research.

Table 2.4 Design Science Research Guidelines

Design Science Research Guidelines (Hevner et al. 2004)

Guideline 1: Design as an Design science must produce a viable artifact in the

artifact form of a construct, a model, a method or an
instantiation.

Guideline 2: Problem The objective of design science research is to develop

Relevance technology-based solutions to important (business)
problems.

Guideline 3: Design The utility, quality and efficacy of a design artifact

Evaluation must be rigorously demonstrated by well executed
evaluation methods

Guideline 4: Research Effective design science research must provide clear

Contributions and verifiable solutions in the areas of the design
artifact, design foundations and /or design
methodologies.

Guideline 5: Research Rigor Design science research relies upon the application of
rigorous methods in both the construction and
evaluation of the design artifact

Guideline 6: Design as a The search for an effective artifact involves utilizing

Search Process available means to reach desired ends while satisfying
laws in the problem environment

Guideline 7: Communication | Design science research must be presented effectively

of Research both to technology oriented as well as management
oriented audiences

Guideline 3, the Design Evaluation, is further broken down into well-defined
evaluation methods. The evaluation of an IT artifact requires metrics and data analysis. It
can be evaluated in terms of functionality, completeness, consistency, accuracy,
performance, reliability, usability and fit within the organization/context. The design
phase is iterative and provides feedback during development. The selection of specific

evaluation methods must match the design artifact. Table 2.5 lists available design
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evaluation methods. The efficacy of the artifact can be demonstrated by the appropriate

selection of design evaluation methods (Basilli, 1996) (Zelkowitz and Wallace, 1998).

Table 2.5 Design Evaluation Methods

Design Evaluation Methods (Hevner et al. 2004)

1. Observational e (Case Study
e Field Study

2. Analytical Static Analysis
Architectural Analysis
Optimization

Dynamic Analysis

3. Experimental Controlled Experiment

¢ Simulation

4. Testing o Functional Black Box Testing
e Structural White Box Testing

5. Descriptive e Informed Argument
e Scenarios

2.13 Semantic Analysis (Semantic Web)
The framework for CUBE will be structured using the Semantic Web model. The
Semantic Web is a “set of formats and languages that are used to find and analyze data on
the web,” (Feigenbaum, 2007) (Berners-Lee, 2001). A number of standards, published
by the World Wide Web Consortium Semantic Web Activity Initiative, utilize the
Resource Description Framework (RDF). Each piece of data, and any link that connects
pieces of data, are identified by a unique name called a Universal Resource Identifier

(URI). In the RDF scheme, two pieces of information are connected and grouped together
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in a triplet to infer relationships between concepts.
In 2001 there were approximately a billion web page documents. In 2005, the

estimates range from 11.5-19 billion (http://en.wikipedia.org/wiki/Surface Web). As of

2008, the latest estimate was 30-45 billion publicly available web page documents,

(www.Worldwidewebsize.com) a dramatic growth. This excludes private web

documents, mostly held by corporations called the invisible web or “deep web”

(http://en.wikipedia.org/wiki/Deep Web), that multiplies this number by 100. With this

explosive growth of online content, the need to utilize a semantic web approach to
categorizing search information, with an agreed upon ontology that more accurately
reflects user intent, especially in technical fields, is more urgent than ever.

An article by Tim Bernards-Lee (2001) stated that the Semantic Web “is a Web of
actionable information derived from data through a semantic theory for interpreting the
symbols. The semantic theory p;ovides an account of meaning in which the logical
connection of terms establishes interoperability between systems and heterogeneous data
sets, that originate from distinct communities of scientists in separate subfields.
Scientists, researchers, and regulatory authorities in genomics, proteomics, clinical drug
trials, and epidemiology all need a way to integrate these components.” The meaning
described in the article refers to triplets or associations between terms.

The ability to generate complex associations between objects provides the potential
to link and grow concepts beyond simple document retrieval. Evolving “concept spaces
visually indicates the relationships and important subsets of concepts, particularly subsets
that constitute ontological commitments for representing given phenomena. These

provide students with large-scale (and even global) views of the structure of concept
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spaces.” (Smith & Lee, 2004). These complex interrelationships can potentially evolve
through input from students and faculty for a potentially richer learnjhg environment.

The “semantic web”, based on the Resource Description Framework (RDF),
provides a common framework that allows data to be shared and reused across
application, enterprise, and community boundaries. It is a collaborative effort led by the
World Wide Web Consortium (W3C), with participation from a large number of
researchers and industrial partners.

The semantic web is composed of a set of design principles, including XML, XML
Schema, RDF, OWL and SPARQL utilized by a group of experts in a particular field (i.e.
World Wide Web Consortium), to create a concept space to facilitate the standardization
of terms, relevant to a knowledge domain. These efforts at semantic clarity assist search

engines and disciplines to better define and aggregate relationships within a discipline.

2.13.1 Semantic Web Terminology

Knowledge representation is concerned with how people store and process information.
In artificial intelligence (Al) the primary aim is to store knowledge so that programs can
process it and achieve the approximation of human intelligence. The fundamental goal of
knowledge representation (KR) is to represent knowledge in a manner so as to facilitate
inferencing (i.e. drawing conclusions) from knowledge. The semantic web is a fusion of
notations such as XML, RDF and their interrelationships, to make the output of these KR
languages easy for machines to parse and formalize relationships between concepts

(Helbig, 2006).
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Table 2.6 Semantic Web Terminology

Terms | Acronym Definitions
FOAF Friend of a Friend | A popular application of the semantic web is Friend of a Friend (or
FOAF), which describes relationships among people and other agents in
terms of RDF
OWL Web Ontology A family of knowledge-representation languages for authoring
Language ontologies. This family of languages is based on two semantics: OWL-
DL and OWL-Lite semantics are based on Description Logics, which
are a family of knowledge representation languages which can be used
to represent the terminological knowledge of an application domain in a
structured and formally well-understood way.
RDF Resource -A family of World Wide Web Consortium (W3C) specifications
Description originally designed as a metadata model but which has come to be used
Framework : as a general method of modeling information, through a variety of
syntax formats. -The RDF metadata model is based upon the
idea of making statements about resources in the form of subject-
predicate-object expressions, called “triplets” in RDF terminology. The
subject denotes the resource, and the predicate denotes traits or aspects
of the resource and expresses a relationship between the subject and the
object.
SIMILE | Semantic SIMILE is a joint project, conducted by the MIT Libraries and MIT
Interoperability of | CSAIL, which seeks to enhance interoperability among digital assets,
Metadata and schemata/vocabularies/ontologies, meta data and services.
Information in
(un)Like
Environments
SIOC Semantically- A Semantic Web technology, SIOC provides methods for
Interlinked Online | interconnecting discussion methods such as blogs, forums and mailing
Communities lists to each other. It consists of the SIOC ontology, an open-standard
machine readable format forexpressing the information contained both
(Breslin, Bojars explicitly and implicitly in Internet discussion methods, of SIOC
2004) metadata producers for a number of popular blogging platforms and
content management systems, and of storage and browsing/searching
systems for leveraging this SIOC data.
SPARQL | SPARQL Protocol | SPARQL allows for a query to consist of triple patterns, conjunctions,
and RDF Query disjunctions, and optional patterns.
Language
XML Extensible A general-purpose markup language, it is classified as an extensible
Markup Language | language, any high-level language that allows its user to modify or

enrich its syntax, because it allows its users to define their own
elements. Its primary purpose is to facilitate the sharing of structured
data across different information systems,




CHAPTER 3

HYPOTHESES, MODELS AND KNOWLEDGE REPOSITORY

ARCHITECTURE

This chapter describes the research framework used to validate/refute the knowledge
repository modeling hypotheses. The first component is a description of the underlying
research hypotheses and assessment strategies. The second component introduces two
models; The Knowledge Weighting Model (KWM) and the Aggregate Integrate Master
model (AIM) that have been postulated to explain the relationships between
constructivist constructs and the Integrated Knowledge Repository (IKR). The final
component is a detailed description of the (IKR) which has been instantiated in the form
of the Constructivist Unifying Baccalaureate Epistemology (CUBE) learning system that

forms the construct platform for testing the hypotheses.

3.1 Hypotheses and Assessment Strategies

H1: Students using the Integrated Knowledge Repository (IKR) will have a more positive
perception of the learning process than those who use conventional single course teaching
paradigms.

HO: There is no relationship between the use of IKR and students’ perceptions of the
learning process.

Assessment of student perceptions: A questionnaire, “Constructivist Multimedia
Learning Environment Survey (CMLES)”, will be used to determine students’
perceptions of the new system vs. the current paradigm, where courses are presented as

single topics/units.

51
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H2: Students utilizing the IKR will develop a more complex understanding of the
interconnected nature of the materials linking a discipline than those who take
conventional single topic courses.

HO: There is no relationship between the IKR and developing a more complex
understanding of the interconnected nature of the materials linking a discipline.

Assessment of unifying knowledge of a discipline: Students were given a case study on a

topic that unifies concepts which span multiple courses. They were then asked to solve
another problem/case that tests their ability to demonstrate their cross-subject knowledge.
A rubric, integrating Jonassen’s case analysis rubric, “Learning to Solve Problems” and
Hevner’s design evaluation methods, “Design Science in IS Research”, was used to
assess their evolution of skill development using CUBE. A control group of students,
who had previous experience with the conventional method of instruction, were given the

new case study and rubric to evaluate their comprehension of the course materials.

The categories of the rubric are:

Quality of information sources cited,

e Constraint analysis,

Feasibility, and

Relevance of implications.

Future Research: Hypotheses H3 and H4 will be used to guide future research to refine
the implementation of CUBE to maximize its effectiveness
H3: Students will spend more time exploring a concept, using the IKR, which allows

them to navigate and construct their own representation, than those using conventional
texts.
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HO: There is no relationship between use of the CUBE paradigm and increased time
spent exploring relationships between concepts.

Assessment of time spent: Students will be given several course topics and record the

actual time spent and level of knowledge integration.

H4: Students will be more actively involved in constructing knowledge representations
than students in conventional courses.

HO: There is no relationship between use of CUBE and increased knowledge formation.

3.2 Constructivist Learning Principles Referenced By Hypotheses H1 And H2
The Constructivist Learning Principles that relate to Hypotheses H1 and H2 are the

following:

e Active/Manipulative: Learners are engaged by the learning process in
mindful processing of information, where they are responsible for the
result.

¢ Constructive: Learners integrate new ideas with prior knowledge in order
to make sense or reconcile a discrepancy, curiosity, or puzzlement.
o Presenting students with information spanning multiple courses, i.e. prior
knowledge, they have a greater probability of creating meaning from
connections between concepts

e Collaborative: Learners naturally work in learning and knowledge building
communities, exploiting each others’ skills while providing social support and
modeling and observing the contributions of each member.

o The students contribute to the knowledge map, building communities of
practice, exploiting the skills of others and building on the skills of others.

¢ Conversational: Learning is inherently a social, dialogical process (Duffy &
Cunningham, 1996). That is, given a problem or task, people naturally seek out
opinions and ideas from others.
o Contributions and links in the knowledge map, provided by students, will
be evaluated and voted on. This will determine relevance and ranking of
concepts; i.e., seeking out the opinions and ideas of others.
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Reflective/Critical: Learners should be required by technology-based learning to
articulate what they are doing, the decisions they make, the strategies they use,
and the answers that they find.
o The voting will be an iterative process that will evolve over time to refine
and critically evaluate decisions they have made.

Contextualized: A great deal of recent research has shown that learning tasks that
are situated in some meaningful real world task or simulated in some case-based
or problem based learning environment are not only better understood, but also
are more consistently transferred to new situations.
o Case examples will be integrated in the CUBE implementation that
reflects the integration of concepts spanning courses.

Complex: The greatest intellectual error that teachers commit is to oversimplify
ideas in order to make them more easily transmittable to learners. In addition to
stripping ideas out of their normal contexts, ideas are distilled to their simplest
form so that students will more readily learn them.
o The focus of the CUBE system will be to create a learning environment
that integrates concepts spanning multiple courses in a discipline, fostering
the development of complex skills.
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Figure 3.1 Flowchart of key concepts, integrated with the constructivist

learning environment.

3.3 Models That Support This Research

Two new models have been introduced to provide a framework for this research. The

Knowledge Weighting Model (KWM) provides a quantitative measure of concept

relevance.

Building on the Selection-Organization-Integrate (SOI) knowledge construction

model, (Mayer, 1996) this research introduces an Aggregate Integrate Master (AIM)

model. It provides a framework for representing N number of courses that can be

integrated to facilitate conceptual synthesis of concepts.
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3.3.1.1 Conceptual Clustering.  In order to validate this model, conceptual clustering,
a machine learning paradigm for classification, will be utilized. Conceptual clustering
uses the inherent structure of the data that drives cluster formation and a description
language; it determines classes with common characteristics extracted from large
amounts of data. This description language is based on a semantic vocabulary provided
by the students. The relationships between semantic terms will be defined by triplets
defined in Resource Description Framework (RDF) (World Wide Web Consortium,
W3C.org) . Each piece of data and any link that connects pieces of data are identified by
a unique name called a Universal Resource Identifier (URI). In the RDF scheme, two
pieces of information are connected and grouped together with an operator, predicate, in
a triplet to infer relationships between concepts (refer to Appendix).

COBWEB (Fisher 1987, 1995), a hierarchical conceptual clustering algorithm, will
be utilized to validate the KWM model. Clustering algorithms normally have difficulty
accurately determining clusters that share common attributes. Conceptual clustering, like
COBWEB, incorporates attribute definitions that mesh smoothly with a well defined
semantic vocabulary.

The correlation weights in the KWM model refer to the voting by students/faculty
to determine the importance and relevance of links between terms. These relationships
are then clustered together, by similar semantic terms and highest link weights, to form a
graphical map that can then be traversed to help students quickly explbre related

concepts. Each student generates 3-7 links per topic/week per course.
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3.3.2 Aggregation-Integration-Master (AIM) Knowledge Construction Model
The Aggregation-Integration-Master (AIM) model builds upon the Selection-
Organization-Integrate (SOI) knowledge construction model (Mayer, 1996). The SOI
model theorizes that selecting and integrating concepts for a particular course or text, can
form the basis for a more dynamic and expansive learning experience model. The
Aggregate Integrate Master model, developed as part of this thesis, extends the SOl to a
larger domain. It is postulated that effective knowledge integration/comprehension is
only truly effective if it correlates all components of a discipline into a cohesive whole.
This is an iterative process where relationships and links between concepts are
collectively incorporated by all participants. These weights between concepts, knowledge
weighting model, (Figure 3.2), are voted upon and create an evolving concept space. This
ensures two essential components. First, the model satisfies the constructivist approach
to knowledge formation, where students are the knowledge makers and more effective
integration and visualization of meta-cognitive data linking is continually evolving.
Second, the knowledge repository continues to evolve integrating new links that ensure

the information is timely and relevant.
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3.5.1 Implementing and Testing the Knowledge Repository

Table 3.3 Knowledge Repository Design

Knowledge Repository Design

Step 1: Develop the Knowledge Repository Data Structures

Step 2: Create the generic design methodology and software that allows
professors/Instructors to construct an integrated knowledge
repository

Step 3: Select a discipline to test the design and software

Step 4: Design the CUBE user interface to facilitate entering course

materials; i.e. CUBE surface segmented into 16 fields,
representing weekly course topics

Step 5: Develop concepts maps / visual user interface for navigating
information

Step 6: Test the prototype with a few students and make any needed
modifications

Step 7: Test the knowledge repository with at least 4 classes.

Step 8: Analyze the data using factor analysis, SPSS and SAS.



















CHAPTER 4

PILOT TESTING

Three methodologies were used to pilot test the CUBE knowledge repository; Semi-
structured interviews, focus groups and a questionnaire. The questionnaire has thrée
subcomponents; the Constructivist Multimedia Learning Environment Survey (CMLES),
a demographics survey and a set of targeted questions, relating to presentation and
content integration of CUBE knowledge repository. Finally, triangulation, the practice of
cross-checking findings with multiple data sources, was used to validate the credibility of

the instruments.

4.1 Research Population
The population for the study was students in the Bachelors Program in Computer
Technology at NJIT. The courses are Computer Architecture, Computer Networks I,
Computer Networks II and Medical Informatics. Students received a standard set of
instructions that were read from a pre-prepared set of notes to ensure that all students had
the same treatment. The students span junior to senior year courses. Since students in the
computer technology program start in their junior year, transferring in from other
colleges, there was also a unique opportunity to ask additional questions about teaching
perspectives, relative to other colleges. Approximately 90 students were available. All
Internal Review Board (IRB) requirements were complied with, including offering

students alternate assignments for those who chose not to participate.
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4.2 Data Collection
An online questionnaire, using the Constructivist Multimedia Learning Environment
Survey (CMLES), attached in appendix D, was developed using the Survey Monkey
toolkit. Survey Monkey provides a number of rudimentary statistics, such as averages
and total response counts. In order to conduct more complex analyses, t-tests, factor
analysis etc., export tools embedded in survey monkey were used to export data to SAS

9.1.

4.3 Methodologies Employed
4.3.1 Semi- Structured Interviews
A semi-structured interview is a flexible method of interviewing, allowing new questions
to be brought up during the interview, as a result of what the interviewee says. The
interviewer, in a semi-structured interview, generally has a framework of themes to be
explored, as opposed to a structured interview which has a formalized, limited set of
questions.

Unlike the questionnaires, where detailed questions are formulated ahead of time,
semi-structured interviewing starts with more general questions or topics. Relevant topics
are initially identified and the possible relationship between these topics and the issues
form the basis for more specific questions, which do not need to be prepared in advance.
The majority of questions are created during the interview, allowing both the interviewer

and the person being interviewed the flexibility to probe for details or discuss issues.
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4.3.2 Focus Groups
A focus group is a form of qualitative research in which a group of people are asked
about their attitude towards a product, service, concept, advertisement, idea, or
packaging. Questions are asked in an interactive group setting, where participants are free
to talk with other group members.

“Focus groups have a high apparent validity - since the idea is easy to understand,
the results are believable. Also, they are low in cost, one can get results relatively
quickly, and they can increase the sample size of a report by talking with several people

at once,” (Marshal, Rossman, 1999).

Types of focus groups:

o Two-way focus group - one focus group watches another focus group and
discusses the observed interactions and conclusions

e Dual moderator focus group - one moderator ensures the session progresses
smoothly, while another ensures that all the topics are covered

o Dueling moderator focus group - two moderators deliberately take opposite
sides on the issue under discussion.

o Respondent moderator focus group - one or more of the respondents are asked
to act as the moderator temporarily.

o Client participant focus groups - one or more client representatives participate
in the discussion, either covertly or overtly.

o Mini focus groups - groups are comprised of 4 or 5 members rather than 8 to 12
e Teleconference focus groups - telephone network is used

¢ Online focus groups - computers and internet network is used
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4.3.3 Questionnaires
A questionnaire, Constructivist Muitimedia Learning Environment Survey (CMLES),
was used to determine students’ perceptions of the new system vs. the current paradigm
where courses are presented as single topics/units. This survey was selected since the
CMLES scales demonstrated a high degree of internal consistency reliability (with alpha
reliability coefficients ranging from .73 to .82), as well as satisfactory factorial validity
and discriminate validity (Maor, 1999).

An additional series of questions were added that explored the basic components
of the user interface and the content integration of the knowledge repository. This last
section went through a number of iterations and pretest, before the final questionnaire

concept was evaluated to validate the instrument.

4.3.4 Triangulation

Once the data was gathered, triangulation, the practice of cross-checking findings with
multiple data sources, was used to validate the results. By combining multiple observers,
theories, and methods researchers can overcome the weakness or potential biases and the
problems that come from single-observer and single-theory studies (Cohen & Manion,

1986).

There are four types of triangulation (Denzin,1970):

1. Data triangulation, which entails gathering data through several sampling
strategies, so that slices of data at different times and social situations, as
well as on a variety of people, are gathered.

2. Investigator triangulation, which refers to the use of more than one
researcher in the field to gather and interpret data.
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3. Theoretical triangulation, which refers to the use of more than one
theoretical position in interpreting data.

4. Methodological triangulation, which refers to the use of more than one
method for gathering data.

4.4 Methodology

4.4.1 Method 1: Semi-Structured Interviews

Semi structured interviews were conducted with students who were currently
taking CPT 310 Computer Architecture, that is taught in the conventional single
threaded presentation.

Students were offered alternate assignment options.

A consent form was signed by the students and they were informed of their rights
to withdraw from the research at any time.

They were then presented with the new tool that integrates the knowledge of their
course into a holistic presentation that integrates the course material into the
larger view of the discipline as a whole. The tool allows students to navigate
conceptual threads linking 4 computer courses.

The interview was coded and themes and patterns, preferences, dislikes, and
design changes were explored.

A screen shot of the Knowledge Repository tool is in the appendix.

4.4.2 Method 2: Focus Group

A group of eight students in Computer Technology were engaged in a focus
group. :

A round-robin discussion group was utilized to engage all participants in the
discussion.

Two hours were allocated
Six questions formed the structure of the discussions

All eight students had laptops and recoded their responses in real time via email.
Four of those transcripts are included in Appendix E.
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4.5 Pilot Results
4.5.1 Semi-Structured Interviews
In order to evaluate the usefulness and functionality of the Knowledge Repository
approach, a group of students was asked a series of questions, listed in Appendix B,
which spanned into two classes/sessions. A pretest was administered to evaluate the
instrument and subsequently a modified final version of the instrument, incorporating the
lessons learned, was developed.

The students were also given a user testing guide, Appendix C, which evolved
from its original pretest configuration, to the final test version. The user guide stepped the
students through all the basic components of the Knowledge Repository. The tester was
available to observe students reactions and provide any assistance if the students had
difficulty.

Then, Knowledge Repository topics, as summarized in Table 4.1, were explored.
They focused on the user interface, the organization of information, the knowledge map
approach to correlating concepts, utilizing the multi-tiered approach described in

Bloom’s Revised Taxonomy, and finally, the perceived educational benefit of this new

paradigm.
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Table 4.1 Knowledge Repository Structure

EKnowledge Repository Structure E
Characteristics Features of the Knowledge Repository

Interface Cube presentation: A visual method of organizing and accessing
the course content as opposed to the customary one course
approach in general use

Organization Multiple course content format: The philosophical approach of
integrating multiple courses into a new teaching paradigm

Knowledge Map Utilizing Blooms Revised Taxonomy to generate a multi-tiered

knowledge structure that is used to correlate concepts over
multiple domains

Educational Benefits

Exploring the educational benefits of allowing students to explore
conceptual threads linking concepts that span multiple courses:
Concept part of the Constructivist learning framework

Pretest Questionnaire:

The pretest questionnaire explored the basic components of the user interface and

functionality of the knowledge repository concept. The system functionality was further

broken down into the aggregation of multiple course content and knowledge map concept

correlation capabilities.

Table 4.2 Pretest Questionnaire

;; Pretest Questionnaire j
Category Questions
Content 1. How would you describe the presentation of multiple courses/content
(Perceived Usefulness) (notes) in one central location?

la: Do you believe the new system will help you learn the material any
better?

2. How would you judge the benefits of the preview page that shows you
a graphical overview of the course content?

User Interface

(Perceived Ease of Use) multiple courses?

3. How would you evaluate the screen layout using a cube to represent

4. How would you describe the user interface: Is it easy to understand
how to use the system?

Knowledge Repository | 5. What do you think of the “knowledge map” that links ideas across

multiple courses (finding how concepts evolve from one course to

another)?

5a: What do you think of the 2D version vs. the 3D version? Better or
worse? Should you have both?

6. How would you evaluate the knowledge repository approach of
aggregating (combining all the courses notes and links between ideas
in one central location (web page)?




Coding Categories:

1. Perceived Usefulness

a. Presentation of Multiple Course Notes
i. Easy
ii. Undecided
iii. Difficult

b. Preview page (Graphical)
i. Easy
ii. Undecided
iii. Difficult

c. Enhanced Learning
i. Beneficial
ii. Undecided
i11. Not Beneficial

d. Enhanced Understanding
i. Beneficial
it. Undecided
iii. Not Beneficial

2. Perceived Ease of Use

a. Cube interface
i. Easy
ii. Undecided
iii. Difficult

b. General Use Interface
i. Easy
ii. Undecided
iii. Difficult

3. Knowledge Repository

a. Knowledge Map linking conceptual threads
1. Beneficial
ii. Undecided
iii. Not Beneficial

b. Knowledge Map helps understand concepts
1. Beneficial
ii. Undecided
iti. Not Beneficial

Final Questionnaire:
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By incorporating the feedback from the initial set of semi-structured interviews,

additional questions were added, as high lighted in italics in Table 4.3. These were more
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in-depth probes. During the initial pretest questions, it was evident that the surface had

just been scratched and students felt that more in-depth queries were necessary to explore

the full richness of the new system/paradigm. The process involved asking the students

“how would you change or improve the instrument?”

Table 4.3 Final Version of Questionnaire

Final Questionnaire

(Italics indicate additions to the pretest questionnaire.)

E Category

Questions

Content

1.

How would you describe the presentation of multiple

courses/content (notes) in one central location?

la: Do you believe the new system will help you learn the material
any better?

How would you judge the benefits of the preview page that shows a
graphical overview of the course content?

2a: Do you think it helps a student understand what is going

on in the course better or worse than the standard text-only

course outline?

User Interface

How would you evaluate the screen layout using a cube to represent
multiple courses?
3a: Can you think of a better way of representing multiple
courses?

How would you describe the user interface: Is it easy to understand
how to use the system?

4a: Is there anything specific you did not like about how the screen
is set-up?

Knowledge
Repository

What do you think of the “knowledge map” that links ideas across

multiple courses (finding how concepts evolve from one course to

another)?

5a: What do you think of the 2D version vs. the 3D version? Better

or worse? Should you have both?

3b: Do you prefer the 3D version, and maybe larger hiding 2D
version?

Sc: What do you think if this knowledge map? Will it help you
learn and understand what is going on in the courses? Will it
be better or worse?

How would you evaluate the knowledge repository approach of
aggregating (combining all the course notes and links between ideas
in one central location (web page)?

6a: Do you think the idea of teaching courses differently, where you
have all of the information of multiple courses available to you is a
better or worse way of presenting the information?
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Response Summaries:
The following table is a transcript summary of the important points of the semi-structured
interviews. Complete transcripts are in the Appendix. A User Guide, also in the

Appendix, was followed so that all respondents were asked similar questions.
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4.5.2 Focus Group
A senior project class, CPT 401, held several focus groups that lasted two hours each. This was
an iterative process that spanned several months. It comprised seven students, who discussed their
impressions of the Knowledge Repository. They were asked to suggest potential improvements of
the system and user interfaces. To ensure the group members all focused on the same issues, the
web site was projected on a screen. Specific features were highlighted and a script was followed
where students responded to each category. A round robin format was utilized to ensure all
participants responded to each scripted issue. Notes were taken and the students, who all had
laptops, recorded their responses and emailed those real time notes, which are included in
Appendix E. Four of the transcripts, which were well structured and followed the focus group
outline used during the discussion, are included.

The general perceptions of organizing information spanning multiple courses in a single
location and the Knowledge Map were positive. A number of students provided useful feedback

on the screen layout that was incorporated into designs used in the final tested system.



83

TU)SAS AW UO UONN[OSAI Y} 9q Aew Jsnf 3] 9)Isqam 2y Surtysagar Ajdurts paxij sem 3  "ajIs oY} Jo sired Joy10 10A0D

puUR J9A0 JIYS [[IM A2} pauSI[e 9q O} WIS 1, TOP SOUINSWOS SWeJ S J[OSH SIS Y3 [Hm swrdjqoid mof e pey aA I 50D pd
"90U0

1@ pakeydsip (e asoy) aaey pue sjurod 1omod opdnnw $s9908 UBD NO X "WIAY) SZISAT 03 AN[IQE SY) JO 3SNLAq [[oMm SHIOM SIPITS
yurod romod oy Suissaooe 10y smopim dn-dod oy -ajeSiaeu 03 £5e9 N0 YSNOY) [[9M 9ILIIUT 3sn 0} Ased AI9A :s04d :bd
"901J10)UT [NJOSN PUE SIOW € 0 “QUI[IN0 SIN0D 31f) dFueyd

0] 9q p[nom o3URYD PINOM T Jeym GABIA “398JIaIUT ST} UO 0] & 33ueyd J0U p[nom A[jeal J :30ej19)u] Jas(}-uonsa3ang :¢d
1 100021 03 OB, ssaid AJjenueu 03 ALY PINOM JISH ST} Pea)sul Ing SWOY, S 0} J0BN3I A[jednewone pinoys } ‘ pauIpno, st
3qQnd PUod3s B USYA\ ",SS9308 9qnDd, aTf} SB Yons saInjeaJ UONLSIABU UL JO MO € ST JeJ 0S 9IS dY) Jnoqe SYI[SIp SUQ :sU0)) :Td
-08edqam o1 Jo asn oxfewr 0} soSed snoLieA

YSnou) wreos 0} pasu ou st 210y ], "oed SUO0 U0 PayeI0] ST PASU P[NOM SUO Iy} SS3008 3 [[B Jet) 1oe] Y} ST TeJ 0S 2)Isqom
oy} Jnoqe o3I op 1 STy SUQ :7d

*9]ISqaM ([} UO UOISHIUO) AUE J2o[o 0} JopIo ur sdeur 95pamoty asn pjnom [ $2A1oRIIE 3 01 dARY AJ[ed1 P[noMm J] ‘Sufop

ST Jourjqn ] Jossajoid a¥1] anbrun Surawos op [[1s pinom | ‘22139p Sg At Joy oFedqom sty pjing 03 a1om 1 3T :soad Id

(inodv] uaa.008/28upyo/oy1sip/oy]

nod s8uyy y) ;ASojouyoray

1amnduo)) wup $3s4noo fo savad

ANof |Iv 40f 1421103 ISIN0I [ID D451
01 a1Sqam 1 uS1sap nod pinom moff :7

2I0S 10U T, ] 99BJI9)UI JISN A1) JNOAR|

PINOM [ MOH "I9SN 3Yf) 0} S[QISSIOL 1 SULYEW $3SIN0D 1) 03 SuTurersod UOIBULIOFUT Y3 [[8 SPAIUT PIAoM | :suonsadang :pd
2 Juem dm Jurod ay3 03 as19a1d aJowr pue JoxdInb TOTIRWLIOFUT ST} PUT 0} SUISUD Youeas

PApe3U QJk $9)OT [RUONIPPE USYM SISSB[D JOUI0 03 SUI]

UOTIEULIOJUT [BUISIXS 01 SYUI] PPV

SOJRTUSSE[O U99M]q UONBUIIOJUT 9FURYIXS 03 998]d

sdipo 09pIA

MTA-2I]

S2)0U 21N

1S)UIWAIUBYUTH/SUONSIZING :¢d

‘norsuedxe

10] WOOJ 3q P[NOM 313U} PUB PIZI[IN ATIUSIILS 2q P[nos a3edqam oY) Jo sA[Npot ) ‘IN0AR] S JO 3ZIs 3y} Surpuedxs Ag
"pIe0q JINOAID paysenuod 31| e a1 ASojouyss ] Jnduro)) 0} paje]al Suryswos Jo 050] LIfN Ui yim d3ed ure[d e aghewr
1 10§ auo pagrpdurs 10w € 9gARW 0) punoiSyjoeq pLI3 oY) aFuryDd PNOM | ISIIJ PIUISIUOD ST INOAE[ SY) SE JBJ SV :SU0D) :Td
"sansqom AFo[ounoe) 1ndurod SanISISAIUN Jo10 0] pasedwoo anbrun A¥eA YOO S0BLISIUT Josn A1) :S0d (1d

< dUnNmEo

LIPN
dof ap1s qam A8ojouyray iaanduwio)
v SuiuSisap ynoqo swapt »y spySnoy[ |

*2)9 “Td ‘Id PoRqe] 24e spuedidnae :sosuodsoy

suonsan()

(g xipuaddy ur sydirosuer) pajipsun ‘UOISSNISI(] WIGOY punoy)
Kioysoday agpajmouy] :dnoas) sndog

dnoin) snoo, ay) 10 sesuodsay pue suonsan) §'v AqeL



84

"1930qns Tefnonied e uo oAnadsiad Joyjoue SAIS Ao ], 9)1sqom AU U [nJasn AJjeal ate sdi[d 0apiA :$04d :€d

*QUO[E $2J0U 2IN)93] JO Isn o1} Aq s3desu0o uread dserd 0] o[qe JusIe

oYM syuapngs Jo requunu e djay AJjes1 ueo 31 ‘Suryoea) se Jej Sy 231 18IS € Ajfemor st sdifo 0apIA Jo dsn oY, :$04d :Zd
‘JelIojew 9y} puRlSIopUR 0] SJUSPMS

J0j [nydjoy pue [nyosn aq Afjeal pjnod sdipd 0apia oy Suryojem ‘A[eqioA [eLIjew Y} SPURISIOPUN SUOAIIAS JOU SJUTS BIPI
pooS Affear e s1 sty yurgy T ‘sopijs jurod somod U0 Aresso0ou S 31 2I9YM ‘SARY 03 [yasn A1oA axe sdifd 09pIA ‘S9X sodd :Td

Zsdipo 0ap1a sv yons
D1SqIM 21} 01U JUIIUOI DIPIWPIMU
A2yj0 Suryuy] 1noqy yuryr nos op Iy 19

“InduT 151199 9AI3 0} UOT}OUNJ STY} 935 03 ANI] P[NOM ] Ing S[Geash JOU [[1)S 2aMed] SIY[, -pyusw[duir pue 1o Jy3noy) [[om
puejSIopun o} Ased pue [euoTIOun] 3 SUO[ SY "SeJnyes] 159q Y} JO SO 3q P[NOJ SAINJEIJ UOTIOSUTO0I ISIN0D Y|, :504d ‘bd
*911S-qOM Y[} U0 UOTIBUIIOJUT OTf) 93§ pue 03

sKemye ued | 11 surefdxo 19yoea) 3y} uoym Suryiewos 308 3, wop [ JT "9130p Awi 193 pue ssed swr d[ay 01 SUIIAISAS 0 $SA00E
aARY 0} JueM | UoneInpa Aur Joj Aeuowr Sutked wie | dourg Jea1S ST WGISAS [nJasn SUO 0T UOHBULIONUT SUIZIUB3IQ S04 :€d
*30UQIaJaI YoInb € J0J JOPIO U IO [oes 0 SYUI[ SALY P[NOYS WONBWLIOJU] 9SIN0J ISYI0UR Ul UOIBULIOLUT Jn0qe oq

PNOY JO 0} J9JOI JJB[dI SABMIE P[NOD UOHRULIOJUI SUQ) ‘[NJosn pue jueriodwi st 95IN0O 01 35IN0d Wok sTuryy Sunosuuo)) 14

28954109
apdyppmu ssosop sydaouos Suryuy dopy
a8pajmouy ayy Jo yuny nok op wyy 7

"SO[NPOU 9T 01 SOFuURYD JOUTW YA IS ST} OULIUS AT1LI3 [[14 a5ueyd SIYT J{osH UsInFunsip 0} BaIe UMO JISY) dAey

wes o3ed oY) Uo Sa[NpOW 3y} SZIS JOTFe] oY} I "PaAcIdN ATJea1S 9q UeO UOTIRSIARY ‘MOPUIM JISMOIG dIUS Y} 1 03 93ed
o uo ut Surwooz Ajduns isnl 1ey) JUIy [ "A[PUSLY-JoSn AJOA J1 PUIJ 10U AW SWIOS ‘PAINIONNS ST T[] 3G} (YA SUOD) :TJ
‘JULIO]0D 3]qEUOSEAI B 1)IM

1 yo doy uo Sunm ayy ind pue amdid € 9gAeW ‘pUnoISorq [NLIC[0d B SARY PINOd NOA “UOTI0SS AR[ASIP SUI[INO SSINOI 3Y) JO,
‘uSIsap 1919q 9q pInod 3 JySnoy) pue 3, uplp [ pauonuaw aaey | syred o) 1daoxa ‘ayif T dn 198 [ensIA 9G] j[e J9AQ S04 (Td

M2 07 pa3unyd aq o}
SPIIU MIIAIY SD 2402q PIUCYUIM dADY
[ suwapqoad Suipiom gy awios ydoaxo
‘P08 s1 110 Av] U248 PL2UE Y[ [

“syurod Jomod aydnjnur wado o3 smopim dn-dod a1 asn 03 91qe Suraq

uoy) dewr o3pajmouy| a1 Sursn swexa JoJ APiis 0] JOISLS Jf )eUl P[noMm I "SISIN0J JINjNJ pue SNOIASId WO SUOISULODd
Surure1uod 2oryIaYuT Josn asn 0) Ases A10A & Suisn aoefd SU0 WO 2[qISsd9e FUIAQ UONBULIOLUI 9SIN0D AP [V 8044 Hd
‘SSE[O 1e1p) aYE) T USyM TIBI] [JIm [ Jeym

pUB ‘M0 0} PIJU {[IM [ [EHISJBUX JBYM 335 0} J[qR 9] PINOM | 3SNEI3q ‘MaTA] & SUIARY JO BapI oY) oI] AJjeuosiad | :sod :€d
*LICN 38 2397 2w J1of) Sunmp (93e) 0} SUNjooj 10) Uaxe) 9ARY AY] 181} J10M 35IN0D pajeal

JOY/STY [[e 01 SYUI[ J0J Sumjoo[ ST oYM JUSPIIS © JJauq AJJBaI3 [[IM 9)IS SIY) UO OJUT o1} []e JO AN[Iqe[TeA. oY, S04 T4
"$59001d pIemIO] JYBIens pue JUSTUSAUOD

A10A “98ed oo AJUO UIYHM PUD 0) SUO YoM WOH 35IN0d Jey) JoJ Sutop oq [Is NOK jeym MaTAaId 0) Ases ST ] "19)SouIas

2 W 951102 Je[norpred jey) 103 PAISI] oTe SS[NPOT 31]) Jo [je 235 0) opijs jurod Jomod ot dn uado pue ‘Uopng MaEAY Y3 NII[O
Ued NOA TINJ0) 3SIN0D B 309[aS Y} WO "2SqaM o) urgiim pepiaoid asimoo Aue Jo yidep a1owr ojul 03 wed nox :§0ad :1d

{onsqam 218u1s v up sa54102 2pdygmu 10
spprpuw 254m09 SupniSauy Jo 1daouod
I022u28 241 Jnoqo yuiyy nod op Yy :€

99 ‘Zd ‘1d pIleqeT] 2ae sjyuedpnaeg :sasuodsay]

suosand

(panuriuo)y) dnoir) snaoJ oy} J0j sasuodsay] pue suUonsan) §°p AqEL




85

4.6 Triangulating Results of the Pilot Study: Qualitative and Quantitative
Treatments

Once the qualitative data has been gathered triangulation, the practice of cross-checking
findings with multiple data sources, is used to validate the credibility of qualitative
analyses. The optimum triangulation can be achieved by cross referencing Qualitative
and Quantitative data. The Majchrzak, et al. (2000) paper that analyzed computer
supported inter-organizational virtual teams was highly regarded due to its depth of data
collection and their approach that triangulated qualitative and quantitative results from
multiple data points such as: interviews, documentary materials, private interviews etc.

This research has gathered not only qualitative data from multiple sources, semi-
structured interviews and a focus group, but has preliminary quantitative data, from a
CMLES validated survey, (Table 4.5), that supports most of its original hypotheses, that
aggregating courses materials from multiple courses is a preferred method of enhancing

students’ understanding of the cohesion of information in a discipline.
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Table 4.6 CMLES (preliminary) Survey of 24 Computer Technology Students

23. Contant Intzgration

62, Howy would vou evaluate the
knowle

s repository approach of
agaragating (combiningd all the
course notes and links between
ideas in one central location (web

padel?

&3, How would vou evaluate the
concepl of locating all course
information/notes for all four vears of
your college stucly in one

location/web page?

G4, Do vou think this option,
aqgaredating all course notes on one
location, will acd to the l=arning

process?

65, What do you think of the
"know, map” that links ideas
accross multiple courses (finding

cje

s evolve from one

how conce

course to another)?

o you think tht using the
ae map will help you to
learn better?

Excellent

50.0%
i12)

58.3%
i14)

256.0%

vary no
good 3
good opinion
29.2% 16.7% 4.2%
(7 4 i
20.2% 12.5% 0,0%
7 (3 ]
50.0% 12.5% 0.0¢
12} (3 ()
54.2% 8.3% 8.2%
{12} (2 (2
33.3% 37.5% 4.2%
(9 (9) h

no
very o Rasponse
poor positive
poor . Count
heanefit
[INIEN s e ] =
a O0% 0y 00%i0) 24
[
00,
) O0% (07 0% (0 24
(o '
[INIEA
3 0.0% (0 0,0% () 24
i ‘
0.0% - e =
0.0% (00 429 (1) 24
(i
0.0, c bl s k
e 4.2%{1) 0.0% {0 24
(0

A brief summary, (Table 4.7), of CMLES data indicates overwhelmingly that

students believe this approach will have positive benefits. Further testing and analysis of

learning outcomes will be tested next semester.

Table 4.7 Summary of CMLES Data

Summary of CMLES Data

Question

Data combining good, very
good and excellent

Knowledge Repository approach of aggregating course notes

88.2%

Comprehension of interconnected nature of concepts : Using

a knowledge Map

91.6%
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In summary, students believed in the positive aspects of the approach of providing
tools to explore concepts on their own “You can go into more depth of any course
provided within the website [student quote.]” In addition, the quantitative data from the
questionnaire indicated an approximate 90% belief that this approach will be beneficial to

their overall learning experiences.

4.7 Constructivist Learning Environment Framework
The design of the integrated knowledge repository began with the selection of the
learning paradigm, the Constructivist Learning Environment (CLE), where learners
actively construct the interrelationships between concepts.

In order to achieve this aggregation of information, a CUBE prototype was
designed and tested with students utilizing four computer technology courses. A semantic
web framework, utilizing a common vocabulary, was developed with students’ input, to
ensure that the concept mapping was consistent and extensible to future expansion. This
correlates to the Active tenet of the CLE.

The preliminary results of the pilot test supported the CLE tenet that students felt
that a learner’s active participation in constructing the interrelationships between
concepts added to their comprehension of the subject matter by over a ninety percent
margin. The second pilot result was that the CUBE system prototype supported their
efforts to actively construct this cohesive model of the course content by 88.2% of

participants.
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89

ID | Task Name | Work | Duration | Resources | Start Finish % Work
Complete
1 Scope 360 7 weeks 2/1/2007 3/24/2007 | 100
hrs
2 | Determine 200 4 weeks D. Lubliner, | 2/1/2007 3/1/2007 100
project scope hrs Advisors,
Students
3 Determine 40 hrs | 1 week D. Lubliner | 3/2/2007 3/9/2007 100
Resources
4 Secure 20 hrs | 2 weeks D. Lubliner, | 3/10/2007 | 3/24/2007 | 100
Resources NIT Admin
Staff
5 | Analysis/ 255 6.5 weeks | D. Lubliner | 2/1/2007 3/26/2007 | 100
Software hrs
Requirements
6 Conduct needs 150 hrs | 5 weeks D. Lubliner, | 2/1/2007 3/7/2007 100
analysis Students,
Faculty,
Advisors
7 Draft 40 hrs | 1 week D. Lubliner | 3/8/2007 3/15/2007 | 100
preliminary
specifications
8 Review 15hrs | 2 days D. Lubliner | 3/16/2007 | 4/30/2007 | 100
specifications
9 Design 210 3.5 weeks 3/27/2007 | 4/20/2007 | 100
hrs
8 Develop 40 hrs | 1 week D. Lubliner, | 3/27/2007 | 4/3/2007 100
Specifications Adpvisors *
9 Develop initial | 100 hrs | 2 weeks D. Lubliner | 4/4/2007 4/18/2007 | 100
Prototype
10 | Incorporate 70 hrs | 1.5 weeks | D.Lubliner, | 4/19/2007 | 4/30/2007 | 100
feedback/ Students,
testing Faculty
11 } Develop 350 9.5 weeks 5/1/2007 8/10/2007 | 100%
Prototype .
12 | Identify 50hrs | 1.5weeks | D.Lubliner | 5/1/2007 5/15/2007 | 100 %
Modular Code
13 | Develop 300 hrs | 8 weeks D. Lubliner | 5/15/2007 | 8/10/2007 | 100%
prototype Code
14 | Testing
15 | Develop Test 40 hrs | 1 week D. Lubliner, | 8/11/2007 | 8/18/2007 | 100%
Plans Advisors
15 | Unit Testing 80 hrs | 2 weeks D. Lubliner | 8/19/2007 | 9/1/2007 100%
16 | Integration 40 hrs | 1 week D. Lubliner | 9/2/2007 9/9/2007 100%
Testing
17 | Documentation | 40 hrs | 1 week D. Lubliner | 9/10/2007 | 9/17/2007 | 80%
18 | IRB Approval | 50 hrs | 4 weeks D. 9/10/2007 | 10/10/2007 | 100%
Lubliner,
Adyvisors,
IRB

Parallel
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Table 4.8 Project Timeline (Continued)

1D Task Name Work | Duration Resources Start Finish % Work
Completed
19 | Pilot
20 | Identify test 80 hrs | 2weeks D. Lubliner, | 9/18/2007 | 10/3/2007 | 100%
groups Advisors
21 | Develop testing | 25 1 week D. Lubliner, | 10/4/2007 | 10/11/2007 | 100%
Manual Advisors
22 | Pilot test 100 hrs | 2 weeks D. Lubliner, | 10/20/2007 | 11/05/2007 | 100%
Students,
Faculty
23 | Obtain user 20 hrs | 1 week D. Lubliner, | 11/06/2007 | 11/13/2007 | 100%
feedback/ Students '
preliminary
surveys
24 | Analyze 20hrs | 1 week D. Lubliner | 11/14/2007 { 11/21/2007 | 100%
surveys
preliminary
statistics
25 | Incorporate 40 hrs | 1 week D. Lubliner, | 11/22/2007 | 11/29/2007 | 100%
feedback into Advisors
system/model
26 | Deployment/
Testing of
system
24 | Determine test 40 hrs 1 weeks D. Lubliner, | 1/22/2008 | 1/29/2008 | 90%
groups Advisors
25 | Proposal 20 Hrs | 1 week D. Lubliner, | 3/25/2008 | 4/1/2008
Defense Committee
26 | Testing 75hrs | 3 weeks D. Lubliner, | 4/2/2008 4/30/2008
Students
27 | Preliminary 100 hrs | 2 weeks D. Lubliner, | 4/30/2008 | 5/14/2008
analysis data Advisors
28 | Send thesis 40 hrs | 4 weeks D. Lubliner, | 5/15/2008 | 6/15 2008
committee Committee
29 | Incorporate 80 hrs | 2 weeks D. Lubliner | 6/15/2007 | 7/1/2008
commitiees
feedback
30 | Resubmit 40 hrs | 4 weeks D. Lubliner, | 7/2/2008 8/1/2008
Thesis to Committee
Committee
31 | Incorporate any | 20 hrs | 1 weeks D. Lubliner | 8/2/2008 8/9/2009
changes
32 | Defend 20 hrs 8/25/2008
Dissertation




CHAPTER 5

RESEARCH RESULTS

The objective of this chapter is to describe the research that has been completed and to

validate/refute the knowledge repository modeling hypotheses.

5.1 QUANTITATIVE DATA
Quantitative research is the systematic scientific investigation of properties and
phenomena and their relationships. Quantitative research is often an iterative process
whereby evidence is evaluated, theories and hypotheses are refined.

The goal of this phase of the research was to validate hypothesis H2: Students
utilizing the IKR will develop a more complex understanding of the interconnected nature
of the materials linking a discipline than those who take conventional single topic
courses.

In order to test this hypothesis it was necessary to collect quantifiable data; i.e. an exam
(appendix) that covered material spanning multiple courses and then determines if
students attained higher scores using the knowledge repository instantiated by the CUBE
artifact. To mitigate the possibility of confirmation bias, researcher bias, “a tendency to
search for or interpret new information in a way that confirms one's preconceptions and
avoids information and interpretations which contradict prior beliefs” [Peter Cathcart
Wason 1960], five different faculty from two departments, Electrical Engineering
Technology and Computer Technology, administered these exams. In addition to ensure

the validly of the results students from multiple majors, at similar points in their
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education taking conventionally taught courses, were given the exam to establish baseline
values from which the efficacy of utilizing the knowledge repository could reliably be

determined.

5.1.1 Research Population
Three types of data were colleted. All three groups were given the same questionnaire, in
the same order, using the same written instructions to reduce tester bias.

e Baseline data: students majoring in the Electrical and Computer Engineering,
ECET, were given the questionnaire as a baseline to determine the skill level of
students in courses ranging from their sophomore to senior years. It was
determined that students in this related discipline would have similar skills,
determined by a similar curriculum, and knowledge in the areas covered by the
questionnaire.

- 37 Electrical and Computer Engineering, ECET, students

e Control group: A control group, Computer Technology students, consists of
subjects who have equivalent or similar characteristics as the experimental group
at the start of the study. The latter group will receive the treatment or independent
variable being investigated while the control group receives a placebo or another
treatment. The control group where students, in the same class, who didn’t use the
CUBE system. The students in the same class were randomly chosen. Half of
them used the CUBE system half did not.

- 19 Computer Technology, CPT, Students

e Treatment Group: Students using the CUBE system were evaluated to test
whether the hypotheses could be substantiated.
- 34 Computer Technology, CPT, Students (treatment group)

Total N (37+19+34) =90

The quantitative exam, listed in the Appendix, contained ten multiple choice
questions. The information tested covered material that spanned the last two years of the
Computer Technology curriculum. The questions were specifically designed to evaluate

procedural knowledge that required an understanding of the topics tested rather that than
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5.2 Qualitative Data

Qualitative research involves an in-depth understanding of human behavior and the
reasons that govern human behavior. It investigates the why and how of decision making,
as compared to what, where, and when of quantitative research

The qualitative data, gathered from the CMLES survey with additional
demographic questions and CUBE related questions, were used to test hypothesis H1.
H1: Students using the Integrated Knowledge Repository (IKR) will have a more positive
perception of the learning process than those who use conventional single course teaching

paradigms.

HO: There is no relationship between the use of IKR and student interest

Assessment of student perceptions: A questionnaire, Constructivist Multimedia
Learning Environment Survey (CMLES), will be used to deterf;line students’ perceptions
of the new system vs. the current paradigm, where courses are presented as single
topics/units.

This survey was selected since the CMLES scales demonstrated a high degree of
internal consistency reliability (with alpha reliability coefficients ranging from .73 to
.82), as well as satisfactory factorial validity and discriminate validity (Maor, D. 1999).
The Maor paper supports the reliability and validity of the CMLES for assessing students'
and teachers' perceptions as one imiaortant aspect in evaluating learning environments

which promote the use of multimedia programs and constructivist learning approaches.

5.2.1 Factor Analysis
To validate Maor’s findings, the following principal components factor analysis,

followed by varimax rotation was computed on the CMLES Questionnaire data gathered
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in this research study. (See Table 5.7) The results are consistent with Maor’s 1999 and
2005 papers’ findings, that the CMLES questionnaire demonstrated a high degree of
internal consistency reliability with alpha reliability coefficients that ranged from .82 to
.93.

Alpha coefficient ranges from 0 to 1 may be used to describe the reliability of
factors extracted from dichotomous (questions with two possible answers) and multi-
point questionnaires (i.e., rating scales: 1 -5). The higher the score, the more reliable the
generated scale. A value of 0.7 or higher is an acceptable reliability coefficient
(Cronbach, 1951), (Nunnaly, 1978). In our findings, the alpha coefficients were in the
range of .82 to .93 indicating a high reliability of the factors (See Table 5.7 and data

analysis in the Appendix).
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Table 5.7 Principle Components Factor Analysis on CMLES Questionnaire: CUBE

Fagtor Loading (for Current [Actual] and ideal [Preferred]) Learning Environments: CUSE CWMLES
Sorial Negotiation Inquiry Leardhg  Reflachve Thinking Authenticity Learing Compeeaty Environment
Actual Preferred  Acwal Proferrad  Actust Preferred  Actual Preferred Actual Preferred
Question
1 55 .85
2 59 87
3 Bs .82
4 74 a2
5 81 I8
B 62 B0
7 a7 2]
B8 .83 B3
3 79 B4
10 B3 B4
11 53 A2
12 74 713
13 B9 .78
14 68 kM
15 74 Rl
16 B7 74
17 87 7B
18 F1 72
1% B2 &0
20 87 43
i 87 /
2 13 A4
- 23 B8 23
M .79 82
%Nariance 4.84 48 3.68 4.24 140 416 328 3.7 240 33
Alpha Reliabiliy 82 2~ 82 85 £ 81 86 87 85 81 A8




5.2.2 CMLES Questionnaire
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The Questionnaire is decomposed into the following sections, as shown in Table 5.8.

Table 5.8 CMLES Questionnaire

- CMLES Questionnaire: :

Quéstions 1-8: Demographics

Description

Current (Actual) courses

Ideal (Preferred) course

Extent to which students have
opportunities to discuss their
questions and their solutions
to questions.

Social Negotiation

(Q9-13)

Social Negotiation

(Q32-Q37)

Extent to which students are
encouraged to engage in

Inquiry Learning

Inquiry Learning

inquiry learning. (Q14-18) (Q38-42)

Extent to which students have | Reflective Thinking Reflective Thinking
opportunities to reflect on

their own learning and (Q19-23) (Q43-Q47)

thinking.

Extent to which the Authenticity of Learning | Authenticity of Learning

information in the program is

authentic and representative of | (Q(24-28) (Q(48-52)
real life situations.
Extent to which the program | Complexity of the Complexity of the

is complex and represents data
in a variety of ways.

Learning Environment
(Q29-32)

Learning Environment
(Q53-57)

CUBE Analysis Questions
These questions relate to Presentation Content Integration
students experiences using the
CUBE knowledge repository. | (Q58-61) (Q62-67)













Table 5.13 CMLES CUBE Questions 58 - 67
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repository | i o
Question Excellent/ | No Poor/very | total
Very opinion | poor/no
good/ positive
good benefit
Presentation:
58. How would you describe the presentation of | 72 7 2 81
multiple courses/content(notes) in one central
location 88.88% 8.67% | 2.47%
59. How would you judge the benefit of the 75 5 1 81
preview page that shows you a graphical
overview of the course content? 92.59% | 6.18% | 1.23%
60. How would you evaluate the screen layout 70 7 4 81
using the rubies cube to represent multiple
courses? 86.14% 8.64% | 4.93%
61. How would you describe the user interface: 75 3 3 81
Is it easy to understand how to use the system?
92.59% 3.7% 3.7%
Mean 73 5.5 2.5 81
90.12% 6.79% 3.08%
Content Integration
62. How would you evaluate the knowledge 76 3 2 81
repository approach of aggregating (combining)
all the course notes and links between ideas in 93.82% 3.7% 2.47%
one central location (web page)?
63. How would you evaluate the concept of 78 3 0 81
locating all course information/notes for all four
years of your college study in one location/web | 96.29% 3.7%
page?
64. Do you think this option, aggregating all 78 3 0 81
course notes on one location, will add to the
learning process? 96.29% 3.7%
65. What do you think of the "knowledge map" 74 6 1 81
that links ideas across multiple courses (finding
how concepts evolve from one course to 91.35% 7.41% 1.23%
another)?
66. Do you think that using the knowledge map | 73 7 1 81
will help you to learn better?
90.12% 8.64% 1.23%
67. What do you think of the presentation 71 7 3 81
method, (i.e. the rubies cube) of viewing
courses? 87.65% 8.64% 3.7%
Mean 75.8 4.83 1.16 81
93.58% 5.96% 1.44%
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Hypothesis H1, “Students using the Integrated Knowledge Repository (IKR) will have a
more positive perception of the learning process than those who use conventional single
course teaching paradigms,” is supported by the above data (Table 5.13) that indicates
students believe, by over 90%, that the CUBE system will enhance their comprehension

of subject matter over conventional single course presentation systems.

Table 5.14 Social Negotiation: Questions 9-13

Soc1al 4 egotlatlon e P B Seldom 0
2 Cooooopsometimes 4 b b
9 Students get the chance 177 12 G 185
to commumcate wuth each ~190.58% 2.35% 7.05%
other. Lo
- 10 Students commumcatex— 67 5 13 85
RVTH 3 78.82% 5.88% 15.29%
169 1 15 85
1 81.17% 1.18% 17.64%
e 4 14 85
78.82% 4.71% 16.47%
66 5 14 85
1 77.64% 5.88% | 16.47%
1692 3.4 12.4 85
S 81.41% 4% 14.58%

Analysis of Social Negotiation data:
Approximately seventy percent of students are engaged in some forms of social
negotiation during their classes, either to share ideas or to collectively engage in making

sense of the course materials and concepts presented. This data supports the concepts of
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constructivism where students are actively engaged in sense making of the ideas and
concepts. In addition, since conceptual development appears to be a social construct, the
CUBE system, which provides tools for students to share ideas, add new links and
concepts and vote on preferred investigative pathways for learning, the social negotiation
data appears to be consistent with student’s positive attitudes of the CUBE system as

indicated by the data in questions 58-67.

Analysis of Inquiry Learning Data:

The Mean of the category, “almost always/ often/ sometimes” was 72.8% (Table 5.15),
indicating that students, in their current classes are actively engaged in inquiring learning:
ask?ng question, researching sources and analyzing problems from multiple perspectives.
Tools that can augment and accelerate this exploration would appear to enhance learning

outcomes



Table 5.15 Inquiry Learning Questions 14-18
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Answer these questions based on your experiences in your current courses

Questions: Almost Don’t Almost never/ | Total
always/often/ | Know Seldom

Inquiry Learning sometimes
14, Students find out 79 92.94% | 1 5 85
answers to questions by 1.18% | 5.88%
investigation.
15. Students carry out 72 84.7% |2 11 1294% |85
investigations to test their 2.35%
own ideas.
16. Students conduct 69 81.17% |2 14 1647% | 85
follow-up investigations to 2.35%
answer emerging
questions.
17. Students design their 69 81.17% |3 13 1529% | 85
own ways of investigating 3.52%
problems.
18. Students approach a 75 88.23% |1 9 10.58% |85
problem from more than 1.18%
one perspective.

Mean 72.8 85.64% | 1.8 10.4 12.23% | 85

2.11%

Analysis of Reflective Thinking

Students indicated by 74.2% that they reflect on their ideas and learning experiences

(Table 5.16). That trait is essential to integrate concepts across an entire discipline, since

true learning takes place when the connections are made and the true complexities that

bind ideas together create a greater whole/understanding.
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Table 5.16 Reflective Thinking Questions 19-23

-Please answer this section based on your experiences in your current courses

Questions: Almost Don’t Almost Total
always/ Know never/

Reflective Thinking often/ Scldom
sometimes

19. Students think 70 3 11 84

carefully about how they 83.33% 3.57% | 13.09%

learn.

20. Students think 76 2 6 84

critically about their own 90.47% 2.35% | 7.14%

ideas.

21. Students learn to be 77 2 5 84

skeptical. 91.67% 2.35% 5.95%

22. Students learn to 74 2 8 84

become better learners. 88.09% 2.38% | 9.52%

23. Students think 74 2 8 84

critically about their own 88.09% 2.38% | 9.52% :

understandings.

Mean 74.2 2.2 7.6 84

88.33% 2.58% 9.04%

Analysis of Authenticity of learning:

One of the components seemed especially relevant. 77% of the students felt that question
27, “Students need to use a wide range of information to support their problem solving,”
was important to their integrating all the information presented (Table 5.17). These
results mesh with the quantitative results which indicate that, given a wide range of
interrelated information that provides meaning and understanding of the discipline as a

whole, the better their comprehension of the current course materials.
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Table 5.17 Authenticity of Learning Questions 24A-27

' Please answer this section based on your experiences in your current courses

Questions: Almost Don’t Almost Total
always/ Know never/

Authenticity of Learning often/ Seldom
sometimes

24, Students find that the 79 1 4 84

concepts are presented in | 94.04% 1.19% | 4.76%

meaningful contexts.

25. Students find that it 75 2 7 84

presents information 89.28% 2.35% 8.33%

relevant to them.

26. Students find that they | 77 1 6 84

are presented with realistic | 91.66% 1.19% | 7.14%

tasks.

27. Students need tousea | 77 3 4 84

wide range of information | 91.66% 3.57% 4.76%

to support their probiem

solving.

Mean 77 1.75 5.25 84

91.66% 2.08% 6.25%

Analysis of the Knowledge Repository Learning Environment: Complexity of
Learning: The response mean (89.76% ~90%) believed that it was easy to use and learn
but more important was the high positive response to question 30, “Students find that it
makes them think.” The first step in knowledge acquisition is to engage the students and
have them think, not just regurgitate the information back, but encourage them to start
considering all the possibilities and hopefully surpass the knowledge of the teacher.

Providing an evolutionary system that adds to the thinking process, creates a tri-partite
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learning environment, augmented by the almost infinite capabilities of the global

knowledge community.

Table 5.18 Complexity of the Learning Environment: Questions 28-32

Please answer this section based on your experiences in your current courses

Questions: Almost Don’t Almost Total

Complexity of the Learning alf‘t"’?/’ s/ Know fsle;’gr/

Environment otten’, cidom
sometimes

28. Students find it to be 76 4 4 84

user friendly. 90.47% 4.76% 4.76%

29. Students find it easy to | 77 4 3 84

navigate. 91.66% 476% | 3.57%

30. Students find that it 73 5 6 84

makes them think. 86.9% 5.95% 7.14%

31. Students find it easy to | 75 4 5 84

use. 89.28% 4.76% 5.95%

32. Students take only a 76 4 4

short time to learn how to | 90.47% 4.76% | 4.76%

use the system.

Mean 75.4 4.2 4.4 84

89.76% 5.0% 5.23%
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Table 5.19 Social Negotiation: Questions 33-37: My ideal Learning Environment

Please answer this section based on your expectatlons of an Ideal Learning
Environment : :

Questions: Almost Don’t Almost “Total
Social Negotiation always/ofte | Know never/

n/ Seldom

sometimes
33. Students would get 78 1 5 84
the chance to 92.85% 1.19% 5.95%
communicate with each
other.
34. Students would 79 1 4 84
communicate with each 94.04% 1.19% 4.76%

other about how to
conduct investigations.

35. Students would ask 78 11.19% |5 84
other students to explain 92.85% 5.95%
their ideas.
36. Students would ask 77 1 6 84
me to explain my ideas. 91.66% 1.19% | 7.14%
37. Other students would 78 1 5 84
respond carefully to my 92.85% 1.19% | 5.95%
ideas.

Mean 78 1 5 84

92.85% 1.19% 5.95%
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Table 5.20 Inquiry Learning: Questions 38-42: My ideal Learning Environment

Please. answer thlS sectlon based on your expectatlons of an Ideal Learnmg
Environment.

Questions. Almost Don t Almost Total
Inquiry Learning always/ofte | Know never/
n/ Seldom
sometimes
38. Students would find 79 0 5 84
out answers to questions | 94.04% 5.95%
by investigation.
39. Students would carry 80 0 4 84
out investigations to test 95.23% 4.76%
their own ideas.
40. Students would 80 0 4 84
conduct follow-up 95.23% 4.76%

investigations to answer
emerging questions.

41. Students would design | 79 0 5 84
their own ways of 94.04% 5.95%
investigating problems.
42. Students would 80 1 3 84
approach a problem from 95.23% 1.19% 3.57%
more than one
perspective.

Mean 79.6 0.2 4.2 34

94.76% 0.23% 5.0%
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Table 5.21 Reflective Thinking: Questions 43-47: My ideal Learning Environment

Please answer thls sectlon based on your expectatlons of an Ideal Learnmg
Environment. :

Questions. Almost Don’t Almost Total
Reflective Thinking always/ofte | Know nevetr/
n/ Seldom
sometimes
43. Students would think 78 0 6 84
carefully about how they 92.85% 7.14%
learn.
44, Students would think 79 0 5 84
critically about their own 94.04% 5.95%
ideas.
45, Students would learn 75 1 8 84
to be skeptical. 89.28% 1.19% 9.52%
46. Students would learn 80 0 4 84
to become better 92.23% 4.76%
learners.
47. Students would think 78 1 5
critically about their own 92.85% L19% | 5.95%
understandings
Mean 78 0.4 5.6 84
92.85% 0.47% 6.7 %
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Table 5.22 Authenticity of learning: Questions 48-52: My ideal Learning Environment

‘Please answer thlS sectlon based on your expectatlons of an Ideal Learmng

‘Environment.

7 Almost

Questions. Don t Almost Total
Authenticity of Learning always/ofte | Know | never/
n/ Seldom
sometimes
48. Students would find 78 1 5 84
that it reflects the 92.85% 1.19% | 5.95%
complexity of a real life
environment.
49. Students would find 80 2 2 84
that the concepts are 95.23% 2.38% | 2.38%
presented in meaningful
contexts.
50. Students would find 80 0 4 84
that it presents 95.23% 4.76%
information relevant to
them.
51. Students would find 82 0 2 84
that they are presented 97.61% 2.38%
with realistic tasks.
52. Students would need 79 0 5
to use a wide range of 94.04% 5.95%
information to support
their problem solving.
Mean 79.8 0.6 3.6 84
95% 0.71% 4.28%




Table 5.23 Complexity of the Learning Environment: Questions 53-57: My ideal

Learning Environment
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[Please answer this section based on ' our ex _- €

Questlon

Almost T

| Almost

ctatons? of an "Ideal., Learnin

Complexity of the Learning 2}""3‘3’5/ ofte | Know ge‘lfgr/

Environment . eldom
sometimes

53. Students would find it | 81 1 2 84

to be user friendly. 96.42% 1.19% | 2.38%

54. Students would find it | 79 1 4 84

easy to navigate. 94.04% 1.19% 4.76%

55. Students would find 76 1 7 84

that it makes them think. 90.47% 1.19% 8.33%

56. Students would find it | 80 1 3 84

easy to use. 95.23% 1.19% 3.57%

57. Students would take 80 1 3 84

only a short time to learn | 95.23% 1.19% 3.57%

how to use the system.

Mean 79.2 1 3.8 84

94.28% 1.19% 4.52%

5.2.4 Analysis of CMLES Questions Contrasting Current (Actual) vs.

(Preferred) Courses

Ideal

The CMLES survey summary table indicates that students prefer an environment where

they are active participants in the learning process. They believe that, through social

negotiation with fellow students, where they collectively conduct experiments and

negotiate meaning derived from those investigations, this interaction would facilitate

learning. The additional flexibility derived from inquiry learning where they design their

own methods of investigation, seems to indicate the desire to be active participants in

designing the learning environment, expressed by collectivist learning theorists.
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Figure 5.3 CMLES student perceptions of ideal versus current class.

The results from student’s evaluation of current course learning environments
versus their ideal, preferred, learning environments indicates a desire to enhance their
participation and collaboration in all five areas; social negotiation, inquiry learning,
reflective thinking, authenticity of learning and the complexity of the learning
environment. This is consistent with findings by Maor (1999) (Maor & Fraser, 2000) who
originally designed and validated the CMLES instrument (see section 4.3.3). Maor was
studying “to what degree students and teachers perceive that their classroom environment
involves students in negotiations, inquiry learning and reflective thinking.”

Questions 58-67, “analyzing the CUBE learning environment,” that refers to the
efficacy of integrating concepts spanning an entire discipline, indicates their belief that an
integrated knowledge environment linking all their courses into a unified knowledge
structure would enhance their comprehension of content areas. This validates hypothesis

H1 that “Students using an Integrated Knowledge Repository will have a more positive
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perception of the learning process than those who use conventional single course teaching

paradigms.”

5.3 Semantic Web Model Analysis

5.3.1 Background

The Semantic Web provides a common framework that allows data to be shared and
reused across application, enterprise, and community boundaries. It is a collaborative
effort led by W3C with participation from a large number of researchers and industrial

partners. It is based on the Resource Description Framework (RDF). (www.W3C.org)

The semantic theory provides an account of meaning in which the logical
connection of terms establishes interoperability between systems and heterogeneous data
sets. Each piece of aata, and any link that connects pieces of data, are identified by a
unique name called a Universal Resoufce Identifier (URI). In the RDF scheme, two
pieces of information are connected and grouped together in a triplet to infer relationships
between concepts.

The ability to generate complex associations between objects provides the
potential to link and grow concepts beyond simple document retrieval. Evolving “concept
spaces visually indicate the relationships and important subsets of concepts, particularly
subsets that constitute ontological commitments for representing given phenomena.
These provide students with large-scale and even global views of the structure of concept
spaces.” (Smith & Lee, 2004). These complex interrelationships can evolve through

input from students and faculty for a potentially richer learner environment.
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5.3.2 Semantic Data Collected
The CUBE knowledge repository is structured around a semantic web framework.
Students suggest semantic terms that are representative of concepts discussed in both

individual courses and terms that span the discipline (refer to Table 5.26).

Concepts Weights: Data collected/ Per Course
Links: (10-20 students/course) x (15 weeks/semester) x (3-7 links/topic) ~ 1,100
Voting/weights: Students vote on their top choices

(5 choices/topic) x (15weeks) x (10-20 students) ~1000

Total: Approximately 2100 data points collected per course



Table 5.26 Semantic Terms Suggested by Students

Semantic Web: sample data (refer to appendix)

ts/specific-test-
groducts/radio_g_zagh¥

Course Topic Links Semantic Terms
/Lecture
CPT 310 Programmab | http://www.cs.northwestern. | Trace cache,
le Logic edu/~agupta/_projects/netw | Instruction Cache
arrays & ork_switch/Lectures/Combi | Moore law
devices/Dec | natorialCircuitDesign/index. | Hyper, threading
Lecture 7 | odes/Multipl | himl; Multiprocessing
exers http://en.wikipedia.org/wiki/ | Symmetric multiprocessing
Moore's_law; Instruction fetching
http://computer.howstuffwo | Vector VIQ
rks.com/cache. htm; Static prediction
http;//reviews.zdnet.co.uk/h | Dynamic prediction
ardware/components/0,1000 | Speculative execution(s)
001694.39233885.00.htm: Branch Target Buffer
http://en. wikipedia.org/wiki/
Muiti-core
CPT 435 P www.ralphb.net/IPSubnet/ Addresses, Virtual, Internet
addressing www.searchwindevelopmen | IP Addressing Scheme
Scheme t.techtarget.com/sDefinition/ | IP Address Hierarchy
0..sid8 gci212381,00.htm Original Classes IP Addresses
Ch 18 www.lawrencegoetz.com/pr | Computing Class Address
ograms/ipinfo/ Dotted Decimal Notation
http://en.wikipedia.org/wiki/ | Classes Dotted Decimal Notation
Internet Protocol Division Address Space
Authority Addresses
Glassful Addressing Example
Subnet Classless Addressing
Address Masks
CIDR Notation
CIDR Address Block Example
Special IP Addresses
NW Address
Directed Broadcast Address
Limited Broadcast Address
Loopback Address
Berkeley Broadcast Address Form
Routers IP Addressing Principle
Multi-Homed Hosts
CPT 493 Biomedical | hitp://en.wikipedia.org/wiki/ | Magnetic Response Imaging (MRI)
Data: Medical imaging Medical Imaging
Acquisition | http:/www1.wfubme.edw/C | Imaging Informatics
and storage | BI/Imaging+Informatics/ Ultrasound
Chapter 2 http://www.isi.uu.nl/CAD/ | Computer Aided Diagnosis (CAD)
http://en.wikipedia.org/wiki/ | Image Storage
Biomedical_informatics X-Ray
http://www.4nsi.com/produc | CT scan (Computer Tomography)
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5.3.3 Ranking / Voting (semantic terms, links and Relationships)

Once the links have been colleted, students evaluate links and vote/ rank their top five
choices. Following Bloom’s Revised Taxonomy (Anderson, et al. 2001) students rank the
quality of the links/content in terms of three categories: Factual Knowledge, Conceptual

Knowledge and Procedural knowledge.

e TFactual Knowledge: The basic elements students must know to be acqualnted
with a discipline or solve problems in it.

o Knowledge of terminology technical vocabulary

¢ Conceptual Knowledge: The interrelationships among the basic elements within
a larger structure that enable them to function together.

o Knowledge of classifications and categories:
o Knowledge of principles and generalizations
o Knowledge of theories, models and structures

¢ Procedural Knowledge: How to do something, methods of inquiry, and criteria
for using skills, algorithms, techniques, and methods.

o Knowledge of subject-specific skills and algorithms:

o Knowledge of criteria for determining when to use appropriate

procedures
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Table 5.27 Links and Rankings for CPT 435-Lecture 7: Composite Score of Factual,
Conceptual & Procedural Knowledge Components

Ranking / Voting Links (example)

Course Links Ranking | Factual | Conceptual | Procedural | Mean
1-5 Knowledge | Knowledge Knowledge
CPT 435 e  http://en.wikipedia.or | 1 67 74 73 71.33

g/wiki/Cyclic_redund

ancy_check

Lecture 7 o http://en.wikipedia.or | 2 63 65 65 64.33
g/wiki/Packet (infor
mation_technology

e hitp://en.wikipedia. | 3 69 53 64 62.0
org/wiki/Parity bit

e  hitp://computer.how
stuffworks.com/que | 4 48 49 41 46.0
stion525.htm

e http://en.wikipedia.
org/wiki/Bit_stuffing | 5 22 14 21 19.0

Concept Clustering (incorporating semantic analysis)
The COBWEB data structure is a hierarchy (tree) wherein each node
represents a given concept. Each object is a binary-valued property list

The semantic terms, provided by and voted upon by students. The Highest
frequency forms the binary-valued property list (X | Cc2)=

Chapter 18 CPT 435 [274, 3/4 1/4)
Topic: IP addressing and / —[5 75 .25]

Broadcasting Scheme
] Semantic Terms j IP Address Broadcast

& ddresses, Virtual, Internet E

IP Addressing Scheme

IP Address Hierarchy E

Original Classes IP Addresses

Computing Class Address [

Division Address Space E

Authority Addresses (

Glassful Addressing Example

Subnet Classless Addressing {
[
[
[
[
[
[
[
[

p(xl =
[4/18, 18/18 3/18]

=22 1.0 .16]

Link highest rank sub-group

c1

4 ddress Masks

CIDR 4ddress Block Example
Special IP Addresses

NW Address

Directed Broadcast Address
Limited Broadcast Address

Loop back Address

Berkeley Broadcast Address Form

-0 0000~ 00000000 = =O

[Routers IP Addressing

Figure 5.4 Concept clustering (incorporating semantic analysis).
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The following is an example of the ranking output from the CUBE learning Environment.

O eqge ap

o
(&)

Module
[Nummber|

70% - -
i
Module
00 Nureber| m

Optio
D p an o d

O

P 0
ourse O onal Mate
Course Outline CPT 335
Mod #
(1) Introduction v

(2) Network prog. and apps.

(3) Transmission media

(4) Local Asynch. comm.

(5) Long-Dist. Carriers, modulation = P

Figure 5.5 CUBE screen: each course has access to the rankings/ top 5 links.

Week 1 course sylfabus link
Week 2
top 5 sites Excellent|Very Good|No Opinion| Bad |very Bad
1 http://computer. howstuffworks. com/computer-memory. htm X
2 ttp:/) _patentstorm us/patents/6332191-claims html X
3 -/farstechnica.com/articles/paedia/cpu/core ars/7 X
4 http:/fwww.eng.umd. edu/~nsw/ench250/number.htm. X
5 ttp://en.wikipedia.ora/wiki/Gray codec X
Week 3
top 5 sites Excellent|Very Good|No Opinion| Bad _|very Bad
1 hitp: /. it edu/-noahlanlmdez aver. html X
2 » i 1 X
3 hitp://academic.everareen edu/projects/biophvsics/technotes/program/2s comp.htm X
4 ttp://hyperphysics. phy-astr.qsu.edu/hbase/electric/elevol. htm X
http://publib. boulder. ibm.com/infocenter/systems/index.jsp?
5 topic=/com.ibm.aix.commadmn/doc/commadmndita/asynch_params_parity.htm X
Week 4
top 5 sites Excellent|Very Good|No Opinion| Bad _|very Bad
1 ttp://courseware ee. calpoly. edu/~rsandige/KarnaughExplorer. htm| X
2 ttp:/fwww.cs. unb.calcourses/cs2813/slides/LCDF3 Chap 03 P1.pdf X
3 http://nobelprize. ora/educational aames/physics/intearated circuit/history/index. htrl X
4 fsearchnetworking.techtarget. com/sDefinition/0. sid7 aqci939061.00.html X
5 ttp A kpsec freeuk.com/com ntsfic.ht X

Figure 5.6 Actual output from the rankings and links for CPT 310.
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The feedback from the students’ impressions of the rankings was very positive.
The ability to explore additional material, which helps clarify the concepts covered,
appeared to empower them as active participants in the learning process. In addition, for
instructors who may have limited time to explore and add new course content, the
quality of the course would be richer with greater depth with the additional content
provided by the students. Regarding assisting students with homework, students added
links that provided graphical tools that allowed students to explore and understand the
problem solving process in greater depth than would normally occur.

The eventual goal of a true knowledge repository, for a particular discipline,
is for it to organically evolve and grow to the point where students, faulty and
researchers add to the content. Faculty devotes a great deal of time duplicating work and
tools that are already available at other universities. The challenge to keep materials
timely is an enormous task that often is not realized. The additional materials, links that
the students provided have substantially enhanced the quality of the course content by
incorporating tools found at other open source web sites. Maintaining state of the art
course material is essential to insure students are prepared for the rapidly evolving
technological environment.

The term “Concept Spaces” (Smith, Lee 2004) was defined as “the ability to
generate complex associations between objects provides the potential to link and grow
concepts beyond simple document retrieval. These evolving Concept Spaces visually
indicate the relationships and important subsets of concepts, particularly subsets that

constitute ontological commitments for representing given phenomena.” These complex
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interrelationships can potentially evolve through input from students and faculty for a

richer learning environment.



CHAPTER 6
CONCLUSION

A number of Constructivist theorists, (Piaget, 1920) (Vygotsky, 1934) (Bruner, 1960)
(Jonassen, 1991), have postulated that knowledge formation is a dynamic process where
learners actively construct a representation of concepts, integrating information from
multiple sources. Realizing this elusive goal of developing a true constructivist learning
environment, has eluded researchers for the past century. During the past decade, a
number of theories and technologies have surfaced to facilitate these aspirations. The
ubiquitous World Wide Web that connects us in almost real time has facilitated
information exchange. Theories and data structures such as the Semantic-Web (Berners-
Lea, 2001) and the Resource Description framework (World Wide Web Consortium)
have provided the framework on which to build a truly interactive knowledge repository.

Most educational paradigms have followed a serial/sequential approach where the
connectivity of concepts, procedures, algorithms and accumulated knowledge that tie a
discipline together rely on students to make the philosophical leap; the “aha” moment,
where the clarity of interconnected nature of ideas eventually becomes apparent. In the
optimum scenario all students would eventually achieve this goal. However, from many
years of teaching experience, the majority of students absorb facts but not the tapestry
that interconnects them. This contribution is intended to provide the means, models and
tools which will allow students, from their earliest studies, to develop and explore these
* conceptual threads that tie a discipline together. This was accomplished by taking
constructivist theories.to the next level and developing a structure, several models, and a

prototype knowledge repository to facilitate knowledge formation spanning an entire
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discipline. Students in an introductory course were encouraged to explore more complex
concepts by traversing the concept maps. They may not initially fully comprehend the
complexities of the advanced concepts but are introduced to the underlying rationale of
the current information and where it would lead. This also provides a natural link
between instructors and courses where students know before entering a more advanced
topic why the next sequence is offered. This is quite possibly the underlying explanation
for the excellent results of this study. Students were initially shown the path in their
introductory courses and, when they eventually encountered more complex terrain in
more advanced courses, the rationale and purpose were immediately apparent.

The results of this research indicate the potential that integrated learning
environments have for improving both performance and knowledge comprehension. By
integrating course materials spanning a discipline, utilizing a web-based tool that allows
students to be active participants in constructing meaning. Constructivist Learning has
the potential for creating more engaging and effective learning environments. Students
utilizing the CUBE knowledge repository showed an average increase of 23.46 points in
test scores on a standardized exam over students taking the conventional single course
method. The exam consisted of a ten question multiple choice exam that covered
materials than evaluated procedural knowledge than spanned the last two years of the
curriculum. The improvement represented two and a half questions on that exam. The
combination of improved perceptions by the students of this approach and some
reasonable quantitative improvement in test scores seem to indicate the potential of this

approach.
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Cognitive Load Theory (Sweller, 1988) states that, “optimum learning occurs in
humans when the load on working memory is kept to a minimum to best facilitate the
changes in long term memory.” He found that the format of instructional materials has a
direct effect on the performance of the learners using those materials. The visual
presentation medium of the knowledge repository has shown that, using Cognitive Load
Theory, the students believe that the aggregation of all course materials for a discipline in
a central location facilitates knowledge building, since they can easily navigate the
continuum of simple-to-complex factual and procedural knowledge relationships. In
addition, the knowledge maps facilitate this retention by showing all the complex links
between concepts.

Current teaching paradigms have not fully utilized the powerful computational
capabilities of the current technology. They have essentially automated the presentation
of the course materials but not radically changed the organization of the information
presented. The goal of this research was to incorporate the concepts laid out by the
Constructivist Learning Environment theories to engage students in truly collaborative
learning environments where they can explore and construct a unified vision of a content
area. The shared data repository appears to facilitate students’ knowledge integration by
having them navigate through collaborative scenarios that integrate the knowledge of an
entire discipline. This research seems to provide promising indications that the nature of
on-line instruction can evolve to a higher level of interactive and collaborative learning.
In addition, by aggregating the knowledge of an entire discipline into a reusable core

database that weights and organizes a discipline’s data according to its importance, we
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can provide students with a better understanding of the cohesion of thought and processes
that ties a discipline together.

What wasn’t apparent before this study was that there could be a quantifiable
increase in understanding of a discipline by students if they had access to more advanced
concepts and topics at the earliest level of instruction. The ability to visualize and
explore the entire discipline, even without full comprehension of all details of the more
complex concepts, facilitated better understanding of their current level of study. By
knowing the purpose and direction of their current studies, rather than at the end of their
studies in a terminal course, but reinforced all along the way, students didn’t need the
“aha” moment; They could visualize the roadmap at the outset and could traverse familiar
well-defined pathways, reinforcing the cohesion of ideas and ensuring an integrated view
of the discipline.

The limitations of this research, which was conducted during the course of two
years, covering four courses in Computer Technology, were that the research focused on
one discipline and included only a subset of all the course content of that discipline. An
expanded study would compare and contrast outcomes in several disciplines such as
Liberal Arts, Basic Sciences, and Engineering. In addition, every significant course in
that field of study, including basic core courses could be integrated into the knowledge
base for a more complete understanding of benefits and limitations that underlie this
research.

This research has shown promising indications that integrating concepts across a
discipline will yield individuals with a better understanding of the cohesion of céncepts

that interconnect a field of study. There are several areas of future research that could be



134

explored to create a knowledge repository that truly spans a discipline. By integrating
this knowledge repository across multiple disciplines in a university, students could
develop a better understanding of the linkages between all the complementary fields of
study. In addition, by expanding the scope of these knowledge repositories to several
universities and then to the discipline as a whole, the scope of the integrated knowledge
repository would truly represent the depth and complexity of the entire field. Eventually,
a global interconnected knowledge repository could encompass all fields. There is
currently a compartmentalized view of information. Lessons learned from one field often
slowly propagate to others. Knowledge in one field doesn’t always quickly migrate to
others. The hope is that by creating integrated knowledge repositories, not only will

educational paradigms evolve but boundaries between disciplines will diminish.
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APPENDIX A

CONSTRUCTIVIST MULTIMEDIA LEARNING SURVEY (CMLES)

The Constructivist Multimedia Learning Environment Survey (CMLES) is
designed to assess students and teachers perceptions on their constructivist
learning environment while they interacted with multimedia programs. In
particular, the CMLES examined to what degree students and teachers perceive
that their classroom environment involves students in negotiations, inquiry

learning and reflective thinking.
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APPENDIX B

INSTITUTIONAL REVIEW BOARD (IRB) APPROVAL

This is the application for approval of a research project that was submitted to ¢ the
Institutional Review Board of New Jersey Institute of Technology. Approval was

granted on October 26, 2007.
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(The items in red are changes that were made between the pretest and final versions)

Knowledge Repository Learning System

(The blue colors are usually things you need to try)
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graphical summary of the lectures. It © Browse GoTo Favores Help
takes one slide from each module to (CGoogleiGy e (Osettngs RNl
give you an over view of the course. X 2 vseacvwes o RE S @ FloTs |Gres|c
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o
2
Unknown Zone

Step 8A:

-Select (click on) at least one course
module, which is a complete course
lecture. A popup window will appear

i i
s S v g WA e e 5 I e L S i s SRS T
S = E; S a N SRR i Y _:
“ 4
. G bbnetwo 0-seve ows
s 82 he | ind full ¢ Bt - 2 fo nik.du/CPT-310-seven.ppt
-Expand the lecture window to [ wtend: M TR tows oo Forts thp )
screen. = Google (G~ ) Yoo () sett
—Use the right arrow key or page vledge Integration v, fi (AR Gt M ML e A

down to step through the lectures. lutel Peniom.
-Then close the popup window using

the red X in the right hand corner capt Weighting
Knowledge

5 g e
3 aniasigewn
5 A
> e
e

% 51.75% 76-100%

1@ Biach Pesdilon Urdl
TS

T 310 Computer Archite




Step 9:

-You are finished with the testing
phase.

-Select the Questionnaire link in
bottom right hand corner.

-This will take you to an on line
questionnaire (about 1 minute to load)
-Please fill out the questionnaire.
-This will only take a few minutes to
answer

- If you have any trouble ask the
instructor there

79 1-2 pgs max)

(3) Biomedical Decision Making

L ink ta'ndditional Modules

Step 10: You are finished.
Thank You for your help.
-You are important in helping
us improve how courses are
taught.

- and one of the first people to
use a potentially new system to
teach university courses

Thank You!!




APPENDIX F
TRANSCRIPTS OF SEMI-STRUCTURED INTERVIEWS

This is a transcript of the questions and answers during the semi-structured interviews.
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Transcript Notation:

L = Learner

O = Observer

[ ] = Learner behavior

() = Observer interpretation

Color coding:
¢ T used blue for learner’s responses. It was easier to quickly scan and get a feeling

for his perceptions.
» I used red to indicate skipped questions. Usually items we had already covered in

previous questions.

Probing:
I'indented all follow up, probing questions, so I could identify areas I needed
more clarification.

Italics:
All questions that were asked are italicized and numbered in bold for easy
identification.

D1: Pretest Questionnaire: E. K.

Perceived Usefulness (main features section, questions 1,2)

O = (Question 1): How would you describe the presentation of multiple courses/content
(notes) in one central location?

L1: Ithink it’s very useful to see everything in one central location, because it’s very
useful to see everything in one place, you wouldn’t get confused looking for any
particular course name. It is all here for you on the same page to look up anything you
would want to look for.

O = (probing a point he made by asking a follow up question):
(Question 1a:) Did it help you learn the material any better?

L1: I think so, it’ll be faster, better, and helpful in many ways. Actually this
website is something I have never seen before; everything is here for you, all of
the course names, modules, etc.
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O= (Question 2): How would you judge the benefits of the preview page that shows you a
graphical overview of the course content?

L1: I think preview page is just a great way of looking up what the each course is all
about for that semester, from the first week of the semester till the fifteenth week of the
semester. If a student has any questions for any type of course, he/she can go to preview
page to see what it’ll be expected in each lecture from module one till module fifteenth.
Again, I think it is a great way of showing what the each course is all about.

Perceived Ease of Use (main features section, questions 3.4)

O = (Question 3): How would you evaluate the screen layout using the cube to represent
multiple courses?

L1: Cubes are a really good way of showing all of the course information listed under
each different course name for students to have an easy access to any information they
want in a very quick and unique way.

O = (Question 4): How would you describe the user interface: Is it easy to understand
how to use the system?

L1: Yes, it is very easy to understand how to use the system, knowledge maps really help
you as well as 2D and 3D representation of threads help you how to navigate the page as

well as the outlines and preview, and looks really good.

Usefulness of the Knowledge Repository (main features section, questions 5,6)

O = (Question 5): What do you think of the “knowledge map” that links ideas across
multiple courses (finding how concepts evolve from one course to another)?

L1:Ithink it’s a good way of showing with the arrows what is important and what is not.
And the color coding helps you to decide and then you can easily go back and forth to
find out information from any particular course.

O = (probing a point he made by asking a follow up question):
(Question 5a): What do you think of the 2D version vs the 3D version. Better or
worst should you have both?

L1: I think both versions are a good idea, but 3D has an advantage over 2D,

because it shows you a lot more clear, also color coded better then 2D
representation.
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O = (Question 6): How would you evaluate the knowledge repository approach of
aggregating (combining all the courses notes and links between ideas in one central
location (web page)?

L1: As technology moves on, this is a great way of teaching the computer technology
programs, it is a lot more easier, convenient, faster and helpful compared to other

computer technology websites that I have seen before. This is an excellent technology
website and I hope it’ll be very useful to all of computer technology major students.

D2: Final Questionnaire: M. M.

Perceived Usefulness (main features section, questions 1,2)

O = (Question 1): How would you describe the presentation of multiple courses/content
(notes) in one central location?

L2 = The ideais good. Put all of the information into one central database. We can
access it any time we want anywhere you are in the world. It’s a good way to refresh your
memory if you want to go back to a class you have taken year or two years ago. The idea
is really good.

O = (probing a point he made by asking a follow up question):
(Question 1a:) Did it help you learn the material any better?

L2 = Tt all depends on the student. The information is there but if he/she doesn’t
want to learn it that his/hers problem. So basically it’s the student’s responsibility
to learn it. If he/she doesn’t want to learn nobody can force them to it.

O= (Question 2): How would you judge the benefits of the preview page that shows you a
graphical overview of the course content?

L2 = Preview page to me it’s a good idea. It shows me a minimal idea of what we gone
cover in each module/week so I can have a better understanding of what we gone learn.

O = (probing a point he made by asking a follow up question):
(Question 2a):Do you think it helps a student understand or see what is
going on in the course better or worse than the standard text course
outline.

L2 = It probably will help because you will be able to see basically ahead what
you gone learn so you can researched ahead before the class starts. That’s an
advantage for the student.
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Perceived Ease of Use (main features section, questions 3,4)

O = (Question 3): How would you evaluate the screen layout using the cube to represent
multiple courses?

L2 = The layout I like. What I would suggest maybe not now but later the webpage, when
it looks to automatically fit the screen size resolutions. I would do this for both Pc and
portable devices. That would probably be the only thing I would change. Other then that
to me it looks good.

O = (probing a point he made by asking a follow up question):
= (Question 3a) Can you think of a better way of representing multiple
courses?

L2 = I think the way it’s done now its shows multiple layers its goes form layer 1
to layer 2. So it gives more in depth information.

O = (Question 4): How would you describe the user interface: Is it easy to understand
how to use the system?

L2 = At first it may be hard for the student to use, but one you use it’s not hard. It pretty
easy to understand but it will time a couple of tries to get used to it.

O = (probing a point he made by asking a follow up question):
(Question 4a): Is there anything is specific you did not like about how the
screen is set-up?

L2 = If the screen was bigger it would be much better. If the resolutions are low
you really not see the whole thing. Other then that the layout is laid out perfectly.

Usefulness of the Knowledge Repository (main features section, questions 5,6)

O = (Question 5): What do you think of the “knowledge map” that links ideas across
multiple courses (finding how concepts evolve from one course to another)?

L2 = To me that’s a helpful hint. Let’s say you don’t know something it shows you
exactly where to go to get information on it. It shows you where you are now and where
you have to go later. That a good idea.

O = (probing a point he made by asking a follow up question):
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(Question Sa): What do you think of the 2D version vs the 3D version. Better or
worst should you have both?

L2 = What I would do is to hind the 2D. I would probably have a button to show
the 2D. To me it doesn’t not matter 2D or 3D. 3D to me looks much better then
2D. 3D is more graphical then 2D. 2D has more text. For me 2D and 3D would
work fine.

O = (probing a point he made by asking a follow up question):
(Question Sb): Do you prefer the 3D version, and maybe hiding the 2D
version?

L2 =1 prefer 3D version better. We should have settings section for each user.
For example when each user logs-in they can select from a list of items what they
want to see on their screen. This is one possibility.

O = (probing a point he made by asking a follow up question):
(Question Sc)What do you think if this knowledge map. Will it
help you learn and understand what is going on in the courses?
Will it be better or worst?

[.2 = It shows what is the most important, how much, what you need to
know more then the other classes, so you can get a better understanding of
the class. Everything is there but if the student doesn’t want to learn it -
nobody can help them.

O = (Question 6): How would you evaluate the knowledge repository approach of
aggregating (combining all the courses notes and links between ideas in one central
location (web page)?

L2 = Have small groups in which they try the web-site. Also ask them questions based on
the web-site to see what they think of it. From here see what they have answered, and
maybe down the line where the web-site needs to get expanded then try to improve it
based on the answers from the questions.

O = (probing a point he made by asking a follow up question):
(Question 6a): Do you think the idea of teaching courses
differently where you have all of the information of multiple
courses available to you is better or worse way of presenting the
information.

L2 =1t’s a good idea. You have the information in one spot. You don’t
need to go from site to site because you have all of the information in one
central station where everything is there for you.



APPENDIX G
FOCUS GROUP TRANSCRIPTS

These are the transcripts of the Focus Group sessions.

169



170

Participant 1:

Y.E.
November 9, 2007
Senior Group Project

Thoughts & ideas about designing a Computer Technology web site for NJIT.

1. First of all, before looking at anything in particular on the website, I would like to
mention that the user interface looks very unique compared to other universities computer
technology websites. As soon as I look at the website, the way it’s designed as in
coloring, organization, color coding, instructions, course names, over all the website
gives me a good idea on what to look for when I want to find or look for something.

e What I like on user interface is it is very clear what you’re looking at, no
confusion. Clicking the index buttons to bring the information out for each
different course for a better view is a great future.

o Knowledge map (local) is good, helpful information provided on the website to
tell students what really is important as well as what is least important. Arrows
and Stars really help you to visualize and makes it easy to see important and non-
important features of this website, as well as the given percentages of course.

¢ Knowledge map (global) is also very helpful for students to follow course
information, because it is designed by matching colors and showing of arrows to
follow the right path in order to get to the course information any student would
like to see.

2. If I were to build this webpage for my BS degree, I would still do something
unique like Professor Lubliner is doing. It would really have to be attractive, I would use
knowledge maps in order to clear any confusion on the website.

¢ [ would not like the course outline display screen, I would either get rid of that or
make it look better in design.

3. You can go into more depth of any course provided within the website. On the
select a course column you can click the Review button, and open up the power point
slide to see all of the modules are listed for that particular course in a semester. It is easy
to preview what you will be doing for that course from week one to end within only one
page, very convenient and straight forward process.

Note: On the user interface, if it was me, I would replace the Review button with a
Preview button, since it makes more sense about what it is doing.
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4. Yes, video clips are very useful to have, where it’s necessary on power point
slides, I think this is a really good idea since not everyone understands the material
verbally, watching the video clips could really be useful and helpful for students to
understand the material. Some of students could be good in verbal some could be better
in visual so again this is such a good idea to have.

e Video clips on portable devices could be a problem, because you would need an
internet connection to play the video clips, since most portable computers are
connected to the internet via wireless LAN, depending on your connection to a
wireless network you might have some difficulty running the video clips.

¢ Another thing that caught my attention while looking at the video links on power
point slides that they are not noticeable and could be presented in a better way to
attract more attention.

5. My feelings about organizing information is easier then teaching a particular
course, because in organizing, information is already there for you to put it in its
organized way, like in categories, shape, subject, etc.

¢ Both the organization and teaching of information that are posted on the
Computer Technology website are so far very educational and needed
information, including the way the web page designed, power point
information as well as video clips.

6. The general screen lay out is good, except some little wording problems I have
mentioned before as Review needs to be changed to Preview.

e Also the CPT 310 course information is missing the arrows, and back
button. The course outline display section could be designed in color and
in more fashionable way to attract attention and be able to see well.

e Over all the visual set up I like, except the parts I have mentioned I didn’t
and thought it could be better design.

e For the course outline display section, you could have a colorful
background, maybe a picture and put the writing on top of it with a
reasonable coloring.

7. I think video tutorials are better way of showing vs. text tutorial because,
showing a video about a particular subject and visualizing it is always better then seeing
it in text. In video tutorials seeing and hearing the information helps you better in
understanding the material.

8. Connecting things from course to course is important and useful. One information
could always relate refer to or could be about information in another course. Information
should have links to each other in order for a quick reference.
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Participant 2:

S.E.
1) What would I change if I were to agitate the website?

As far as the layout is concered first I would change the grid background to
maybe a more simplifed one for it maybe a plain page with the NJIT logo or
something related to Computer Technology like a light contrasted circuit board.
By expanding the size of the layout, the modules of the webpage could be
efficiently utilized and there would be room for expansion.

2) Likes and dislikes about the site so far.

One dislike about the site so far is a few of the navigation features such as the
'cube access'. When a second cube is 'outlined', it should automatically retract to
its home' but instead the user would have to manually press 'back’ to retract it.
One thing I do like about the website so far is the fact that all the access that one
would need is located on one page. There is no need to roam through various
pages to make use of the webpage

3) Is the use of video clips a bad idea or not?

The use of video clips is actually a great idea. As far as teaching, it can really help a
number of students who aren't able to grasp certain concepts by the use of lecture notes
alone. Some students prefer to visually note ideas much easier than others. So the use of
video clips definately is of great use to a good number of audiences. I personallyfind it
more intriguing.

4) Organizing info.

The availability of all the info on this site will greatly benefit a student who is looking for
links to all his/her related course work that they have taken (or looking to take) during
their time here at NJIT. Rather than going to a few classes early in the semester only to
realize that that certain class is not for them, the availability of

the course notes will help them decide whether to register or not. It also assists students if
they need access to notes for studying.

5) Comments about the Ul

While the Ul is structured, some may not find it very user-friendly. I think that just
simply zooming the page to fit the entire browser window, navigation can be greatly
improved. With the larger size the modules on the page can have their own area to
distinguish itself. This change will greatly enhance the site with minor changes to the
modules.
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6) Opinions about the video tutorial showing users on how to make use
of the system.

The video tutorial on the website is a great idea as there may be some students who will
have difficulty with the navigation part. One suggestion that I would say is that maybe
categorize the tutorial into

2) Participant 3:
3) MM.

1. If you were to design a website to organize all courses information for B.S degree,
what would you put in there that would be useful?

If T were to design a web-site I would include the following items

Navigation Map

Lecture notes

Pre-view

Video clips

Place to exchange information between classmates

Add links to external information

Links to other classes when additional notes are needed

A search engine to find the information quicker and more precise to the point we
want it.

ToTHOOE >

These are just a couple of things I would use if I was to design a system for students.

2. Is there anything on the user Interface that does not make sense and what you like and
dislike and what might me changed?

I really would not change a lot on the interface. Maybe what I would change
would be to change the course outline, to a more and useful interface. Other then that to
me the interface looks fine. Maybe when the system goes fully into action then the
interface can be changed, because there will be more options on the web-site to choose

from.

3. How do you like the idea of having a review of all lectures into a review slide?

I personally like the idea of having a review, because I would be able to see what

material I will need to know, and what I will learn when I take that class. The review can
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7. You’re feeling about organizing/teaching, so you can get more out of it?

Organizing information into one useful system is great. Since I am paying money
for my education I want to have access to everything to help me pass and get my degree.
IfI don’t get sométhjng when the feécher explains it [ can always go and see the "
information on the web-site. Either read the notes material again or watch some video
clips, which will sink into my head. Information that is organized will help the student

more that information that is thrown on the web-site,

8. Do you think a video tutorial is a good way to explain the system?

To me a Video tutorial is a good way to explain the system to a user. A video
tutorial will show step by step explanation, because not every user grasps the information
as quick as another user might. A video Tutorial will also show the user where to find
information from the classes that were taken back in the years. It will also show the user

where to go to get information on classes that the user will want to take in the future.

9. Do you like the idea of having links which connect to other useful piece of
information?

The idea of having links to other information is really useful and sometimes
crucial during the 4 years of college. Everyone cannot remembers everything and having
links to information that was covered in the earlier years will give the students a way to
refresh their mind and also give the student a better idea on how to maybe finished their

homework or study for a test.

Participant 4:
B.V.

1.) IfT were going to design and use a website to aggregate all course information for
your BS degree what would I do?

I would include all the information pertaining to the courses making it accessible
to the user. How I would layout the user interface I’m not sure of.
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2.) General screen layout the pro’s and con’s for user interface based on what is seen.

Con’s I’ve had a few problems with the site itself the frame sometimes don’t
seem to be aligned they will shift over and cover other parts of the site. It was fixed
simply refreshing the website. It just may be the resolution on my system.

Pros’s Very easy to use interface well thought out easy to navigate. The pop-up
widows for accessing the power point slides works well because of the ability to resize
them. You can access multiple power points and have those all displayed at once.

3.) Do I think a video tutorial to show you how to use everything would work vs. text
tutorial?

I think that a video tutorial would be better than just a simple text tutorial. It isn’t
something that is done often and will make understanding the site a lot easier for
everyone. I would personal use a voice over on it with the text he scrolls the screen.

4.) My feeling about organizing information and teaching so I can learn more.

All the course information being accessible from one place using a very easy to
use user interface containing connections from previous and future courses. It would
make it easier to study for exams using the knowledge map then being able to use the
pop-up widows to open multiple power points.

5.) Lavout information for course what do you need? Quick look at course information
snapshot about course (Review) change to preview.

I like the idea of the review function it gives a good overview of what contained.
It shows more than a course outline as long as the professor places important information
from the course in the function it should be very helpful to students looking over courses.

6.) What do I think about having things connected from course to course?

The course connection features could be one of the best features. As long it
functional and easy to understand well thought out and implemented. This feature still
not useable but I would like to see this function to give better input.



APPENDIX H

HICCS 2008 PAPER: DISSERTATION RESEARCH

The following paper, relating to this research, was presented at the 41% Hawaii

International Conference on System Sciences.
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APPENDIX 1
QUANTITIVE EXAM
The following questions encompassed the quantitative exam designed to test participants

level of knowledge about the content as it was presented using either conventional
teaching methods or the CUBE System.
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Questions (CASE Study): Circle the correct answer
Check the courses you have completed

CPT 310 CPT 335 CPT 435 CPT 493

Check box if you used the CUBE online tutorial

Check the box if you are not a CPT Major IF checked type in Major

1) How much faster/slower are disk drives than solid state memory?

10 100 1000 1,000,000

2) Where is L2 cache located?

External to the CPU Internal to the CPU Neither

3) What type of CPU uses L3 Cache?

Pentium Dual core CPU Quad core CPU

4) Why are L2 and L3 cache used?

Extra Memory Speed up CPU operations neither

5) Why is the Brach prediction unit used?

Save time Save memory Load future branches into L2 cache

6) How much time does the BPU save over CPU’s without this feature?

10% 25% 50% 75% 90% 100%

7) What is the purpose of pipelines?

Data storage Memory management  have all steps for the process available
8) Whose pipeline is longer?

Intel AMD Same size

9) What is the process of making CPU’s on a Chip?

Photography Photolithography Built by robots

10) What are the current sizes of templates used for making microprocessors?

A thousandth of a meter A millionth of a meter A billionths of a meter



APPENDIX J

SEMANTIC WEB / RANKINGS

®Definition: “The Semantic Web provides a common framework that allows data to be
shared and reused across application, enterprise, and community boundaries. It is a
collaborative effort led by W3C with participation from a large number of researchers
and industrial partners. It is based on the Resource Description Framework (RDF).

®The semantic web is composed of a set of design principles XML Schema,
RDF(Resource Description Language ), OWL(Web Ontology Language ) and working
groups, a group of experts in a particular field. (An ontology is a representation of a set of
concepts within a domain and the relationships between those concepts: they include
classes, attributes, and relationships)

#The goal is to generate a concept space to facilitate the standardization of terms relevant
to a knowledge domain.
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*Resource Description Framework (RDF) is a family of World Wide Web Consortium
(W3C) specifications.

*The RDF metadata model is based on the concept of making statements about Web
resources in the form of subject-predicate-object expressions, called triples

*Utilizing the W3C RDF Vocabulary Description Language RDF Schema this research
will utilize a subset to develop a vocabulary and triples for the Computer Technology
courses utilized in this research that can then be extended to create a concept space
utilized by other programs.

__ RDF Properties (utilized) W3C RDF . Schema

P-i‘(‘)perty Nam

€

Comment

Domain

Range

rdfs:label

human-readable name for
the subject.

rdfs:Resource

rdfs:Literal

rdfs:domain A domain of the subject | rdf:Property rdfs:Class
property

rdf:subject The subject of the subject | rdf:Statement rdfs:Resource
RDF statement

rdf:predicate The predicate of the rdf:Statement rdfs:Resource
subject RDF statement.

rdf:object The object of the subject | rdf:Statement rdfs:Resource

RDF statement







Rankings / Voting for CPT 435

Semantic Terms

Top Five Links

Ranking
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1_{key words tink Rating_one

Conceptual

NW use com pleX SW Factual (relationship

{basic between Procedural
2 glements) elements) {overall) | Average

b 3] k ¢ ication exchanging i ges [http:en.wikipedia.orgAwiki‘Computer_networks 90 87 92 90
. 4 {sub-pieces, protocol suites vewrsr. protocols. comd 85 83 84 84
5 lprotocol design v protpcal-online. org/ 84 80 79 8t
_B_jseven layer veawy. xmpp. org/protocotss 83 79 80 81
t 7 |stacks layered SW ot o3 orgfProtocolss 77 75 73 75
. 8 ilayered saw, 0
L 9 Inested headers 0
10 jfayering 0
| 11 |techniques protocols 0
: 12 |out-of-order delivery s}
13 |sequencing, eliminate duplicate packets 0
i 14 |retransmitting lost packets s}
t 15 lavoiding replay coursed by excessive delay 0
| 16 iflow control to prevent data overrun a
t 17 imechanism to avoid new congestion 0
18 iprotocol design 0)
18] en.wikipadia. orgfwiki/Internetworking 99 ] 98 98 99,
20 linternetworking v, cleeo, com/univercd/ceitd/doc/eisintwiito_decfindex hitm 98 97 98 98
} 21 juniversal service ey careerkey. coms 0 90 90 90
| 22 Juniversal service Wy, internetwarker, net/ 85 85 85 85
23 jintemetworking v internetly. org/neveslettermewstattsr hirnl 75 75 75 75|
24 iphysical new connection [u}
_25 jintemet architecture 0
} 26 iachieving universal service 0
[ 27 ivirtual new 0
: 28 jprotocols internetwaorking 0
| 29 |internetworking TCP/AP a
| 30 Jlayering TOP/P 0
} 31 | Host Computers, Routers, Protocol Layers 1
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| 33 |Addresses, Vitual, Internet hitp:/fen.wikipedia. org/wiki/internet_Protocol 98 98 98 98
34 [IF Addressing Scheme en.wikipedia.org/wiki/IP_address 98 97 97 97
| 35 (IP Address Hierarchy wiw ralphb. netiP Subnet/ 95 93 98 97,
36 |Original Classes IP Addresses searchwindevelopment techtarget.com/sDefinition/3, sid8_gci21 S0 90 90 90
| 37 :ComputingClass Address e lawrencegoetz. comdprograrms/fipinfo/ 85 85 a5 85
| 38 Dotted Decimal Notation o
| 39 {Classes Dotted Decimal Notation [
{ 40 | Division Address Space 0
t 41 |Authority Addresses 0
' 42 iGlassful Addressing Example o
{ 43 {Subnet Classless Addressing 0
| 44 |Address Masks 0
| 45 ; CIDR Notation v
46 |CIDR Address Black Example 0
{ 47 {CIDR Host Addresses 0
| 48 ;Special IP Addresses 0
| 49 INW Addrass 0
| 50 :Directed Broadcast Address v
| 81 iLimited Broadcast Address 0|
| 52 :This Computer Address 0
| 53 iLoopback Address 0
| 54 !Special IP Addresses 0]
56 :Berkeley Broadcast Address Form 1)
:@Routers IP Addressing Principle 0
57 iMulti-Homed Hests 0
158 0
| 59 {Protocol Addresses Packet Delivery v, ait. unl.edu/siau/momid57/chapter! 7. ppt 99 99 98 95
60 jAddress Resolution msdn.microsoft. com/library/en-us/dnppcgenshtmi/nw_pocket_tra 85 85 85 85|
| 61 iAddress Resolution Techniques c5.baylor.eduf~denahoo/practical/CSockets/PracticalSocketC.p 83 a3 a3 g3
62 jAddress Resolution With Table Lookup vavivy. ¢ 58, ohig-state. edufegi-bindre/fc 1208 hiral 81 il 81 81
| 63 |Address Resolution With Clesed-Form Computq rfc.net/rfic1208.htmi 75 75 75 75
54 |Address Resolution Message Exchange 0
| B5 |Address Resolution Protocol 0
| 86 {ARP Message Delivery 0
| 67 | ARP Message Format o
.68 | Sending An ARP Message o}
69 ! Identifying ARP Frames 0|
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72| Layering, Address Resolution, Protocol Addresses 0|
72 | Layering, Address Resolution, Protocol Addresses a
73 a
z Connectionless Serice http:/wwry. inetdaemon. com/tutorials/intemet/ip/datagrams. shiry 99 98 97 98
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APPENDIX K

SAS RESULTS UTILIZED IN CHAPTER §

The following tables and graphs were generated by SAS software, version 9.1, and

represent the complete data analysis that were summarized in Chapter 5.
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SAS 9.1 analysis of: CMLES Presentation Questions 58-61
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Q58 Q59 -
: : Cumufa@e Cumulative : Cumulative Cumulative
Q58 Frequency Percent Frequency ~ Percent ||| Q59 Frequency vPerce‘n,t : Frequency Percent
Excellent 22 27.18 22 27.16 || Exceltent 26 3210 26 3210
good 18 2222 40 49.38 |l good 19 2346 45 56.56
_no opinion 7 8.64 47 58.02 ||| no epinion - 5 6.17 50 61.73
poor 2 247 43 60.49 ||| no positive benefit 1 123 51 62.96
very good 32 39.51 81 100.00 |ff very good 30 37.04 81 100.00

aso a1

: G Cumu!ziliver Cumulative | = : : 7"Cumulative Cumulative
Q60 Frequency ‘Percent Frequency ~ Percent ||| Q61 B ‘Frequency Percent : Frequency Percent
Excellent 23 2840 23 28.40 Ex;:éfleht ' 21 25.93 21 2593
good 22 27.16 45 55.56 éood 27 3333 48 59.26
no opinion 7 864 52 64.20 (|| no opinion: 3 3.70 51 52.96
1o positive Benefit 1 123 53 6543 || poor - 1 1.23 52 54.20
poor 3 370 56 69.14 (i very good 27 3333 78 97.53
very good 25 2086 81 100.00 Vvéry poor 2 247 a1 100.00

SAS 9.1 analysis of: CMLES Content Integration Questions 62-67:

e i Cumu)éﬁ;}%é Cumulative
Q63 Frgqgency Percent Frequen"cty: : Percent
E‘x(:'ellé.nt 39 48.15 39 48.15
dad 16 1975 55 67.90
no opinion 3 370 58 71.60
very good 23 28.40 81 100.00
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e & Q65
_ ~ Cumulative Cumulative ||l .~ i G Cumulaiye C“":,“é:i’;
Q64 Frequency Percent  Frequency Percent || ShmHn Rl S ek :
= Excellent 26 3210 26 32.10
Exceilent 32 38.51 32 39.51 el
‘good 13 1605 39 48.15
good 14 17.28 46 56.79 !
g no opinion 6 7.41 45 55.56
fio opinion 2 a0 o 8040 Hl e bt 1 123 s 56.79
very good 32 3951 81 100.00 l very good ; 35 4321 81 100.00
Q66 Q67
 Comulative Cumulative || = Cumulative - Cumulative
Q66 Frequency Percent: Frequency Percent || 987 Frequency Percent ' Frequency Percent
Escatlont a4 2897 21 2897 Excellgnt 27 3333 27 3333
good- 12 1481 39 48.15
good 15 18.52 46 58.79 -
no opinion 7 8.64 46 56.79
no opinion 7 8.64 53 65.43 e
Ee no positive benefit 1 1.23 47 56.02
very good @ B = 9877 Il poor 2 247 49 60.49
very poor 1 123 81 100.00 (il very good 2 3081 81 100.00
e SAS 9.1 analysis of: CMLES Social Negotiation: Questions (9-13)

05 .

: : : _ Citnulative: ZCumillative S = : Cumuli;ﬁve Cumulaﬁe'
Q9 : : : Frequency Percent /Fn}quen(;y Percgnt Q10 i ,Fz"eq{nenc_yr ;Percen’t Frequency Percenﬁ
Almost Always 33 3882 33 38.82 ‘Almdamﬁays 12 1412 12 1412
Almost Never 4 471 37 4253 | | Atmost ueve, 6 706 18 2118
Don't Kniow - 2 23 39 45.88 Don'll(nuw 5 588 2 27.06
Often 24 2824 63 7412 || ofen 3176 50 5082
Seldom 2 235 65 76.47 824 57 67.06
”_Sometim'e‘_s 20 235 85 100.00 3204 85 100.00

, ; o

S e B ot 'chmrur'léﬁve Cn_mutlaﬁvé teaga s o Cumulali\;e Cﬁmulaﬁvé
Qi1 | Frequency Percent Frequency el pev'cém» Q | Frequency Percent Frequency  Percent
Almast Always 15 1785 15 17.65 || Almost Atways 6 1882 16 18.82
Almost Never 4 4m 19 2235 {| Almost Never 3 am 19 2235
Don't Know 1 118 20 2353 || Don't Know 4 an 23 27.08
Often 2 2824 4 5176 : . 18 2118 4 4824
'S:el&om 1M1 1204 55 6471 || Seldom 1 1204 52 61.18
Sometimes 30 3520 85 100.00 |{ Sometimes 33 3882 85 100.00




3

; 7 > émnulaﬁve Cumulative
Q13 ; Frequrencyr VP'eAfcqut VFrequency Percent
Almost Always 1 1284 1 12.94
Almost Never 3 35 14 16.47
D(')'n't ‘Know, 5 5.88 19 22.35
Often 24 28.24 43 50.59
Seldom ki 12.94 54 63.53
Someﬁmes 31 3647 85 100.00

e SAS 9.1 analysis of: CMLES Inquiry Learning Questions (14-18)
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QU : Q15
: AV - Cumulative Cumillaﬁye e = Cumulative Cumulative
Q4 Frequency Percgnt - Frequency Percent ||| Q15 , - || Frequency Percent : Frequency Percent
Almost Aﬁvays 22 25.88 22 2588 ||| Almost Always 20 2353 20 2383
Almost Never 2 235 24 28.24 Almoét Nevér 4 471 24 28.24
Don't Know - 1 118 25 29.41 [l Dont 'Kn'ow 2 235 26 30.59
Often 34 40.00 59 69.41 Often . 25 29.41 51 60.00
Seldom 3 353 62 72.94 Seldom 7 8.24 58 68.24
Sometimes 23 27.06 85 100.00 éolﬁéﬁﬁyes - 27 31.76 85 100.00
a ‘ . a7
; : . Cumulative Cumulative (I & = - Cumulative’ Cumulative
16 Frequency Percent Frequency Percent || Q47 | Frequency  Percent . Frequency Percent
MﬁIdét’Always 12 14.12 12 14.12 Ahﬁpsf Always 15 17.65 15 17.65
Afmost Never 4 471 18 18.82 || Almost Netir 5 588 20 2353
Don't Know 2 235 18 2118 || Dont know 3 383 23 27.06
Often 28 3294 46 5442 || Often . 28 3204 51 £0.00
Seldwﬁ_f 10 176 56 65.88 'sélkm.r; : 8 9.41 59 £9.41
Sometimes 20 3412 85 100.00 || Sometimes 26 3050 85 100.00
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G ."‘Cl’l‘m'uta:tir\;g; Cdmﬁ!éﬁvé
0 ‘Frequency Percent Frequency . Percent
27 3176 27 31.76
5 5.88 32 37.65
T Kne 1 118 33 38.62
Oﬁen I 20 3412 82 7204
Shilon 4 4n 66 77.65
Sometimes. 19 2235 85 100.00
e SAS 9.1 analysis of: CMLES Reflective Thinking Questions (19-23)
2 e e e
T ek el s Coniiege
Q19 Frequency Percent ~ Frequency . Percent 020 Frequency ' Percent "erquenc_.y, Percent
2 2619 22 26.19 |l Almost Always 19 2262 1 2262
6 7.4 28 3333 ;lrﬁdélﬁ;\}e}, 2 238 21 26.00
3 357 31 36.90 Db_nﬂknow‘ 2 238 23 2738
2% 3095 57 6786 || Often 2 2 38 4524 61 7262
5 59 62 7381 || Setdom 4 47 65 7738
2 2619 84 100.00 Someﬁmes 19 2262 84 100.00

Almost Always.

Almost Never

Sometimes

| Frequency |
28
2 238
2 238
31 36.90
6 7.14
15 17.86

30 3571
32 38.10
63 75.00
69 82.14
84 100.00




Q23

+ Cumulative Cumulative
Q. Frequency. Percent = Frequency Percent
Almost Always 20 23.81 20 23.81
Almost Never 2 2.38 22 26.19
Don't Know 2 238 24 28.57
Often 36 4286 60 7143
Seldom 6 7.14 66 7857
Sometimes 18 21.43 84 100.00

SAS 9.1 analysis of: CMLES Authenticity of Learning Questions (24A-27):
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Q24 Q25
: Cumulative ~Cumulative Cumulative  Cumulative
Q24 Frequency Percent  Frequency Percent ||| G25 Frequency Percent Frequency Percent
Almost Always 24 2857 2 28.57 ||| Almost Always 24 2857 24 2857
Almost Never 1 1.19 25 2976 || Almost Never 2 238 26 3095
Don't Know 1 119 26 30.95 || Don't Know 2 23 28 3333
Often 33 3820 59 70.24 10ften 35 4167 63 75.00
S . 3 357 62 73.81 | Seldom 5 595 68 80.95
Sometinies 22 2619 84 100.00 ||| Sometimes 16 1005 84 100.00

26 Q7
: Tl : ! Cumulative Cuniulaﬁve’ e Gl Cumulative Cumulative
Q26 Frequency Percent Frequency Percent (|| G27 : [Frequency Percent = Frequency  Percent
Almost Always 31 3690 31 36.90 ||| Almost Always 24 2887 24 28.57
Almost Never 1 119 32 38.10 || Almost Never 1 119 25 2076
Dgn'i'kmw_ 1 119 33 39.20 (|| Don’t Know - 3 357 28 3333
omén' : 20 3452 62 7381 || Often 31 3690 59 7024
Seldom 5 595 67 7976 ||| Seldom 3 s 62 72.81
Sometimes 17 2024 84 100.00 ||| Sometimes 2 2619 84 10000
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SAS 9.1 analysis: CMLES Complexity of the Learning Environment: Questions (28-32)

Q28 7 az9
S e in : Cumulaﬁvé VCu:mulative S : Cumulative Cumulative
- Q28 Frequency VPercent_ Frequency - Percent | | Q29 : Frequency Pg;cem Frequency Perceﬂt'
Almost Always 28 3333 28 3333 || | Atmost Always 20 3452 29 3452
Almost Never 2 2.38 30 3571 | | Atmost Never 2 238 31 36.90
Don't Know 4 476 34 40.48 Don’t Know 2 4 476 35 41.67
Oftén— 36 4286 70 8333 | || Often - : 33 23029 68 80.95
“Saldom 2 238 72 8571 | | Seldom 1 119 69 8214
Sometimes 12 14.29 84 100.00 Spmeﬁﬁ;es 15 17.86 84 100.00
Q3 v Q31
B ST ; Cumulative Cumulative ! ; ' Cumulative  Cumulative
Qi Frequency Percent Frequency Percent ||| Q31 : Frequency Percent  Frequency Percent
Almost Always 26 3095 26 30.95 || Almost Always 28 3333 28 3333
“Atmost Never’ 1 119 27 3214 'A\mosé"ﬂ}zve; 1 119 29 3452
Dan't Know 5 5.95 32 38.10 || Don't Know 4 476 33 39.29
Often 31 3690 63 7500 || Often 31 3690 64 76.19
Se[dom 5 5.85 68 80.95 Seldom = 4 476 68 80.95
qu;{,eﬁmes. , 16 1905 84 100.00 'Someénjesg = 16 1905 &4 100.00
Q32
saend e e ‘Cumu'l;a'ﬁvé; Cumulative
QS‘{ S Frgquemy_ “Percent Fréqu’ghcy : Percent
Almost Always M 4048 3 40.48
 Almost Never 1 119 35 4167
ﬁﬁén& f(now , 4 476 29 46.43
oaen ' 2% 3095 85 77.38
Sq;ldom 3 3.57 68 80.95
:V'S/o.mwm% 16 19.05 84 100.00




Ideal Learning Environment Questions:

SAS 9.1 analysis: CMLES Social Negotiation: Questions (33-37):
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Qs Q34
Cumulative Cumulative Cumulaﬁver Cumulative
Q33 Frequency  Percent Frequency Percent (Il o34 Frequency Percent = Frequency Percent
Almost Always B 4524 & 45.24 |l Almost Always 32 3810 32 38.10
Almost Never 2 238 40 4762 || Atmost Nover 2 23 - —_—
Dot Kﬁow 1 1.19 41 48.81 Il por't Know 1 119 35 4167
Often- 2 3333 69 8214 |||l Often 20 3452 64 76.19
Se*dﬁm 3 357 72 8571 | Seldom 2 238 66 7857
Somet!r?les 5 12 14.29 84 100.00 ||l Sometimes 18 21.43 84 100.00
Q35 Q36
Cumulative Cumulative Cumulative Cumulative
Q35 Frequency Percent Freguency Percent Q36 - [ Frequency . Percent Frequency Percent
Almbstmways 26 3005 26 3095 | | Almost Always 25 2076 25 29.76
Almost Never 4 476 30 3571 |||| Almost Mﬁr 4 476 29 34,52
Don't Know 1 119 a1 36.90 ||| Don't Know 1 119 30 35.71
Often 33 3029 64 76.19 | | Often 32 3810 62 7381
Seldom 1 119 65 77.38 ||| Seldom 2 238 64 76.19
Sometimes 19 2262 84 10000 | | Sometimes 20 2381 84 100.00
Q37 2
Cumulative - Cumulative
(I“ﬂ” o Frequency Percent Frequency Percent
Almost Always 30 3571 30 3571
Almnst ﬁeyer 3 357 33 39.29
Don't Know 1 119 34 40.48
Often 28 2333 62 7281
Setdom 2 238 64 76.19
Sometimes 20 2381 84 100.00




SAS 9.1 analysis: CMLES Inquiry Learning

: Questions (38-42):
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Q38 Q39

s o v Cumulative ‘Cumulative Cumbiaﬁvé Cﬁr&uiaﬁve
Q38 : Frequency - Percent. Frequency Percent ||| Q39 Frequency Percent Frequency P,erceqt
Almost Always 32 3810 32 38.10 ||| Almost Always 28 3323 28 3233
Almo;tnever ; 3 357 35 41.67 || Atmost Never 2 238 30 3571
Often - 27 3214 62 73.81 |||l Often 38 45.24 68 80.95
"Seldqm 2 238 64 76.19 sgmom 2 238 70 83.33
Sometimes - 20 2381 84 100.00 |Il Sometimes 14 1667 84 100.00

Q40 Q41
== Cumulative Cumulative Cumulative Cumuiaﬁve'
Q40 Frequency Percent Frequency Percent (| Q41 Frequency Percent Frequeng:y Percent
Almost Always 30 3571 30 3671 ||| Almost Always 24 2857 24 2857
Almase Nover 2 238 32 38.10 || Almost Never 2 23 26 30.95
Qﬂen 26 30.95 58 69.05 (|l Often 38 45.24 64 76.18
Seldolﬁ 2 2.38 60 71.43 ||| Seldom 3 3.57 67 79.76
VSometimes 24 2857 84 100.00 [l Sometimes 17 20.24 84 100.00
- Q2

: g S Cumulative Cumulative
Qaz Frequency Percent = Frequency Percent
Almostmways 39 4643 39 46.43
' A!mosl ver % 2 238 41 48.81
nontKnow . 1 119 42 50.00
Vorrteni ; : : 29 3452 71 84.52
Seldom 7 1 1.19 72 8571
Sometines 12 1429 84 100.00




SAS 9.1 analysis: CMLES Reflective Thinking: Questions (43-47):
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= ‘ Frequency Percent

A VCuin:dlaﬁveb - Cumulative
. Frequency

Percent

Frequency Percent

odu

. Cumulative
Frequency .

: Cumulative
Percent

Atmost Always
Almost Never
Often

Seldom

Sometimes.

40.48
5 595

4048

11.90

34

39

73

74

84

40.48
46.43
86.90
88.10

100.00

Almost Always

Almost Never :

Sé_ldomf .

40 47.62

Somefimes -

40

44

73

74

84

47.62

52.38

86.90

88.10

100.00

AFir,equgnjcyf i Perceﬁt

= 'CQmuﬁjﬂ,v’e
- Frequency:

- Cumulative
Percent

Almest Nover
et
Seldom

Sometimes’

Almost Always

26 30.95

5 5.95

26

31

32

61

64

84

30.95

36.90

38.10

7262

76.19

100.00

Q46

Ftequency ; Pércent

| Cumulative

‘. Frequency '

i Cumulaﬁvé
Percent

Aimost Atways
Aimost Never
Ofen
Seldom

48 57.14

2 238
21 25.00
2 2.38

11 13.10

48

50

7

73

84

57.14

59.52

84.52

86.90

100.00




SAS 9.1 analysis: CMLES Authenticity of learning: Questions (48-52):
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Q48 Q49
=5 Cumulative Cumulative S inlatve L Comtatha
s Frequency :Percent. . Fraquency Percent i 49 Frequency Percent Frequency - Percent
39 46.43 39 46.43
Mmps A Woys Almost Always 2 50 2 50.00
Almost Never 2 238 41 48.81
= Almost Never 2 238 44 52.38
Don't Know 1 119 42 50.00
T Don’t Know 2 238 46 5476
Often 27 3214 69 82.14
Seldom 3 257 72 85.71 Often 28 3333 74 88.10
Sometimes 12 1420 84 100.00 [| Sometimes 0 1100 84 100.00
o Q51
- Cumulative Cumulative Z >
Q50 Frequency Percent Frequency Percent Cumulative Cumulative
— : : Q51 Frequency Percent Frequency Percent
Almiost Always 43 51.19 43 §1.19
: Almost Always 42 5000 42 50.00
Almost Never 2 2.38 45 5357
3 2 2.38 k
Often 28 3333 73 as.0p | | Almost Never =" i
Seidbni 2 238 75 0929 Often 27 32.14 71 84.52
soﬁeﬁmes 9 10.71 84 100.00 ||| Semetimes 13 15.48 84 100.00
Q52
S Cumulative Cumulative
Q52 ; Frequency Percent Frequency Percent
Aimost Always 32 3810 32 38.10
Almost Never 2 238 34 40.48
Often : 3/ 4167 60 82.14
Seldom 3 357 72 85.71
‘Sometimes - 12 1429 04 100.00
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SAS 9.1 analysis: CMLES Complexity of the Learning Environment: Questions (53-57):

053 Wt
c s c lai e - Cumulative - Cumulative
seEo o umalative  Cumulative || ey Frequency Percent  Frequency . Percent
a53 Freguency Percent  Frequency Percent —_— ) E <
o . ’ ' Almost Always 54 6429 54 64.29
Almost Always 55 65.48 585 65.48 i
2 % ' Almo‘st:Never 2 238 56 66.67
Almost Never 2 238 57 67.86 s
: Don't Know 1 1.18 57 67.86
Don’t Know 1 1.19 58 69.05 Ofen : 20 23.81 77 91,67
Often 21 25.00 79 94.05 Seldom 2 238 79 94.05
Sometimes 5 595 84 100.00 (|| Sometimes 5 5.95 84 100.00
Qs5 Q56
: : : Cumulative Cumulative : : Cumulative  Cumulative
Q55 Frequency Percent Frequency Percent | || Q56 ; Frequency Percent  Frequency Percent
AlmostAMays 42 50.00 42 50.00 A‘lmost}ilWays 54 64.29 54 64.29
‘Almost Never 3 3.57 45 53.57 | || Almost Never 2 238 56 66.57
Don'tKnow 1 119 46 5476 | || Don't Know 1 119 57 67.86
Often 19 22.62 65 77.38 Often 20 2381 77 91.67
Seidom 4 476 69 8214 |||l Seidom 1 119 78 92,86
Sometimes 15 17.86 84 100.00 | | Sometimes 6 744 84 100.00
Qs7
7 . Cumulative Cumulative
057 : ‘Frgqqepcy ‘Percent ~ Frequency . Percent
Almost Always 51 6071 51 60.71
Almost Never 2 238 53 63.10
Don't Know 1 119 54 64.20
Often 2 2619 76 90.48
-Seldom il 119 77 91.67
Sometimes. 7 83 84 100.00




SAS Principal Component Factor Analysis with varimax rotation:

Eigenvalues of the Correlation Matrix: Total
= 24 Average =1
Eigenvalue | Difference | Proportion | Cumulative
1 | 10.2178007 | 7.1207869 || 0.4257 0.4257
2 || 3.0970138 | 1.4739909 | 0.1290 0.5548
3 | 1.6230230 | 0.0744693 | 0.0676 0.6224
4 | 1.5485537 | 0.4057710 | 0.0645 0.6869
5 | 1.1427827 | 0.3290841 | 0.0476 0.7345
6 || 0.8136985 | 0.1144313 | 0.0339 0.7685
7 | 0.6992672 | 0.0699802 | 0.0291 0.7976
8 | 0.6292870 | 0.0123330 | 0.0262 0.8238
9 | 0.6169540 | 0.0757812 | 0.0257 0.8495
10 | 0.5411727 | 0.0794129 | 0.0225 0.8721
11 || 0.4617598 | 0.0747147 | 0.0192 0.8913
12 | 0.3870451 | 0.0162638 | 0.0161 0.9074
13 | 0.3707813 | 0.0585933 | 0.0154 0.9229
14 | 0.3121880 |} 0.0248938 | 0.0130 0.9359
15 | 0.2872942 | 0.0609277 | 0.0120 0.9479
16 | 0.2263666 | 0.0284847 | 0.0094 0.9573
17 | 0.1978819 | 0.0155780 | 0.0082 0.9655
18 | 0.1823039 | 0.0113806 | 0.0076 0.9731
19 | 0.1709233 | 0.0242744 | 0.0071 0.9803
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Eigenvalues of the Correlation Matrix: Total
= 24 Average =1

Eigenvalue | Difference | Proportion | Cumulative
20 | 0.1466489 || 0.0444939 | 0.0061 0.9864
21 | 0.1021550 | 0.0161361 || 0.0043 0.9906
22 | 0.0860189 | 0.0069303 | 0.0036 0.9942
23 | 0.0790886 | 0.0190974 | 0.0033 0.9975
24 } 0.0599912 0.0025 1.0000
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of the Correlation Matrix: Total

Difference  Proportion Cumulative
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~ Eigenvalues _ on |
: : =24 Average = 1
- Elgenvalue

102178007 71207862
3.0970138  1.4738909
1.6230230 0.0744593
1.54855637  0.4057710
1.1427827  0.3280841
0.8136985  0.1144313
0.6992672  0.0699802
0.6292870  0.0123330
0.6169540 0.0757812
0.5411727  0.07941289
04617588  0.0747147
0.3870451 0.0162638
0.3707813  0.0585933
03121880  0.0248938
02872942  0.0609277
0.2263666  0.0284847
0.1978819  0.0155780
01823039  0.0113806
01708233  0.0242744
01466489  0.0444939
0.1021550  0.0161361
0.0860189  0.0069303
0.0790886  0.0190974
0.0599812

0.4257
0.1290
0.0676
0.0645
0.0476
0.0339
0.0291
0.0262
0.0257
0.0225
0.0192
0.0161
0.0154
0.0130
0.0120
0.0094
0.0082
0.0076
0.0071
0.0061
0.0043
0.0036
0.0033

0.0025

0.4257
0.5548
0.6224
0.6869
0.7345
0.7685
0.7976
0.8238
0.8495
0.8721
0.8913
0.0074
0.9229
0.9359
0.9479
0.9573
0.9655
0.9731
0.9863
0.9864
0.9906
0.5942
0.8975

1.0000
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Factor Pattern

Factort

Factor2 Factor3 Factord Factor5
Q%  Communiate with eachother 0.33220 059332 028350 008591 0.04056
010 Communiate with eachother about conduting investigations || 0.41062 058654 025168 -0.10513 0.05979
Q‘H Ask other students to explain theirideas 0.38728 065159 0.27239 0.00974 0.09094
Q12 Ask me to explain ideas 0.28954 0.76533 0.25673 0.07547 0.00775
015 Other students respond carefully o my ideas 0.35205 0.654D9 0.17809 0.16732 -0.08460
Q14 Q14 0.67924 0.31357 -0.12843 -0.15942 0.15132
Q15 Q15 0.69943 0.19330 -0.43368 -0.24410 0.01782
Q16 Q16 0.62330 0.31973 -0.43997 -0.38107 0.05642
Qi? Q17 0.69473 0.04658 -0.31267 -0.46246 -0.04111
Q18 Q18 0.73754 0.07423 -0.19233 -0.16644 0.19612
Qi3 Q19 0.62659 -0.30699 0.08240 -0.19180 0.23591
Q20 Q20 059371 -0.31008 -0.02286 0.14968 0.52654
021 Q21 0.44650 -0.14438 002034 052836 044086
Q22 Q22 0.79058 -0.12776 -0.05886 0.11362 0.16764
QZ;’»" Q23 0.75847 -0.05125 -0.06883 022799 0.28189
Q24 Q24 0.75148 -0.07107 -0.16869 039900 -0.26501
Q25 Q25 0.67816 -0.01985 -0.30110 043243 -0.29824
Q26 Q26 0.73188 -0.00309 -0.04073 032870 -0.26626
027 . Q27 0.78865 0.00926 -0.27372 0.20271 -0.28809
028 Q28 076867 -0.36979 0.37051 -D.09537 -0.04338
Q29 Q29 079681 -0.33178 034119 -0.12313 -0.02036
Q30 Q30 0.76169 -0.14323 0.12456 -0.22427 -0.25964
031 Q31 0.77467 -0.29877 037567 -0.16696 -0.16949
Q32‘ Q32 069325 -0.35339 038024 -0.14741 -0.14170
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The FACTOR Procedure
initial Factor Method: Principal Components

Plot of Factor Pattern for Factori and Factor2

Factort
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ag=A Q10=B a11=C 012=D 013=E Q14=F 016=6 Q16=H Q17=1
a18=4 019=K 020=L 021=H Q22=N 023=0 024=P 025=0 Q26=R
027=5 a28=T 029=U Q30=V 081=¥ @82=X
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Factor Analysis

The FACTOR Procedure
Rotation Method: Varimax

Orthogonal Transformation Matrix

1 £ 3 4

i

TR S

0.58699 048682 028734 046292
-0.43095 019222 0.85418 -0.02525
057968 -0.61115 042077 -0.33598
-0.30675 -0.57800 0.08232 (0.60720

-0.17823 013591 0.04744 -0.55090

0.34871

-0.198049

-0.02327

0.44113

0.80251
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fro— . 7 - —
~ Rotated Factor,Pgtrtgm ;
: ;EéVnA:'toﬂ 7 Fécton Facthri ~Factord  Factord
Q9  Communiate with eachother 0.06165 0.05258 073232 007944 (0.06654
Q10 Communiate with eachother about conduting investigations || 0.15046 0.22772 071803 -0.00606 0.02275
d11 Ask other students to explain their ideas 0.07936 0.15404 0.78768 0.02712 0.07692
Q12 Askme to explain ideas -0.04246 0.08860 085228 0.07001 -0.01710
Q13 Other students respond carefully to my ideas -D.01413 0.080068 074624 0.23482 -0.00503
Qid Q14 0.20823 0.58214 040144 016850 0.22885
i Q15 Q15 0.14582 0.78621 0.16191 0.30657 0.12232
Q16 Q16 007700 0.86171 0.23457 0.16582 0.04143
@7 Q17 0.35524 079996 0.06320 0.16732 0.00332
Q18 Q18 0.30488 061372 0.18833 0.19506 0.33093
Qi3 Q19 055742 (0.33858 -0.05402 0.02370 0.382104
: Q20 Q20 0.33181  0.22844 -0.06509 D.09116 075757
Q21 a1 0.09675 -0.06829 0.08323 0.28145 0.77070)
Q22 Q22 042142 035340 011171  0.36561 0.48702
Q23 Q23 0.31124 030527 0.17867 0.36969 (.53699
Q24 Q24 029885 0.18924 010809 079495 024342
:VQZS Q25 0.15277 0.21986 0.07699 0.84247 0.19854
1(526 Q26 0.35404 0.15446 0.20826 0.69887 0.18814
| QZ? Q27 028994 039716 0.12468 073906 0.13813
styr Q28 0.86665 0.12592 0.05003 0.20668 0.25579
Q29 _. Q29 0.85287 0.18401 0.07678 0.19905 (.26498
Q30 - Q30 0.68739 0.36149 011580 032122 -0.01621
Q31 axn 0.88535 016357 010200 0.23193  0.11091
Q32 Q32 085808 0.09701 004121 018728 0.12382

i \‘fariavncei Explaiﬂgﬂ"ﬁ*j ,E"ach ,Faétbr

 Factort  Factor? Factord Factord Factors

4 8474271

3.6806252 3.4063558 3.2925432 24022225




214

Factor Loading (Questions 1 — 24 [Survey Monkey Q9 — Q32])

a9 Qto oo - Q1 -Q13 Q14 Q15 Q16 Q17 Qs Qis Q20 ~Qzt Q2

0.55360266 0.59081107 0.65712300 0.74123115 061865010 0.52449884 077454695 0.83271045 079813498 0.65263660 058608591 0.74880968 0.59413794 0.68582164

Q23 Q4 o Q2% Q. Qs Q9 - QI Q31 Q2

0.70320661 0.82800572 0.82690441 0.71639594 0.82264212 0.87585924 0.87697478 0.73390771 0.88709923 0.79957698

Factor Analysis

The FACTOR Procedure
Rotation Method: Varimax

Plot of Factor Pattern for Factorl and Factor2

Factor1
1

8 W
XTu

M1 c H

-1 -.9-.8-.7-.6-.5-.4-.3-.2-.1 0 E1 .2 .8 .4 .6 .6 .7 .8 .9 1.0

NS oM O R ™M

Qa9=A 010=B Q11=C Q12=D Q18=E Q14=F Q16=6 Q016=H Q17=1
Q18=J Qa19=K Q20=L Q21=M Q22=N 023=0 024=P 026=8 Q28=R
027=5 028=T 029=U Q30=V Qs1=W Q32=X
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Current Class

F y d
Factor Analysis
The CORR Procedure
o : . Simple Statisties :
Variabie | N Mean SidDev  Sum Minimum Maximum Label
a9 BE 3IBITEE 118734 3332.00000 0 5.00000 Communiate with eschaothes
Q1o S B5 320000 132557 27200000 0 £.00000 Communiate with eachomer abowut conduling investigabons
VQF1"I ; BE  Z3ITE4T 113365 87 0ODDO 0 500000  Askolher students 1o explain thelr ideas
Q12 85 324TDE 127154 276.00000 0 500000 Askme o explain (deas
4 Qu CE 85 318471 126158 260 00000 0 500000  Other students respond carefully to my ideas
o1 85 380000 102120 32300000 o 500000 014
Q13 B5 3B1765 121118 25500000 0 500000 QIS
Q’IS 85 332041 114838 28300000 (4] 5.00000 Q18
at7 les asezes 125077 28500000 o s00000 G17
Qg B85 377847 148500 22100000 Q 500000 Qg
‘ Q197 85 348235 13TETE 20600000 0 500000 Q18
Q20 4 85 368472 115494 314 D000 0 500000 G20
- Q21 85 3600DD 114542 205 0D0DO 0 £.00000 0
b Q22 - 85 280000 124212 32300000 0 500000 Q22
‘QZS 8BS 367055 118812 21200000 0 £.00000 Q23
: §BE 2E2IBF  10TI01 32500000 0 _5 0oooa 034
85 376471 1.20166 320.00000 0 5.00000 Q25
85 3.91765 1.13611 333.00000 0 5.00000 Q26
85 372841 121878 317.00000 0 5.00000 Q27
85 388235 1.27626 330.00000 0 5.00000 Q28
= 85 3.88235 1.27626 330.00000 0 5.00000 Q29
|85 3268235 137332 313.00000 0 5.00000 Q30
85 377647 131273 321.00000 0 500000 Q31
85 3.87059 1.33442 329.00000 0 5.00000 Q32
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Cronbach_ Coefficient Alpha with Deleted Variable : '

: Raw Variables Standardized Variables
belefed ‘Cor?elé?ifon Coﬁe!ation e >
Variable || with Total  Alpha > with Total Alpha Label ~
Q9 0.600578 0.826393 0.601346 0.828181 Communiate with eachother
Qjo 0.518272 0.823331 0617743 0.823862 Communiate with eachother about conduting investigations
Q11 0.674818 0.808342 0.675460 0.808388 Ask other students to explain their ideas
Q12 0.733041 0.790165 0732475 0.792682 Askme to explainideas
Q13 0.638368 0.816495 0.640290 0.817867 Other studentis respond carefully to my ideas
Cronbach Coefficient Alpha with Deleted Variable
Raw Variables Standardized Variables
Deleted | Correlation Correlation =
Variable || with Total Alpha with Total ‘ Alpha  Label
Qs 0.600578 0.826393 0601346 0.828181 Communiate with eachother
Q14 0.688899 0.852099 0.692033 0.853063 Q14
Q24 0.689637 0.917662 0.692381 0918742 Q24 "
Q19 0.314926 0.870643 0.317887 0.8723075 Q19
Qz8 0.704790 0931315 0697123 0832104 Q28 |




Pearson s Correlation Coefﬁc1ents
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eachother
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Commuiate | <0001 <01 <O <O 002 OMZ 002 OONE OOV 020 OZW 0T O 0016 010 OIS 00267 00183 01572 00937 00122 00282 00246
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eachother -
investigations
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Askomer | <ot <o <001 <001 <G00 00026 00M4 00172 00106 0SGQ 04672 01853 01335 0020 00%7 02156 0085 OIS 00881 00614 00402 01216 03844
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Ideal Class

Variance 'Explaineﬁ by Each Factor

Factorl  Factor2 szétbﬁ Factor4 Factor5

4.8043819 42477777 41641438 37135347 3.3019461

Final Communaliﬁ Estimates: Total = 20.231784
an Qu Q35 Q36 Q¥ - Q38 a3 Qo odt Q42 Qi3 Q44 Q45 Q46 Q47

0.85754153 0.87786925 0.83176740 0.82671528 0.78900201 0.80641776 0.85184794 0.83841927 0.84302474 0.64794439 081801613 082171537 073795842 079381035 0.81819542

Q8 Qa9 Q50 Qs1 Q52 Qs3 Qs4 Q55 - . Q56 Qs7

0.80863768 0.74199018 0.76705351 0.72844342 0.80617153 0.93205253 0.91694810 0.59481743 0.93677947 0.82684503




Initial Factor Method: Principal Componenis

Prior Communality Estimates: ONE

Factor Analysis

The FACTOR Procedure

Eigenvalues of the Correlation Matrix: Total

=25 Average = 1

o Eige'nvalue Differenée: Proportion Cumulaﬁvg

‘i 14.8709264 12.9844480 D.5988 0.5958

2 1.9864774  0.5435588 0.0785 0.6783

3 1.4429186 0.4588879 0.0577 0.7360
4 09840307  0.1365998 0.0394 0.7754
5 0.8474309 01347022 0.0339 0.8083
6 0.7127288  0.1818661 0.0285 0.8378

T 0.5308627  0.0843840 0.0212 0.8580
8 0.4464787 0.0740076 0.0179 0.8769
9 03724710  0.0357203 0.0149 0.8918
'io 0.3367508  0.0192633 0.0135 0.8052
11 0.3174875  0.0512729 0.0127 0.8179
12 0.2662146  0.0230132 0.0106 0.9286
| ‘13 : 02432014  0.0165885 0.0097 0.9383
14 02266028  0.0249514 0.0094 0.9474
15 0.2016415 0.0020837 0.0081 0.9554
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16
17
18
19
20
21

23
24
25

0.1995578

0.1690727

0.1626631

0.1354163

0.1209763

0.0817445

0.0773595

0.0728034

0.0512922

0.0428903

0.0304851

0.0064096

0.0272458

0.0144400

0.0392317

0.0043851

0.0045560

0.0215112

0.0084019

0.0080

0.0068

0.0085

0.0054

0.0048

0.0033

0.0031

0.0029

0.0021

0.0017

0.9634

0.9702

0.9767

0.9821

0.9870

0.9902

0.9933

0.9962

0.9983

1.0000
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221

N

Mean

Std Dev

Simple Statistics

Véfiablé" Sum ,Mf,qimum; Max:mum
Q33 |85 407058 115252 346.00000 0 500000 °
Q34  les 395204 113200 336.00000 0 500000 °
Q35- 85 382353 116677 32500000 0 500000 °
0357". 85 377647 1.17895 321.00000 0 500000 °
Q'377_7 85 3.87050 1.17200 320.00000 0 500000 °
Q38 85 3.04118 1.10575 335.00000 0  5.00000 °
039 85 4.00000 1.00000 240.00000 0 500000 °
Qa0 85 300588 1.06484 332.00000 0 500000 °
Qa1 85 3.89412 1.01211 331.00000 0 500000 °
(m |85 412041 111043 351.00000 0 500000 °
43 85 4.03529 1.13858 343.00000 0 500000 °
044 |85 414118 111433 352.00000 0 500000 °
Q45 |85 372041 123817 317.00000 0 500000 °
ms 85 427059 106221 363.00000 0 500000 °
047 85 412041 1.17299 351.00000 0 500000 °
ma 85 4.08235 115688 347.00000 0 5.00000
Q49 |85 416471 1417350 354.00000 0 500000 °
QSi) 85 423520 1.03103 360.00000 0 500000 °
85 4.27059 0.94350 363.00000 0 500000 °
| 85 404706 103402 344.00000 0 500000 °
Q5 , 85 442353 106208 376.00000 0 500000 °
Q54 85 436471 112172 371.00000 0 500000 °
Q55 (|85 407058 121291 346.00000 0 5.00000 °
056 - |1 85 440000 1.07127 374.00000 0 5.00000 °
QS] [ 85 432041 110613 368.00000 0 500000 'FormatQ33-Q57 LIKERT




Cronbach Coefficient Alpha with Deleted Variable

Raw Variables Standardized Vaﬁables
Deleted | Correlation Correlation :
Variable | with Total  Alpha with Total Alpha Label
QB 0.869817 0928462 0.870613 0.928678
I Q34 0.859144 (.883694 0.858008 0.882719
Q39 0.849311 0.869901 0.852392 0.872579
‘ QJMV 0.832704 0.850978 0.830889  0.855b46
: 0.910556 0.886928 0.8915511 0.881807 °

o
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