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Abstract

ABSTRACT OF THESIS submitted by Agil Hossin for tbegree of Master of Philosophy
and entitled “eLearning and Learning Styles: Impeatng and Evaluation of Learning
Sequence Method” in the Department of Computing laformatics (School of Science and
Technology) in April 2008.

This research began by accepting that differenplegelearn differently from one another;
have different learning styles, strengths and pesiees in the ways they take in and
process information. The research reported hers aslether, in Higher Education, and
using new online technologies, the learning proazss be enhanced by matching it to
student learning style. To test this hypothesischdoof eLearning material to support
different learning activities was created for, atwlivered to, students on tl@mputer
Technology Module of a first year of a degree inmpater Technology. The author
employed Honey and Mumford's (1986) classificatjcersd each student participating in
the research was characterised as having one pidatning styles; Activist, Pragmatist,
Reflector or Theorist. The material was designedhst the blocks could be delivered in
four different sequences, each sequence in whelblibcks was presented matched one of
the learning styles. All students were tested tal#ish their learning style so that there was
control of whether or not they were allocated tgraup where order of delivery matched
learning style. At the end of the course a Pogtassessed progress achieved, and student
guestionnaires evaluated attitudes towards then@mourse material and other aspects of
the course. Three separate experiments were cauted

The first was to evaluate the methodology andttesipractical arrangements. The lessons
learned were incorporated into the two subsequedranents.

The second experiment showed that those studerdsfollowed the course material in a
sequence that matched their learning styles; (a¢ wignificantly more confident they had
understood the course material, (b) expressed fisignily more interest in the course
material, (c) felt significantly more comfortabletivthe course material, and (d) performed
significantly better in the end of course testntkal those student whose learning style did
not match the sequence in which the material whgeded to them.

The third experiment was intended to repeat thersk@xperiment with an even larger
number of students. Unfortunately, so many faied¢dmplete the questionnaires that the
only conclusions obtained were those that confirfiadings (a), (b) and (c), for the
second experiment.

The result of this research which are generallyiegiple:
Experiment one, confirmed by the two following enpents, showed that it is possible to
deliver learning content in different sequencesi&ich different learning styles.
All significant results suggest that where the oidevhich the material presented matched
student learning style, the students were moreident with, expressed greater interest in,
and were more comfortable with the course material.
Significantly higher Post-test marks were obtaingdere learning sequence matched
learning style.The findings support the proposittbat learning styles, and the order in
which learning material is presented, can havefgignt effect on learning outcomes.
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Chapter One Background

Chapter One

Background

1.1 Introduction.

New inventions in information technologies (IT) eagnabled qualitatively new types
of developments in interpersonal communication ciwhhave revolutionised both
traditional face-to-face, and distance educatioomputer mediated learning in all
formats, from Computer Assisted Learning (CAL)oilngh Computer Based Instruction
(CBI) to the emerging Web Based Learning (WBL), hasome common-place in most

education institutions (Allen and Seaman, 2006).

The integration of information and telecommunicatiechnologies has supported the
development of distance learning by providing ascts learning sources for most
individuals at any time, in almost any place (Fianknd Peat, 2001). Zapalska and
Brozik have recently suggested that by providing thany types of communication
facilities necessary to support collaborative atég, WBL is the future of all types of
distance learning (Zapalska and Brozik, 2007). Asmunication technology now
plays such an important and increasingly pervasie in society it is essential that
academic researchers extend their investigatiotts the effectiveness of using web
based technologies as instructional tools. The Welides both the medium and the
educational environment; tleglucators design the learning experience by piregpanie
educational material, deciding on the pedagogiggir@ach, outlining the learning
objectives of the course and how these are fulfillend supports the learners; lastly,
learners are mainly responsible for planning, ¢agyut and evaluating their own
learning (Hall and Moseley, 2005; Villaverde, etz006 ).

Personalization in an educational context needstaio understanding of the learner as
well as of the tasks that are important to learniftlgus, the design of the learner model

and the instructional model adopted, strongly ierfice the system’s adaptation (Hall
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and Moseley, 2005; Villaverde, et al. 2006 ). Téerner model should represent those
discriminative characteristics of the learner whieim be proven relevant to learning in
a particular educational environment, such as pkoowledge of the domain,
experience, learning preferences, learning/cognsiyle, etc., (Campbell and Oblinger
2007)

Studies in this area have confirmed that not omyeducation technologies have the
potential to enhance student learning, but devedpsin instruction technology have
already required educators to re-evaluate teachiethods, with one of the most
important, and on-going, questions being whether dbsigns of web-based learning
environments are taking maximum advantage of thmoxpnities offered (Allen and
Seaman 2006; Krichen, 2007). Exploration of threl asimilar issues will help
educators to make better decisions on how to impier/BL in its most effective form
(Villaverde et al. 2006).

Research is recommended into adaptive presentagohniques, where multiple
representations of educational material, each @ig an alternative instructional
strategy for the same concepts and each focusing different perspective of the
concept, are combined in different sequences. his way, specific instructional
strategies can be tailored to different learnindest (Zapalska and Brozik, 2006). This
study is aimed to evaluate the effectiveness sfdpproach. The research asks whether,
using new online technologies, learning in HE canebhanced by matching student
learning style with the order in which the compadnparts of the educational material
comprising a first year module is presented to th@&he elLearning material which
supports the module has been designed for diffdearhing activities structured to
match the four learning styles identified by Hormey Mumford (1986).

In the face of the widespread availability of relet technology, it has been realised
that there has been little change in higher edoigatihich makes learning really fun,
where the student can make errors or fail withbatrisk of being seen as inefficient or
ineffective (Garrison and Anderson, 2003; Rogef7)9It has also been reported that
in order to take advantage of the growth of therimet more effort needs to be put into
recognising further progress in the use of techmlto support lifelong education

(Garrison and Anderson, 2003; Roger, 1997). Giensignificance of training and
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education, specialists in the field (Clark, 2001jllé4 et al., 2003; Roger, 2002)
recommend that research must be conducted to igaesbnline learning to help it be
more effective and boost its quality. The needsfmeh research is demonstrated by the
results of a survey conducted by the European ih@iviillage, concerning the teaching
of five European languages, which showed that petrtee-fifths (61%) of all
respondents rated the current status of eLearrsnigeang of only fair or poor quality
(Massy, 2002).

There are, of course many other avenues of reseaghred, and the literature
concerning elLearning has illustrated, for examghe, need for a knowledge of, or
familiarity with, cognitive psychology to establish theoretical basis for web-based
instructional design which eases the gap between btudents learn and how
instructors teach (Alexander and Boud, 2001; Cl20Q1; Stephenson, 2001). This
research project, however, restricts itself to gtigating the use of online technology to
enhance student learning by matching student legrsiyle to the order in which the

appropriately designed elements of a first year utedre presented.

1.2 The Aims of the Research.

The author employed learning styles theory to deite® whether it is possible to use
new online technologies in higher education to wwprand enhance student learning,
and the research reported here was designed tesabseeffectiveness of matching the
order of the delivery of material to the user’srigag style as defined by Honey and
Mumford. In this initial experiment, material waeated for one topic, Logic Circuits,
in the first year

The researcher created an online experiment inhwthe same specially designed
course material was presented to sequence selgate@s of students in a different
order. The research question was to find whethgr @nrelation existedoetween
student learning styles and the order in which ¢benponent parts of the course

material was presented to them.
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1.3 The Research Objectives.

The objectives of the research were:

1. To determine whether the same learning materiabeastructured and delivered
in forms matching the different learning stylestué students.

2. To determine whether by changing the sequence lnfedg of the elements of
the learning material, it can be made to matclecsffit learning styles.

3. To determine what advantage(s) are gained fromgusiififerent learning
sequences in the learning process.

4. To investigate whether the Honey and Mumford leagnmodel offers a
satisfactory practical model of a real learningisument that enables increased

interactivity in the given online course module.

1.4 Hypotheses

Four hypotheses have been formulated to defingabearch question more precisely

and clarify the particular variables to be investeyl:

Hypothesisl: Matching a studeid learning style to the sequence in which the seur
material is delivered will have a significant effen the student’s test score or on their
appreciation of the course. Null hypothesis: Theitebe no significant difference
between the mean scores for matched and non-mastin@ehts in their level of
knowledge either before beginning or after comptethe online course, nor in the Pre-
and Post-test marks obtained.

Hypothesis 2:Matching a student’s learning style to the seqaanawhich the course
material is delivered will have a significant effemn the student’s confidence, interest
and comfort levels. Null hypothesis: there will be significant difference in student
ranking of preferred learning sequence.

Hypothesis 3:Matching a student’s learning style to the seqaanaowhich the course
material is delivered will offers an equal balamédearning opportunity to all students
no matter what their learning style. Null hypotisesihere will be no significant
difference in the performance of students withedght learning styles, as measured by
their achievement in any of the assessments (studeking their level of knowledge

after completing the online course, and Post-EsEs).



Chapter One Background

Hypothesis 4 It is expected that students with different leagnstyles will differ in
their confidence with the course material, theueleof interest in the course, and their
comfort level when using different learning sequend\ull hypothesis: there will be no
significant difference in student ranking of preéel learning sequence according to
learning style.
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Chapter Two

Literature Review

2.1 Introduction

This chapter reviews the background and approathd&istance Learning (DL).The
chapter also considers the literature on learriegny to establish a framework for the

research.

2.2 Distance Learning.

Distance Learning (DL) has passed through manyemfft forms, including; books,
radio and TV broadcasts, both video and audio tapessatellite conferencing. More
recently DL has been seen predominantly as empjogamputer technology as a tool
that can provide additional support to learningcesses. The involvement of Computer
Technology Aided/Assisted/Supported Learning (Cedrpeted the use of the computer
to deliver learning material on, e.g., a floppykdi® be used by the learner on a
computer in his/her own time. Today, there has lzeshift to what is often called Web-
Based Education/Instruction/Teaching/Learning (WB&hich uses the Internet to
deliver the learning material in a faster, morexiftde and more accessible learning
process. WBE is centred on computer and teleconuation technology to distribute
the educational material to a broader audienced{@av, 2001). These developments
have led many education authorities around the dvtwl investment huge sums of
money in adding these new technologies to theip@shand colleges as important

learning tools.
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2.3 Learning Technology.

Learning technology has been developed with thentidn of helping people learn,
whether in a classroom or at a distance. The anmeyndéferent forms of learning
technology ranging from books, broadcasts, videpeda to satellite broadcast
conferences and, more recently, using computemtdoby as a tool to provide core
support to the learning process. For example, coengechnology in education has
passed through several development stages variodalyelled Computer
Aided/Assisted/Support, as in, for example, Compudteled Learning (CAL) which
aimed at using the computer to deliver the learnmagerial via floppy disks or CDs that
could be viewed by the learner on a computer ithbrsown time. The widespread
availability of computer and telecommunication tealogies enables the distribution of
educational material world-wide, faster than evefobe, with much greater flexibility,
and with greater accessibility to the learning pss; so much so that today there is a
shift towards what is called Web-Based Educatiatfiction/ Teaching/Learning
(WBE) or what is called eLearning which uses Inétanand the Internet to deliver
learning material. eLearning has grown on the bafcthe emergence of the Internet,
using its facilities to organise learning activgtien a world-wide basis and have tended

to refer to the use of web technologies for acadexducation.

2.4 Computer Aided Learning.

Sidman, and Jones (2007) and have all suggestédhdgoroblem which faces the
traditional teacher; that his or her class mayudel individuals with a variety of
learning styles, which may require the deliveryddferent material to the different
students, can be resolved by CAL. However thigeaps a costly option as, at first
sight, it involves multiple versions of learning t@@al to cover the same subject matter
in different ways. Additionally, the controversyasvthe application and effectiveness

of learning styles to conventional teaching appjyadly to CAL.

A suggestion which would reduce the cost and tatdi the introduction of such
schemes has been suggested by a number of authdrgjing Stash and De Bra
(2004), Stash et al 2004, and Liegle and Janick®0§). The proposal is that CAL
systems can respond to user learning styles byatlmg) the order in which the same
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material is presented to the student. In partigUPapanikolaou et al (2001) describe
how the INSPIRE system can be used to present ialatierActivists or Reflectors, as

defined by Honey and Mumford, in a way that stattshe most appropriate point in
their learning cycle. Stash, Cristea and De B@04) propose that their adaptive
hypermedia system, AHA!, could also be used togmematerial to students who are
identified as either Reflectors or Activists, aatog to the Honey and Mumford

learning style model (Honey and Mumford 1992), mader that most appropriately
reflected their learning style. However it has heen possible to find reports of

experiments which have assessed the effectiverdss approach.

2.5 eLearning.

eLearning is an educational environment in whidrrers and educators are able to
perform classroom-like tasks: the Web provides redium and accommodates the
educational environment; the educators designgaming experience by preparing the
educational material, deciding on the pedagogiggir@ach, outlining the learning

objectives of the course and how these are fulfjliend support the learners; lastly,

learners are mainly responsible to plan, carryamat evaluate their own learning.

The so-called elLearning model uses communicatichn@ogies and media from
previous generations (e.g. audio and video) to takeantage of the capacity for both
asynchronous and synchronous human interactions ganeration of learning

technology is a flexible learning model and usderactive multimedia, internet based
access to www resources, and CMC (Computer-Medi@mamunication) (Garrison

and Anderson, 2003).

The use of interactive information and communiagatiechnologies is how thoroughly
ingrained in higher education, but their role imst@antly changing, and deepening. The
complexity of the interactions between such tecbgiels, people and higher education
needs to be better understood to give course desigore solid foundation. Without
exception, effective online learning programs stideggin with careful planning and a

focused understanding of course requirements asitdroplications.
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On the other hand, pedagogy greatly affects thizigctlesign; an activity based on
information transmission theories of teaching willesent didactic content in an
organised, building-block fashion, while a trulynstructivist activity will consider
previous knowledge, experiences, and conceptiotiseolearners and find ways to help
them assimilate and accommodate new concepts. €dmaimg method should aim to
build a constructivist learning environment whezarhers can arrange their knowledge
and the instructors will act as facilitator (Sidmaand Jones, 2007). Many
educationalists, (for example, Alexander and Baz@)l; Garrison and Anderson,
2003), stress the urgent need for a theoreticaidation, based in cognitive psychology
if technology based instructional design is it Enéfit to the full from the potential
facilities and services that technology offers.

2.6 What is Learning?

Human nature contains implicit motivation to ledvow to do things not previously
done. This basic attitude enables humanity to légripractice from the beginning of
life, for example, to move things, to sit, to statmtalk. Accordingly, learning can be
defined as implicit activity that human beings unalke to gain progress to be able to
do things, to do things better, or to do thingdifferent ways, in order to make a
change in the current situation (Kolb, 1984; Knasy[£990).
There is no agreed standard definition of learnihgre are two other author’s
definitions:
“learning is a change in human disposition or cdjpgbwhich can be retained and
which is not simple ascribable to the process ofun” (Gagne, 1965:5)

“learning is the process by which an activity amafes or is changed through

reacting to an encountered situation, providing¢haracteristics of the change in

activity can not be explained on the basis of matesponse tendencies, maturation,
or temporary states of the organism” (Hilgard amavBr, 1966:2)

2.7 Learning Styles.

The first problem is how to categorize learningfaténces because there is no
universally agreed meaning of what a learning siylalespite the frequent use of the
term 'learning styles' in the literature. For epsanCoffield et al (2004) have identified

9
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71 models of learning styles and suggest thereomsiderable confusion over the
reliability and applicability of these models. Otheesearchers question whether
learning styles are fixed for individuals or whethbey vary in time and context.

Pheiffer et al (2005) have analysed some of thenw@ntroversies in this area, have
discussed the matching versus mismatching debatdoaind that some definitions of

learning styles theory suggests that learning bellmost effective when the teaching
matches the student's learning style. This is atp@ by some empirical evidence
(Dunn 1993), but is disputed by others (Coffielcae2004). They also point out that
even if this is true there are the practical protdeof preparing appropriate material for

a class that may contain students with a variestyés.

The work by Honey and Mumford is widely recognisaad proposes four learning

styles, Activist, Pragmatist, Theorist and Reflectadaptive hypermedia systems have
been used in this research work to allow variogesyof learning material, related to
the different stages of the Kolb learn cycle, toppesented to students with different
learning styles in different orders. Such an apghmoaill test the Learning and Skills

Research Centre report that no evidence was foynedearchers of the pedagogical
impact of the Honey and Mumford learning style md@mffield et al 2004;35)

"The concept of learning styles is rooted in thassification of psychological types"
(Villaverde et al. 2006), so students would be eige to differ in their strengths and
preferences of how they take in and process infbomasome prefer to work with
"hard facts", while others are more at ease wiitrabtions. Some students like to learn
by experimenting, others by observing what happans, yet others by a process of
analysis. Honey, and many previous workers, havalysed and classified these

differences as different styles of the learningcpss (Honey and Mumford,1992).

There is a growing body of theoretical and empirrezearch in the UK, the US and
Western Europe on learning styles. This beganaretirly years of the 20th century and
is still producing ideas and an ever proliferatmgnber of instruments. Unfortunately,
the term ‘learning styles’ has no single definitimmd in much of the literature is used
loosely and often interchangeably with terms suehhanking styles’, ‘cognitive styles’
and ‘learning modalities’. Possibly because, ag®€&005) has pointed out, research in
the field of learning styles is conflicting anderitmethodologically flawed.

10
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Learning style (LS) has been investigated by manlyas, here are three definitions:

“A learning style refers to the way in which indluals acquire and use
information.” (Karuppan, 200140).

“People learn in different ways. These differendepend on many things: who
we are, where we are, how we see ourselves, antipgbale ask us ... We hover
near different places on a continuum. And our hioverplace is our most
comfortable place.(McCarthy, 1980:3-4).

“The term learning styles is used as a descriptdrihe attitudes and behaviors
that determine our preferred way of learninfioney and Mumford,1992:3).
Assessing students’ learning styles provides anreavess of their particular
preferences, which can then be used to design,lajgvand deliver educational
resources to maximally motivate and stimulate theguisition of subject matter in an
attempt to individualize instruction (Wang. et a006). Under-standing individual
learning styles can improve the planning, productend implementing of educational
experiences, so that they are more appropriatetypatible with students’ desires in

order to enhance learning, retention, and retrigkathen, 2007).

2.7.1 Supporting Different Learning Styles.

The ultimate aim of determining the learner’s indial learning style is to facilitate
personalisation of the learning content. There b@sn much research into learning
style in the classical (face to face) educatioedtirsy, but there has been considerably
less research on learning styles in the new educatispace of eLearning. Given the
importance of training and education, it is strgngtcommended by a number of
eminent educationalists that more research needsetandertaken if high quality
eLearning environments are to be developed (KricB007; Kttanurak, 2001). Stash
et al (2004) have specifically identified the neextated by the rapid and all-pervasive
development of the world-wide web, for more reskeanto the application of eLearning
styles' space on the grounds that:

% Students will learn better when using preferennashich they're successful

% Students will be better learners when they canmXplaeir preferences
Such research should include means of identifinadiod self identification of learning
styles since, argues Honey, "We can also confirat pgeople are helped to be more
effective learners if they are aware of their téag styles” (Honey and Mumford,
19926).

11
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2.8 Honey and Mumford Learning Style Model.

Honey and Mumford developed their learning stylestesn as a variation on the Kolb
model, while working on a project for the Chlori@®rporation in the 1970’s. Honey
and Mumford say of their system: "Our descriptidrtlee stages in the learning cycle
originated from the work of David Kolb. Kolb uses#ferent words to describe the
stages of the learning cycle and four learningestyland the "similarities between the
Kolb model and Honey and Mumford are greater thHan differences” (Honey and
Mumford, 1992:4).

Kolb (1984) saw learning as a process that requiiferent styles of activity at
different stages of the process. He proposes adiage cycle comprising of concrete
experience, reflection on the experience, abstrembceptualisation and active
experimentation. Effective learning then consigtproceeding round the cycle. Honey
and Mumford (1986) developed a learning style qaestire which identifies an
individual's relative strengths in the various st&a@f the cycle and then labels the
learner as an Activist, Reflector, Theorist or Pnatjst, depending on the stage in
which he/she is strongest.

However, because these views suggest that leashertdd complete all four stages of
the cycle, the meaning of matching or mismatchivgrhaterial to the student becomes
less clear.

Following Honey and Mumford (1992) the four stagéthe Kolb cycle are:

* Having an experience: the two types of experieres can have are reactive
(letting the experience come to you) and proac{oeliberately seeking the
experience). Opportunities to learn from expereare greatly increased if the
normal things that happen to us are supplemente@xtnga experiences we
create.

* Reviewing the experience: if one is to learn fromexperience it is vital to
review what has happened.

* Concluding from the experience: this involves s@agrihe raw material from
the review for conclusions, answers or lessonséshr

* Planning the next step: planning involves transtatsome of the conclusions

into a form where they can be put into action.

12



Chapter Two Literature Review

In the learning cycle according to Honey and Mumifaree Figure 2.1, the learner can
start anywhere, not necessarily at Stage 1, beczade stage feeds cyclically into the
next. For example, an individual could start a&g8t2 by acquiring some information
and think about it before reaching some conclusairStage 3 and then decide how to

apply this knowledge at Stage 4. (Honey and Mumfb@®2:4)

A particular learning style is associated with eatkhe stages identified in Figure 2.1,
as shown in Figure 2.ZThe four learning styles identified are Activifgeflector,
Theorist and Pragmatist (Honey and Mumford, 19%):5These learning styles are

briefly described below.
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Stage 1
Having an
experience.

Stage 4
Planning the Stage 2
next step: Rewevv_mg the
experience

Stage 3
Concluding from
the experience.

Figure 2.1: The Honey and Mumford learning cycle (bney and Mumford, 1992)

Activist

Pragmatist @

Reflector

Theorist <\_J

Figure 2.2:The Honey and Mumford learning styles (loney and Mumford, 1992)
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Activists:

Honey and Mumford. (2000:11) describe this grougebple as follows: Activists
involve themselves fully and without bias in nepeeences. Their philosophy is I will
try anything once. Their days are filled with attry and they tend to act first,
considering the consequences ldteActivists enjoy being at the centre of attentand
seek to focus activities around themselvesThey get easily bored, and once the
excitement of an activity has died down will beybleoking for the next challenge
(Honey and Mumford 2000:11).

Reflectors:

Honey and Mumford. (2000) refer to Reflectors amdpekeen on standing back and
deliberating about experiences from many diffeparspectives. They like to have all
information available about a problem or subjecttBey can chew it over and come to
a conclusion in their own time. They tend to adopdw profile, taking a back seat in
meetings, preferring to listen carefully to othepsiints of view before making their
own’. (Honey and Mumford 2000:11)

Theorists:

According to Honey and Mumford. (2000:11), Thewri§ta]dapt their observations
and experiences into complex but logically sourebties. They use logical step-by-
step processes to solve problem. They tend to ecpenists who do not rest until
things fit into a rational scheme, and reject amythwhich does not. They will ask
questions like: How does this fit with that? andatvare the basic assumptions? They
tend to be detached, analytical and objective, ategkr away from anything which is
subjective or ambiguous

Pragmatists:

Pragmatists are most interested in trying out rdeas, theories and techniques to check
whether they work in practice (Honey and Mumfor@D@). They positively seek new
ideas and take the first opportunity to experimeith applications; their philosophy is
that there is always a better way, and if it woitkés good (Honey and Mumford
2000:11).
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2.9 Previous Work on Learning Styles .

Wang et al (2006) have suggest that many CAL cobese been designed to focus
more on delivery rather than content, and this ¢rasted a credibility gap between
academics who feel they have created excellentsesuaind the students who feel the

courses do not deliver the expected subject matter.

On the other hand, (Wang., et al, 2006) argueshthalesigning a course in a way that
takes into account the learning styles of studenis,possible to generate two benefits:
improvement in student response to the material, simultaneously help students
become better learners. Continuing this theme B&gravic et al (2003:10) contend that
“the learning outcome can be improved if desigrfénypermedia courseware provides
a different sequence and presentation of matesi@ctommodate individual learning

style difference.”

Only a few systems that attempt to adapt to legrrstyles have been developed,
however, and these have been based an differerglsnodlearning styles. It is not clear
which model will provide the best design of leagnimaterial, and even if a specific
model is chosen it is still not clear how the mialeshould be constructed to correspond

to the model (Paredes and Rodriguez, 2002).
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System Learning styles model

System to teach (GCSE) geogragtielder and Soloman learning styles
course, (Bajraktarevic et al, 2003). | model.

CS383 system, (Carver et al, 1996). Felder-Silvartearning styles model.
System to teach HTML, (Nigel et glField-dependent (FD) and Field-

2001). independent (FI) style.
AHA system, (Stash et al, 2004). Honey and Mumford learninglesty
model.

Table 2.1 Some of learning styles incorporated intonline systems

Case 1 Bajraktarevic et al (2003) created a system thatde®n used to teach GCSE
geography. The learning styles were assessed uksmgndex of Learning Styles
Questionnaire developed by Felder and Soloman {200@ core of the study was that
it sought to explore the relationship between matgtand mismatching of learning
style preference in hypermedia material. It useecated "global and sequential
learning styles” where individuals with a globahieing style are classified as holistic,
system thinkers, learning in large leaps, and iddi@ls with a sequential learning style
are classified as linear, orderly and learn in $nmaremental steps. The population
consisted of 21 students. Where nine had a seali@nil twelve had a global learning
style. The approach of the research was to designdifferent formats for the taught
material. For students with a preference for theba learning style, the pages
comprised elements such as tables of contents, atyramd overview of information.
But for students with a preference for the segaéigarning style, the pages contained

small chunk of information, text-only with ‘forwdiand back’ buttons.

Summary of results: The research showed all stsdacdhieved significantly higher
scores if the sequence of presentation of the mat@atched the individual learning

style.

Case 2 Carver et al (1996) created a Computer Systemesy$€S383), which was
offered to third year undergraduate students. Thigse was used to teach hardware
technologies as well as providing brief introdustito several areas in computer
science. It consisted of a range of learning st{¢®ls based on a learning style model
developed using théelder-Silverman model (Felder and Silverman, 1988)he
student was given the option of exploring the ceurgterial in a manner that either

accorded with their learning styles or not. Thpmach uses different types of media
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such as graphs, moviesid text. In this work the task was to determinattlipes of
media are most applicable and appropriatditi@rent learning styles. As a result, an
adaptive hypermedia interface was developed thiare¢d the presentation of course

material to individual student learning styles.

Case 3 Nigel and Sherry (2001) created a system to teabkllH The system was
designed as two versions of the same learning gackihe two versions differed only in
the order in which information was presented. Time af this study was to explored
whether the relationship between matching or mishag of instructional presentation
style (breadth-first and depth-first) with studéntgognitive style (field-
dependence/independence) in a computer-basedriganvironment, had any effects
on learning outcomesrhe population of the study comprised postgradsateents
from a range of departments at the University oéffiéld. A total of 73 postgraduate
students volunteered to participate in the studffeén field-independent and twelve
field-dependent students were allocated to the dbinefrst version, sixteen field-
independent and twelve field-dependent studentse vatlocated to the depth-first
version. Eighteen students were classed as intéaee@dnd were equally allocated to
the breadth-first and depth-first versions. Thisesgch found there are significant
differences in learning achievement, as measurgd) asmultiple choice test, between
matched and mismatched students, with those stiddrdse learning style matched the

style of presentation scoring significantly higher.

Stash et al (2004:14) claimed “ that there havenhesy few studies, which have set
out specifically to investigate the relationshigvieeen learning styles and hypermedia
applications”, and so they attempted to createexble system (AHA)hat allowed
them to integrate into it as many variation as tliesd, of the learning styles of Kolb,
and Honey and Mumford 1986.

Case 4: Stash et al created an adaptive application edtitleearning Java

Programming”, which providing the learners withffelient presentations of the
learning material in different orders. If the learknows what his/her learning styles is,
then he/she can manually state it through the tragjsn form. If the learner specifies
his/her learning style then the system will prest material according to that

student's learning style. If a student specifisghiar learning style as “Reflector” then it
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would be suggested that this student first atteanpgady-made example and then read
the explanation. Only afterwards would this learpenceed to attempt to building
his/her own applet, similar to the one given inéxample. If a student specifies his/her
learning style as “Activist” this student woulddfi attempt to create his/her own applet,
compile and run it. Then he/she might take a Iadok @working example and compare it

with the applet he/she had created.

This review of adaptive hypermedia systems has slibat different systems have used
different learning styles’ models and different imoefs of incorporating learning styles
into online learning systems.

This author in seeking to employ pedagogical leayrtheory to determine how it is
possible to improve the use of technology in theaghing process will focus on the use
of learning styles methodology applied to learnomijine. The work will apply learning
styles' theory to an online learning system in oitdediscover better ways of using
technology in eLearning to enhance student learning

An attempt was made to find the best tools to dgvéhe online environment. The first
tool the researcher investigated was AHA Adaptivgpétmedia software from
Eindhoven University. After downloading the softe@aand configuring it with a
Tomcat web server and Java SDK, the researchertoi@ised it re-create some pages
but it soon became clear that this tool was stitler development, with many bugs in

it. It was necessary to use other software, i ¢tase Authorware?.

Following the line of argument developed by Stashldhat “ the concept should be
presented to the learner from various perspectepgnding on his/her preferences and
on the progress while working the applicationhe main issue is presenting the aspects
of a concept in a different order” (Stash et al)£2Q@5). This research will create an
online experiment in which the same specially desig course material will be

presented, in a different order, to each diffeggoup of students.

The research question will be: Is there any sigaiit difference in student response to
the course depending on whether the learning sifytbe student (Activist, Reflector,
Theorist and Pragmatist) did or did not match ordevhich the component parts of the

course material were presented to them?.
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Chapter Three

Selection of the Design of Experiment One

3.1 Introduction

This chapter is concerned with the selection aésearch methodology appropriate for
the main project in accord with the themes outlimegrevious chapters. The chapter
begins with a brief discussion of the requiremesfta suitable experimentahethod
which will provide an answer to the given reseacqelestion, see Section 1.Zhe
chapter describes the research method and its nmepi@tion and testing in a pilot
study, and ends by discussing thieucture of the method in detail and proposing

remedies for the problems encountered.

3.2 Selection of Experimental Research Method.

Experimental research (including both true and gemageriments) is the methodology
most commonly utilised by social studies reseasshéllowed closely by survey
research (Fraenkel and Wallen, 1991). Such a cahbm provides experimental
control and the capacity to generalise the reseasits (Zmud et al., 1989). However,
any methodology offering a problem-solving framekowrould help to improve

efficiency and effectiveness the research (Jayaratna, 1994).

The outcome of this research project is expectdaetthe production of clear practical
guidance for educators on how to help students leare effectively when using CAL

as a learning medium, and in this way help enaldbamnge in focus in the education
field, from preoccupation with theory to more preakissues. The researcher will apply
learning style theory to the eLearning environmehta given group of students, to

identify constraints on the learning process anderdane whether immediate
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improvements can be made in the way people lednis Will be achieved by using
different learning sequences with different subsdétene student group; enabling the
researcher to understand how learners with spde#iming styles perform when faced
with a course delivered in a number of differergrieng styles, and find out whether
each learning style has a preferred learning agtiand/or delivery medium for the

learning process.

The research reported here, is designed to agsessféctiveness of matching the order
of the delivery of learning material to user learistyles, as defined by Honey and
Mumford (1986). As an initial experiment, the caummaterial for the single topic of
Logic Circuits, part of the Computer Technology miedin the first year undergraduate
course in Nottingham Trent University. Three sawiovere produced in Macromedia
Authorware, (Kellogg and Bhatnagar, 2003). A TheSgction, consisting of a simple
textual explanation of the components (logic gatés) logic circuit and how they can
be combined to make a circuit. An Example Sectwimnich presents examples of logic
circuits and how they operate. A ‘Have-a-Go’ Sattiwhich consists of an interactive
simulation whereby students can combine logic gates discover, by experimenting,
how they operate and interact.

The topic consists of two parts (Introduction toglo Circuit Design and Advanced
Logic Circuit Design), and each was designed ttuote the three sections (Have-a-Go,
Example and Theory), based on the Honey and Muntdategories of learning styles
(Activist, Reflector, Theorist and Pragmatist). eTbrders in which the sections were
delivered were based on the idea that a studenidweant to start with an activity that
related most strongly to their learning style alment proceed in the order suggested by
the Kolb learning cycle (1984). Thus the order @livery of the material which

‘matched’ the learning style of the user was

Activist: Have-a-Go  Example Theory
Reflector: Example Theory Have-a-Go
Theorist: Theory Have-a-Go Example

No Pragmatists were identified in the sample ofishts studied, so there was no need
to devise an order of delivery for them. Howevdrwas decided that the most
appropriate order of delivery for them would haeet the same as for the Activists, as

this would have been the next stage of the Kolmieg cycle.
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3.2.1 The Structure of Research Method.

The three blocks of learning material can be dedigen a maximum of six possible
combinations. Thus there were six possible legrpiaths through the course, and the
students were organised so that there was one grosjudents for each path. Every
student is assessed both before commencing (Rreses appendix B), and after
finishing all three blocks of learning material etest, see appendix C).

At the same time as the Post-test all students gige® an online Honey and Mumford
Learning Style Questionnaire (LSQ) (Honey and Mumhfo2000) and a separate
questionnaire which assessed their perception efl#larning activity. The marks
obtained in the tests were correlated with the ltesaf the questionnaire(s) to see if
some or any of the learning styles performed béhin the others. Also, attitudes to the
topic were assessed in terms of whether or noestsdelt more positively about their
learning experience if their learning styles matttige order of delivery of the three
sections.

Unfortunately, the attempt to objectively assessaiwthe students had learned was
unsuccessful because the Post-test was not safficidiscriminating, and all the
students were all able to answer all questionsecty. However, the results of the
guestionnaire were analysed in order to see ikthare correlations between the order
in which the material was presented and the peaarepf the teaching experience.

The researcher began by designing and construatingnline course consisting of the
three sections, see Table 3.1 and Figure 3.1, suitlpossible learning paths. All 112
students enrolled on Computer Technology were eavib join the experiment, and all
agreed. The 112 students were divided by randoectseh into six groups, two with 18
students and four with 19 students, see Figurdaath group separately attended the
first session of the online course in the compuédroratory. The instructor (the

researcher) met each group of students, and peskt#rat group with the course plan.
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Group number Sequence followed
Group 1 Sequence ] Theory sectior] Example sectiJ)n Havesection
Group 2 Sequence 4  Example section Theory sectiop Havesecfion
Group 3 Sequence 3 Have-a-go sectipn Example sectipn Thseotion
Group 4 Sequence 4 Theory sectior] Have-a-go sectjon Exasepltion
Group 5 Sequence § Have-a-go sectipn Theory sectign Exasguition
Group 6 Sequence § Example section Have-a-go secfion Thseotion

Table 3.1: Order in which the different sections wee taken by each of the six groups of
students.

The second step was the Pre-test. This was aaliagsessment of how familiar the
students were with the subject content, and deteunievery student’s level of

knowledge at the start point of learning process @ppendix B).

The third step was the delivery of the online ceursaterial, see Table 3.1. The online
course was delivered to the student in two wedlesfitst week was 'Basic Logic Gates'

and second week was 'Advanced Logic Circuit Design'

3.3 Participation.

As can be seen from Figure 3.1 due to the numbstuafents who dropped out only
twenty two actually successfully completed bothRlost-test and the LSQ.

3.3.1 Data Collection Timetable and Procedures.

Data collection was planned and implemented asil

1. When the students registered on the course moldeyewtere asked if they wished
to participate in the study and, if so, they wolétve to complete the Pre-test. On
the first day of the course the researcher met eatihe six groups separately in
the computer laboratory and gave them a full exgtlan of the experiment and
the part of the module covered in this study.

2. The Pre-test was given to the students in hard,quoggyer format, on the first day.
It contained four questions that covered the onimagerial only (see Appendix B).
Students were not informed of the marks obtained, ds some students were

unable to answer any questions they knew theirescoere 0.
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3. The guestions used in the Post-test were the sartimse used in the Pre-test, and
were delivered to, and submitted by the studemtstrenically, as email. This was
done in the third week of the programme (see AppeGil

4. Also during the third week of the programme an mmlicourse evaluation
questionnaire was sent to, and returned by, thdests via email (see Appendix
C). This questionnaire, which was sent with the tfest, was intended to
investigate the effectiveness of the course desighthelearning materials used.
It also attempted to identify the preferred leagnsequence for each learning
style, and gather student opinion about this eepeg in general.

5. The LSQ questionnaire used to identify each stislelearning style, was

delivered and submitted online in the fourth wetthe programme.
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112 students successfully
complete Pre-test.

Online course offered.
Six sequences/routes

A 4

Group 1, Group 2 Group 3 Group 4 Group 5 Group 6

A 4

Post-test and course evaluatign
guestionnaire.

33 successfully completed.

A 4

Learning style questionnaires.
22 successfully completed.

A 4

Analysis of data collected

Figure 3.1: General diagram @fctual research methodology
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The Pre-test, Post-test and course evaluation iqunasires were designed by the
researcher. All the data was delivered and coliebte the researcher himself, as was
the marking of the Pre-test, Post-test and evalnajuestionnaires. This was considered
legitimate as this initial experiment was also mated to identify problem areas, and the
personal participation of the researcher in evérgspe was desirable. All data had been
collected by the end of the fourth week of the eixpent. Tables 3.2 and 3.3 clarify the

design of the experimental structure.

Group Group selection Pre-test Intervention Post-test
Group 1 Random \ X \
Group 2 Random v X \
Group 3 Random \ X \
Group 4 Random \ X \
Group 5 Random \ X \
Group 6 Random \ X \

Table 3.2: Research method - true experiment.

The title of the first week was "Introduction to dio Circuit Design" ang
consisted of truth tables, Boolean expressionsbs{srof logic operatorg
basic logic gates, proof using truth tables, logrcuits ands transmissign
formulae, equivalent circuits, standard results, Blergan laws and
simplifying circuits.

Week 1

The title of the second week was "Advanced GatesLaigic Design" and
Week 2 | consisted of NAND and NOR gates, XOR, the desigrcgss, problen
definition, truth tables, transmission function,mpiification, circuit
diagrams and construction.

=

Table 3.3: Weekly course plan for the research expenent.

For the two weeks during which the online courses walivered, the students were
supported by the researcher. For one hour per veekach group, the researcher was
available in the computer laboratory, to discusshwstudents any difficulties in

accessing or using the online course materials.
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3.3.2 Questionnaires.

The questionnaire is one of the most widely usei@ dallecting tools in academic

research, and particularly in evaluation studidse fuestionnaire is a major tool for
collecting primary data and often provides the nsaiarce of data in a study. It can also
be used to provide a wealth of descriptive datdaapeng to individuals or groups

(Clarke, 1999). The LSQ used in this study wasaaation of the LSQ designed by

Honey and Mumford. The questionnaire consisted@fj8estions relating to the four

different types of learning styles (Activists, Pmaagists, Reflectors and Theorists) as
identified by Honey and Mumford (1986), with 20 gtiens designed to identify each
of the four learning styles.

The online student course evaluation questionnghgpendix C) was intended to

investigate the design and effectiveness of thenileg materials used, the preferred
learning sequence for each learning style, andecblstudent opinions about this
experience. The questionnaire contained eight ounsstThe first five questions were

survey type questions which ranked opinion on & fpoint scale. The last three
guestions were open-ended questions that aimedaloate the design of the online

course. This questionnaire was completed and reduoy 33 students.

3.3.2.1 Pre-Test and Post-Test.

A Pre-test designed specifically for the materiaComputer Technology was given to
all 112 students. It contained four multiple choogestions about the subject of the
course module (see Appendix B). The aims of thss were to determine the students'
existing level of knowledge of logic gates. Thead&tom the Pre-test captured an
essential baseline of knowledge and skill, agaivisth any improvements, following
use of the online material, could be measured.

The Post-test consisted of the same questionseaBréitest and was intended to assess
student achievement after they had used the onina¢erial (see Appendix C).
Unfortunately, the Post-test was not sufficientiycdminating and all students gained
100% of the marks available. Nevertheless it issmered that the comparison of Pre
and Post-tests offers some insight into the minimimprovement in student
performance. The Post-test was completed and exturg 33 students. The post-test is
expected to help provide the answer to hypotheseet
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3.3.3 Question Coding:

Question 1 askedVhat level of knowledge would you say that you hatefore using

the Logic gates material?

Coding used for the question 1 is: Nene at all 2 =Very Little, 3 =0k, 4 =Good,
and 5 ¥/ery Good.

The first question is expected to determine thdestts' self-assessment of their level of
knowledge before accessing the online course ierota compare it with their self
assessment of their level after completing thenentiourse. This comparison will help

provide the answer to hypotheses one and thre§esd®n 1.4.

Question 2 askedVhat level of knowledge would you say that you nowave on the

subject of Logic gates?

Coding used for the question 2 is: Nene at all 2 =Very Little, 3 =0k, 4 =Good
and 5 ¥Very Good.

The second question was expected to determinerggidelf-assessment of their level
of knowledge after completing the course. This tjaess expected to help provide the
answer to hypotheses one and three, to determeneftact of learning sequence on
students’ self-assessment of their level of knog#edfter completing the online course.

Question 3 asked¥hat level of confidence do you have, that you undstood the

course material?

Coding used for the question 3 is: 1None 2 = Very little, 3 =Moderate, 4 =
Confident and 5 =Very Confident.

The third question is expected to provide the answénypotheses two and four, and

help determine the effect of learning sequencehenstudents’ level of self-confidence

which may have a direct effect on the studentsieagment.
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Question 4 askedjow well did the course keep you interested and metited?

Coding used for the question 4 is: Nst at all, 2 =Very little, 3 =0k, 4 = Good and
5 =Very Good.

The fourth question is expected to help provideahswer to hypotheses two and four,
to determine the effect of learning sequence orsthéents' level of interest which may

have a direct effect on the students’ achievement.

Question 5 asked)id you feel comfortable completing the Logic gatesaterial in

the order that it was presented to you?

Coding used for the question 5 is: N©, 2 =YES.

The fifth question is expected to help provide émswer to hypotheses two and four to
determine the effect of learning sequence on tlve ¢dmmfortable students felt with the

eLearning experience, which may have a direct effiec¢heir achievement.

Each of the six sub-groups contained students different learning styles, so that in
each group there would be both those who foundeuiging sequence matching their
learning style, and those who found a mismatch. fdsearcher also analysed and
compared the data after the sample data wasviged into only two groups (matched
and mismatched learning styles) instead of sixabgse the number in each sub-group
was too small to provide significant informationhel approach to be used in any
subsequent experiments, will be to divide the cohbstudents enrolled on the course
into two groups. The first group will be given atring sequence which matches their
learning styles. The second group will be giveraning sequence that does not match

their learning styles.
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3.4 Data Analysis.

The Statistical Package for the Social ScienceS8Roftware package version 11.5
was used for all the statistical analyses perforoedhe data. All statistical tests were
carried out at the 0.05 level of significance, galetherwise stated. The data was
analysed in terms of both descriptive statistias iaferential statistics. There was some
non-uniformity in the data sets due to missing da¢aause some students did not

complete all parts of the questionnaires or Pagt{téottegoda and Rosso 1997).

The data was analysis in two ways:
The firstly it was analysis to see if there wergngicant different between the six

groups.

Secondly an analysis was done to see if studerits different learning styles were

affected different by whether the material Matchieslr learning style or not.

The analysis started with level of knowledge befaccessing the online course and
after completing the online course to see if them@ny significant different between all
groups, differences in the level of self-confidenttee level of interest, the level of

comfort with the online course.

In each case:

The chi-square test was used to examine the varidnetween learning types in
preferred learning sequence and learning styleshen evaluation of the learning

materials. The full results are presented in Appebd

The chi-square test is used when you want to gberié is any different between two or
more categorical variables(Kottegoda and Ross0)1997

The independent samples, a non-parametric testusad to check the differences

between the learning styles in evaluating the enliearning material design and
delivery method (Morgan et al., 2001; Tilley, 1996)
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3.5 Ethical Considerations

To be ethical, all data gathered was reportederatigregate form to protect anonymity.
Although the six groups used the same learning nadtehe learning sequence was
different for each group. However, this was deeradto all groups as the students
were supported by the researcher who offered atppat tutorial, in the computer

laboratory, to all students who felt that had noigoessed as well as they should

3.6 Structure of the online course
Figure 3.2 shows the structure of the online caurgdter they had logged on and

registered, the main page asked students for gneip number which then determined

the sequence in which the program was presented

The main page
Asks student to enter their group number

l l i l l l

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
! l } l } l
Theory Example Have-a- go Theory Have-a- go Example
l l l l l !
Example Theory Example Have-a- go Theory Have-a- go
l | l l l l
Have-a- go Have-a- go Theory Example Example Theory

Figure 3.2: High level design architecture for theonline course
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3.7 Implementing the User Interface Design.
It was important to get the user interface righte Took and "feel” of the screens should

be consistent throughout the entire material. éf imaterial looks difficult to use, or dull
or boring, a student may have negative feelingsatdss it immediately, which could
have a detrimental effect on his/her learning. ‘Payaplications destroy the motivation
of the user, it is surprisingly easy to destroy soasers’ confidence in a computer
program” (Cox and Walker 1993)

It was decided that to make it clear when the wges in the online course material,
each screen would include a top bar which wouldcnles to the user their current
position. It was simply the page title of eachtggr There was also a global bar at the
bottom of the screen which contained the navigabattons, 'Next',Previous' and
'Exit'. This bar was available to the user attialles to allow the user to freely move
around the section/material. These global buttomshe bottom bar provide visual
feedback to the user to indicate that they are karel can be selected. As the mouse
passed over each button, that button turned tong@ehow that it could be selected
and pressed. When the mouse moved away the bwdtomed to its original colour
(black). See Figure 3.3.

3.8 Incorporating Learning Styles into the Learning Material.

There have been many studies on the associatibeaoiing preference with type of
instructional material, and it has been shown tihatorder in which the same topics are
presented can produce very different learning egpees (Wenger, 1987; Honey and
Mumford,1992; Mcloughlin,1999; Papanikolaou et 2000; Stash et al, 2004). The
approach used in this research is to provide athlers with the same learning material,
but the order of the presentation of the threei@estmaking up the learning material is
adapted according to different instructional sgegs, so that the difference in order
gives a different perspective on the concepts baanght (Brown et al, 2005) The
order of presentation of the learning material banmatched to the students' learning
style, so the order of presentation will differ dading in the learning style of the

student.
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The content of each of the three sections, TheBxample and Have-a-Go was
determined after reviewing other research into GAiplementations Each learning
style is taken to have its own strengths and peefss, and that means the student
learns best when he or she meet those educatiotmnatias which are congruent with
their strengths. Honey and Mumford (1986) recomredrttiat the teacher try and make
the learning activities suit the learning styletlod student, as described in “Using your
learning styles”, and "How to choose learning atiés to suit your learning styleOf
course, it is only possible to be sure that theedght activities have been appropriately
designed when the students have used the matedaiesults have been collected and

analysed.

3.9 Design of the Online Course.

This section of the chapter describes the onlingssthat has been developed to help
in the evaluation of using learning styles thatednto improve student learning. This
contains the description of the course contentthediesign of the online course model.

3.9.1 Design of the Theory Section of the Learning Material.

The theory section contained mostly textual infarorg see Figure 3.3, and some
images which showed logic gates (symbolicallyw#s based on the hard facts of the
topic, but also included some transitions on theeest to make it visually more
attractive, thescreen transitions are visual effects that vary Weey objects are
displayed and erased on the screen. Use of tramsitan add impact and drama to
information. See Appendix A, Figures A3.4 and A3.5.
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Title Bar

Theory Section

Computers operate by holding information as BITS. One bit of

information is like 1 digit of a binary number. It is either 1 or 0.

A bit can also be said to be high or fow or else true or faise. This

leads to the necessity to design circuits using techniques for

holding and manipulating bits of information. They are covered

‘by the title logic circuits and some of them can be described
- using boolean expressions.

Exit Button Button turns green on mouse -over

Figure 3.% Screenshot of online course from tt Theory Sectior

3.9.2 Design of the Example Section of the Learning Material.

This section presented a series of simulations whiere examples of how logic gates
operate. Information extracted from the examples wsed to explain how to draw a
circuit diagram for the logic expression X = (B+OJ. This is an expression that can

be translated into gate design using animationFggpae 3.6.

Each page which included a simulation also hadcan,igiving the user the option to
re-run the simulation. This ensured that anyone vdlb they needed to see the
simulation again could do so, as many time as likeg. This was considered essential
for Reflectors who, it is believed, prefer to pondéuations for longer than the other
learning styles. See Appendix A, Figures A3.7, Aand@ A3.9.
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An Example Section

The logic gates expression

Figure 3.6 : Screenshot of online course from thexample Section.

3.9.3 Design of the Have-a-Go Section of the Learning Material

This section is the practical part of the course] was designed especially for those
student who like to learn by doing; the Activisthe concepts behind this section are
that some students approach a problem with theu@eti 'l will try this once and see

what happens'. The logic gate is presented to ttrgest with an icon labeled 'Input’,

and when the student pressed it, small windows appecontaining the input data to
that gate. For example “A = 0, B = 0”. Also where tstudent pressed the 'Input’ the
screen presented him or her, (using animationpthput signal of the gate, see Figure
3.10 and Appendix A, Figures A3.11, and A3.12.
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B ————— ]
.

OR Gate

The next gate fh:{t-we will consider is the OR gate.The two input OR
gate. :

The input data’to the gate ( A and B) The output‘from the gate (X)
Figure 3.10: Screenshot of online course from thed¥e-a-Go Section.

As an example the input and the output of a gatepaesented to the user as a truth
table of input and output signals. At the endha$ section there were more practical
examples/exercises to make sure the student aghkekhowledge learned. The student
was asked to draw the circuit diagrams for givegidaexpressions by dragging and
dropping the image of the logic gate to the taeges.

The online course made little effort to provide fusdeedback to the student as to
where they may be going wrong if they got the amsaneorrect. Answers tended to be
a straight correct or incorrect. This part inclddeons to help the user check their
answer to see if it was correct, or if it was neeeg to attempt the question again,
possibly many times. Those viewing the contentthef'Have-a-Go' section in advance
of having seen any examples or reading any themgded extra help to understand the

guestions and work out the correct answers.

The range of interactions required in responsehts $ection will give student the

maximum opportunity to prove their skills knowledga an interesting way.
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Chapter Four

Data Analysis of Experiment One

4.1 Introduction.

This chapter reports the findings of the outcomeths study and analyses the data
from the 33 students who completed the Pre-tesst-fest, and online survey
questionnaire, and the 22 students who also coatptée learning styles questionnaire
(of course the 22 students are a sub-set of ttsLgients).

4.2 Evaluation by Groups.

This part of the data analysis focuses on the raiffees between groups. The data here
is for the 33 students who completed the Pre-test, Post-test, anithe survey

guestionnaire.

4.2.1 Difference Between Student Groups in Level of Knowledge
Before the Course.

33 students who completed both the Pre-test and-t®sis 60% of the students

considered they started the course with very Ilgtleo knowledge of logic gates.
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Chapter

Level of knowledge before using the online
logic gates material

12+ O None
101 B Very little
81 O Moderate
No of studentsi: 0 Good
N B Very Good
0

None Very litle  Moderate Gooc Very Good

Figure 4.1: How students assessed their own levédllmowledge before accessing the online
course

The Chi-Square value obtained in the Kruskal-Watkst showed no significant
difference between any of the six groups in howlsiis assessed their own level of
knowledge before they started taken the course-§gbare = 1.01P > 0.05), see Table

4.1. The full results are presented in Appendix D.

Group Mean Score CHI- P
Sample in level of Standard SQUARE
Size, N knowledge Deviation, SD
before
GROUP 1 11 2.45 1.29
GROUP 2 7 2.14 1.06
GROUP 3 5 2.20 1.64 101 0.96
GROUP 4 2 3.00 1.41
GROUP 5 3 2.33 0.58
GROUP 6 5 2.40 1.34

Table 4.1:How students assessed their own level of knowledefore accessing the
online course
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4.2.2 Differences between Student Groups in Level of Knowledge
after Accessing the Online Course.

After taking the online course the Post-test shotted every one of the 33 students
increased their score but, unfortunately, all 3Bshts obtained 100% of the marks
available. Responses to the online survey quesiiomrconcerning attitudes to the
course showed that 28 responders (85%) believadtieg now have a good or very
good knowledge of logic gates, while 5 respondds%) were happy that their

knowledge of the subject was now very good, searEig.2.

Level of knowledge after completing the online logi gates

material
25+ ]
20
151 O None.
No of students M| Very little
10 O Moderate
O Good
5,
H Very Good
0,

None Very little  Moderate Good Very Good

Figure 4.2: How students assessed their own levdlikmowledge after completing the
online course

Again the Chi-Square value for the Kruskal-Walésttshowed no significant difference
between any groups in how students assessed tivairl@vel of knowledge after
completing the online course (Chi-Square = 8.6, ®05), see Table 4.2. This result is
interpreted as showing that the chances the stsidheat to achieve some improvement
in their level of knowledge were not significantfiifferent. The full results are
presented in Appendix D.
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Mean Score
in level of
Group N knowledge SD CHI-SQUARE P
after

GROUP 1 11 4,18 0.6

GROUP 2 7 4 0

GROUP 3 5 4.4 0.55

GROUP 4 2 3.50 0.71 8.6 0.13
GROUP 5 3 4.33 0.58

GROUP 6 5 3.60 0.55

Table 4.2: How students assessed their own levelkofowledge after completing the
online course

4.2.3 Differences between Student Groups in Level of Confidence of
how well they Understood the Course Material.

After completing the Post-test, the students weskea@d to fill in an evaluation

questionnaire and record, on a five point scalejrtkevel of confidence of their

understanding of the online course material. TBalte are shown in Figure 4.3.

Confidence in Taught Material

251

201 @ No confidence
| Very Little
] O Moderat
No of students oderate
101 " Very Confident | O Confident
Confident B Very Confident
5 Moderate

Very Little
No confidence

Figure 4.3: Students' level of confidence in theiunderstanding of the online material

As illustrated in Table 4.3 the Chi-Square valuevetd that there is no significant
difference (at the 0.05 level) in the studentstlef confidence in the material accessed
on the online course between any of the six gr¢@psSquare = 4.55, P > 0.05). The

full results are presented in Appendix D.
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Group Mean Score CHI-SQUARE P
N in Level of SD
confident
GROUP 1 11 3.64 0.81
GROUP 2 7 3.71 0.49
GROUP 3 5 4 0
GROUP 4 2 3.50 0.71 455 0.47
GROUP 5 3 4.33 0.58
GROUP 6 5 3.40 1.14

Table 4.3: Students' level of confidence in theirnderstanding of the online course

4.2.4 Differences between Student Groups in Level of Interest.

When the students finished the course they weredak self-assess and record how
well the course material kept them interestdte results are shown in Figure 4.4. 25 of
the respondents (76%) recorded their interest aoiivation throughout the course as

good or very good, 2 respondents (6%) recorded th&rest and motivation as very

good.
How well did the course keep you interested
25; S
201
ONot at All
157
No of students B Badly
10; OOk
51 OGood
0- W \Very Good
None Very Little Moderate Gooc Very Good

Figure 4.4: Students level of interested in materiaaccessed on the online course.

Table 4.4 shows the mean scores of the six stuglentps for level of interest in the
course. The Chi-Square value showed no significiiference between any of the
groups (Chi-Square = 1.08, P > 005). The full ressaite presented in Appendix D.
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Group Mean Score CHI-SQUARE P
N in Level of SD
interest
GROUP 1 11 3.82 0.6
GROUP 2 7 3.71 0.5
GROUP 3 5 3.8 0.44
GROUP 4 2 3.50 0.71 1.08 0.96
GROUP 5 3 3.7 0.58
GROUP 6 5 3.6 0.55

Table 4.4: Students' level of interest material agssed on the online course.

4.3 Evaluation by Learning Styles.

This part of the data analysis focuses on the réiffees between learning styles. The
data here is for the 28udents who completed the Pre-test, Post-tesineosurvey
questionnaire and completed the learning stylesstoqpmnaire (11 Activists, 4

Reflectors, 7 Theorists).

4.3.1 Differences between Learning Styles and Self-assessment
before Accessing the Online Course.

The difference in student rankings of their levefsknowledge before beginning the
online course were compared for the Activist, R#tle and Theorist, see Figure 4.5.
Obviously, most students with Activist and Reftedearning styles felt they had little
or no knowledge of the subject of Logic Gates, mmaist students with Theorist had

some Knowledge about logic gates.

Level of knowledge before using the logic gates
material

O Activist
m Reflector

No of Students

E Theorist

None Moderate Very
Good

Figure 4.5: How students assessed their own levdlkmowledge before accessing the online
course, according to learning style
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There was significant difference between the theaening styles in the level of how
knowledgeable the students considered themsel\fesebibey started the cour§€hi-
Square = 6.27P < 0.05) as shown in Table 4.5. Those students cledsifs Theorists
considered themselves significantly more knowledigeabout logic gates than did

either of the other two learning styles. The felbults are presented in Appendix D.

Group Mean CHI-SQUARE P
Score in
N level of SD
knowledge
before
Activist 11 1.91 1.04
Reflector 4 1.75 0.96 6.27 0.04
Theorist 7 3.29 1.11

Table 4.5: Differences in student self-assessmanittheir own level of knowledge before
accessing the course, according to learning style

4.3.2 Differences between Learning Styles in Self-assessment after
Completing the Online Course.

The difference in student rankings of their levefsknowledge after completing the
online course were compared Activist, Reflector dheorist students, see Figure 4.6.
There is a clear tendency for the Reflector andofiieestudents to rate their increase in
knowledge as greater than Activist, students Aé@mnpleting the course the Reflector
and Theorist students rated their level of knowéedg good to very good, while for the

Activist students it was moderate to Good.

Level of knowledge after used the logic gates

material
5,
41 O Activist
3 m Reflector
No of Students m Theorist

2,

1,

0,

None Verylittle Moderate Good Very
Good

Figure 4.6: How students assessed their own levélkmowledge after completing the online
course, according to learning style
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Table 4.6 shows no significant difference betwdenthree learning styles (Chi-Square
= 1.82,P > 0.05) in student self-assessment of their own |l@feknowledge after
completing the course. This result can be integor@s meaning that the course offered
the opportunity for all students with differentieeng styles, and different levels of self
assessed knowledge, to rise to a 'good' or a yeod' level, see Figures 4.5 and 4.6,

irrespective of learning style. The full resulte @resented in Appendix D.

Group Mean Score in
level of
N knowledge SD CHI-SQUARE P
after
Activist 11 3.91 0.70 04
Reflector 4 4.25 0.50 1.82 O
Theorist 7 4.29 0.49

Table 4.6: Differences in student self-assessmerittbeir own level of knowledge after
completing the course, according to learning style

4.3.3 Differences between Learning Styles and Student Self-
assessment of how Confident they were in the Material
Accessed on the Online Course.

After completing the Post-test, the students weskead to fill in an evaluation
questionnaire and record, on a five point scalejrtkevel of confidence of their

understanding of the online course material. Talte are shown in Figure 4.7.

Level of Confident in Taught Material

O Activist
m Reflector

No of Students

@ Theorist

None Very little Moderate  Good Very
Good

Figure 4.7: Students' level of confidence in theiunderstanding of the online material,
according to learning style
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Table 4.7 shows that there was no significant tifiee between the learning styles in
the level of student confidence in the materiatha online course after completing it,
(Chi-Square = 1.46, P > 0.05) . The full resufs @resented in Appendix D.

Group Mean Score CHI-SQUARE P
N in Level of SD
confident
Activist 11 3.55 0.820
Reflector 4 2.6 0 1.46 0.48
Theorist 7 3.9 1.06

Table 4.7: Differences between learnirgfyles and student self-assessment of
confidence in material accessed the online course .

4.3.4 Differences between Learning Styles and Student Level of
Interest.

When the students finished the course they weredak self-assess and record how
well the course material kept them interestBae results are shown in Figure 4.8. All
the( 4 Reflector and 7 Theorist) respondents thatir interest and throughout the
course as good or very good, while the 11 Activespondents their interest and as

Moderate or good.

How well did the course keep you interested

6’ —
5,
4,
No of 3 o Activist
Students
m Reflector
21 ® Theorist

None  Verylitle Moderate Good VeryGood

Figure 4.8: Students level of interestdd material accessed on the online
course .

The results, see Table 4.8, showed there was diségn difference among the learning
styles in level of interest in the online coursefl&ctor type learners (N=41= 4.00,

SD = 0) and Theorist type learners (N=7, M=4.14,-58D.03) found the online course
significantly more interesting than Activist typearners (N=11, M= 3.45, SD = 5.22),
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at a significance level of P = 0.02. This couldimerpreted as meaning that students
with an Activist learning style require relativelyore activities in a course to engage
their interest and make them want, for examplactess and use an online course. The

full results are presented in Appendix D.

Group Mean CHI-SQUARE P
Score in
N Level of =
interest
Activist 11 3.45 5.22
Reflector 4 4.00 0 8.30 0.02
Theorist 7 4.14 0.03

Table 4.8: Differences between Learningydes and Student Level of
Interest, according to learning style

4.3.5 How Well Students Whose Learning Style Was Considered to
Match the Online Course, Rated Their Knowledge Before and
After Accessing the Course.

Of the 22 students who completed the learning stylgestionnaire at the end of the

experiment, the researcher deemed that five aatabse material in an order that
matched their learning styles. These five madefaaseessment of their knowledgé
the subject of logic gates, both before and atiking the course. The results showed
that 3 (60%) started the course with no knowledws] 2 (40%) with very little
knowledge of logic gates, see Figure 4.9. Whenstedents rated themselves after
taking the online course all the students recoraedncrease in their knowledge. 3
(60%) believed that they had a good knowledge gitlgates and 2 (40% ) were happy
that their knowledge of the subject was very geee, Figure 4.9.
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Matched learning styles Before and After

No of students

O Before
~ After
g ) o) Before
2 E B 3 o W After
| o o 8
> 38 © o
> = >
2
None Very Little Moderate Good Very Good
[ Before 3 2 0 0 0
W After 0 0 0 3 2

Figure 4.9: How students whose learning style wa®nsidered to match the online course

rated their knowledge before and after completinghe course , , according to learning
style

4.3.6 How Well Students Whose Learning Style Was Considered Not

to Match the Online Course, Rated Their Knowledge Before

and After Accessing the Course.
Of the 17 unmatched students, 5 (29%) of the stsdstarted the course believing they
had no knowledge, 3 (18%) believed they had vatig lknowledge, 5 (29%) believed

they had moderate knowledge, and 4 (24%) belielveid knowledge of the subject was
good, see Figure 4.10.

After the students completed the experiment thesponses showed, see Figure 4.10,
that 3 (18%) believed they had moderate knowleddegic gates, 10 (59%) believed
their knowledge was good, and 4 (23%) believed threwledge was very good.
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Mismatched learning styles Before and After

No of students

O Before
m After
After
Before
Yery Moderate Good
Little Very
Good
None Very Little Moderate Good Very Good
O Before 5 3 5 4 0
W After 0 0 3 10 4

Figure 4.10: How students whose learning style wasnsidered to not match the online
course rated their knowledge before and after conipting the course.

Comparing Figures 4.9 and 4.10 it can be seen thagrall, the matched students
reported a greater positive shift in their knowledg the subject after completing the

online material than was reported by the unmatchedents.

4.4 Conclusions, Discussion and Possible Further Work.

This was a pilot study to evaluate the practicgbdind worthiness of a larger research
project; to evaluate the likely impact on learnowgcomes, of designing online courses

to be delivered in a manner that matches the steldearning styles.

4.4.1 Conclusions.
The main points that can be concluded from thist@tudy as following :

* Students whose learning style matched the orders®g in which the learning
material was presented to them, recorded highel ieyproved in their knowledge
after accessing the online course than did studehtsse learning styles did not

match the order/sequence in which the learning mahtgas presented to them.
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* Reflector and Theorist learning styles found thelinen material presented
significantly more interesting than did Activists.

* No student with a Pragmatist learning style wathis student group.

4.4.2 Discussion.

The experiment one was done as pilot study whichhedp the researcher to improve
his plan for next experiment. These experiment veageted only 22 students who
completed the experiment only 5 followed a learnexgerience that matched their
learning style. Although there was no significaasult from this experiment but it
raised important points which should taken intocatt in the next experiment.

The difficulties in conducting the experiment argsetly from the constraints imposed
by the environment. The number of students in tkgeement was to some extent
outside the control of the researcher, although sway maximising this by
understanding how to manage the experiment in ihetegt of variable student
attendance are clearer with the benefit of expeeeiihe effect of the low number of
participants was exacerbated by the experimentalgdewhich, by using random
allocation, placed students in activity orders .(eggoup 5 - Have-a-Go, Theory,
Example) which were outside the hypothesis beistete Whilst the first problem is
easily rectifiable, it is harder to assign activityders systematically according to
preferred learning style, because of the needdbstieidents first. This has associated
logistical and timing problems in the context daege first year undergraduate cohort,

when the material being tested addresses earlyihgaoutcomes.

4.5 Limitations of the study
This study covers one part of one subject modul¢herfirst year of an undergraduate
degree programme.
1. This study was limited to self-selecting studentsowegistered to take this
course.
2. All the participants have much the same educati@val.
3. Gender, age, ethnicity or social background of iggents will not be

considered as part of this study.
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4.6

The Plan for Further Work.

Further work is planned for a new research experimdiich should obtain more, and

better, results. The new experiment will eliminate,at least significantly reduce the

two key problems that the researcher faced initeeexperiment.

4.6.1 Increased Sample Size:-

1

In the proposed experiment, the researcher willberage more students to

participate through to the end, and so obtain amntarger sample.

The researcher is planning a better presentatidhnetstudents in order to make
clear the importance of the research experimerthiEmn and future students.

The researcher is arranging the experiment so thérde a minimum clash

with the participating students' other subject/miedasts/assessments, etc.

The researcher is planning to perform the experimenonly two lecture
laboratories rather than three and so reduce tbblgn of participation by

allowing the continued involvement of more students

Rather than delivering the four sections of onlinaterial in all possible orders
(24), there will be only four routes through thetgms. These will match the
Kolb learning cycle and this should result in ah@gproportion of the students

having material that matches their styles.

4.6.2 Provision of Matching Sections for all Four Learning

1

Styles

The design of the new online course will be basedfaur self-contained
sections, rather than three. A new section, titEedplanation” will be added,
this will allow the sections to be combined in fodifferent ways that will
constitute four different and alternative instroogl strategies that will allow

Pragmatists to follow a separate route best stitéigeir learning style.

Students with a pragmatists learning style warknimw the reason why they are
to learn material before they take any action, sgmatist learners will follow
the route: Explanation section, Have-a-Go secttotample section and Theory

section.
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4.6.3 Other Important Changes
There will be three further important changes:

1 The student's learning style will be assessedeabéginning of the experiment
rather than at the end. The new experiment proeedutl automatically
determine each student's route when they firsiripgnd allocate it to them. In
this way half the students will be matched, and tind students mismatched, to

their learning styles.

2 A more discriminatory Post-test will be used tmwaila more objective measure

of what the students have learned (see Appendix E).
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Chapter Five

Design of Experiment Two

5.1 Introduction.

This chapter is concerned with a second experinmettwas intended to remedy the
problems encountered in the first, and will deseribe changes made in both the
research techniques and the online course desigsul® are presented and

discussed, as are conclusions drawn from the sear

5.2 Revised Structure of Research Method.

The learning material was restructured to be dedivein four blocks, in four

combinations with each sequence matching one ofotlrelearning styles described
by Honey and Mumford (1986): Activist, ReflectomaBmatist and Theorist. This
approach had the benefit of more fully matching Kwb learning cycle (Kolb,

1984) than did the first experiment which cater@danly three learning styles.

The experiment began by the instructor (the rebeayattending the first session of
the Computer Technology module, meeting all 64 esttsl enrolled on it, and
inviting them to join the experiment. All agreethe students were then presented
with the course plan, and a revised and shorteeesion of Honey’s Learning Styles
Questionnaire (LSQ) which containing forty quessio(Honey, 2006) (the one used
in the first experiment contained eighty questiddsney and Mumford 1986). This
was done so students could complete the LearnigigsSQuestionnaire online,
during the first session of the module. (this tad&esut 10 minutes to complete LSQ.
After completing the LSQ in the first session ot tfirst week students were
informed of their learning styles, also online. Tesults were input to the research
program which allocated the students their studysece, before they accessed the

52



Chapter Five Instructional Design of The ExperitmBro

online course. Next the students were asked to Eenfhe Pre-test (see Appendix
B) .

The researcher had designed and constructed ameotdiurse consisting of four
sections, see Table 5.1, giving a sequence thaldwoatch each of the four learning
styles. The students were divided into four subigsyp one sub-group for each
sequence, see Figure 5.1. Each of the 64 pariiogpatudents was automatically
allocated a route through the course material éider matched their particular
learning style or a route which did not. Group cnatained thirty students where the
routes matched the student's learning style andustao contained thirty-four
students where the route did not match the stidéadirning style. Group one
contained 10 Activists, 5 Reflectors, 6 Pragmatisisd 9 Theorists. Group two
contained 12 Activists, 4 Reflectors, 9 Pragmatiatal 9 Theorists. A t-test showed
that the distribution of the students in the twougrs was not significantly different
at the 5% level. Each group attended a two-howi@esn the computer laboratory,

each week, for two weeks. The two groups attendpdrately.

Activist/Sequence 1

Reflector/Sequence 2

Theorist /Sequence 3

Pragmatist/Sequence 4

Have-a-Go section|

Example section

Theory section

pldBation section

Example section

Theory section

Explanation sectipn

Have-a-Go section

Theory section

Explanation sectior]

Have-a-Go sBctiq

Example section

Explanation section

Have-a-Go section

Example section

Theory section

Table 5.1 : Orders in which the sections of the oimle course were sequenced to match

learning styles.

In the second week, each group of students wasaraepy, given a short
introductory explanation of how the computer systesould deliver the online
course. They started by logging-in to the system. édtering their name, their
learning style automatically determined each sttisleoute, matched or mismatched.
After the students had completed the online cothreg completed the new version

of the Post-test and the evaluation form in hamycpaper format (see Appendix E).

Also in the second week of the programme, durirglaboratory session (to obtain a
good number of responses) the students were askaahiplete an online evaluation

course questionnaire in hard copy, (see AppendiXI B questionnaire, which was

submitted with the Post-test, was intended to itigate the design and effectiveness
of the online learning materials used, the preteriearning sequence for each
learning style, and students’ opinion about thigegkence in general.
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LSQ 40 items (Honey 2006)
(64 students)

Pre-test on the course content
(64 students)

Online course offered using on

A
1%

of two routes: matched and >
unmatche
A 4 A 4
Online Course. Students Online Course.
matching learning style Students not matching
preference (30 students) learning style preference
(34 students)

A 4

The new Post-test on the
course content (64 student

)

1°2)

A 4

Questionnaire about the
course. (64 students)

A 4

Analysis and comparison of
the two teaching styles used,|

Figure 5.1: General diagram of the new experimentadtructure.
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5.3 Data Collection Timetable and Procedures.

Data collection was planned and implemented asiali

1.

The students registered on the course modutaeofirst day of the course. At the
first session the students gathered in the comalberatory and were given a full
explanation about the experiment as a whole anal thls part of the module
played in this study. They were asked if they wikke participate in this study
and if so, to complete the 40 item LSQ questiormair

. The LSQ 40 a new version of Honey's questioen@006), was used to identify

each student’s learning style. It was delivered ambmitted online in the first

session of the programme.

. The Pre-test was a questionnaire submitted @¢osthdents in hard copy, paper

format, in the first session. It contained four sfiens that covered the online
material only (see Appendix B). Students were nmdbrmed of the marks
obtained, but as most of students were unable sw@mnany questions they knew

their scores were 0.

. The two groups of students attended the weekty hour laboratory sessions

separately. Each student logged into the onlingseosimply by entering their

name.

. The Post-test was also submitted to studentsand copy, paper format (see

Appendix E). This was done in the laboratory sesan the second week of the

programme.

. Also during the second laboratory session thdesits were asked to complete an

online evaluation course questionnaire (hard gopge Appendix E. This
questionnaire, which was submitted with the Post-taimed to investigate the
design and effectiveness of the learning matewualsd, the preferred learning
sequence for each learning style and student apialmut this experience in

general.

The Pre-test, Post-test and course evaluation iquasires were designed by the

researcher and verified by Course Leader and rdseapervisor. All material was

delivered and data collected (including the markaigthe Pre-test, Post-test and

individual assignment) by the researcher himsellfdata was submitted by the end
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of the second week of the experiment. Table 4.Zifida the design of the

experimental structure.

Group Group selection | Pre-test| Intervention Post-test
Group One Random
(Matched ) v X v
Group Two Random
(Mismatched) v X v

Table 5.2: Research method - true experiment.

During the laboratory when the online course wabveled the students were

supported by the researcher. The researcher wakdgafor each group in the

computer laboratory, on campus, to discuss withdesits any difficulties in

accessing or using the online course materialsleTal3 illustrated the two week

project programme.

Week1,
Groups one and two
meet separately

Introduction to module. Explanation of experiment aesearch
programme. Al students invited to participate, all agre
Students given course plan, Pre-test (hard copspbeted ang
handed in) and LSQ (delivered and completed onling
Explanation of how the computer system will deliestine
course.

Between the first and second laboratory sessione-tést
marked. LSQ assessed and student learning stylesndeed
and entered into the online course program. Stuslérg in to
online course. Students allocated to Group one ¢het) or
Group two (mismatched). Each student randomly atied,
which meant 30 matched students and 34 mismatthdergs.

Week?2
Groups one and two
meet separately

Students complete "Introduction to Logic Circuitsizm" and
consisted of truth tables, Boolean expressionspseisrof logic
operators, basic logic gates, proof using truth lésh logic
circuits ands transmission formulae, equivalent cuits,
standard results, De Morgan laws and simplifyingcaits. At
second session, before the session ends studentdete and
submit: Post-test (hard copy) and online coursestjoanaire

completed in (hard copy).

Table 5.3 Two week programme of the research projec
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5.4 Questionnaires.
The LSQ used in this study was a variation of tlsL40, a new version designed
by Honey (2006). The questionnaire consisted ofjdéstions relating to the four

different types of learning styles (Activists, Pnaagists, Reflectors and Theorists).
5.4.1 Pre-Test and Post-Test.

A Pre-test was given to all 64 students to find thatir start position. The test was
designed specifically for the material of Compulechnology 1, and contained four

multiple choice questions about the subject ofcilierse module (See Appendix B).

The researcher also designed a new Post-test drasieeof the pilot experiment.
This consisted of four multiple questions intentiedssess student achievement

after they had used the online material.( See Apipda ).
5.5 Data Analysis.
The data was analysis in two ways:

Firstly it was analysis to see if there were sigaift different between the two groups
(Matched and Mismatched).

Secondly an analysis was done to see if studerits different learning styles were

affected differently by whether the material Matghleeir learning style or not.

The analysis started with Activist learning styliebegins with the comparison marks
obtained in pre- and post-tests, significant ddferin level of knowledge before
accessing the online course and after completiegotiline course, differences in the

level of self-confidence, the level of interese thvel of comfort with the online course.

In each case:
The independent samples t test compares the meesssaf the two groups.
T test used to comparison of the marks obtainetthenPre-test, Postfor the two

groups. This was to compare the scores of eacltiparit and his/her learning style.

The Wilcoxon Signed Ranks Test is non-paramettiés often used to test the

difference between scores of data collected befpdeafter.
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This was used determine whether students maddisaiprogress, as measured by
the level of knowledge before and their statedraftenpleting the online course. (as
measured by the ranking given by the students tekes). The full results are
presented in Appendix F.

The Mann-Whitney U-test (Lee and Wang, 2003) thestmadely used significance
test for comparing two independent samples. The nvAhitney U-test used to
analyse the ordinal data obtaindtlas used to compare the difference between the
two groups in (Level of knowledge before, after,véleof Confident, Level of
Interest and Level of Comfort) and the four leagnstyles. The full results are

presented in Appendix F.

5.6 The Development of the New Online Learning Course.

This section describes the online course that e lweveloped to help in the
evaluation of the use of Learning Styles to imprstigent learning. It contains the
description of the course content and the desigheobnline course model.

Evaluation of the pilot experiment led to the caisabns that the two sections
relating to Reflectors and Theorists should remamchanged, that the Activists
required some additional practical material in ftheection (Have-A-Go), and that
an entirely new section (Explanation) should beeaddo accommodate those
students with a Pragmatist learning style.

Since two of the sections remained unchangedoibvsous that, as in the pilot study,

the new online course made little effort to provigeful feedback to the student as
to where they went wrong if they got the answeroinect. Again, response to

student answers tended to be a straight: corra@ntorrect. However, the Have-a-Go

section now included icons to help the user chdwhr tanswer to see if it was

correct, or if it was necessary to attempt the jloesgain, possibly many times. See
Figure 5.3.

58



Chapter Five Instructional Design of The ExperitmBro

5.6.1 Adding a New Section to the Learning Material.

According to Honey and Mumford (1992) learners Wiave a pragmatic learning

style need sufficient explanation to be able taldsth a good link between their

background knowledge and the new learning materiaider to answer the question

why he/she need to learn the new material. To dela sequence of sections in the
online course to match this learning style requitesl design of a new section, the
"Explanation” section, which presents the main eaaswvhy students need to learn
the new material, see Figure 5.2.

Explanation Section

Why Do You Want to Learn This Material?

There are lots of reasons to learn digital logic. Here are
~ some of those reasons. ;

. bigi_‘l‘ul Iﬁgir;: is 'rh:e'fo!.mdaﬁo_n for digital cohpufers. If y'.ou
~want to understand the innards of'cornpufer's you need to
know digital logic. ;

Figure 5.2: Screenshot of Explatian section of the online course
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5.6.2 Adding More Practice to the Have-a-Go Section

The feedback that was collected from students enpitot experiment suggested there
was a need for more opportunities to practice énHave-a-Go section. The student was
asked to draw the circuit diagrams for given lagipressions by dragging and dropping

the image of the logic gate to the target area.

Draw the clrcult diagram for the Ioglc expressmn,_ ;
Drop and drag the gal‘es to it place ]

X= (A+B)C

Figure 5.3 Screenshot of Have-a-Go section of ondircourse
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Chapter Six

Data Analysis for Second Experiment.

6.1 Introduction.

This chapter reports the findings of the outcomiethis, the second, experiment and
analyses the data from the 64 students who congpte&ePre-test, Post-test, and online
survey questionnaire. There are two type of datanalyses, the first part of the data
analysis focuses on differences between groupsctiumgt and non-matching). The
second part of the data analysis focuses on diftexe between student Learning styles
in the two groups (Activist, Pragmatist, Reflecaord Theorist). The results will be
discussed in the Analysis Section (see also Apperdi

6.2 Evaluation by Groups:
This section will discuss comparisons between the groups, starting with the a

comparison marks obtained in the Pre-test and teesta comparison of the difference
in the level of knowledge before accessing thenentiourse and the level of knowledge
after completing the online course. The result$ intlude differences in the level of
self-confidence, the level of interest, the levélcomfort with the online course. In
addition, the analysis will present the resultscofrelation tests between learning

sequence and student responses.
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6.2.1 Differences between Marks Awarded to the Matched and Non-
Matched Student Groups in Pre-Test and Post-Test
Here the t-test (equal variances not assumed) s@g 10 investigate whether there
was a significant difference in marks awarded & Bre- and Post-tests to the two

student groups. The results showed no significdfgrdnce between the two groups

in marks awarded in the Pre-test (t=1.58, P > Q$¥#g Table 6.1. However, the t-test
showed a significant difference between the twaugso(t=8.44, P < 0.001) in the
Post-test marks. In the Post-test the matched mstsidescored, on average,
significantly higher (N=30, M=2.70, SD=0.47) thahet non-matched students
(N=34, M=1.09, SD=0.99). The full results are preed in Appendix F.

T-Test: Equal Variances Not
Test Grou Sample | Mean gé%?;?gg Assumed A
type P Size, N | Score ’ Mean Symp.
SD Difference v 3g. (-
tailed)
Marks ?er‘;‘t‘fhgg‘)a 30 2.07 1.64
in Pre- Group two 0.58 1.58 0.15
ismatche ) '
Test Mi hed 34 1.44 1.50
Marks ?er‘;‘:fhggf 30 2.70 0.47
in Post- Group two 1.61 8.44 0.000
Test .
ismatche
es M hed) 34 1.09 0.99

Table 6.1: t-test for significance of differences étween mean marks awarded to matched
and non-matched students in the Pre-and Post-tests.

The same result was confirmed by using ANOVA stigas test as shown in Table 6.2.

ANONA Test
Test Sample | Mean g tandgrd Asymp.
type Group Size, N | Score evg)tlon, SMean = Sig. (2-
quare tailed)
Marks ?,\;‘;‘t‘(f’hgg‘)a 30 2.07 1.64
in Pre- Group tWo 6.24 2.54 0.12
Test .
es (Mismatched) 34 1.44 1.50
Marks ?er‘;‘t‘fhgg‘)a 30 2.70 0.47
in Post- Group two 41.40 [65.7¢ 0.000
Test (Mismatched) 34 1.09 0.99

Table 6.2 :ANOVA test for significance of differenes between mean marks awarded to
matched and non-matched students in the Pre-and Petests.
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6.2.2 Improvement in Student Self-Assessed Level of Knowledge Before
and After Completing the Online Course: Group One (Learning Style
Matching Learning Sequence) .

To determine whether students considered they, dbkmas, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.1 shows for the 30 matchedestsdin Group one, 29 students
believed they had increase their knowledge leveg considered s/he knew as much
after completing the online course as at the shart,no-one felt they knew less. The

improvement is significant at a level of confidermé®9.9%.

The Improvement of Level of Knowledge Before
and After Completing the Online Course
30-
25-
{4
$ 20-
E
& 15
© 101
o
z
5,
0,
Negative Ties Positive
Ranks Ranks

Figure 6.1: Group one, Improvement of Level of Knodedge Before and After Completing
the Online course.

a Wilcoxon Signed Ranks Test was carried out. Bhiswed that the increase in
(number of student) - which here represents fontimaber of students who expected
to make progress - for the 30 matched studentsraug@isone was significant at a
level of confidence of 99.9%, see Table 6.3. Gitret the students had two weeks
of tuition in the subject matter, with no priorttan on the course in this subject, any
other result would have been most surprising. Twenhe of the thirty students

evaluated themselves as having made progress isulhject. The full results are

presented in Appendix F.
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Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Level of knowledge Negative Ranks| 0
before course - Level of Positive Ranks 29 0.000
knowledge after course Ties T

a- Level of knowledge after course < Level of knosde before course
b- Level of knowledge after course > Level of knodde before course
c- Level of knowledge before course = Level of knedde after course

Table 6.3: Wilcoxon signed ranks test. Student sefssessment of improvement of level of
knowledge before and after completing the online easse: Group one (learning
style matches learning sequence)

6.2.3 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Group Two
(Learning Style Not Matching Learning Sequence)

Again, to determine whether students considereg themselves, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.2 shows for the 34 mis-matatedents in Group two, 19 students
believed they had increase their knowledge leviégéein considered they knew as much
after completing the online course as at the shart,no-one felt they knew less. The
improvement was not significant at a level of cdafice of 95%, but was significant at

a level of confidence of 85% .

The Improvement of Level of Knowledge Before
and After Completing the Online Course
21-
181
2 15
[}
S 12
P 9
o
s ©
3
0,
Negative Ties Positive
Ranks Ranks

Figure 6.2: Group two - Improvement of Level of Knavledge Before and After
Completing the Online course.
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The Wilcoxon Signed Ranks Test showed that theeas® in mean students' level of
knowledge after completing the online course, fer 34 students in Group two who
completed the questionnaire was significant atvellef confidence of 85%, see
Table 6.4. The full results are presented in ApipeR

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Negative Ranks|
Level of knowledge after —
course - Level of Positive Ranks 19 0.000
knowledge before course Ties 15

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knedge before course
c- Level of knowledge before course = Level of kienlge after course

Table 6.4: Wilcoxon signed ranks test. Student self-assessmasftimprovement of level of
knowledge before and after completing the online eose: Group two (learning
style not matching learning sequence)

6.2.4 Differences Between Matched and Non-Matched Student
Groups in Self-Assessment of Level of Knowledge Before

Accessing the Online Course
The difference in student rankings of their levefsknowledge before beginning the

online course were compared for the matched anehmainhed students, see Figure 6.3.
Obviously, most students in both groups felt theyl little or no knowledge of the

subject of Logic Gates, and there was no significhifierence in the responses of the

two groups.
Level of knowledge before using the logic gates
material
@ @ Group One
S @ Group Two
©
3
(7))
kS
o
Z
None Very litle Moderate Good  VeryGood

Figure 6.3: How students assessed their own levdlrelevant knowledge before accessing
the online course
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The non-parametric test (Mann-Whitney U) was usedabse the scores given by
the students were ordinal dafBhe result of the test showed that there was no
significant difference between the two groups ieitiself-assessed level of relevant
knowledge before accessing the online cours® (05). This means that both groups
of students started the course with no significhfierence in perceived background
knowledge of the course content, skable 6.5. The full results are presented in
Appendix F.

Mean Score Standard
Group Sample in level of Deviation Mann- Asymp.
Size, N knowledge SD " | Whitney U Sig. (2-
before tailed)

GROUP one 30 1.37 0.85
(Matched)
GROUP two 34 1.62 1.10 466.00 0.445
(Mismatched)

Table 6.5: Mann-Whitney U test for difference in leel self-assessment of relevant
knowledge before accessing the online course, magéch and non-matched
student.

6.2.5 Differences Between Matched and Non-Matched Student
Groups in Self-Assessment of Level of Knowledge After
Completing the Online Course

The difference in student rankings of their levefsknowledge after completing the

online course were compared for the matched andmainhed students, see Figure 6.4.
There is a clear tendency for the matched studentste their increase in knowledge as
greater than non-matched studengdter completing the course the matched students
rated their level of knowledge as good to very gaudgile for the non-matched students

it was only moderate.
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Level of knowledge after used the logic gates
material
16
14 m
on 121 — @ Group One
é 10 m Group Two
>
5 8
S 6]
o
Z 4]
2,
0,
None Verylittle Moderate  Good  VeryGood

Figure 6.4: How students assessed their own levédllkmowledge after completing the online
course

The Mann-Whitney U test was again used to anallgseotdinal data obtained. A
significant difference was found in the level ofokviedge between the two groups
after completing the online cours@ & 0.001). The difference showed that the
matched students (Group one) considered that dvenage final level of knowledge
was between Good and Very Good (N=30, M=4.20, SDHQ.which was
significantly higher than the non-matched studéGi®up two), who considered that
their average final level of knowledge was betwaénry little and OK (N=34,
M=2.24 , SD=1.01), see Table 6.6. The full resafespresented in Appendix F

Mean
Group Sample ?e(::\(/)er?ol? Standard Mann- gsgr?g
Size, N knowledge Deviation, SD | Whitney U tail ed)
after
Group one
(Matched) 30 4.20 0.71
DG 78.00 0.000
(Mismatched) 34 224 1.01

Table 6.6: Mann-Whitney U test for difference in level self-asessment of relevant
knowledge after completing the online course, mated and non-matched
student.
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6.2.6 Differences between Matched and Non-Matched Student
Groups in Level of Confidence that they Understood the
Course Material

After completing the Post-test, the students weskead to fill in an evaluation
questionnaire and record, on a five point scalejrtkevel of confidence in their
understanding of the online course material. Thaulte showed that the matched
students (Group one) considered that their avenadgvel of confidence was between
Moderate and Very Confident. The non-matched stisd@Broup two) considered that
their average level of confided was between Vdtieland Confident. The results are

shown in Figure 6.5.

Level of Confident in Taught Material

12+

O Group One

m Group Two

No of Students

None Verylittte Moderate Confident Very
Confident

Figure 6.5: Students' level of confidence in theianderstanding of the online material

The result showed that there is significant diffeee P< 0.001) between the two
groups in their levels of confidence. The matchealents (Group one) were, on
average, Moderately Confident to Confident (N=1473W03, SD=0.99) while the
non-matched students (Group two) scored, on averbgénveen Very Little
Confidence and Moderately Confident (N=27, M=2.951)=0.88), see Table 6.7.
Here the sample size in group one was only fourtgteidents because not all
students answer this part of questionnaire. THadsgllts are presented in Appendix
F.
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Samole Mean Score | Standard Mann- A S
Group SizepN in Level of | Deviation, | Whitney (S%/Ta?l ed)g.
! confident SD U
Group one
14 3.93 0.99
é“fj;‘;hs\‘z 65.50 0.000
(Not-Matched) 27 2.59 0.88

Table 6.7 Mann-Whitney U test for difference in stadents' level of confidence in material
accessed on the online course, matched and non-ntad students

6.2.7 Differences between Matched and Non-Matched Student
Groups in Level of Interest

When the students finished the course they weredagk assess how well the course

material kept them interestethe results are shown in Figure 6.6. The respooistse

matched students (Group one) showed they were mtaeested in the online course,

97% were between Moderate and Good, 1 and one ndspb (3%) recorded his

interest as very good. For the non-matched (Greowm,ttheir average response was

between Moderate and Good.

25+

20+

15+

10

No of Students

How well did the course keep you interested

O Group One

® Group Two

Notatall Verylitle Moderate

Good VeryGood

Figure 6.6: Students' level of interested in mateadl accessed on the online course

Students were asked to rank their level of intaretite online course as presented to

them. Table 6.8 the shows that there is significkiiftrence between the two groups

in their level of interestR < 0.001). The average response of the matchedrgtide

showed they were more interested in the onlinesmuretween Moderate and Good
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(N=25, M=3.72, SD=0.54) while the mean score fag tton-matched group was
between Very Little and Moderate (N=31, M=2.84, 389). Here the sample size
in Groups one and two was twenty five and thirtgpectively because not all
students answer this part of questionnaire. THedgllts are presented in Appendix
F.

Grou Sample | Mean Score in Standard V{\//Ih?tr:] r;— Asymp. Sig.
P Size, N | Level of interest| Deviation, SD U y (2-tailed)
Group one
(Matched) 25 3.72 0.54
DG 156.50 0.000
(Mismatched), 31 2.84 0.89

Table 6.8:Mann-Whitney U test for difference in stulents' level of interest in material
accessed on the online course, matched and non-ntegd students

6.2.8 Differences between Matched and Non-Matched Student
Groups in how Comfortable they felt with the Online Course
In this test the comparison was of how comfortabke students were with the way of

online course was presented to them, because fur student learning style the
material was presented differently. The averag@arese of the matched students
showed that 29 (97%) answered yes, while for thematched students only 14 (41%)

said they were comfortable with the course. Thaltesre shown in Figure 6.7.
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Level of Comfort with Sequence

30 =

251

O Group One
201 m Group Two

151

10+

No of Students

No Yes

Figure 6.7 Level of Comfort with sequence that wagresented to them.

In this test the comparison focused on how conmiitetdéhe students were with the
way of online course was presented to them. Thems wsignificant difference
between the two group#$ (< 0.001) in how comfortable they felt with the owi
course. Table 6.9 shows that 29 of the 30 studehtse learning style matched the
course material were comfortable with the course3N M=1.96, SD=0.18), while
for the non-matched students only 14 said they werafortable with the course
(N=30, M=1.46, SD=0.50). The full results are preed in Appendix F.

Mean Score in Mann- Asymp.
Samplg Standard . .
Group . Level of o Whitney Sig. (2-
Size, N S Deviation, SD U tailed)
?“;‘;‘:fhgg‘)e 30 1.96 0.18
CEIDIG 225.0 0.000
(Mismatched) 30 1.46 0.50

Table 6.9: Mann-Whitney U test for difference in stidents’ level of comfort in
Using the online learning course, matched and non-aiched students
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6.3 Evaluation by Learning Styles:

This part of the data analysis focuses on the réiffees matching and non-matching had
on students with a given learning style (ActivRtagmatist, Reflector and Theorist). It
begins with the comparison marks obtained in thee Bnd Post-tests , a comparison of
the difference in the level of knowledge beforeemsing the online course and the level
of knowledge after completing the online coursee Tésults also include differences in
the level of self-confidence, the level of interasie level of comfort with the online

course. In addition, the analysis will present thsults of correlation tests between

learning sequence and student responses.

6.3.1 Activist Learning Style
It was found that 22 of the 64 students in the darwgre Activists, and of these 10

were in Group one (Matched) and 12 were in Group(Mon-matched).

6.3.1.1 Differences in Pre- and Post-Test Marks between Matched
and Non-Matched Students

Table 6.10 shows there was no significant diffeeenc mean marks awarded the
matched and non-matched groups in the Pre-test5@ > 0.05). However, the t-
test did show there was significant difference leetw mean marks for Activist
learners in the two groups in the Post-test (t=8A.% 0.001). In the Post-test
Activist learners in Group one scored significartigher (N=10, M=3.00, SD=0.00)
than Activist learners in Group two (N=12 , M=1.086D=0.85), see Table 6.10. The

full results are presented in Appendix F
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t-test (Equal Variances
Not Assumed)
Standard
Test Group ngple Mean deviation, | Mean AEATE
type size, N |score SD Differenc ; Sig.
(2-
© tailed)
Group one
10 2.20 1.81
Pre-test g\fj;‘;h;sg 111 | 155 o013
(Mismatched) 12 1.08 1.51
Group one
10 3.00 0.00
Post-test gfgf;h;?g 200 | 812] 0.00
(Mismatched) 12 1.00 0.85

Table 6.10: Activist learning style - difference beveen mean marks for Pre- and Post-tests

6.3.1.2 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Activist (Learning
Style Matching Learning Sequence) .

To determine whether students considered they, dbkes, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratfbmpleting the online course were
compared. Figure 6.8 shows for the 10 matchedestadin Group one, all students
believed they had increase their knowledge levieg immprovement is significant at a

level of confidence of 100%.

The Improvement of Level of Knowledge Before
and After Completing the Online Course
10+
a 9
o
© 6
2
n
5 4
o
z 2.
0,
Negative Ties Positive
Ranks Ranks

Figure 6.8: Group one, Improvement of Level of Knowedge Before and After Completing
the Online course, according to Activist learning tyle
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a Wilcoxon Signed Ranks Test was carried out. Bhiswed that the increase in
(number of student) - which here represents fontimaber of students who expected
to make progress - for the 10 Activist studentshwitatched was significant at a
level of confidence of 100%, see Table 6.11. Githext the students had two weeks
of tuition in the subject matter, with no priorttan on the course in this subject, any
other result would have been most surprising. Albents evaluated themselves as
having made progress in the subject. The full tesare presented in Appendix F.

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Level of knowledge Negative Ranks| %0
before course - Level of Positive Ranks 10 0.004
knowledge after course Ties o

a- Level of knowledge after course < Level of knosde before course
b- Level of knowledge after course > Level of knodde before course
c- Level of knowledge before course = Level of knedde after course

Table 6.11: Wilcoxon signed ranks test. Student dedssessment of improvement of level of
knowledge before and after completing the online easse: Group one (learning
style matches learning sequence)

6.3.1.3 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Activist (Learning
Style Not Matching Learning Sequence).

Again, to determine whether students considereg themselves, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.9 shows for the 12 Mis-matdtadents, 6 students believed they
had increase their knowledge level, 6 considereg #mew as much after completing

the online course as at the start, but no-onetfelt knew less.
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The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students

Negative Ties Positive
Ranks Ranks

Figure 6.9: Group two - Improvement of Level of Knavledge Before and After
Completing the Online course, according to Activistearning style

The Wilcoxon Signed Ranks Test showed that theeas® in mean students' level of
knowledge after completing the online course, lher 12 students who completed the
questionnaire was significant at a level of confick of 50%, see Table 6.12. The

full results are presented in Appendix F

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Negative Ranks| %0
Level of knowledge after Bositive Ranks 3
course - Level of 0.02
knowledge before course Ties 6

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knedge before course
c- Level of knowledge before course = Level of kienlge after course

Table 6.12:Wilcoxon signed ranks test. Student self-assessmeasftimprovement of level of
knowledge before and after completing the online ewse: Group two (learning
style not matching learning sequence)
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6.3.1.4 Differences in Self-Assessment between Matched and Non-
matched Students before Accessing the Online Course

Generally, Activist students in the two groupstei@dthe course with None or Very

little knowledge of logic gates, see figure 6.10.

Level of knowledge before using the logic gates
material (Activists Learning Style)

@ Group One

m Group Two

No of Students

O PN W hANON®O

None Verylitle Moderate  Good  VeryGood

Figure 6.10: How students assessed their own lew#Irelevant knowledge before accessing
the online course

The result of the Mann-Whitney U test showed thHagré was no significant

difference between Activist learners in the twoup® in their self-assessed level of
knowledge before accessing the online couse (0.05) see Table 6.13. The full
results are presented in Appendix F.

Mean score in
Sample| level of knowledge Staf‘d?"d Mann- AEE-
Group . Deviation, . Sg.
Size, N before course \Whitney U ;
SD (2-tailed)
(self-assessment)
Group One
10 1.10 0.32
é’;"oalj;hfv‘\’/l 50.50 0.35
(Mismatched) 12 1.33 0.65

Table 6.13: Activist learning style - differencesn self-assessment before accessing the
online course
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6.3.1.5 Differences in Self-Assessment of Level of Knowledge

between Matched and Non-Matched Students After Completing the
Online Course.

There is a clear tendency for the matched Actistsdents to rate their increase in

knowledge as greater than non-matched studentsigase 6.11. The results showed
that after completing the online course Activisarlgers in group one (matched)
assessed their level of knowledge as, on averagp@ebn Good and Very Good, while
Activist learners in Group two (non-matched), asedstheir level of knowledge as

between None and Very Little.

Level of knowledge after used the logic gates
material (Activists Learning Style)
5,
4. — —
@ @ Group One
c
o 3 m Group Two
2
(99}
5 2]
o
=z
1,
0,
None Verylitle Moderate  Good  VeryGood

Figure 6.11: How students assessed their own lewdlknowledge after completing the
online course

The Mann-Whitney U test shows a significant differe between Activist learners in
the two groups in their level of knowledge aftemgieting the online courséd® (<
0.001). The difference showed that Activist leasn@here the sequence of delivery
in the online course matched their learning sty@seased their level of knowledge
significantly higher, on average, between Good ¥edy Good (N=10, M=4.20,
SD=0.79), than did the Activist learners in Growm} who assessed their level of
knowledge as between None and Very Little (N=12,1M2 , SD=0.79), see Table
6.14. The full results are presented in Appendix F.
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Mean score in
Sample | level of knowledge Sta_nd_ard I Asymp.
Group size. N after (self- deviation, | Whitney Sig. (2-
’ SD U tailed)
assessment)
Group one
(Matched) 10 4.20 0.79
Group G 3.00 0.000
(Mismatched) 12 1.92 0.79

Table 6.14: Activist learning style - differencesn student self-assessment of level of
knowledge after completing the course.

6.3.1.6 Differences in Level of Confidence between Matched and
Non-Matched Students

The results showed that Activist learners in Groap (matched) were more confident,
scoring on average between Confident and Very @enfi than the Activist learners in
Group two (non-matched), who scored between VetyeLand Moderate The results

are shown in Figure 6.12.

Level of Confident in Taught Material
(Activists Learning Style)

3 @ Group One
® Group Two

No of Students
N

None Verylitle Moderate Confident Very
Confident

Figure 6.12: Students' level of confidence in theinnderstanding of the online material

The results show there is significant differencethie mean levels of confidence
between the Activist learners in the two groups (201). Activist learners in Group
one were significantly more confident, between @it and Very Confident
(N=8, M=4.13, SD=0.83) while the Activist learners Group two scored between
Very little and Moderate (N=9, M=2.33, SD=0.71)esEable 6.15. The full results
are presented in Appendix F.
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Sample Mean score in| Standard Mann- Asymp. Sig
Group . level of deviation, . ek
size, N confidence SD Whitney U | (2-tailed)
Group one
(Matched) 8 4.13 0.83
S e 4.00 0.001
(Mismatched) 9 2.33 0.71

Table 6.15: Activist learning style - differences btween students' level of confidence
that they have understood the course material.

6.3.1.7 Differences in Level of Interest Between Matched and Non-
Matched Students.
The results show that there is a difference betwkenevels of interest of the Activist

learners in the two groups. The Activist learnersGroup one (matched) were, on
average, more interested in the learning sequesed, bbetween Moderate and Good,
than the Activist learners in Group two who scobetiween Very little and Moderate,

see Figure 6.13.

How well did the course keep you interested
(Activists Learning Style)

O Group One

m Group Two

No of Students
O P N W M O O N

Notatall Verylitle Moderate Good VeryGood

Figure 6.13: Students' level of interested in mateal accessed on the online course
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Table 6.16 shows that there is significant diffeeebetween the levels of interest of
the Activist learners in the two groug® € 0.01). The Activist learners in Group one
were, on average, more interested in the learmeéogence used, between Moderate
and Good (N=10, M=3.80, SD=0.63), while the AdiMearners in Group two

scored between Very little and Moderate (N=11, M32SD=0.91). The full results
are presented in Appendix F.

Grou Sample| Mean scorein| Standard Mann- Asymp. Sig.
P size, N| level of interest| deviation, SD| Whitney U (2-tailed)
Group one
10 3.80 0.63
é“f:&;ht‘f:g 18.00 0.004
(Mismatched) 11 2.73 0.91

Table 6.16: Activist learning style - differenes between students' level of interest in
the course material

6.3.1.8 Difference in Level of Comfort with Course Material between
Matched and Non-Matched Students

100% of the matched Activists answered, yes, theseveomfortable with the course,
while for the non-matched students only six sa&l/tivere comfortable with the course.
The results are shown in Figure 6.14.

Level of Comfort with Sequence
(Activists Learning Style)

104
8,
I O Group One
c
g 6. ® Group Two
=
]
5 AT
(@]
b
2,/
0

No Yes

Figure 6.14: Students' level of comfort with sequese that was presented to them
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There was significant difference in how comfortatile Activist learners in the two
groups felt while they used the online couBe<(0.05). As shown in Table 6.17 the
Activist learners in Group one were more comfortabith the course, all of them
answered: Yes, (N=10, M=2.00, SD= Zero), but of ¢&heven Activist learners in
Group two who responded, five answered No (N=111N5, SD=0.52). The full
results are presented in Appendix F.

Mean score in| Standard .
Group iggpll\? level of deviation, W'r\1/|itannen- U A(Wz_fpal? | e%)g.
! comfort SD y
Group one
10 2.00 0
é;l\f::;hfvsg 30.00 0.02
(Mismatched) 1 i 052

Table 6.17:Activist learning style - differences baveen students' level of comfort with the
course material

6.3.2 Pragmatist Learning Style

It was found that 15 of the 64 students in the damjere Pragmatists, and of these 6

were in Group one (Matched) and 9 were in Group(®Man-matched).

6.3.2.1 Differences in Pre- and Post-Test Marks between

Matched and Non-Matched Students
Table 6.18 shows no significant difference in measarks awarded in the Pre-test
(t=0.73,P > 0.01). However, the t-test did show there wagmiicant difference
between mean marks for Pragmatist learners in e groups in the Post-test
(t=3.45, P < 0.05). In the Post-test, Pragmatist learnersGnoup one scored
significantly higher (N=6, M=2.50, SD=0.54) than tAgst learners in Group two
(N=9, M=1.00 , SD=1.12), see Table 6.19. The fdbults are presented in
Appendix F.
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t-test (Equal Variances Not
Test Group Sample | Mean c?éeir::ﬁ‘)rr? oan Assumed) ASymp
type size, N | score ’ . : '
yP SD Differenc t Sig. (2-
e tailed)
?er‘;‘:ghgg‘; 6 216 | 147
Pre-test Group wo 0.61 0.73 0.47
(Mismatched) 9 1.55 1.74
Group one
6 2.50 0.54
Post- (Matched) 150 | 345| o0.005
test ] Group two 9 100| 112
(Mismatched) ' '

Table 6.18: Pragmatist learning style - differencébetween mean marks for Pre-
and Post-tests

6.3.2.2 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Pragmatist
(Learning Style Matching Learning Sequence) .

To determine whether students considered they, dbkas, had made significant

progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.15 shows for the 6 matchedestsdall students believed they had
increase their knowledge level, The improvemersigsificant at a level of confidence

of 100%.

The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students

Negative Ties Positive
Ranks Ranks

Figure 6.15: Group one, Improvement of Level of Knwledge Before and After
Completing the Online course.
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a Wilcoxon Signed Ranks Test was carried out. Bhiswed that the increase in
(number of student) - which here represents fontimaber of students who expected
to make progress - for the 6 matched students wageificant at a level of
confidence of 100%, see Table 6.19. Given thatstivelents had two weeks of
tuition in the subject matter, with no prior tuiti@n the course in this subject, any
other result would have been most surprising. talflents evaluated themselves as

having made progress in the subject. The full tesare presented in Appendix F.

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Level of knowledge Negative Ranks| %0
before course - Level off Positive Ranks 6 0.02
knowledge after course Ties o

a- Level of knowledge after course < Level of knosde before course
b- Level of knowledge after course > Level of knodde before course
c- Level of knowledge before course = Level of knedde after course

Table 6.19: Wilcoxon signed ranks test. Student dedssessment of improvement of level of
knowledge before and after completing the online ewse: Pragmatist learning
style (learning style matches learning sequence)

6.3.2.3 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Pragmatist
(Learning Style Not Matching Learning Sequence)

Again, to determine whether students considereg themselves, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.16 shows for the 9 Mis-matdtadents in Group two, 5 students
believed they had increase their knowledge levebisidered they knew as much after

completing the online course as at the start, btame felt they knew less.
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The Improvement of Level of Knowledge Before
and After Completing the Online Course
5,
a Y
&
- 3
2
(%))
5 2
o
zZ 14
0,
Negative Ties Positive
Ranks Ranks

Figure 6.16: Group two - Improvement of Level of Krowledge Before and After
Completing the Online course.

The Wilcoxon Signed Ranks Test showed that theeas® in mean students' level of
knowledge after completing the online course, far ® students who completed the
guestionnaire was significant at a level of coniicke of 96%, see Table 6.20. The
full results are presented in Appendix F

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Negative Ranks|] 0
Level of knowledge after Bositive Ranks T
course - Level of 0.03
knowledge before course Ties £

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knedge before course
c- Level of knowledge before course = Level of kienlge after course

Table 6.20:Wilcoxon signed ranks test. Student self-assessmasftimprovement of level of
knowledge before and after completing the online ewse: Pragmatist learning
style (learning style not matching learning sequer)

84



Chapter Six Data Analysis for Seconrgdtiment

6.3.2.4 Differences in Self-Assessment between Matched and Non-
matched Students Before Accessing the Online Course

Pragmatist students in the two groups started therse with no significant
difference in their levels of background knowledagout the course content, see

Figure 6.17.

Level of knowledge before using the logic gates
material (Pragmatists Learning Style)

@ Group One
m Group Two

No of Students

None Verylitle Moderate  Good Very Good

Figure 6.17: How students assessed their own lewéIrelevant knowledge before accessing
the online course

The result of the Mann-Whitney U test showed tHadré was no significant
difference between Pragmatist learners in the twoigs in their self-assessed level
of knowledge before accessing the online coupse (.05), see Table 6.21. The full

results are presented in Appendix F.

Mean score in level of
Standard | Mann- | Asymp.
Group Sz_;lmple qerzeie beiar Deviation | Whitney | Sig. (2-
Size, N course (self- :
, SD U tailed)
assessment)
Group one

6 1.17 0.41
é“f:;;ht‘?:g 1800 | 0.20

(Mismatched) ; 1.89 1.16

Table 6.21: Pragmatist learning style - differencebetween self-assessment before
accessing the online course
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6.3.2.5 Differences in Self-Assessment of Level of Knowledge
between Matched and Non-Matched Students after Completing the
Online Course

The Pragmatist learners in group one (matched)sasdetheir level of knowledge
after completing the online course, on averagehedween Good and Very Good,
while group two (non-matched) assessed their meaal bhs between Very little and

Moderate, see Figure 6.18.

Level of knowledge after used the logic gates
material (Pragmatists Learning Style)

31 @ Group One
@ Group Two

No of Students
N

None Verylitle  Moderate Good Very Good

Figure 6.18: How students assessed their own levdlknowledge after completing the
online course

The Mann-Whitney U test shows a significant diffese between Pragmatist
learners in the two groups in their level of knoage after completing the online
course P < 0.001). Group one assessed their mean level @fledlge significantly
higher, (N=6, M=4.33, SD=0.52), than Group two (N#8=2.56, SD=1.13), see
Table 6.22 The full results are presented in Appehkd

Mean score in Standard
Grou Sample level of deviation Mann- Asymp. Sig.
P size, N | knowledge after SD " |Whitney U (2-tailed)
(self-assessment
Group one

6 4.33 0.52

é“f:;;ht‘f:g 4.00 0.005
(Mismatched) ; 2.56 1.13

Table 6.22:Pragmatist learning style - differences in studenself-assessment of
level of knowledge after completing course
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6.3.2.6 Differences in Level of Confidence between Matched and
Non-Matched Students

No Pragmatist in Group one answered this quesfibe. results are shown in Figure

6.19.

Level of Confident in Taught Material
(Pragmatists Learning Style)

3,
)
= 5] O Group One
(]
S ® Group Two
n
5
o
2
O,

None Verylittle Modereate Confident Very
Confident

Figure 6.19: Students' level of confidence in theiunderstanding of the online material

As no student in Group one responded no compatesia could be carried out, see

Table 6.23. The full results are presented in ApipeR.

Sample | Mean score in Sta_nd_ard Ma_mn- Asymp. Sig
Group . : deviation, Whitney g
size, N [level of confidence SD U (2-tailed)
Group one 0 ) )
(Matched) i )
Group two
(Mismatched) 9 2.67 1.00

Table 6.23: Pragmatist learning style - differencebetween students' level of confidence
that they have understood the course material
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6.3.2.7 Differences in Level of Interest between Matched and Non-
Matched Students

All The Pragmatist learners in Group one answeredd>while the Pragmatist learners

in Group two scored, on average, between Veryed étid Good, see Figure 6.20.

No of Students

How well did the course keep you interested
(Pragmatists Learning Style)

O Group One
® Group Two

Not at all

Verylitte Moderate

Good

Very Good

Figure 6.20: Students' level of interested in matéal accessed on the online course

Table 6.24 shows that there is significant diffeeebetween the levels of interest of

the Pragmatist learners in the two groups<(0.05). The Pragmatist learners in

Group one were, on average, more interested inlething sequence used, all

answered Good (N=3, M=4, SD=0), while the meanmeséar Pragmatist learners in
Group two was between Very Little and Moderate (N¥8-2.88, SD=0.99). The

full results are presented in Appendix F.

Grou Sample Me?;\/ifg;e "N Standard Mann- Asymp. Sig.
P size, N , deviation, SD Whitney U (2-tailed)
interest
Group one
3 4 0
é“f:;;ht‘f:g 3.00 0.04
(Mismatched) ; 2.8 0.99

Table 6.24: Pragmatist learning style - differencebetween students’ level of

in the course material
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6.3.2.8 Difference in Level of Comfort with Course Material between

Matched and Non-Matched Students

The students self assessment whether or not giegdmfortable with the material
of the online course. The Pragmatist learners iou@rone were, on average, more
comfortable with the sequence that was presentéteta, all of them answered Yes,

but of the eight Pragmatist learners in Group twwowesponded, six said No as

shown in Figure 6.21.

Level of Comfort with Sequence
(Pragmatists Learning Style)

O Group One
m Group Two

No of Students
w

No

Yes

Figure 6.21: Students' level of comfort with sequere that was presented to them

There was significant difference in how comfortatile Pragmatist learners in the
two groups felt while they used the online couB& (0.01). As shown in Table 6.25
the Pragmatist learners in Group one were, on geenaore comfortable with the
course, all of them answered Yes, (N=6, M=2.00, ®Dbut for the eight Pragmatist
learners in Group two only two were comfortablehwibhe course (N=8, M=1.25,

SD=0.46). The full results are presented in Appeifdi
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Grou Sample | Mean score in dSSirﬁ%rr? Mann- Asymp. Sig.

P size, N | level of comfort SD " | Whitney U | (2-tailed)
Group one
(Matched) 6 2.00 0
Group wo 6.00 0.007

u
(Mismatched) 8 1.25 0.46

Table 6.25: Pragmatist learning style - differencebetween students' level of comfort with
the course material.

6.3.3 Reflector Learning Style

It was found that only 9 of the 64 students ingample were Reflectors, and of these 5

were in Group one (Matched) and 4 were in Group(®Man-matched).

6.3.3.1 Differences in Pre- and Post-Test Marks between Matched
and Non-Matched Students

The t-test (equal variances not assumed) foundgmifisant differences between the

matched and non-matched groups, see Table 6.26fulllresults are presented in

Appendix F.
t-test (Equal Variances Not
Test Sample| Mean Sta_nd_ard Assumed)
Group ) deviation, Asymp.
type size, N | score Mean :
SD pifference | ' |39
tailed)
Group one
(Matched) 5 1.00 1.41
Pre-test | Group two 0.50 0.44] 0.68
(Mismatche 4 1.50 1.91
d)
Group one
(Matched) 5 2.40 0.54
Post-test| Group two 0.15 0.43] 0.68
(Mismatche 4 2.25 0.50
d)

Table 6.26 Reflector learning style - difference between meamarks for Pre- and
Post-tests
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6.3.3.2 Improvement in Student Self-Assessed Level of Knowledge Before
and After Completing the Online Course: Reflector (Learning Style
Matching Learning Sequence) .

To determine whether students considered they, dbles, had made significant
progress, after completing the online course, #rking they gave themselves for
their level of relevant knowledge before enterimgl after completing the online
course were compared. Figure 6.22 shows for theatehed students, all students

believed they had increase their knowledge lebel no-one felt they knew less.

The Improvement of Level of Knowledge Before
and After Completing the Online Course
5,
a Y
&
- 3
2
(%))
5 2
o
zZ 14
0,
Negative Ties Positive
Ranks Ranks

Figure 6.22: Group one, Improvement of Level of Knwledge Before and After
Completing the Online course.

a Wilcoxon Signed Ranks Test was carried out. Bhiswed that the increase in
(number of student) - which here represents fontimaber of students who expected
to make progress - for the 5 matched students wageificant at a level of
confidence of 100%, see Table 6.27. Given thatstivelents had two weeks of
tuition in the subject matter, with no prior tuitimn the course in this subject, any
other result would have been most surprising. kdntselves as having made
progress in the subject. The full results are preskin Appendix F.
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Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Level of knowledge Negative Ranks| %0
before course - Level off Positive Ranks| 5 0.04
knowledge after course Ties o

a- Level of knowledge after course < Level of knogde before course
b- Level of knowledge after course > Level of knodde before course
c- Level of knowledge before course = Level of knedde after course

Table 6.27: Wilcoxon signed ranks test. Student gehssessment of improvement of level of
knowledge before and after completing the online eose: Reflector learning
style (learning style matches learning sequence)

6.3.3.3 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Reflector (Learning
Style Not Matching Learning Sequence)

Again, to determine whether students considered, tileemselves, had made
significant progress, after completing the onlineurse, the ranking they gave
themselves for their level of relevant knowledgébeentering and after completing
the online course were compared. Figure 6.23 shimwvsthe 4 Mis-matched

students, 2 students believed they had increasekih@vledge level, 2 considered
they knew as much after completing the online ed@s at the start, but no-one felt

they knew less.

The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students
'_\

Negative Ties Positive
Ranks Ranks

Figure 6.23: Reflector - Improvement of Level of Kmwledge Before and After Completing
the Online course.
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The Wilcoxon Signed Ranks Test showed that theeas® in mean students' level of
knowledge after completing the online course, far 4 students who completed the
guestionnaire was no significant different, see lda®28. The full results are
presented in Appendix F

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Negative Ranks|
Level of knowledge after Positive Ranks 5
course - Level of 0.15
knowledge before course Ties i

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knedge before course
c- Level of knowledge before course = Level of kienlge after course

Table 6.28:Wilcoxon signed ranks test. Student self-assessmesftimprovement of level of
knowledge before and after completing the online emse: Reflector learning
style (learning style not matching learning sequence)
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6.3.3.4 Differences in Self-Assessment between Matched and Non-
matched Students before Accessing the Online Course

With such a small number of Reflector studentspifiant comparisons would not
be expected, and this is what we find. Three ofurone students considered they
started the course with no knowledge of logic gated two with very little, see
Figure 6.24. In Group two, two students began withknowledge, and one each

with moderate or a good knowledge of the subjedtena

Level of knowledge before using the logic gates
material (Reflectors Learning Style)

3,
0 o @ Group One
= 2 =
[} m Group Two
©
2
(99}
"'6 -
o 1
=z

0,

None Verylitle Moderate  Good  VeryGood

Figure 6.24: How students assessed their own lewlrelevant knowledge before accessing
the online course

The result of the Mann-Whitney U test showed thHadré was no significant
difference between Reflector learners in the twaugs in their self-assessed level of
knowledge before accessing the online couPse (0.05), see Table 6.29. The full

results are presented in Appendix F.

Mean score in
Grou Sample | level of knowledge gé%?;{iagg VI\\/Aha;{lnrg Asymp. Sig.
P Size, N before course ' y (2-tailed)
SD U
(self-assessment)
Group one
5 1.40 0.55
(G'\f:t;ht?:o) 7.00 0.42
u
(Mismatched) 4 2.25 1.50

Table 6.29: Reflector learning style - differencebetween self-assessment before accessing
the online course

94



Chapter Six Data Analysis for Seconrgdtiment

6.3.3.5 Differences in Self-Assessment of Level of Knowledge

between Matched and Non-Matched Students after Accessing the

Online Course
This test evaluated the difference between theeRigit learners in the two groups in
their self-assessment of their level of knowledfjeracompleting the online course.
In Group one (matched) their level of knowledge veasaverage, between Moderate
and Good, while in Group two (non-matched) 50%y ttemnded to assess their level

of knowledge after the course as Very little, sigife 6.25.

Level of knowledge after used the logic gates
material (Reflectors Learning Style)
3,
% @ Group One
& 2 m Group Two
©
2
)]
IS
o 14
Z
0,
None Verylitle  Moderate Good Very Good

Figure 6.25: How students assessed their own levdlknowledge after completing the
online course

The Mann-Whitney U test showed no significant d#fece between Reflector
learners in the two groups in their level of knogde after completing online course
(P > 0.05). Whether this was due to the small sampde er whether Reflector
learners are more adaptable than other learnirgstgpeds further investigation, see

Table 6.30. Full results are presented in Appefdix
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Samole Mean score in levell| Standard | Mann- A S
Group amp of knowledge after | deviation, | Whitney Mp. S4g.
size, N (2-tailed)
(self-assessment) SD U
Group one
5 3.80 0.84
é“fj:;h::c)) 4.00 0.13
(Mismatched) 4 2:75 0.92

Table 6.30 Reflector learning style - differences in studentedf-assessment of level of
knowledge after completing the course

6.3.3.6 Differences in Level of Confidence between Matched and
Non-Matched Students
The responses from groups of Reflector studentwati@xactly the same distribution,

see Figure 6.26.

Level of Confident in Taught Material
(Reflectors Learning Style)

o Group One

@ Group Two

No of Students

None Verylittte Modereate Confident Very
Confident

Figure 6.26: Students' level of confidence in theiunderstanding of the online material

No significant difference was found between Refledlype learners in the two
student groups in their level of confidence in doeirse material (P > 0.05). Most
likely this was due to the small sample size, bathbmatched and unmatched
students obtaining the same mean scores couldkbe ta suggest that this learning

style is more flexible, see Table 6.31. The fulluks are presented in Appendix F.
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Samold Mean score in Standard Mann- Asymp.
Group size pN level of deviation, | Whitney Sig.
' confidence SD U (2-tailed)
Group one
3 3.00 1.00
gfg‘:;htfsg 4.50 1.00
(Mismatched) 3 3.00 1.00

Table 6.31: Reflector learning style - differencebetween students' level of confidence

6.3.3.7 Differences in Level of Interest between Matched and Non-
Matched Students

Both groups self-assessed their mean level of @asted as about Moderate, see
Figure 6.27. It is clear that if both groups expeskthe same level of interest it

would support the argument that Reflectors aralfledearners.

How well did the course keep you interested
(Reflectors Learning Style)

1.51 O Group One

® Group Two

Notatall Verylitlte Moderate Good Very
Good

No of Students
'_\

0.5

Figure 6.27: Students' level of interested in matéal accessed on the online course

Table 6.32 shows that there was no significantediiice between the levels of
interest of the Reflector learners in the two go@p> 0.05), almost certainly due to

the small sample size. The full results are preskeimt Appendix F.
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Sample Mean score in| Standard Mann- Asymp.
Group sizepN level of deviation, | Whitney Sig. (2-
' interest SD U tailed)
Group one
3 3.33 0.58
é“fj:;h;‘g 2.00 0.197
(Mismatched) 3 2.70 0.58

Table 6.32: Reflector learning style - differencebetween students' level of interest in the
course material

6.3.3.8 Difference in Level of Comfort with Course Material between
Matched and Non-Matched Students

For both Groups all responses were yes, they dtl demfortable with the course

material, see Figure 6.28.

Level of Comfort with Sequence
(Reflectors Learning Style)

5,

4,
I O Group One
c
S 3] ® Group Two
2
0
S 2]
o
zZ

1,

0

No Yes

Figure 6.28: Students' level of comfort with sequese that was presented to them

There was no significant difference in how comfbitaReflector learners in the two
groups felt while they used the online course, Bale 6.33. The full results are

presented in Appendix F.
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Sampl Mean score in Standard Mann- Asymp. Sig
Group e size, [ P — - deviation, Whitney (2-tail ed)
N SD U
Group one
5 2.00 0
é“fé‘:‘;ht'\a:g 7.50 1.00
(Mismatched) 3 2.00 0

Table 6.33: Reflector learning style - differencebetween students' level of comfort
with the course material

6.3.4 Theorist Learning Style

It was found that 18 of the 64 students in the damere Theorist, and of these 9 were

in Group one (Matched) and 9 were in Group two (Xwatched).

6.3.4.1 Differences in Pre- and Post-Test Marks between Matched
and Non-matched Students

The t-test did show there was a significant diffiers between mean marks for Theorist
learners in the two groups in the Post-test (t=5R8< 0.001), Group one scored
significantly higher (N=9, M=2.66, SD=0.50) than ad@p two (N=9, M=0.77,
SD=0.97), see Table 6.34. The full results aregresl in Appendix F.

t-test (Equal Variances Not
Sample | Mean Standard Assumed)
Test type Group e || s deviation, Mean AS/mp-
SD Difference L Sg. (2-
tailed)
?Nrf;‘t"fhgg‘; 9 2.44 1.66
Pre-test Group wo 0.66 0.97 0.35
(Mismatched) 9 L7 1.20
?er‘;‘t’fhggf 9 266 | 050
Post-test Group tWo 1.88 5.18 0.000
(Mismatched) 9 0.77 0.97

Table 6.34: Theorist learning style - difference iveen mean marks for Pre- and
Post-tests
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6.3.4.2 Improvement in Student Self-Assessed Level of Knowledge Before
and After Completing the Online Course: Theorist (Learning Style
Matching Learning Sequence) .

To determine whether students considered they, dbkes, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratfbmpleting the online course were
compared. Figure 6.29 shows for the 9 matchedestsdin Group one, 8 students
believed they had increase their knowledge leve¢ considered s/he knew as much
after completing the online course as at the shart,no-one felt they knew less. The

improvement is significant at a level of confidermé®9.9%.

The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students
N

Negative Ties Positive
Ranks Ranks

Figure 6.29: Group one, Improvement of Level of Knwledge Before and After
Completing the Online course.
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a Wilcoxon Signed Ranks Test was carried out. Bhiswed that the increase in
(number of student) - which here represents fontimaber of students who expected
to make progress - for the 9 matched students were significant at a level of
confidence of 99.9%, see Table 6.35. Given thatstudents had two weeks of
tuition in the subject matter, with no prior tuiti@n the course in this subject, any
other result would have been most surprising. 8lesits evaluated themselves as
having made progress in the subject. The full tesare presented in Appendix F.

Asymp. Sig.
Items of Test Ranks Types N (2-tailed)
Level of knowledge Negative Ranks| %0
before course - Level off Positive Ranks B 0.01
knowledge after course Ties T

a- Level of knowledge after course < Level of knosde before course
b- Level of knowledge after course > Level of knodde before course
c- Level of knowledge before course = Level of knedde after course

Table 6.35: Wilcoxon signed ranks test. Student gedssessment of improvement of level of
knowledge before and after completing the online awmse: Theorist learning
style (learning style matches learning sequence)

6.3.4.3 Improvement in Student Self-Assessed Level of Knowledge
Before and After Completing the Online Course: Theorist (Learning
Style Not Matching Learning Sequence)

Again, to determine whether students considereg themselves, had made significant
progress, after completing the online course, #mking they gave themselves for their
level of relevant knowledge before entering andratbmpleting the online course were
compared. Figure 6.30 shows for the 9 Mis-matdtadents, 6 students believed they
had increase their knowledge level, 3 considereg #mew as much after completing

the online course as at the start, but no-onetfelt knew less. .
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The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students

Negative Ties Positive
Ranks Ranks

Figure 6.30: Group two - Improvement of Level of Krowledge Before and After
Completing the Online course.

The Wilcoxon Signed Ranks Test showed that theeas® in mean students' level of
knowledge after completing the online course, far  students who completed the
guestionnaire was significant at a level of coniicke of 97%, see Table 6.36. The
full results are presented in Appendix F

Items of Test Ranks Types N A(szy gﬂeg)'g
Negative Ranks| %0
Level of knowledge after Positive Ranks 3
course - Level of 0.01
knowledge before course Ties 3

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knedge before course
c- Level of knowledge before course = Level of kienlge after course

Table 6.36:Wilcoxon signed ranks test. Student self-assessmasftimprovement of level of
knowledge before and after completing the online esse: Theorist learning
style (learning style not matching learning sequence)
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6.3.4.4 Differences in Self-Assessment between Matched and Non-
matched Students before Accessing the Online Course.
In Group one 67% of the students started the cowitteno knowledge of logic gates,

while in Group two 89% of the students considetexy tstarted the course with no level

of knowledge of logic gates, see Figure 6.31.

Level of knowledge before using the logic gates
material (Theorists Learning Style)

@ Group One

m Group Two

No of Students
O R N W M O O N ©©

None Verylitle Moderate  Good  VeryGood

Figure 6.31: How students assessed their own lewa#lrelevant knowledge before accessing
the online course

The result of the Mann-Whitney U test showed thHagré was no significant
difference between Theorist learners in the twaugsoin their self-assessed level of
knowledge before accessing the online couPse (0.05), see Table 6.37. The full

results are presented in Appendix F.
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Mean score in level
Group ngple of knowledge before Sé?/?a(iiagg V'\\/Ahailtnnr(le-y Asymp. Sig.
Size, N course (self- SD : U (2-tailed)
assessment)
Group one

9 1.78 1.39
é“fj:;h::c)) 32.50 0.33

(Mismatched) 9 1.44 1.33

Table 6.37: Theorist learning style - differences d&tween self-assessment before accessing
the online course

6.3.4.5 Differences in Self-Assessment of Level of Knowledge
between Matched and Non-Matched Students after Completing the
Online Course

Group one had a mean level of knowledge after cetimg the online course of
between Good and Very Good, while in Group two ltheel was between None and

Very little, see Figure 6.32.

Level of knowledge after used the logic gates
material (Theorists Learning Style)

@ Group One

m Group Two

No of Students

None Verylitle  Moderate Good Very Good

Figure 6.32: How students assessed their own levlknowledge after completing the
online course

The Mann-Whitney U test showed a significant défeze between Theorist learners
in the two groups in their level of knowledge aftempleting the online coursP g
0.05). The difference showed that Theorist learnetere the sequence of delivery

in the online course matched their learning stg#sessed their mean level of
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knowledge significantly higher, (N=9, M=4.33, SD#0), than did the Activist
learners in Group two, who assessed their levkhofvledge as between Very Little

and OK (N=9, M=2.11 , SD=1.16), see Table 6.38. fillleresults are presented in

Appendix F.
Mean score in level] Standard | Mann- .
Group i?zrgp:\? of knowledge after | deviation, | Whitney A(SZITa?IeSd)g
’ (self-assessment) SD U
Group one
9 4.33 0.71
é“:'j:;ht‘:":g 7.00 0.02
(Mismatched) ; 211 1.2

Table 6.38 Theorist learning style - differences in student deassessment of level of
knowledge after completing the course

6.3.4.6 Differences in Level of Confidence between Matched and
Non-Matched Students
Group one, on average, scored between Moderat€anmiident, while in Group two

the mean score was between Moderate and ConfelEmEigure 6.33.

Level of Confident in Taught Material
(Theorists Learning Style)
3,
% 5 — @ Group One
= m Group Two
n
© 1 ]
(@]
zZ
0,
None Verylitle Moderate Confident Very
Confident

Figure 6.33: Students' level of confidence in theinnderstanding of the online material

There was no significant difference in how confidéme two groups of Theorist
learners were that they had understood the couaserial (P > 0.05), see Table 6.39.
This is likely to be due to the small sample sikke full results are presented in

Appendix F.

105



Chapter Six Data Analysis for Seconrgdtiment

Mean score| Standard Mann- .
Group iirgp:\? in level of deviation, | Whitney A(syz_rpari)l.g)g.
’ confidence SD U
Group one
3 4.33 1.15
é“f::;ht‘f:g 250 0.08
(Mismatched) 6 2.67 1.03

Table 6.39: Theorist learning style - differences étween students' level of confidence that
they have understood the course material

6.3.4.7 Differences in Level of Interest Between Matched and Non-
Matched Students

The results from self assessment showed therdliffe between the levels of interest
of the Theorist learners in the two groups on ayetaoth groups around Moderate and
Good. See Figure 6.34.

How well did the course keep you interested
(Theorists Learning Style)

O Group One
® Group Two

No of Students

Notatall Verylitle Moderate Good VeryGood

Figure 6.34: Students' level of interested in matéal accessed on the online course
Table 6.40 shows that there was no significantediiice between the levels of
interest of the Theorist learners in the two gro(i$ 0.05), probably because only

nine replies were received. The full results aesented in Appendix F.
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Mean score Mann- .
Sample . Standard . Asymp. Sig.
itz size, N | Mlevelof 1 yoviation, sp | WHIteY [ o ailed)
interest U
Group one
9 3.67 0.58
é“fj;‘l’oh;‘jg 18.00 0.05
(Mismatched) 8 3.00 1.06

Table 6.40 Theorist learning style - differences between stuags' level of
interest in the course material

6.3.4.8 Difference in Level of Comfort with Course Material between
Matched and Non-matched Students

Theorist learners in Group one were more comfoetabth the course, 89% answered

Yes, while in Group two five said No, see Figurgs.

Level of Comfort with Sequence
(Theorists Learning Style)

O Group One

m Group Two

No of Students
O P N W M O O N

No Yes

Figure 6.35: Students' level of comfort with sequere that was presented to them

There was significant difference in how comfortabibe Theorist learners in two
groups felt while they used the online course (P.65), see Table 6.41. For Group
one (N=9, M=1.88, SD=0.58), but for Group two, (N#8=1.37, SD=0.52). The full

results are presented in Appendix F.
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Mean score in| Standard Mann- :
Group i&rgpll\tle level of deviation, Whitney A(?/Tal?l e%)g.
' comfort SD U
Group one
9 1.88 0.33
g\:'::;ht‘f:g 17.50 0.032
(Mismatched) 8 1.37 0.52

Table 6.41: Theorist learning style - differencesdtween students' level of comfort with the
course material

6.4 Conclusions, Discussion and Suggestions for Further Work

This part discusses and evaluates the learningmas achieved.

6.4.1 Conclusions
* There was significant difference between the Graups and two in their self-

assessed level of knowledge after completing thi@®wcourse (P < 0.001). The
difference showed that the Group one believed lhalt learned more than did
Group two. Twenty nine of thirty student in Grouped(learning styles matched
delivery sequence), but only nineteen of thirty rf@iudents in Group two

(learning styles mismatched delivered sequencdyatel themselves as having
made significant progress in the learning subjeictth® logic gates after

completing the online course. The same test wasated by using ANOVA test

and the same result was found which means thattitents who followed the

course materiel in sequence that match their legrstyles can make better
progress than who did not.

* The results showed that there is significant défifee between Groups one and
two in how confident they were that they had unberd the course materid<
0.001). The results showed that the Group one vgagfisantly more confident
than Group two.

* The results obtain show that there is significaiffedence between the two
groups in how well the course maintained theirrggé < 0.001). Group one
was more engaged with the course than Group two.

* There was significant difference between the twougs in how comfortable
they felt using the online course mater2k(.001). Group one felt significantly
more comfortable than Group two.
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» The results showed that there was no significafierénce between the two
groups in the scores obtained in the Pre-test. Mewé¢he t-test (equal variance
not assumed) showed there was a significant differdetween the two groups
in the Post-test, with Group one scoring signifttamore than Group two.

* The self-assessed level of knowledge after conmgetine online course was
positively and strongly affected with whether tleggence of material matched
the student learning style. Student self assessed bf knowledge is likely to
be greater if the learning sequence is deliveredway that that matches his/her
learning style.

* The Post-test marks were strongly correlated whid fearning sequence: a
student is likely to score better marks if the same of the material delivered in
the online course matches his/her learning style.

» Activists in Group one rated higher in Post-testyél of knowledge after, Level
of interested and Level of confident scores thativists in Group two.

* Pragmatists in group one rated higher in comfoetdblel and Post-test than
pragmatists in group two.

» Theorists learners in Group one scored signifigahtgher in Post-test than
students in Group two. (Where there was no diffeeathis was most likely due
to small sample size or, as in one case, no stsider@roup one replying to the
guestion.)

» Reflectors showed no significant difference betwg®ntwo groups in any test,
most likely due to the small sample size..

6.4.2 Discussion.

The results show there was no significant diffeeecbetween the students in Groups
one and two in their self-assessed level of knogddaefore they accessed the online
course. This was confirmed when no significantaitdhces were found between the

mean marks for the two groups in the Pre-test.

The students in both groups, and all learning stgi@de significant progress in their
self-assessed level of learning after using thewerdourse. However, those students
for whom the course delivery matched their learrstydes considered they had made
more progress than those for whom the course agliied not match their learning

styles. This was confirmed when Group one scorguifsgiantly more than Group
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two in the Post-test. This results can interpreted students can learn better, and
consider they are learning more, if the online seus designed so that the learning
sequence matched students' learning styles.

Generally, students who used the learning sequéatenatched their learning styles
found the online course more interesting and wewmgencomfortable and more
confident with the taught material, than studenten® the learning sequence did not
match their learning styles. This was confirmed tee different learning styles
separately where the sample size was large enaugfett statistically significant

results.

This second experiment was a great improvement@first. The measures taken to
reduce student drop-out largely worked, though icoaple of cases - for reasons
unknown - some student did not reply to all thesgjoas on the questionnaires.
Given that there were four learning styles, eactwbich had to be divided into

matched and unmatched, the average size of eaefrgup being tested was eight.

This is still too small to give reliable results.

6.4.3 The plan for further work.

The work reported above shown that the matchingaafrse delivery to learning
style could be an extremely important developmé@AL. However the small size
of the samples used meant that little informati@s wbtained on comparisons within
learning styles, for example, the number of Reflextvas so small (nine in total )
that no significant difference between matched @amuatched students was found in
any test.

The decision was therefore to proceed to a thigkement in an attempt to resolve
this problem. given the relative success of thisoed experiment, the researcher
considers it could be repeated with a third grofigtadents. This would have the
great advantage that the experiment duration, eadesign, content and presentation
of the online material, the questionnaires, LSQ Bnel and Post-test would all be
identical with those given to the second grouptofients.

The third experiment will be with new group of stmtls who, just as the first and
second would have received no instruction on Iggtes. The researcher arrange

that experiment would take place in the Computing énformatics Department.
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Chapter Seven

Design and Results of the Third Experiment

7.1 Introduction.

This chapter is concerned with reporting the rasafta third experiment that was
also aimed to correct the problems faced in tre#, fand complement and add to the
results of the second experiment. The design amdetbearch method were the same
as for the second experiment see previous chafterreason behind repeating this
experiment is to get sample bigger than the saroplprevious one in order to
confirm the result of experiment two. Unfortunatéiye sample for this experiment
was only nineteen students (eleven students asn#iehed group one and eight
students as the mismatched group two). These werteykar students from the
department of Computing and Informatics, and thers® was the undergraduate
degree in Computing in Mar, 2006.

Before commencing the third experiment, the plas that the sample would contain
be at least 20 to 25 students in each group. Tdweedure followed was exactly the
same as for experiment two, meeting the students a&®hort, describing the
experiment and its purpose, and asking if theyeatpearticipate. However, most of
the students did not attend the first laboratogs&m with the researcher and so did
not complete either a LSQ or a Pre-test, nor day tlogin to the online course As
the course leader explained, said there was no anexth to make these students
attend the laboratory session if they did not wanin this way the sample size for

the third experiment was reduced substantiallyeAttiscussion with my research
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supervisor it was agreed to proceed with and refbperthird experiment separately,

even though the total number in the sample wade®ne
In group one there were 11 students ( 7 ActivistReflector, 2 Theorists and one
Pragmatist), and in Group two there were eight estital (7 Activists and 1 Theorist).
There are two parts to the data in analysis: tts fiart focuses on differences between
the matched and non-matched groups, the secondogades on differences between
students with the Activist Learning style as therere so few students with other
learning styles. The results will be discussedh@amAnalysis Section (see also Appendix
G).

7.2 Evaluation by Groups

This section will discuss comparisons between thwe groups. Starting with a
comparison of the difference between Marks AwariheBre-Test and Post-Test. The
difference in the level of knowledge before acoegthe online course and the level of
knowledge after completing the online course. Téseiits will include differences in the
level of self-confidence, the level of interesg tavel of comfort with the online course.

7.2.1 Differences between Marks Awarded to the Matched and Non-
Matched Student Groups in Pre-Test and Post-Test

This is no significant different between pre andtgest in both groups P>0.05, see

Table 7.1.All students in group one answered pceparst test correctly.

T-Test: Equal Variances
Test type Grou Sample | Mean gé%?:,;gg Not Assumed
P g Size, N | Score ’ ASymp. Sig.
Sb T :
(2-tailed)
Group one
Marks in (Matched) 11 4.00 0.00
2.39 0.04
Pre-Test Group two 8 305 088
(Mismatched) ' :
Group one
Marks in (Matched) 11 4.00 0.00
1.53 0.17
Post-Test Group two g 575 046
(Mismatched) ' :

Table 7.1: t-test for significance of differences étween mean marks awarded to matched
and non-matched students in the Pre-and Post-tests.
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7.2.2 Improvement in Student Self-Assessed Level of Knowledge Before
and After Completing the Online Course: Group One (Learning Style
Matching Learning Sequence)

The difference in the ranking the students gavensigdves for their level of relevant

knowledge before entering and after completing ehéne course were compared.

Figure 7.1 shows for the 11 matched students irugmne, 4 students believed they

had increase their knowledge level, but 7 consttleteey knew as much after

completing the online course as at the start (lmxahey felt they had a good

knowledge about logic gates before started thesedubut no-one felt they knew less.

The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students

o PN W s e A

Negative  Positive Ties
Ranks Ranks

Figure 7.1 Group one, Improvement of Level of Knowédge Before and After Completing
the Online course
A Wilcoxon Signed Ranks Test showed that the irsgea mean ranking for the 11

matched students in Group one was not significamt lavel of confidence of 95.0%,

see Table 7.2. The full results are presented peAdix G.

Asymp. Sig. (2-
Items of Test Ranks Types N tailed)
Level of knowledge before | Negative Ranks 0°
course - Level of Positive Ranks %4 0.06
knowledge after course Ties 7

a- Level of knowledge after course < Level of knedde before course

b- Level of knowledge after course > Level of knegde before course

c- Level of knowledge before course = Level of kienige after course

Table 7.2Wilcoxon signed ranks test. Improvement in studenself-assessment of level of
knowledge before and after completing the online eose: Group two (learning style
matching learning sequence)
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7.2.3 Improvement in Student Self-Assessed Level of Knowledge Before
and After Completing the Online Course: Group Two (Learning
Style Not Matching Learning Sequence)
Again, to determine whether these 8 students cereidthey, themselves, had made
significant progress, after completing the onlineurse, the ranking they gave
themselves for their level of relevant knowledgéole entering and after completing
the online course were compared. Figure 7.2 sHowthe 8 non-matched students in
Group two, 4 students believed they had increasie Kmowledge level, 3 considered
they knew as much after completing the online c@as at the start, and one felt s/he

had regressed. The improvement in mean rankinghagasignificant.

The Improvement of Level of Knowledge Before
and After Completing the Online Course

No of Students
N

Negative  Positive Ties
Ranks Ranks

Figure 7.2 Group two - Improvement of Level of Knowedge Before and After Completing
the Online course

The Wilcoxon Signed Ranks Test showed that thesas® in the mean of the students
self-assessed level of knowledge after completiegonline course, for the 8 students in
Group two was not significant, see Table 7.3. Thlerésults are presented in Appendix
G.

Asymp. Sig. (2-
Items of Test Ranks Types N tailed)
Level of knowledge | Negative Rankg  1°
before course - Level of | Positive Ranks| % 0.16
knowledge after course Ties 3¢

a- Level of knowledge after course < Level of knedde before course
b- Level of knowledge after course > Level of knetge before course
c- Level of knowledge before course = Level of kifedige after course

Table 7.3Wilcoxon signed ranks test. Improvement in studenself-assessment of level of
knowledge before and after completing the online ewse: Group two (learning style not
matching learning sequence)
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7.2.4 Differences Between Matched and Non-Matched Student Groups in
Self-Assessment of Level of Knowledge Before Accessing the
Online Course

The difference in student rankings of their levefsknowledge before beginning the

online course were compared for the matched anehmainhed students, see Figure 7.3.

Obviously, there was a spread of results for emohmand so there was no significant

difference in the mean responses.

Level of knowledge before using the logic gates
material

3 @ Group One

m Group Two

No of Students
N

None Verylitle Moderate  Good  Very Good

Figure 7.3: How students assessed their own levédlkmowledge before accessing
thenline course

The non-parametric test (Mann-Whitney U) used shibthat there was no significant
difference between the two groups in their mearf-asdessed level of relevant
knowledge before accessing the online coukse (.05). This shows that both groups
of students started the course with no significdifterence in average perceived
background knowledge of the course content, sedeT@ldl. The full results are

presented in Appendix G
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Mean score in Standard A
Sample| level of knowledge o Mann- SYmp.
Group : : Deviation, . Sig. (2-
Size, N| before accessing Whitney U .
: SD tailed)
online course
Group one
11 3.36 0.92
[EENED), 33.50 0.37
Group two (non- 8 288 136
matched)

Table 7.4: Mann-Whitney U test for difference in leels of self-assessment of knowledge
before accessing the online course, matched and noratched student

7.2.5 Differences Between Matched and Non-Matched Student
Groups in Self-Assessment of Level of Knowledge After Completing
the Online Course

The difference in student rankings of their levefsknowledge after completing the
online course were compared for the matched anehmainhed students, see Figure 7.4.
There appears to be a tendency for the matcheckrggido rate their increase in
knowledge as greater than non-matched students.A&fiepleting the course the
matched students rated their level of knowledg&asd to Very Good, while for the

non-matched students it was between Moderate and.Go

Level of knowledge after used the logic gates

material
6’ ——
5,
@ Group One
4 = Group Two

No of Students
w

=

None Verylitle Moderate  Good  VeryGood

Figure 7.4: How students assessed their own levélimowledge after completing
thenline course

The Mann-Whitney U test was again used to analgseordinal data obtained. No
significant difference between the two groups wasnfl in the mean levels of
knowledge after completing the online courBe>(0.05), see Table 7.5. The full results

are presented in Appendix G.
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Mean score in
level of Standard Asymp.
Group ;azn;plNe knowledge after Deviation, W';I/Ii?nnen- U Sig. (2-
' completing SD y tailed)
online course
Group one 11 3.82 0.87
Group two 8 3.38 0.92 30.50 0.24

Table 7.5:Mann-Whitney U test for difference in level self-asessment of knowledge
after completing the online course, matched and nematched students

7.2.6 Differences Between Matched and Non-Matched Student
Groups in Level of Confidence That They Have Understood the
Course Material

The mean level of self assessed confidence witiclwiine students felt they had
understood the online course was, for the matchedests, between Moderate and
Confident, and for the non-matched students betvxésy Little and Moderate, see

Figure 7.5.

Level of Confident in Taught Material

3 @ Group One

® Group Two

No of Students
N

None Verylitle Moderate Confident Very
Confident

Figure 7.5: Students' level of confidence in theiunderstanding of the online material

The result show that there was no significant diffice P >0.05) between the two
groups in their levels of self-confidence, see €ahb. The full results are presented in

Appendix G.
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Group Samole Mean Score in Standard Mann- | Asymp.
SizepN level of Deviation, Whitney | Sig. (2-
' confidence SD U tailed)

Group one 11 3.36 0.92
Group two 8 2.63 1.18 25.50 0.11

Table:7.6: Mann-Whitney U test for difference in sudents' level of confidence in material
accessed on the online course, matched and non-ntad students

7.2.7 Differences Between Matched and Non-Matched Student
Groups in How Well the Online Course Maintained Student Interest.

The responses of the matched students showeddhdgd to be more interested in the
online course than the non-matched students. Fougsone the responses were either
Moderate or Good while, for the non-matched stusldéhe responses were between Not

at all and Moderate, see Figure 7.6.

How well did the course keep you interested

O Group One

® Group Two

No of Students
w

Notatall Verylitle Moderate Good VeryGood

Figure 7.6: Students level of interested in materiaaccessed on the online course.

Table 7.7 the shows that there was significantedifice between the two groups in
their level of interestK < 0.01). Students in Group were one more intere@ted 1,
M=3.45, SD=0.52) than Group two (N=8, M=2.25, SDAQ. The full results are
presented in Appendix G.
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Group Sample Mean Score in g;%?;?gg Mann- gsgr?g
Size, N level of interested SD Whitney U tail ed)

Group one 11 3.45 0.52
Group two 8 2.25 0.71 9.00 0.002

Table 7.7: Mann-Whitney U test for difference in stidents' level of interest in material

accessed on the online course, matched and non-nfad students

7.2.8 Differences between Matched and Non-Matched Student
Groups in Whether They Felt Comfortable With the Online Course

As shown in Figure 7.7 there was significant degfere between the two groups in their

levels of comfort with the sequence that the ontioerse was presented to them. Group

one was the more comfortable, with all studenthis Group answering yes.

No of Students
()]

Level of Comfort with Sequence

12

10+

No

I

Yes

O Group One

® Group Two

Figure 7.7: Students' level of comfort with sequerethat was presented to them

There was significant differencd®< 0.01) between the two groups in the level of

comfort whilst accessing the online course. Gronp was more comfortable (N=11,

M=2, SD= all answered YES) than Group two (N=8, M8, SD=0.52), as shown in
Table 7.8. The full results are presented in Appefd
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Samole Mean Score in Standard Mann- Asymp.
Group SizepN level of Deviation, | Whitney U | Sig. (2-
' comfortable SD tailed)
GROUP 1 11 2.00* -
GROUP 2 8 138 052 16.5 0.003

*all student in group one where answered YES omythestion.
Table 7.8: Mann-Whitney U test for difference in wtether or not students felt comfortable
using the online learning course, matched and non-atched students

7.3 Evaluation by Learning Styles
In this experiment (experiment three) the analysisbe concerned with only Activist

learners. Here the sample size is fourteen studesen in each group. The sample size

for the other learning styles was too small to gigseful results.

7.3.1 Differences in Self-Assessment between Matched and Non-matched
Students before Accessing the Online Course
Both groups started the course with some knowl@augeerage between Very little and

Moderate , see Figure 7.8.

No of Students

Level of knowledge before using the logic gates
material (Activists Learning Style)

@ Group One

m Group Two

None Verylitle Moderate  Good  Very Good

Figure 7.8: How students assessed their own levédllmowledge before accessing
the online course

There was no significant difference between thewisttlearners in the two groupB ¢
0.05), see Table 7.9. The full results are preseintédppendix G.
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. R
Group Sf_;lmple Mean Score in St_an_dard Mann- . Sig.
Size, N Pre-test Deviation, SD | Whitney U (2-
tailed)
Group one
(matched) 7 3.14 1.07 25,00 0.4
Group two 7 3.00 1.41
(non-matched)

Table 7. 9: Activist learning style - differences btween self-assessment of relevant
knowledge before accessing the online course.

7.3.2 Differences in Self-Assessment of Level of Knowledge between
Matched and Non-matched Students After Completing the Online

Course
The mean level of knowledge of both groups aftengleting the online course groups

was between Moderate and Good, see Figure 7.9

Level of knowledge after used the logic gates
material (Activists Learning Style)
3,
% @ Group One
g 2] m Group Two
©
2
(%)
IS
o 14
z
0,
None Verylitle Moderate  Good  Very Good

Figure 7.9: How students assessed their own levdlikmowledge after completing
the online course

There was no significant difference between theviattlearners in the group$ (>

0.05), see Table 7.10. The full results are preskmt Appendix G.
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Mean score in Mann- Asymp
Sample level of knowledge S‘af‘df”"d Whitney U | . Sig.
Group . . Deviation,
Size, N after completing (2-
. SD .
online course tailed)
Group one 7 3.57 0.98
(matched)
Group two 7 3.43 0.98 22.00 0.74
(non-
matched)

Table 7.10: Activist learning style - differencesn student self-assessment of level of
knowledge after completing the course

7.3.3 Differences in Level of Confidence between Matched and Non-

Matched Activist Students

Student levels of confidence in the online mateshbwed considerable overlap

between Activist learners in the two groups, segifd 7.10.

Level of Confident in Taught Material
(Activists Learning Style)

3,
0
= 5] O Group One
[
= ® Group Two
n
S 4]
o
Z

0,

None Verylitle Moderate Confident Very
Confident

Figure 7.10: Students' level of confidence in theiunderstanding of the online material

There was no significant difference in the mearelewf confidence between the two
groups of Activist learnerd?(> 0.05), see Table 7.11. The full results are priegskin
Appendix G.
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Mean Score in Standard Asy_mp
Group 2?;;'0:\? level of Deviation, W?]/Ii?nnen- ul (Szg
! confidence SD y N
tailed)
Group one

7 3.14 1.07

éT:J:ht?g 16.50 0.28
(non-matched) ! 2.57 1.27

Table 7.11: Activist learning style - differences btween students' level of confidence that
they have understood the course material

7.3.4 Differences in Level of Interest between Matched and Non-Matched
Activist Students

The Activist learners in Group one tended to fihd bnline learning more interesting,

on average they rated their level of interest betw®loderate and Good. The Activist

learners in Group had a mean level of interest éetwWery little and Moderate, see

Figure 7.11.

How well did the course keep you interested
(Activists Learning Style)

O Group One

® Group Two

No of Students
N

None Verylitle Moderate  Good  Very Good

Figure 7.11: Students level of interested in mateai accessed on the online course

There was a significant difference between theAgttiearners in the two groupPB €
0.01) in the mean level of interest in the coursdemal, see Table 7.12. The activist
students in Group one were more interested (N=73.88-, SD=0.54), than the activist
students in Group two (N=7, M=2.14, SD=0.69). Thdl fesults are presented in
Appendix G.
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Sl Sample Mean Score in Standard W?\/:?nnen- U gsyrr(lg
Size, N | level of interested | Deviation, SD y ta?ll o)
Group one 7 3.43 0.54
ialchiet) 4.00 0.006
Group two 7 2.14 0.69 ' '
(non-matched)

Table 7.12: Activist learning style - differences btween students' level of interest in the
course material

7.3.5 Difference in Level of Comfort with Course Material between

Matched and Non-Matched Activist Students
All seven Activist students in Group one answerées, they were comfortable using
the online course. In Group two only two Activisatners said they were comfortable

with the course material, see Figure 7.12

Level of Comfort with Sequence
(Activists Learning Style)

OGroup One
- B Group Two

No of Students
O RN WA GOSN
\

No Yes

Figure 7.12: Students' level of comfort with sequese that was presented to them

There was a significant difference between the gnmups of Activist learnersP(<
0.01) see Table 7.13in whether or not they werefodable with the online course
material. The Activist learners in Group one wererencomfortable using the online
course, (N=7, M=2, SD= 0), than the Activist leasné Group two (N=7, M=1.29,
SD=0.49), see Table7.13. The full results are mteskin Appendix G.
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. Mann- Asymp
Grou Sample Me?gvglc g;e n Standard Whitney U | . Sig.
P Size, N Deviation, SD (2-
comfortable .
tailed)
Group one " i
(matched) / 2.00
Group two 7.00 0.007
(non- 7 1.29 49
matched)

* all student in group 1 where answered YES togihestion.
Table 7.13 Activist learning style - differences ldeveen matched and non-matched
students in whether or not they felt comfortable with the course material

7.4 Conclusions and Discussion

7.4.1 Conclusions

There were no significant differences betweenwwedroups of students in their
self-assessed levels of knowledge either beforafar accessing the online
course.

According to the Wilcoxon Signed Ranks Test theease in mean rank of self-
assessed level of knowledge was not significarst 85% confidence level for
either the 11 students in Group one, or the 8 siisda Group two.

The results showed no significant difference betwiée two groupsR>0.05) in
their level of knowledge after they competing timéiree course.

The results showed no significant differenBe@.05) between the two groups in
the level of confidence that they understood thes® material.

There was significant differenc® € 0.01) between the two groups in the level
of interest in the online course. Students of Groop were significantly more
interested than the students in Group two.

There was significant differenc® & 0.01) between the two groups in whether
or not they felt comfortable with the online cour&oup one was significantly
more comfortable than Group two.

The result showed that the student who used aifgpsequence that matched
his/her learning style found the online course ifiggmtly more interesting, and
a student who used the learning sequence that estet/her learning style was
more likely to feel comfortable with the online cse.
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* Because of the group sample was very small theareBer tested only the
Activists learning style. The results showed thativists learners in group one

were more interest and comfortable than the atsilearners in Group two.

7.4.2 Discussion
The results show there was no significant diffeecbhetween the students in Groups
one and two in their self-assessed level of knoggdokfore they accessed the online
course. This was confirmed when no significantaitdhces were found between the
mean marks for the two groups in the Pre-test.
The results show there was no significant diffeeechetween the students in Groups
one and two in their self-assessed level of knoggedfter completing the online
course.
The student in both groups and, Activist learneedenno significant progress in
their self-assessed level of learning after comdethe online course.
Generally, students who used the learning sequéatenatched their learning styles
found the course more interesting.
Generally students whose learning style matched dékvery sequence were
comfortable with the online course, whereas stug@ritose learning style did not
match the delivery sequence were not comfortable
Unfortunately, the size of the cohort in the thesgperiment was only 19. It was only
because nearly three-quarters of the cohort wetwigts that any meaningful results

were obtained for a particular learning style.
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Chapter Eight

Comparison of Data for the Three Experiments

8.1 Introduction

This chapter compares the results obtained fronthitee experiments and on this basis
concludes that the use of online technologies ghdn education can improve the
effectiveness of student learning by allowing thatehing of the order of the delivery
of taught material to the user’s learning stylee @ssential research question was to
find whether any correlation existdmbtween student learning styles and the order in
which the component parts of the course material prasented to them, this has been

answered affirmatively.

8.2 Hypotheses Tested by the Three Experiments

This chapter answers the following hypotheses:

Hypothesisl: Matching a studerd learning style to the sequence in which the seur
material is delivered will have a significant effen the student’s test score or on their
appreciation of the course. Null hypothesis: Theitebe no significant difference
between the mean scores for matched and non-mastinaehts in their level of
knowledge either before beginning or after comptethe online course, nor in the Pre-

and Post-test marks obtained.

Conclusion 1:Table 8.1 summarises the results of the measavet lof significance for
the differences in student level of knowledge Rré Bost-test, and mean scores in the Pre and
Post-tests, between matched and non-matched giotps three experimentblote: Pre- and

Post-test comparison was included only in expertrhea.

127



Chapter Eight Comparison of Data for the threedfixpents

The results for the first and final experimentsw@d that no significant difference
between the two groups in the students’ level awiiedge before beginning or after
completing the online course. According to thesgeexnents the relevant null
hypothesis can be accepted. Clearly, one would axpe significant differences
between the groups in the mean Pre-test scorentioe level of understanding prior to
commencing the course. Indeed, a repeated patfesigrificant differences arose in
this aspect that would be surprising and worthineéstigation. However, the lack of a
significant difference between the two groups atiempleting the course is — in the
opinion of the researcher — due to all the studentsese experiments obtaining 100%
in the Post-test. In experiment this was due tagidie same questions for both Pre and
Post test, and was one aspect of the researctvéisatorrected for the second and third
experiments. It should also be noted that in a@rpat three all the students had some
knowledge of the subject matter before the coumtesl.

In experiment two a significant difference betwedba groups was obtained in their
levels of knowledge after completing the online rsey and in the mean Post-test
marks. The student group who used the learningeseguthat matched their learning
styles (N=30, M=4.20 between Good and Very Good=&D1) considered their

knowledge of logic gates to be significantly bettban the group (N=34, M=2.24

between Very little and Moderate, SD=1.01) who'arteng sequence did not match
their learning styles. According to the result gperiment two the null hypothesis can

be rejected.

Here, the findings from experiment two do not agnéid those from experiments one
and three. Of course these results do not contradich other, but which is the more
reliable — in the sense of which is generally aggille. The results from experiments
one and three have serious question marks over (beenabove), but experiment two
had the great strength that the sample was largegbnto provide a statistically

significant difference. It should also be mentionleat, unlike the sample of students in
experiment three, the students in experiment twaoexd with little or no background

knowledge about logic gates, and showed a signifitaprovement in their mean level

of knowledge after completing the online coursee Titer seems intuitively correct!

128



Chapter Eight Comparison of Data for the threedfixpents

Experiment Experiment Experiment
Test Type one Two three
22 students 64 students 19 students
Level of knowledge befor¢ P>0.05 P >0.05 P>0.05
Level of knowledge after P>0.05 P <0.001 P>0.05
Pre-Test * P >0.05 *
Post-Test * P <0.001 *

*The Test cannot be performed on empty groups.
Table 8.1: Levels of significance for the differeres in student achievements (level of
knowledge Pre and Post-test, and mean scores in tiire and Post-tests)
between matched and non-matched groups in the threaxperiments

On balance, then, it appears that hypothesis one @isproved.

Hypothesis 2: Matching a student’s learning style to the seqaan which the course
material is delivered will have a significant effen the student’s level of confidence,
level of interest and level of comfort. Null hypeths: there will be no significant

difference in student ranking of preferred learrseguence.

Conclusion 2: Table 8.2 summarises the results of the measavets lof significance for
the differences in students’ level of confidencethe course material, how well the online
course held their interest, and how comfortablg fe& while using the online materigks can
be seen, experiment one showed no significantrdiffee between the two groups in
terms of the students’ levels of confidence, irder@and comfort. According to this

experiment the null hypothesis can be accepted.

Experiment two showed that there was significaffecence P < 0.001) between the
groups in the level of confidence, interest and footable. Group one was, on average,
significantly more confident and interested in toeirse material, and more comfortable
with the course material than Group two. Accorditeg experiment two the null
hypothesis can be rejected.

Experiment three found a significant difference<{®.01) between the groups in the
level of interest in the course and comfort with tourse. Group one was, on average,
significantly more interested and comfortable witlhe course than Group two.

According to experiment three the null hypothesis be rejected.
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Test Type Experiment one | Experiment Two Experiment three
Level of confidence P>0.05 P <0.001 P>0.05
Level of Interest P>0.05 P <0.001 P<0.01
Level of comfort * P < 0.001 P<0.01

*The Test cannot be performed on empty groups.
Table 8.2: The comparison the difference in studest level of confident,
Interest and comfortable the tlee experiments.

Given that experiment two, with its larger sample &e, appears the most reliable
then, on balance, it appears that hypothesis two gisproved.

8.2.1 Comparison between Learning Styles

This section examines and compares the relativéexamments of the four student
learning styles (Activist, Pragmatist, Reflectodarheorist). Student achievement was
measured by the rankings given for the self-asdedeeel of knowledge after
completing the online course, the level of interiesthe course material, the level of
confidence in the course material, the level of fmytrwith the online course, and the
marks awarded in the Post-test. In first or thixdeximents all students answered all the
questions in the Post-test correctly and so nodvabmparisons can be drawn
(especially as in experiment one the Pre- and feégstwere the same). Also in the third
experiment the sample was too small to obtain asgful comparisons for the
Pragmatist, Reflector and Theorist learning styles.

Hypothesis 3Matching a student’s learning style to the seqaancwhich the course
material is delivered will offers an equal balamédearning opportunity to all students
no matter what their learning style. Null hypotisesihere will be no significant
difference in the performance of students withedéht learning styles, as measured by
their achievement in any of the assessments (studeking their level of knowledge
after completing the online course, and Post-EsEs).

Conclusion 3 Table 8.3 summarises the results obtained frontthee experiments.
The results from experiment one show that therensasignificant difference in student
achievement between learners with the same leastyig in the two groups. The null
hypothesis in this case cannot be rejected.
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In experiment two the Activists, Pragmatists ancedist learners appear to learn
significantly better if they use a learning sequetitat matches their learning style.
There was no significant difference between theieweiments of those Reflectors
whose course matched their learning style and thetectors whose course did not
match their learning style. This result is mosteljk due to the small number of

Reflectors in the sample, but the possibility exitiat Reflectors are more flexible than
other learning styles. According to this result thil hypothesis can be rejected.

In experiment three the sample was too small. €aening style of the Students in this
group was only activist. Experiment three showedigaificant difference between the
learners with the same learning styles in the trawugs in students’ achievements when
using different learning sequences. The null hypsighin this case cannot be rejected.

HEEIIIE) Test Tvpe Experiment | Experiment | Experiment
Style yp one Two three
Level of knowledge after
Activist | completing the online courde P>0.05 P<0.001 P>0.05
Post-test score * P <0.001 P>0.05
*
Pragmatist Level of knowledge after P>0.05 P<0.01
Post-test score * P <0.05 *
Reflectors Level of knowledge after P>0.05 P>0.05 *
Post-test score * P>0.05 *
*
Theorist Level of knowledge P>0.05 P < 0.05
Post-test score * P <0.001 *

*The Test cannot be performed on empty groups.
Table 8.3: The comparison of students’ learning adavements in the three experiments
according to students’ learning styles

Hypothesis 4.1t is expected that students with different leagnstyles will differ in

their confidence with the course material, theueleof interest in the course, and their
comfort level when using different learning sequend\ull hypothesis: there will be no
significant difference in student ranking of preéel learning sequence according to

learning style.

Conclusion 4: In experiment one there was no significant diffiee between the

students with the same learning styles when usiifigrent learning sequence, see Table

8.4. The result showed that the null hypothesistmaaccepted.
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Experiment two showed that there was a significiiférence between Activist learners
in their level of interest, confidence and comfatien they used different learning
sequence. Activists who used the learning sequdratematched their learning styles
did better than those who did not. Pragmatist kearwere significantly different in
their levels of interest and comfort when usindedtént learning sequences. Pragmatist,
learners who used the learning sequence that nthttiegr learning styles did better
than those who did not. Theorist learners showgdifgtant differences only in their
comfort level when using the online course whemgsiifferent learning sequence, but
this was a relatively small sample. Reflector leasnshowed no significant difference
in their levels of interest, confidence and comfarfen using different learning
sequences, however this was because of the very mmmaber of responses received.
On balance, it appears that the null hypothesiearejected.

In experiment three the only significant differenwas found with Activist learners
because there were so few Pragmatists, ReflectmtsTheorists no significant results
could be obtained. The Activist students were $icgmtly more interested in the course
and comfortable with their way of learning if theatning sequence matched their
learning. Thus the null hypothesis cannot be aeckat least with the Activist learning

style.
Legtr)r/}igg Test Type Exp(e;:igent Exp_lt?\;i,?ent Ex;:ﬁ:ggent

Interest P>0.05 P <0.01 P<0.01
Activist Confidence P>0.05 P<0.01 P>0.05
Comfortable * P <0.05 P<0.01

Interest P>0.05 P <0.05 *

Pragmatist Confidence P>0.05 * *

Comfortable * P<0.01 *

Interest P>0.05 P>0.05 *

Reflectors Confidence P>0.05 P>0.05 *

Comfortable * P>0.05 *

Interest P>0.05 P>0.05 *

Theorist Confidence P>0.05 P>0.05 *

Comfortable * P <0.05 *

*The Test cannot be performed on empty groups.
Table 8.4: The comparison the difference in studest level of confident, interest
and comfortable the two experiments according studgs learning styles.
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Chapter Nine

Contribution and Recommendations

9.1 Introduction

This chapter summarizes the outcomes of this imgetgin to find whether any
correlation existedetween student learning styles, the order in withehcomponent
parts of the course material was presented, antk#ineing outcomes as determined by
a Post-test score and the students’ self assessetl df knowledge of the course

material.

This research was intended to investigate the stigdenline learning environment to
first confirm that the environment itself signifitddy affected learning outcomes and,
secondly, to provide useful information for coudssigners and educators on how they
can get the best outcome when using this new laghnblogy learning environment.
The specific issue tested was whether, in thismlagrenvironment, the sequence of in
which the course material was presented to theestuidad a significant effect on the
learning outcomes: in particular the relative imgnment in student test scores, the
students’ relative interest and confidence in tbherse material, how comfortable the
students felt while studying the course materiahdsinction of whether the order of
presentation of the course material matched ondtdnatch the students learning style
as defined by Honey and Mumford.

The researcher was planned to do more than oneiegue which aimed to confirm the
results. There was difference in results of expentriwo and there and that due to the
difference in time of experiment and backgrounctlef students.
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9.2 Contributions.

1. The first finding from his research is that it issgible to deliver the course
material to be studied in different learning seqsn This is a confirmation of
the work of previous researchers created a flexsglgem (AHA) that allowed
them to integrate into it as many variation as tliesd, of the learning styles of
Kolb, and Honey and Mumford (Stash, et al. 2004).

2. The second, finding is that the learning sequeacehave a significant effect on
student outcome. The results show that it is ingmirthat the course contents
should be presented in a sequence that matchesutent’s learning style. This
confirms the work of Bajraktarevic, et al (2003gdfning outcomes can be
improved if designers of hypermedia courseware igmwa different sequence
and presentation of materials to accommodate iddali learning style
differences” and Honey (2006, p22) “where individpigeferences and activities
match, learning is more likely. If there is a migalayou are less likely to learn

and will find learning a struggle”.

3. A third, important, result is that Activist learsesire the student who most prefer

to follow the learning contents in a sequence thaiiches their learning style.

4. Reflectors showed no significant difference betwtmntwo groups in any test,
almost certainly due to the small sample size,thate is the suggestion that
these learners are more flexible and adapt modklyea a delivery pattern. The
researcher did not find any other work in the &tare to conform this point.

5. The research confirmed that the differences inestutearning styles should be
considering when designing online learning systAmother study was argues
that when students’ learning styles are identifieds possible to define an
appropriate context of learning. This study hadficmed that the differences in
student learning styles should be considering wihesigning online learning

system (Zapalska and Brozik, 2006).

6. By designing online material instruction accordiogKolb learning cycle, the

students achieved higher scores compared to studembss Kolb learning
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cycle. Kolb model divided to four learning sessidhis can be implemented in
online learning and can offer an equal balanceeafring opportunity to all

students no matter what their learning style.

This kind of designing eLearning material can otiégh structured which can

be more beneficial to match many learning stylearf@/, et al, 2006).

9.3 Recommendation for Future Research

The researcher recommends to repeat the same raepésiwith the following changes:

Replication of this study be conducted within ah@igeducation institution with
an increased sample population, the number of stada each learning
type/style at least 40 — 20 in each of Group ortetevo.

Additional research into modules in other subjatwifferent academic fields.
Researchers should use different instruments iarohing learning styles and
also implement aspects of learning styles into hyelia systems in order to
confirm the important of using the learning seq@sn@nd it effect on students’

achievements.
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Appendix A: Screenshots of the Online Mater

Appendix (A): Screenshots of the Online Material.

I Theory Section R

mamoco==oco|ll

'Any combination fhat'_sa‘ﬁsjﬁes t
column, otherwise a0 is effters

Figure A3.4.Screenshot of online course transactioon the screen.

Theory Section ' |

e e — —

O S — T — e S 1]
S = T — W W — N e

1 i

Any combination that satisfies the specification results in a1 in the P
column, otherwise a0 is entered. Go through the above table line by

\ line and satisfy yourself that it meets all the requirements. '

Figure A3.5:Screenshot of online course transactioon the screen
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Appendix A: Screenshots of the Online Mater

As an example of ‘now we can lmplement a Iogical term using Ioglc.
'gates consider the example, A BCisreadas "not A and not Band C".
Note that to reduce the size of the terms even | more it is the convention
to drop the AND () symbols thus reducmg ik B to 3|mply ABC The'_
followmg (:|rcu1t performs. thls functlon :

As an example of how we can lmplement a Iogical term using Ioglc \
gates consider the example, A B.Cisread as "notA and not Band C".
Note that to reduce the size ofthe terms even more it is the convention
to drop the AND (.) symbols thus reducmg A, B Cto mmply ABC The'_ 7
followmg mrcmt performs. thls functlon i : G

P, ST e

Figure A3.8: Screenshot of online course from the MExample Section.
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Appendix A: Screenshots of the Online Mater

As an example of how we can lmplement a Toglcal term usmg log{c
gates consnder the example A B.Cisread as "notA and not BandC".
Note that to reduce the size of the terms even| more itis the convention
to drop the AND () symbols thus reducrng A. BCto srm;;ly ABC The
following circuit performs this functlon -

i 61

3 .D.R._Gﬁte -

_ The next gate that we WI|| conmder 1s the OR gate The two |nput DR_
- gate. S :

A=

Input data button to logic gate

Figure A3.11: Screenshot of online course from thdave-a-Go Section.
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Appendix A: Screenshots of the Online Mater

Have a go Section

 ORGas

= fhe'néﬂég&iﬁaﬁwp wi[l'_:éq’h_;'il'c'i:éi' 1stheDRgateThetwninput0R i)
SSaate o o e R e

Figure A3.12: Screenshot of online course from thidave-a-Go Section.
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Appendix B: Pre-Test.

Appendix B: Pre-test .

Pre-Course Test

\\salamander\logic

Name:
Group:
Date:
This is a multiple choice quiz. Please completéhepestion by make your choice
Q1 What type of logic gate does this symbol represent?
Answer | No answer
1-OR Gate 2- NOR Gate 3-NOT | 4-AND Gate
Gate
Q2 The electrical symbol illustrated below represent ?
Answer | No answer
1- OR Gate 2- NOR Gate 3NOT 4-AND Gate
Gate
Q3 Which of the following symbols represents a NOR gaf
Answer | No answer
1- 2- 3- 4-
— | e | e | T
Q4 Which one of the following truth tables representshe
Answer | No answer | Pehaviour a AND gate?
1- 2- 3- 4-
Inpui|inputOutpu
Input|inpui/Outpu InputinpuiOutpu A B Q Input | Output
A B | Q A | B | Q A Q
0 0 0
0/ /0| 0 0 0 1 0 1
0 1 1
0 1 0 0 1 1 1 0
1 0 1
1 0 0 1 0 1
1 1 0
1 1 1 1 1 0
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Appendix C Post-test used in first experiment Badluation Form

Post-Course Test

\\salamanden\logic

Name:
Group:
Date:
This is a multiple choice quiz. Please completdepestion by make your choice)
Q1 What type of logic gate does this symbol represent?
Answer | No answer
1-OR Gate 2- NOR Gate 3-NOT 4-AND Gate
Gate
Q2 The electrical symbol illustrated below represent ?
Answer | No answer
1- OR Gate 2- NOR Gate 3NOT 4-AND Gate
Gate
Q3 Which of the following symbols represents a NOR gaf®
Answer | No answer
1- 2- 3- 4-
— — — - —o— — >
Q4 Which one of the following truth tables representshe
Answer T No answer | behaviour a AND gate?
1- 2- 3- 4-
InputinputOutpu
Input|inpui/Outpu InputinpuiOutpu Al B Q Input | Output
A B | Q A | B | Q A Q
0 0 0
0/ /0| 0 0 0 1 0 1
0 1 1
0 10 0 1 1 1 0
1 0 1
1 0 0 1 0 1
1 1 0
1 1 1 1 1 0
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Appendix C Post-test used in first experiment Badluation Form

Appendix C: Evaluation Form: Post Evaluation Form

This form is to be used to provide feedback on thieogic Gates online course you have
recently completed. Please be as honest as you ,cas your feedback may be used as a
basis to make future improvements and will not infllence any marks that you receive

for this course.

Q1 How well did the course keep you interested? (pleagjive
your reasons)

Your answer

Not at all | Badly | Ok | Good | Very Good

Q2 What level of knowledge would you say that you haldefore
using the Logic Gates material?

Your answer

Not at all | Badly | Ok | Good | Very Good

Q3 What level of knowledge would you say that you nowave on
the subject of Logic Gates?

Your answer

Not at all | Badly | Ok | Good | Very Good

Q4 What level of confidence do you have that you undstood the
course material? (please add any comments)

Your answer

None | Very little | Moderate | Confident | Very Confident

Q5 Did you feel comfortable completing the Logic Gatematerial
in the order that it was presented to you? (pleasadd any
comments)

Your answer
No | Yes |

Q6 What did you like/dislike about the look and feel bthe tool?
(eg, Colour schemes, layout, navigation)?

Q7 What did you like/dislike about the way the materid was
presented (text, animation, interactivity)?

Q8 What other learning activity or media do you think would be

helpful if it was included? (eg, Audio , Video Clps )?
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Appendix D

Full Results of First Experiment.

APPENDIX D: Full Results of First Experiment.

Student self-assessment of their level of knowledgpefore accessing the online course,

all six groups.

The Chi-Square value obtained in the Kruskal-Wad#ist showed no significant difference
between any of the six groups in how students asdetheir own level of knowledge

before they commenced the online course (Chi-Sqgudré1, P > 0.05).

Kruskal-Wallis Test

Test Statistics (b)

Level of knowledge before course
Chi-Square 1.010
df 5
Asymp. Sig. .962 (a)

a Kruskal Wallis Test

b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
"e‘t’)e' of knowledge | 5, 1 Mean 2.45 390
efore course
95% Confidence Interval for Mean [Lower Bound| 1.59
Upper Bound| 3.32
5% Trimmed Mean 2.45
Median 3.00
Variance 1.673
Std. Deviation 1.293
Minimum 1
Maximum 4
Range 3
Interquartile Range 3.00
Group 2 Mean 2.14 404
95% Confidence Interval for Mean [Lower Bound| 1.15
Upper Bound| 3.13
5% Trimmed Mean 2.10
Median 2.00
Variance 1.143
Std. Deviation 1.069
Minimum 1
Maximum 4
Range 3
Interquartile Range 2.00
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Appendix D

Full Results of First Experiment.

Level of knowledge before course] Group 3 Mean 2.20 .735
95% Confidence Interval for Mean | Lower Bound .16
Upper Bound 4.24
5% Trimmed Mean 2.17
Median 1.00
Variance 2.700
Std. Deviation 1.643
Minimum 1
Maximum 4
Range 3
Interquartile Range 3.00
Group 4 Mean 3.00 1.000
95% Confidence Interval for Mean | Lower Bound -9.71
Upper Bound | 15.71
5% Trimmed Mean .
Median 3.00
Variance 2.000
Std. Deviation 1.414
Minimum 2
Maximum 4
Range 2
Interquartile Range .
Group 5 Mean 2.33 .333
95% Confidence Interval for Mean | Lower Bound .90
Upper Bound 3.77
5% Trimmed Mean .
Median 2.00
Variance .333
Std. Deviation 577
Minimum 2
Maximum 3
Range 1
Interquartile Range .
Group 6 Mean 2.40 .600
95% Confidence Interval for Mean | Lower Bound 73
Upper Bound 4.07
5% Trimmed Mean 2.39
Median 3.00
Variance 1.800
Std. Deviation 1.342
Minimum 1
Maximum 4
Range 3
Interquartile Range 2.50
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Appendix D Full Results of First Experiment.

Student self-assessment of their level of knowledgdter completing the online course,
all six groups.

The Chi-Square value for the the Kruskal-Wallist telsowed no significant difference
between any of the six groups in how students asde$eir own level of knowledge after
completing the online course.

Kruskal-Wallis Test

Test Statistics (b)

Level of knowledge after course
Chi-Square 8.566
df 5
Asymp. Sig. .128(a)

a Kruskal Wallis Test
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic  |Std. Error|
Level of knowledge Group 1 Mean 418 182
after course
95% Confidence Interval Lower Bound 378
for Mean

Upper Bound 4.59
5% Trimmed Mean 4.20
Median 4.00
Variance .364
Std. Deviation .603

Minimum 3

Maximum 5

Range 2
Interquartile Range 1.00

Group 3 Mean 4.40 .245
95% Confidence Interval Lower Bound 372
for Mean

Upper Bound 5.08
5% Trimmed Mean 4.39
Median 4.00
Variance .300
Std. Deviation .548

Minimum 4

Maximum 5

Range 1
Interquartile Range 1.00

a Level of knowledge after course is constant when Sequence Type = Group 2. It has been
omitted. (the value was 4 as Good)
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Appendix D

Full Results of First Experiment.

Sequence Type Statistic |Std. Error
Level of knowledge after Group 4 Mean 350 500
course
95% Confidence Interval for [Lower Bound| -2.85
Mean
Upper Bound| 9.85
5% Trimmed Mean .
Median 3.50
Variance .500
Std. Deviation 707
Minimum 3
Maximum 4
Range 1
Interquartile Range .
Group 5 Mean 4.33 .333
95% Confidence Interval for [Lower Bound| 2.90
Mean
Upper Bound| 5.77
5% Trimmed Mean .
Median 4.00
Variance .333
Std. Deviation 577
Minimum 4
Maximum 5
Range 1
Interquartile Range .
Group 6 Mean 3.60 .245
95% Confidence Interval for  [Lower Bound| 2.92
Mean
Upper Bound| 4.28
5% Trimmed Mean 3.61
Median 4.00
Variance .300
Std. Deviation .548
Minimum 3
Maximum 4
Range 1
Interquartile Range 1.00
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Appendix D

Full Results of First Experiment.

Student levels of confidence that they understooché taught material of the online

course, all groups.

The Chi-Square value showed that there is no sogmf difference (at the 0.05 level)
between any of the six groups in the students! lefveonfidence that they had understood

the material accessed on the online course.

Kruskal-Wallis Test
Test Statistics

Level of confidence
Chi-Square 4.551
df 5
Asymp. Sig. 473

a Kruskal Wallis Test
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of confidence Group 1 Mean 3.64 .244
95% Confidence Interval Lower Bound|l 3.09
for Mean

Upper Bound| 4.18
5% Trimmed Mean 3.65
Median 4.00
Variance .655
Std. Deviation .809

Minimum 2

Maximum 5

Range 3
Interquartile Range 1.00

Group 2 Mean 3.71 .184
95% Confidence Interval Lower Bound|l 3.26
for Mean

Upper Bound| 4.17
5% Trimmed Mean 3.74
Median 4.00
Variance .238
Std. Deviation .488

Minimum 3

Maximum 4

Range 1
Interquartile Range 1.00

a Level of confidence is constant when Sequence Type = Group 3. It has been omitted. (The

Value was 4 as confident)
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Appendix D Full Results of First Experiment.

Sequence Type Statistic | Std. Error

Level of confidence Group 4 Mean 3.50 .500

95% Confidence Interval for
Mean

Lower Bound -2.85
Upper Bound 9.85

5% Trimmed Mean .
Median 3.50

Variance .500
Std. Deviation .707
Minimum 3
Maximum 4
Range 1
Interquartile Range .
Group 5 Mean 4.33 .333
95% Confidence Interval for Lower Bound 290
Mean

Upper Bound 5.77

5% Trimmed Mean .
Median 4.00

Variance .333

Std. Deviation 577
Minimum 4
Maximum 5
Range 1
Interquartile Range .

Group 6 Mean 3.40 .510
95% Confidence Interval for Lower Bound 198
Mean

Upper Bound 4.82

5% Trimmed Mean 3.39

Median 3.00

Variance 1.300

Std. Deviation 1.140
Minimum 2
Maximum 5
Range 3

Interquartile Range 2.00
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Full Results of First Experiment.

Student's level of interest in course material, alyjroups.

The Chi-Square test showed no significant diffeesna the interest expressed in the

course between any of the six groups.

Kruskal-Wallis Test

Test Statistics (b)

Level of interest
Chi-Square 1.083
df 5
Asymp. Sig. .956 (a)

a Kruskal Wallis Test
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic |Std. Error
Level of interest Group 1 Mean 3.82 .182
95% Confidence Interval Lower Bound | 3.41
for Mean
Upper Bound | 4.22
5% Trimmed Mean 3.80
Median 4.00
Variance .364
Std. Deviation .603
Minimum 3
Maximum 5
Range 2
Interquartile Range 1.00
Group 2 Mean 3.71 .184
95% Confidence Interval Lower Bound | 3.26
for Mean
Upper Bound | 4.17
5% Trimmed Mean 3.74
Median 4.00
Variance .238
Std. Deviation .488
Minimum 3
Maximum 4
Range 1
Interquartile Range 1.00
Group 3 Mean 3.80 .200
95% Confidence Interval Lower Bound | 3.24
for Mean
Upper Bound | 4.36
5% Trimmed Mean 3.83
Median 4.00
Variance .200
Std. Deviation A47
Minimum 3
Maximum 4
Range 1
Interquartile Range .50
Level of interest Group 4 Mean 3.50 .500
95% Cog‘:d&g;ﬁ Interval Lower Bound | -2.85
Upper Bound | 9.85
5% Trimmed Mean .
Median 3.50
Variance .500
Std. Deviation 707
Minimum 3
Maximum 4
Range 1

Interquartile Range
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Appendix D Full Results of First Experiment.

Sequence Type Statistic |Std. Error

Level of interest Group 5 Mean 3.67 .333
> -
95% Confidence Interval Lower Bound | 2.23

for Mean
Upper Bound | 5.10

5% Trimmed Mean .
Median 4.00

Variance .333
Std. Deviation 577
Minimum 3
Maximum 4
Range 1
Interquartile Range .
Group 6 Mean 3.60 .245
95% Cog‘:d&g;ﬁ Interval Lower Bound | 2.92
Upper Bound | 4.28
5% Trimmed Mean 3.61
Median 4.00
Variance .300
Std. Deviation .548
Minimum 3
Maximum 4
Range 1
Interquartile Range 1.00
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Appendix D Full Results of First Experiment.

Evaluation by Learning styles

Because there were only five matched studentsstived possible to carry out meaningful
comparisons between matched and unmatched studertach of the three learning styles
in this sample. Thus the following is, necessariignfined to examining the students in
each learning style as a single unit.

Students' level of knowledge before accessing thelime course.

There was significant difference between the tHesening styles in the level of how

knowledgeable the students considered themselvesebthey started the course. Those
students classified as Theorists considered themseaignificantly more knowledgeable

about logic gates than did either of the other le@oning styles.

Kruskal-Wallis Test

Test Statistics (b)

Level of knowledge before course
Chi-Square 6.266
df 2
Asymp. Sig. .044(a)

a Kruskal Wallis Test
b Grouping Variable: Student Learning style

Descriptives

Student Learning style Statistic |Std. Error|
ACTIVIST Mean 191 .315

95% Confidence
Interval for Mean

Level of knowledge
before course

Lower Bound 1.21
Upper Bound 2.61

5% Trimmed Mean 1.84

Median 2.00

Variance 1.091

Std. Deviation 1.044
Minimum 1
Maximum 4
Range 3

Interquartile Range 2.00

REFLECTOR Mean 1.75 479
95% Confidence Lower Bound 23
Interval for Mean

Upper Bound 3.27

5% Trimmed Mean 1.72

Median 1.50

Variance .917

Std. Deviation .957
Minimum 1
Maximum 3
Range 2

Interquartile Range 1.75

THEORIST Mean 3.29 421

95% Confidence

Interval for Mean Lower Bound 226
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Appendix D Full Results of First Experiment.

Upper Bound 4.31

5% Trimmed Mean 3.37

Median 4.00

Variance 1.238

Std. Deviation 1.113
Minimum 1
Maximum 4
Range 3

Interquartile Range 1.00

Students' level of knowledge after completing therdine course.
The Chi-square test showed no significant diffeecietween the three learning styles in

student self-assessment of their own level of kedgé after completing the online course.

Kruskal-Wallis Test

Test Statistics b

Level of knowledge after course
Chi-Square 1.820
df 2
Asymp. Sig. 403 a

a Kruskal Wallis Test
b Grouping Variable: Student Learning style

Descriptives(a,b)

Student Learning style Statistic Std.
Error
Level of knowledge ACTIVIST Mean 3901 | 211
after course
95% Confidence
Interval for Mean Lower Bound 344
Upper Bound 4.38
5% Trimmed Mean 3.90
Median 4.00
Variance 491
Std. Deviation .701
Minimum 3
Maximum 5
Range 2
Interquartile Range 1.00
REFLECTOR Mean 4.25 .250

95% Confidence

Interval for Mean Lower Bound 345

Upper Bound 5.05

5% Trimmed Mean 4.22
Median 4.00
Variance .250
Std. Deviation .500
Minimum
Maximum 5
Range 1

157



Appendix D Full Results of First Experiment.

Interquartile Range 75
THEORIST Mean 4.29 .184
95% Confidence Lower 3.83
Interval for Mean bound
pound | 474
5% Trimmed Mean 4.26
Median 4.00
Variance .238
Std. Deviation 488
Minimum
Maximum 5
Range 1

158



Appendix D Full Results of First Experiment.

Students' level of confidence after completing thenline course.

The Chi-square test showed no significant diffeecbhetween the three learning styles in
student confidence in the material contained inothlene course.

Kruskal-Wallis Test
Test Statistics b

Level of confidence
Chi-Square 1.469
df 2
Asymp. Sig. 480 a

a Kruskal Wallis Test
b Grouping Variable: Student Learning style

Descriptives
Student Learning style Statistic Std. Error|
Level of confident ACTIVIST Mean| 3.55 247
95% Confidence Lower Bound 2.99
Interval for Mean|

Upper Bound 4.10

5% Trimmed Mean| 3.55
Median 4.00
Variance) .673)
Std. Deviation| .820)
Minimum 2
Maximum 5
Range| 3
Interguartile Range 1.00
THEORIST Mean| 3.86) 4044

95% Confidence Lower Bound 2.87
Interval for Mean|

Upper Bound 4.85

5% Trimmed Mean| 3.90
Median 4.00

Variance) 1.143

Std. Deviation| 1.069
Minimum 2
Maximum 5

Range| 3
Interquartile Range 2.00

a Level of confident is constant when Student Learning style = REFLECTOR. It has been
omitted.
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Appendix D

Full Results of First Experiment.

Students' level of interest in the online course niarial.

There was a significant difference between theniear styles in level of interest in the
online course. Reflector type learners and Thedyi learners found the online course

significantly more interesting than did Activispiy learners.

Kruskal-Wallis Test
Test Statistics (b)

Level of interest
Chi-Square 8.302
df 2
Asymp. Sig. .016 (a)

a Kruskal Wallis Test

b Grouping Variable: Student Learning style

Descriptives

Student Learning Statistic | Std. Error
style
Level of interest ACTIVIST Mean 3.45 .157
95% Confidence Interval for Mean| Lower Bound] 3.10
Upper Bound| 3.81
5% Trimmed Mean 3.45
Median 3.00
Variance| 273
Std. Deviation| .522
Minimum 3
Maximum 4
Range 1
Interquartile Range| 1.00
THEORIST Mean 4.14 143
95% Confidence Interval for Mean| Lower Bound] 3.79
Upper Bound| 4.49
5% Trimmed Mean| 4.10
Median 4.00
Variance| .143
Std. Deviation| .378
Minimum 4
Maximum 5

a Level of interest is constant when Student Learing style = REFLECTOR. It has

been omitted. (the Value was 4 as Good)
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Appendix E

Post-test for Second Experiment anduzati@mn Form.

\\salamander\logic

Post-Course Test

Name:

Group:

Date:

This is a multiple choice quiz. Please answer emestion by make your choic

(0]

Q1 What are the values of the inputs to make the outplequals
to one?
Answer [ No i tais }t.ﬁ:.
answer
1-A=0, B=0 2-A=1,B=0 | 3-A=0, | 4-A=1,B=1
B=1
Q2 Identify the function generated by the logic netwok
illustrated? = -
Answer No B i— )7
answer - l—_——r
1- A+B)C | 2- C(AB) | 3- AC+B) | 4-B(A+Q)
Q3 In order for output 'Y' to be a"1", inputs A, B, an d C must
be: -
Answer No c :D_I_)} v
answer
1- A=1, B=0 2- A=0,B=0, | 3- A=1,B=0, |4- A=0,B=1
Cc=0 C=0 c=1 Cc=0
Q4 Which one of the following truth tables representshe
Answer | No | output for this circuit?
answer

1- 2- 3 4-
Inputnput Outpu InputinputOutpu inputinputOutpu
A | B
A B O A B Q Q Input | Output
o/o0| o0 A Q
0|0 0 0 0 1
0|1 0
0|1 0 0 1 1 0 1
1 0 0 110 1 110 1
110 1 0
1 1 1 1 1 0
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Appendix E

Post-test for Second Experiment anduzati@mn Form.

APPENDIX E: Evaluation Form for Second Experiment

Post Evaluation Form

This form is to be used to provide feedback on theogic Gates online course you have

recently completed. Please be as honest as you cas your feedback may be used as a

basis to make future improvements and will not infllence any marks that you receive

for this course.

Q1

Your answer

How well did the course keep you interested and miwated? (please
give your reasons)

None | Verylitle | Moderate | Good | Very Good

02

Your answer

What level of knowledge would you say that you havieefore using
the Logic Gates material?

None | Verylitle | Moderate | Good | Very Good

Q3

Your answer

What level of knowledge would you say that you nowave on the
subject of Logic Gates?

None | Verylitle | Moderate | Good | Very Good

Q4

Your answer

What level of confidence do you have that you undstood the
course material? (please add any comments)

None | Verylittle | Moderate | Confident | Very Confident

05

Your answer

Did you feel comfortable completing the Logic Gatematerial in the
order that it was presented to you? (please add grcomments)

No Yes
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Appendix F Full Results for Second Experiment

APPENDIX F: Full Results for Second Experiment.

Differences in marks awarded in the Pre- and Postessts for both groups.

The t-test (equal variances not assumed) showesignificant difference in the marks
awarded for the Pre-test, but there was a sigmifidi&ference between the two groups
(t=8.44,P < 0.001) in the Post-test marks.

T-test
Group Statistics
Sequence Type N Mean Std. Deviation Std. Error

Mean

Pre-test marks Group 1 30 2.0667 1.63861 .29917
Group 2 33 1.4848 1.50252 .26156

Post-test marks Group 1 30 2.7000 46609 .08510
Group 2 34 1.0882 .99598 .17081

Independent Samples Test

Levene's Test for
Equality of t-test for Equality of Means
Variances
. 95% Confidence
Flosie |t |at SRS Diterence | Difference | IMervalof the
Difference
Lower | Upper
Equal variances | .816 .370 1.470 61 147 .58 .400 -.209 | 1.373
Pre-test assumed
Marks | Equal variances 1.464 59.02 .148 .58 .397 -213 [ 1.377
not assumed
Equal variances |14.54 .000 8.109 62 .000 1.61 .199 1.214 | 2.009
Post-test assumed
marks [ Equal variances 8.446 48.05 .000 1.61 191 1.228 | 1.995
not assumed
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course,
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of students’
self-assessed level of knowledge, for the 30 matatedents in Group one (learning
style matching learning sequence), was signifieaiat level of confidence of 99.9%.

Wilcoxon Signed Ranks Test

Level of knowledge before course —
Level of knowledge after course
Z -4.826 a
Asymp. Sig. (2-tailed) .000
a Based on negative ranks.

Ranks
N Mean rank
Level of knowledge before course — Negative ranks 0 .00
Level of knowledge after course Positive ranks 29 15.00
Ties 1
Total 30
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course, non-
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of how students

assessed their own level of knowledge, for thet@dents in Group two (learning style
not matching learning sequence), was not signifiaaa level of confidence of 95%.

Wilcoxon Signed Ranks Test

Level of knowledge before course —
Level of knowledge after course
Z -4.185a
Asymp. Sig. (2-tailed) .000

a Based on negative ranks.

Ranks
N Mean rank
Level of knowledge before course -[  Negative ranks 0 .00
Level of knowledge after course Positive ranks 19 10.00
Ties 15
Total 34
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Appendix F Full Results for Second Experiment

Student self-assessment of their level of knowleddeefore accessing the online
course, both groups.

The non-parametric test (Mann-Whitney U) was usechbse the scores given by the
students were ordinal data. There was no signifiddference between mean scores of
the two groups af(> 0.05).

Mann-Whitney Test

Level of knowledge before course
Mann-Whitney U 466.000
Wilcoxon W 931.000
Z -.763
Asymp. Sig. (2-tailed) 445

Descriptives

Sequence Type Statistic Std. Error
Le‘t’f' of knowledge Group 1 Mean 1.37 155
efore course
95% Confidence
Interval for Mean Lower Bound 1.05
Upper Bound 1.68
5% Trimmed Mean 1.22
Median 1.00
Variance 723
Std. Deviation .850
Minimum 1
Maximum 5
Range 4
Interquartile Range .25
Group 2 Mean 1.62 .189
95% Confidence Lower Bound 123
Interval for Mean
Upper Bound 2.00
5% Trimmed Mean 1.49
Median 1.00
Variance 1.213
Std. Deviation 1.101
Minimum 1
Maximum 5
Range 4
Interquartile Range 1.00
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Appendix F Full Results for Second Experiment

Student self-assessment of their level of knowledgster completing the online
course, both groups.

The Mann-Whitney U test was again used to analjigeardinal data obtained. A
significant difference between the two groups wasntl in their mean self-assessed
level of knowledge after completing the online gauf < 0.001).

Mann-Whitney Test
Test Statistics a

Level of knowledge after course
Mann-Whitney U 78.00
Wilcoxon W 673.0
Z -5.952
Asymp. Sig. (2-tailed) .000

a Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of knowledge Group 1 Mean 4.20 130
after course
95% Confidence Interval Lower Bound 393
for Mean

Upper Bound 4.47
5% Trimmed Mean 4.22
Median 4.00
Variance .510
Std. Deviation 714

Minimum 3

Maximum 5

Range 2
Interquartile Range 1.00

Group 2 Mean 2.24 174
95% Confidence Interval Lower Bound 1.88
for Mean

Upper Bound 2.59
5% Trimmed Mean 2.17
Median 2.00
Variance 1.034
Std. Deviation 1.017

Minimum 1

Maximum 5

Range 4
Interquartile Range 1.25
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Appendix F

Full Results for Second Experiment

Student levels of confidence that they understoodhé taught material of the online
course, both groups.

The Mann-Whitney U test was used to analyse théakdlata obtained. The result
showed that there is significant differenée< 0.001) between the two groups in their
levels of confidence in the online course material.

Mann-Whitney Test
Test Statistics b

Level of confidence

Mann-Whitney U 65.500
Wilcoxon W 443.500
Z -3.526

Asymp. Sig. (2-tailed) .000
Exact Sig. [2*(1-tailed Sig.)] .000 a

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of confidence Group 1 Mean 3.93 .267
95% Confidence Lower Bound 3.35
Interval for Mean
Upper Bound 4.50
5% Trimmed
Mean 3.98
Median 4.00
Variance .995
Std. Deviation .997
Minimum 2
Maximum 5
Range 3
Interquartile 200
Range
Group 2 Mean 2.59 171
95% Confidence Lower Bound 2.24
Interval for Mean
Upper Bound 2.94
5% Trimmed
Mean 2.60
Median 3.00
Variance .789
Std. Deviation .888
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Appendix F

Full Results for Second Experiment

Student's level of interest in course material, bdt groups.

The Mann-Whitney U test was again used to anallgseotdinal data obtained. The
results showed that there was significant diffeegibetween the two groups in their self-

perceived level of interest in the courBe<(0.001).

Mann-Whitney Test
Test Statistics (a)

Level of interest
Mann-Whitney U 156.500
Wilcoxon W 652.500
Z -4.200
Asymp. Sig. (2-tailed) .000

a Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic Std. Error

Level of
interest

Group 1 Mean 3.72 .108

95% Confidence

Interval for Mean Lower Bound 350

Upper Bound 3.94

5% Trimmed Mean 3.70

Median 4.00

Variance .293

Std. Deviation .542
Minimum 3
Maximum 5
Range 2

Interguartile Range 1.00

Group 2 Mean 2.84 161
95% Confidence Lower Bound 251
Interval for Mean

Upper Bound 3.17

5% Trimmed Mean 2.84

Median 3.00

Variance .806

Std. Deviation .898
Minimum 1
Maximum 5
Range 4
Interquartile Range .00
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Appendix F

Full Results for Second Experiment

Differences between matched and non-matched studenin whether or not they felt

comfortable with the way of the material was preseted.

The Mann-Whitney U test was used to analyse thenakdlata obtained. There was
significant difference between the two groups<(0.001) in how comfortable they felt
with the material of the online course.

Mann-Whitney Test

Test Statistics a

"Did you feel comfortable?"
Mann-Whitney U 225.000
Wilcoxon W 690.000
z -4.261
Asymp. Sig. (2-tailed) .000

a Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic Std. Error
C(E’#gg;&i%'.. Group 1 Mean 1.9667 03333
95% Confidence Interval for Mean| Lower Bound| 1.8985
Upper Bound| 2.0348
5% Trimmed Mean 2.0000
Median 2.0000
Variance .033
Std. Deviation .18257
Minimum 1.00
Maximum 2.00
Range 1.00
Interquartile Range .0000
Group 2 Mean 1.4667 .09264
95% Confidence Interval for Mean| Lower Bound| 1.2772
Upper Bound|  1.6561
5% Trimmed Mean 1.4630
Median 1.0000
Variance .257
Std. Deviation .50742
Minimum 1.00
Maximum 2.00
Range 1.00
Interquartile Range 1.0000

170




Appendix F Full Results for Second Experiment

ACTIVIST STUDENTS

Differences in marks awarded in the Pre- and Postests for both groups of Activist
students.

The t-test (equal variances not assumed) showesigndicant difference in the marks
awarded for the Pre-test, but there was a sigmifidéference between the two Activist
groups (t=8.12P < 0.001) in the Post-test marks

Group Statistics

Sequence Type | N Mean | Std. Deviation | Std. Error Mean
Pre-test marks Group 1 10 2.20 1.814 .573
Group 2 12 1.08 1.505 434
Post-test marks Group 1 10 3.00 .000 .000
Group 2 12 1.00 .853 .246

Independent Samples Test

Levene's Test t-test for Equality of Means
for Equality of
Variances
: 95% Confidence
F Sig. t df Sig. (2- | Mean | Std. Error | 7 p o) ot the
tailed) | Difference | Difference .
Difference
Lower | Upper
Bqual variances | 4 5,5 | >3 | 1580 20 130 1.117 707 -358 | 2501
Pre-test assumed
Marks | Equal variances 1.552 17.56 138 1.117 719 -.398 2.631
not assumed
Bqual variances | 16 15| 000 | 7.385 | 20 000 | 2.000 271 | 1435 | 2565
Post-test assumed
marks | Equal variances 8.124 | 11.00 | .000 | 2.000 246 1.458 | 2542
not assumed
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course,
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of students’
self-assessed level of knowledge, for the 10 attisiudents in Group one (learning
style matching learning sequence).

Wilcoxon Signed Ranks Test

Test Statistics (b)

Level of knowledge after course -
Level of knowledge before course

z -2.850(a)
Asymp. Sig. (2-tailed) 004

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Negative Ranks 0 00 00
Level of knowledge after _ @
course - Level of knowledge Posmvg Ranks 10(b) 5.50 55.00
before course Ties 0(9)
Total 10

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Change in level of knowledge before and after comgling the online course, non-
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of how students
assessed their own level of knowledge, for the &@tivist students in Group two
(learning style not matching learning sequence)s wat significant at a level of

confidence of 50%.

Wilcoxon Signed Ranks Test
Test Statistics (b)

Level of knowledge after course -
Level of knowledge before course

z -2.333(a)
Asymp. Sig. (2-tailed) .020

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Negative Ranks 0(a) .00 .00
Level of knowledge after —
course - Level of knowledge P05|t|¥§ Ranks Z(b) 350 21.00
before course 1es (©)
Total 12

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course
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Appendix F

Full Results for Second Experiment

Activist student self-assessment of their level dinowledge before accessing the

online course.

The Mann-Whitney U test showed that there was goifstant difference in the level of
student self-assessmer® ¢ 0.05) between the matched and non-matched Activis

groups before accessing the online course.

Mann-Whitney Test
Test Statistics b

Level of knowledge before course
Mann-Whitney U 50.500
Wilcoxon W 105.500
Z -.933
Asymp. Sig. (2-tailed) .351
Exact Sig. [2*(1-tailed Sig.)] .539a

a Not corrected for ties.

b Grouping Variable: Sequence Type

Sequence Type Statistic |Std. Error
Level of knowledge Group 1 Mean 1.10 .100
before course
95% Confidence Interval for Mean | Lower Bound .87
Upper Bound [ 1.33
5% Trimmed Mean 1.06
Median 1.00
Variance .100
Std. Deviation .316
Minimum 1
Maximum 2
Range 1
Interquartile Range .00
Group 2 Mean 1.33 .188
95% Confidence Interval for Mean | Lower Bound .92
Upper Bound [ 1.75
5% Trimmed Mean 1.26
Median 1.00
Variance 424
Std. Deviation .651
Minimum 1
Maximum 3
Range 2
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Full Results for Second Experiment

Activist Student self-assessment of their level dinowledge after completing the
online course.

The Mann-Whitney U test shows a significant diffese between Activist learners in
the two Activist groups in their level of knowledgéer completing the online course,

(P < 0.001).

Mann-Whitney Test
Test Statistics

Level of knowledge after course
Mann-Whitney U 3.000
Wilcoxon W 81.000
Z -3.835
Asymp. Sig. (2-tailed) .000
Exact Sig. [2*(1-tailed Sig.)] .000 a

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic |Std. Error|
Level of knowledge| .\ ¢ Mean 4.20 249
after course
95% Confidence Interval for Mean | Lower Bound 3.64
Upper Bound 4.76
5% Trimmed Mean 4.22
Median 4.00
Variance .622
Std. Deviation .789
Minimum 3
Maximum 5
Range 2
Interquartile Range 1.25
Group 2 Mean 1.92 .229
95% Confidence Interval for Mean | Lower Bound 1.41
Upper Bound 2.42
5% Trimmed Mean 1.91
Median 2.00
Variance .629
Std. Deviation .793
Minimum 1
Maximum 3
Range 2
Interquartile Range 1.75
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Appendix F

Full Results for Second Experiment

Activist Students' level of confidence in taught meerial after completing the online

course, both groups.

The Mann-Whitney U test shows there is significdifiterence in the mean levels of

confidence between the Activist learners in the gnaups (P < 0.01).

Mann-Whitney Test

Test Statistics(b)

Level of confidence
Mann-Whitney U 4.000
Wilcoxon W 49.000
Z -3.184
Asymp. Sig. (2-tailed) 001
Exact Sig. [2*(1-tailed Sig.)] .001(a)

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

. Std.
Sequence Type| Statistic Error
Level of Group 1 Mean 413 | 295
confident
95% Confidence Interval for Mean [Lower Bound| 3.43
Upper Bound| 4.82
5% Trimmed Mean 4.14
Median 4.00
Variance .696
Std. Deviation .835
Minimum 3
Maximum 5
Range 2
Interquartile Range 1.75
Group 2 Mean 2.33 .236
95% Confidence Interval for Mean [Lower Bound| 1.79
Upper Bound| 2.88
5% Trimmed Mean 2.37
Median 2.00
Variance .500
Std. Deviation .707
Minimum 1
Maximum 3
Range 2
Interquartile Range 1.00
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Full Results for Second Experiment

Activist students' level of interest in course mateal, both groups.

The Mann-Whitney U test shows that there is sigaiit difference between the levels
of interest in the online course material of theiist learners in the two group® K

0.01).

Mann-Whitney Test

Test Statistics(b)

Level of interest

Mann-Whitney U 18.000
Wilcoxon W 84.000
-2.877

Asymp. Sig. (2-tailed) .004
Exact Sig. [2*(1-tailed Sig.)] .008(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic |Std. Error
Level of interest Group 1 Mean 3.88 .227
95% Confidence Lower Bound
3.34
Interval for Mean
Upper Bound | 4.41
5% Trimmed Mean 3.86
Median 4.00
Variance 411
Std. Deviation .632
Minimum 3
Maximum 5
Range 2
Interquartile Range .75
Group 2 Mean 2.73 .273
95% Confidence Lower Bound 1.90
Interval for Mean )
Upper Bound | 3.44
5% Trimmed Mean 2.69
Median 3.00
Variance 1.000
Std. Deviation .905
Minimum 1
Maximum 4
Range 3
Interquartile Range 1.00
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Full Results for Second Experiment

Differences between matched and non-matched Actitistudents in whether or not

they felt comfortable with the way of the materialwas presented.

The Activist students were asked whether or nog te comfortable with the material
of the online course. The response was either Ye®da There was significant

difference at P < 0.05). All students in Group one answered Yes.

Mann-Whitney Test

Test Statistics(b)

"Did you feel comfortable?"
Mann-Whitney U 30.000
Wilcoxon W 96.000
z -2.384
Asymp. Sig. (2-tailed) .017
Exact Sig. [2*(1-tailed Sig.)] .085(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives(a)

Sequence Type - Std.
Statistic Error
"Did you feel Group 2 Mean
comfortable?" 1.55 16
95% Confidence Interval for Lower
1.19
Mean Bound
Upper
Bound 1.90
5% Trimmed Mean 1.55
Median 2.00
Variance 27
Std. Deviation .52
Minimum 1.00
Maximum 2.00
Range 1.00
Interquartile Range 1.00
Skewness -.213 .661
Kurtosis -2.44 1.28

a All ten students in Group 1 answered Yes, and it has been omitted.
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Appendix F Full Results for Second Experiment

PRAGMATIST STUDENTS

Differences in marks awarded in the Pre- and Postests for both groups of
Pragmatist students.

The t-test (equal variances not assumed) showegigndicant difference in the marks

awarded for the Pre-test, but there was a sigmifidéference between the two groups
(t=3.45,P < 0.05) in the Post-test marks.

T-Test

Group Statistics

Sequence Type N Mean Std. Deviation Std. Error Mean
Pre-test marks Group 1 6 2.167 1.472 .601
Group 2 9 1.556 1.740 .580
Post-test marks Group 1 6 2.500 .548 224
Group 2 9 1.000 1.118 .373

Independent Samples Test

Levene's Test .
for Equality of t-test for Equality of Means
Variances
95% Confidence
. . Interval of the
F Sig. Sig. (2- Mean Std. Error .
t df tailed) | Difference | Difference Difference
Lower [Upper
Pre-test | FQUAlvVariances | oo | 430 | 706 | 13 493 611 865 -1.259 |2.481
assumed
marks Equal variances
not assumed 732 | 12.10 AT78 611 .835 -1.207 |2.429
Post-test | FQUalvariances |, jon | 145 [3026| 13 010 1.500 496 429 |2571
marks assumed
Equal variances 3.451 | 12.26 | .005 1.500 435 555  |2.445
not assumed
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course,
matched students.

A Wilcoxon Signed Ranks Test showed that the irsweia mean score of students’
self-assessed level of knowledge, for the 6 praginstiudents in Group one (learning
style matching learning sequence).

Wilcoxon Signed Ranks Test

Test Statistics(b)

Level of knowledge after course -
Level of knowledge before course

Z -2.333(a)
Asymp. Sig. (2-tailed) 0.020

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Level of knowledge after Negative Ranks 0(a) .00 .00
course - Level of knowledge Positive Ranks 6(b) 3.50 21.00
before course Ties 0(c)
Total 6

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Change in level of knowledge before and after comgling the online course, non-
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of how students
assessed their own level of knowledge, for the &matist students in Group two
(learning style not matching learning sequence).

Wilcoxon Signed Ranks Test
Test Statistics(b)

Level of knowledge after course -
Level of knowledge before course

Z -2.121(a)
Asymp. Sig. (2-tailed) 034

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Negative Ranks 0(a) .00 0.00
Level of knowledge after Positive Ranks 5(b) 3.00 15.00
course - Level of knowledge Ties 4(c)
before course
Total 9

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course
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Full Results for Second Experiment

Mann-Whitney Test
Test Statistics(b)

Level of knowledge before course
Mann-Whitney U 18.00
Wilcoxon W 39.00
Z -1.266
Asymp. Sig. (2-tailed) 205
Exact Sig. [2*(1-tailed Sig.)] .328(a)

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

Pragmatist student self-assessment of their levet knowledge before accessing the
online course.

The Mann-Whitney U test showed that there was goifstant difference in the level of
student self-assessmeit ¥ 0.05) between the matched and non-matched Pragmat
groups before accessing the online course.

Sequence
Type Statistic Std. Error
Level of knowledge Group 1 Mean 117 167
before course
95% Confidence Lower Bound
74
Interval for Mean
Upper Bound 1.60
5% Trimmed Mean 1.13
Median 1.00
Variance .167
Std. Deviation .408
Minimum 1
Maximum 2
Range 1
Interquartile Range 0
Group 2 Mean 1.89 .389
95% Confidence Lower Bound
.99
Interval for Mean
Upper Bound 2.79
5% Trimmed Mean 1.82
Median 1.00
Variance 1.361
Std. Deviation 1.167
Minimum 1
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Full Results for Second Experiment

Pragmatist student self-assessment of their levet bnowledge after completing the

online course.

The Mann-Whitney U test shows a significant diffeze between the Post-test scores of

the Pragmatist learners in Groups one and Bwo 0.001).

Mann-Whitney Test
Test Statistics (b)

Level of knowledge after course

Mann-Whitney U 4.000
Wilcoxon W 49.000
Z -2.818

Asymp. Sig. (2-tailed) .005
Exact Sig. [2*(1-tailed Sig.)] .005(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

. Std.
Sequence Type Statistic Error
Level of knowledge after Group 1 Mean 4.33 o1
course
95% Confidence Lower 3.79
Interval for Mean Bound )
Upper
Bound 4.88
5% Trimmed Mean 4.31
Median 4.00
Variance .267
Std. Deviation 516
Minimum 4
Maximum 5
Range 1
Interquartile Range 1
Group 2 Mean 2.56 377
95% Confidence Lower 1.69
Interval for Mean Bound '
Upper
Bound 342
5% Trimmed Mean 2.56
Median 3.00
Variance 1.278
Std. Deviation 1.130
Minimum 1
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Appendix F Full Results for Second Experiment

Pragmatist students' level of confidence in taughtaterial after completing the
online course, both groups.

No Pragmatist student in Group one (matched) aresiviis question so no comparison
can be made.

Mann-Whitney Test
Descriptives

Sequence Type Statistic [ Std. Error
Level of Group 2 Mean 2.67 333
confidence
95% Confidence Interval Lower Bound 1.90
for Mean
Upper Bound 3.44
5% Trimmed Mean 2.69
Median 3.00
Variance 1.00
Std. Deviation 1.00
Minimum 1
Maximum 4
Range 3
Interquartile Range 1.00
Skewness .000 752
Kurtosis .000 1.481

a There are no valid cases for Level of confidence. Statistics cannot be computed.
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Appendix F Full Results for Second Experiment

Pragmatist students' level of interest in course ntarial, both groups.

The results show that there is significant diffeeibetween the levels of interest of the
Pragmatist learners in the two groups<(0.05).

Mann-Whitney Test

Test Statistics(b)

Level of interest
Mann-Whitney U 3.000
Wilcoxon W 48.000
Z -2.093
Asymp. Sig. (2-tailed) .036
Exact Sig. [2*(1-tailed Sig.)] 0.064(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic Std. Error
Level of Group 2 Mean 2.89 309
interest
95% Confidence Interval for Lower
2.18
Mean Bound
Upper
Bound 3.60
5% Trimmed Mean 2.93
Median 3.00
Variance .861
Std. Deviation .928
Minimum 1
Maximum 4
Range 3
Interquartile Range 1
Skewness -.944 717
Kurtosis 1.354 1.400

All three students in Group 1 answered Good, so it has been omitted.
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Appendix F

Full Results for Second Experiment

Differences between matched and non-matched Pragnmistt students in whether or

not they felt comfortable with the way of the mateial was presented

There was significant difference in how comfortatile Pragmatist learners in the two

groups felt while they used the online couBe(0.01).

Mann-Whitney Test

Test Statistics( b)

"Did you feel comfortable?"

Mann-Whitney U 6.000
Wilcoxon W 42.000
-2.704

Asymp. Sig. (2-tailed) .007
Exact Sig. [2*(1-tailed Sig.)] .020 a

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic| Std. Error
Group 2 Mean 1.250 .1637
"Did you feel 95% Confidence Interval for Lower 8630
comfortable?" Mean Bound :
Upper
Bound 1.637
5% Trimmed Mean 1.222
Median 1.000
Variance 214
Std. Deviation 463
Minimum 1.00
Maximum 2.000
Range 1.000
Interquartile Range .750
Skewness 1.440 752
Kurtosis .000 1.481

All six students in Group 1 answered Yes, and so it has been omitted.
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Appendix F

Full Results for Second Experiment

REFLECTOR STUDENTS

Differences in marks awarded in the Pre- and Postessts for both groups of

Reflector students.

The t-test (equal variances not assumed) showeaigndicant difference in the mean
marks awarded to the two Reflector groups for eithe Pre-test or the Post-test.

Group Statistics

Sequence Type N Mean Std. Deviation Std. Error Mean
Pre-test marks Group 1 5 1.000 1414 .632
Group 2 4 1.500 1.915 .957
Post-test marks Group 1 5 2.400 .548 .245
Group 2 4 | 2.250 .500 .250

Independent Samples Test

Lev;gS;i;l;eg; for t-test for Equality of Means
) 95% Confidence
Variances
Interval of the
. Sig. (2- Mean Std. Error Difference
F Sig. T df tailed) | Difference | Difference
Lower | Upper
Equal
variances .500 .502 -.452 7 .665 -.500 1.105 -3.113 | 2.113
Pre-test assumed
marks Equal
variances not -436 | 5.416 .680 -.500 1.147 -3.383 | 2.383
assumed
Equal
variances 728 422 424 7 .685 .150 .354 -.687 .987
Post-test
marks assumed
Equal
variances not 429 6.815 .681 .150 .350 -.682 .982
assumed
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course,
matched students.

A Wilcoxon Signed Ranks Test showed that the irsweia mean score of students’

self-assessed level of knowledge, for the 5 Readlscstudents in Group one (learning
style matching learning sequence).

Wilcoxon Signed Ranks Test

Test Statistics(b)

Level of knowledge after course -
Level of knowledge before course

z -2.060(a)
Asymp. Sig. (2-tailed) .039
a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Negative Ranks 0(a) .00 .00
Level of knowledge before —
course - Level of knowledge P05|t|_\|/_¢ Ranks g(b) 3.00 15.00
after course 1es ©
Total 5

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Change in level of knowledge before and after comgling the online course, non-
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score of how students
assessed their own level of knowledge, for the #HeR®rs students in Group two
(learning style not matching learning sequence).

Wilcoxon Signed Ranks Test

Test Statistics(b)

Level of knowledge after course -
Level of knowledge before course

Z -1.414(a)
Asymp. Sig. (2-tailed) 157

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Level of knowledge before Negative Ranks 0(a) .00 .00
course - Level of knowledge Positive Ranks 2(b) 1.50 3.00
after course Ties 2(c)
Total 4

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course
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Full Results for Second Experiment

Reflector student self-assessment of their level &howledge before accessing the

online course.

The Mann-Whitney U test showed that there was goifstant difference in the level of
student self-assessmem ¢ 0.05) between the matched and non-matched Reflect

groups before accessing the online course.

Mann-Whitney Test
Test Statistics (b)

Level of knowledge before course

Mann-Whitney U 7.000
Wilcoxon W 22.000

Z -.809

Asymp. Sig. (2-tailed) 418
Exact Sig. [2*(1-tailed Sig.)] .556 a

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of
knowledge Group 1 Mean 1.40 .245
before course
95% Confidence Interval for Lower Bound| .72
Mean

Upper Bound| 2.08
5% Trimmed Mean 1.39
Median 1.00
Variance .300
Std. Deviation .548

Minimum 1

Maximum 2

Range 1
Interquartile Range 1.00

Group 2 Mean 2.25 .750
95% Confidence Interval for Lower Bound| -.14
Mean

Upper Bound| 4.64
5% Trimmed Mean 2.22
Median 2.00
Variance 2.250
Std. Deviation 1.500

Minimum 1

Maximum 4
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Full Results for Second Experiment

Reflector student self-assessment of their level &howledge after completing the

online course.

The Mann-Whitney U test shows no significant défece between the Post-test scores

of the Reflector learners in Groups one and te 0.05).

Mann-Whitney Test
Test Statistics (b)

Level of knowledge after course
Mann-Whitney U 4.000
Wilcoxon W 14.000
Z -1.528
Asymp. Sig. (2-tailed) .126
Exact Sig. [2*(1-tailed Sig.)] .190 a

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic |Std. Error
Level of knowledge Group 1 Mean 3.80 374
after course
95% Confidence Interval| Lower 2.76
for Mean Bound
Upper 4.84
Bound
5% Trimmed Mean 3.78
Median 4.00
Variance .700
Std. Deviation .837
Minimum 3
Maximum 5
Range 2
Interquartile Range 1.50
Group 2 Mean 2.75 479
95% Confidence Interval| Lower 1.23
for Mean Bound
Upper 4.27
Bound
5% Trimmed Mean 2.72
Median 2.50
Variance 917
Std. Deviation .957
Minimum 2
Maximum 4
Range 2
Interquartile Range 1.75
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Appendix F Full Results for Second Experiment

Reflector students' level of confidence in taught aterial after completing the
online course, both groups.

No significant difference was found between Retiedype learners in the two student
groups in their level of confidence in the courssemal (P > 0.05).

Mann-Whitney Test
Test Statistics(b)

Level of confidence
Mann-Whitney U 4.500
Wilcoxon W 10.500
z .000
Asymp. Sig. (2-tailed) 1.000
Exact Sig. [2*(1-tailed Sig.)] 1.000(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of confidence Group 1 Mean 3.00 577
95% Confidence Lower Bound 52
Interval for Mean
Upper Bound 5.48
5% Trimmed Mean .
Median 3.00
Variance 1.000
Std. Deviation 1.000
Minimum 2
Maximum 4
Range 2
Interquartile Range .
Group 2 Mean 3.00 577
7 -
95% Confidence Interval Lower Bound 52
for Mean
Upper Bound 5.48
5% Trimmed Mean .
Median 3.00
Variance 1.000
Std. Deviation 1.000
Minimum 2
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Appendix F Full Results for Second Experiment

Reflector students' level of interest in course matial, both groups.

The results shows that there was no significarieince between the levels of interest
of the Reflector learners in the two groups>0.05).

Mann-Whitney Test
Test Statistics(b)

Level of interest
Mann-Whitney U 2.000
Wilcoxon W 8.000
Z -1.291
Asymp. Sig. (2-tailed) 197
Exact Sig. [2*(1-tailed Sig.)] .400(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives
Sequence Type Statistic | Std. Error
Level of interest Group 1 Mean 3.33 .333
3 -
95% Confidence Interval Lower Bound 1.90

for Mean
Upper Bound 4.77

5% Trimmed Mean .
Median 3.00

Variance .333
Std. Deviation 577
Minimum 3
Maximum 4
Range 1
Interquartile Range .
Group 2 Mean 2.67 .333
95% Confidence Interval Lower Bound 1.23
for Mean

Upper Bound 4.10

5% Trimmed Mean .
Median 3.00

Variance .333
Std. Deviation 577
Minimum 2
Maximum 3

Range 1

Interquartile Range
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Appendix F Full Results for Second Experiment

Differences between matched and non-matched Reflectstudents in whether or
not they felt comfortable with the way of the materal was presented

There was no significant difference in how comfblkéathe Reflector learners in the two
groups felt while they used the online course.

Mann-Whitney Test

Test Statistics

'Did you feel comfortable?"
Mann-Whitney U 7.500
Wilcoxon W 13.500
Z .000
Asymp. Sig. (2-tailed) 1.000
Exact Sig. [2*(1-tailed Sig.)] 1.000 a

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives
All students, both matched and non-matched gave a Yes answer to this question.
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Appendix F Full Results for Second Experiment

THEORIST STUDENTS

Differences in marks awarded in the Pre- and Postests for both groups of Theorist
students.

The t-test (equal variances not assumed) showedigroficant difference in the mean
marks awarded to the two Reflector groups for the-tBst, but there was significant
difference between mean marks for Theorist learierthe two groups in the Post-test
(t=5.18,P < 0.001).

Group Statistics

Sequence Type N Mean | Std. Deviation| Std. Error Mean
Pre-test marks Group 1 9 2.444 1.667 .5556
Group 2 9 1.778 1.202 .4006
Post-test marks Group 1 9 2.667 .5000 .1667
Group 2 9 7778 .9718 .3239

Independent Samples Test

Levene's Test for .
Equality of t-test for Equality of Means
Variances
: 95% Confidence
. Sig. (2- Mean Std. Error
F Sig- t df tailed) | Difference | Difference Inte_rval of the
Difference
Lower Upper
Pre-test | FQUalvariances |, og1 | 168 | g73| 16 345 6667 6849 -.7853 2.119
marks assumed
Equal variances 973| 1455 | 346 6667 6849 -7972 2.131
not assumed
Post-test| Edudlvarances |, 5631 578 l51g5 16 .000 1.889 3643 1.117 2.661
marks aslsumed
Equal variances
not assumed 5.185( 11.96 .000 1.889 .3643 1.095 2.683
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Appendix F Full Results for Second Experiment

Change in level of knowledge before and after comgling the online course, matched
students.

A Wilcoxon Signed Ranks Test showed that the irgwaa mean score of students’ self-

assessed level of knowledge, for the 9 matchedestadin Group one (learning style
matching learning sequence).

Wilcoxon Signed Ranks Test

Test Statistics(b)

Level of knowledge before course
- Level of knowledge after course

Z -2.555(a)
Asymp. Sig. (2-tailed) 011

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Level of knowledge before Negiat_ive Ranks 0(a) 00 .00
course - Level of knowledge Posmv_e Ranks 8(b) 4.50 36.00
after course Ties 1(c)
Total 9

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Change in level of knowledge before and after comgling the online course, non-
matched students.

A Wilcoxon Signed Ranks Test showed that the ireea mean score of how students
assessed their own level of knowledge, for theuflestts in Group two (learning style not
matching learning sequence).

Test Statistics(b)

Level of knowledge before course
- Level of knowledge before
course

z -2.449(a)
Asymp. Sig. (2-tailed) .014
a Based on negative ranks.

b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Level of knowledge before Negative Ranks 0(a) .00 .00
course - Level of knowledge Positive Ranks 6(b) 3.50 21.00
after course Ties 3(c)
Total 9

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course
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Appendix F Full Results for Second Experiment

Theorist student self-assessment of their level @howledge before accessing the online
course.

The Mann-Whitney U test showed that there was goifstant difference in the level of
student self-assessmem ¥ 0.05) between the matched and non-matched Thepadsps

before accessing the online course.

Mann-Whitney Test Test Statistics(b)

Level of knowledge before course
Mann-Whitney U 32.500
Wilcoxon W 77.500
Z -.971
Asymp. Sig. (2-tailed) .332
Exact Sig. [2*(1-tailed Sig.)] .489(a)

a Not corrected for ties. b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of knowledge Group 1 Mean
before course 1.78 465
95% Confidence Interval | Lower Bound 71
for Mean )
Upper Bound 2.85
5% Trimmed Mean 1.64
Median 1.00
Variance 1.944
Std. Deviation 1.394
Minimum 1
Maximum 5
Range 4
Interquartile Range 2
Group 2 Mean 1.44 A44
95% Confidence Interval | Lower Bound 12
for Mean )
Upper Bound 2.47
5% Trimmed Mean 1.27
Median 1.00
Variance 1.778
Std. Deviation 1.333
Minimum 1
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Appendix F Full Results for Second Experiment

Theorist student self-assessment of their level dihowledge after completing the
online course.

The Mann-Whitney U test shows a significant differe between the Post-test scores of the
Theorist learners in Groups one and t®e<(0.05).

Mann-Whitney Test

Test Statistics(b)

Level of knowledge after course
Mann-Whitney U 7.000
Wilcoxon W 52.000
z -3.064
Asymp. Sig. (2-tailed) .002
Exact Sig. [2*(1-tailed Sig.)] .002(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of knowledge after Group 1 Mean 433 236
course
95% Confidence | Lower Bound
3.79
Interval for Mean
Upper Bound 4.88
5% Trimmed Mean 4.37
Median 4.00
Variance .500
Std. Deviation .707
Minimum 3
Maximum 5
Range 2
Interquartile Range 1
Group 2 Mean 2.11 .389
95% Confidence | Lower Bound
1.21
Interval for Mean
Upper Bound 3.01
5% Trimmed Mean 2.01
Median 2.00
Variance 1.361
Std. Deviation 1.167
Minimum 1
Maximum 5
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Appendix F

Full Results for Second Experiment

Theorist students' level of confidence in taught ntarial after completing the online
course, both groups.

No significant difference was found between Theotype learners in the two student

groups in their level of confidence in the courssemal (P > 0.05).

Mann-Whitney Test
Test Statistics(b)

Level of confidence

Mann-Whitney U 2.500
Wilcoxon W 23.500
Z -1.761

Asymp. Sig. (2-tailed) .078
Exact Sig. [2*(1-tailed Sig.)] .095(a)

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

Std.
Sequence Type Statistic Error
Level of confidence Group 1 Mean 4.33 .667
95% Confidence Interval Lower Bound
1.46
for Mean
Upper Bound 7.20
5% Trimmed Mean .
Median 5.00
Variance 1.333
Std. Deviation 1.155
Minimum 3
Maximum 5
Range 2
Interquartile Range .
Group 2 Mean 2.67 422
95% Confidence Interval Lower Bound
1.58
for Mean
Upper Bound 3.75
5% Trimmed Mean 2.69
Median 3.00
Variance 1.067
Std. Deviation 1.033
Minimum 1
Maximum 4
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Appendix F Full Results for Second Experiment

Theorist students' level of interest in course matel, both groups.
The results shows that there was no significarieidihce between the levels of interest of
the Theorist learners in the two groups>0.05).

Mann-Whitney Test
Test Statistics(b)

Level of interest
Mann-Whitney U 18.00
Wilcoxon W 54.00
Z -1.924
Asymp. Sig. (2-tailed) .054
Exact Sig. [2*(1-tailed Sig.)] .093(a)

a Not corrected for ties.
b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
Level of interest Group 1 Mean 3.67 167
95% Confidence Interval for
Mean Lower Bound 3.28
Upper Bound 4.05
5% Trimmed Mean 3.69
Median 4.00
Variance .250
Std. Deviation .500
Minimum 3
Maximum 4
Range 1
Interquartile Range 1
Group 2 Mean 3.00 .378
o -
95% Confidence Interval for Lower Bound 211
Mean
Upper Bound 3.89
5% Trimmed Mean 3.00
Median 3.00
Variance 1.143
Std. Deviation 1.069
Minimum 1
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Appendix F

Full Results for Second Experiment

Differences between matched and non-matched Theotristudents in whether or not
they felt comfortable with the way of the materialwas presented.

The results show there was significant differenc@ow comfortable the Theorist learners

in two groups felt while they used the online ceuiB < 0.05).

Mann-Whitney Test
Test Statistics(b)

"Did you feel comfortable?"
Mann-Whitney U 17.500
Wilcoxon W 53.500
Z -2.147
Asymp. Sig. (2-tailed) .032
Exact Sig. [2*(1-tailed Sig.)] .074(a)

a Not corrected for ties.

b Grouping Variable: Sequence Type

Descriptives

Sequence Type Statistic | Std. Error
"Did you feel
comfortable?" Group 1 Mean 1.8889 11111
" -
95% Confidence Interval for Lower Bound 1.6327
Mean
Upper Bound 2.1451
5% Trimmed Mean 1.9321
Median 2.0000
Variance 111
Std. Deviation .33333
Minimum 1.00
Maximum 2.00
Range 1.00
Interquartile Range .00
Group 2 Mean 1.3750 .18298
95% Confidence Interval for Lower Bound 9423
Mean
Upper Bound 1.8077
5% Trimmed Mean 1.3611
Median 1.0000
Variance .268
Std. Deviation 51755
Minimum 1.00
Maximum 2.00
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Appendix G Full Results for Second Experiment

Appendix G: Full Results for Third Experiment

Differences in marks awarded in the Pre- and Postests for both groups.

The t-test (equal variances not assumed) showatfisamt difference in the marks
awarded for the Pre-test, but there was no sigmfidifference between the two groups
(t=1.53,P> 0.05) in the Post-test marks.

Group Statistics

Std. Error
Sequence Type N Mean Std. Deviation Mean
Marks of Pre-Test Group 1 11 4.0000 00000 .00000
Group 2 8 3.2500 88641 .31339
Marks of Post-Test Group 1 11 4.0000 00000 .00000
Group 2 8 3.7500 46291 .16366
Levene's Test
for Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
) Difference
Sig.
(2- Mean Std. Error
F Sig. t Df tailed) [ Difference | Difference | Lower Upper
Marks Equal
of Pre- variances 44.289 .000 | 2.838 17 .011 .7500 .26430 .19238 1.30762
Test assumed
Equal
Varﬁ‘(’)‘tces 2.393 | 7.000 | .048 7500 31339 | .00895 | 1.49105
assumed
Marks Equal
of variances 29.526 .000 | 1.811 17 .088 .2500 .13802 -.04121 54121
Post- assumed
Test Equal
"a”r‘;"(r)‘tces 1.528 | 7.000 | .170 2500 16366 | -.13700 | .63700
assumed
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Appendix G Full Results for Second Experiment
Change in level of knowledge before and after comgling the online course,
matched students.

A Wilcoxon Signed Ranks Test showed that the irswea mean score, of how students
assessed their own level of knowledge, for the Aiched students in Group one was
not significant.

Wilcoxon Signed Ranks Test
Group 1

Test Statistics(b)

Level of knowledge before course —
Level of knowledge after course

z -1.890(a)
Asymp. Sig. (2-tailed) 059

a Based on negative ranks.
b Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
Level of knowledge after course - Level of Negative Ranks 0(a) 00 00
knowledge before course
Positive Ranks 4(b) 2,50 10.00
Ties 7(c)
Total 11

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Change in level of knowledge before and after comgling the online course, non-
matched students.
A Wilcoxon Signed Ranks Test showed that the irs@ea mean score of how students
assessed their own level of knowledge, for the 8-matched students in Group two
was not significant.

Wilcoxon Signed Ranks Test group 2

Test Statistics(b)

Level of knowledge before course -
Level of knowledge after course

z -1.414(a)
Asymp. Sig. (2-tailed) 157

a Based on negative ranks.
b Wilcoxon Signed Ranks Test
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Appendix G Full Results for Second Experiment

Ranks
N Mean Rank Sum of Ranks
Level of knowledge before course - Level | Negative Ranks 1(a) 250 250
of knowledge after course
Positive Ranks 4(b) 3.13 12.50
Ties 3(c)
Total 8

a Level of knowledge after course < Level of knowledge before course
b Level of knowledge after course > Level of knowledge before course
¢ Level of knowledge after course = Level of knowledge before course

Student self-assessment of their level of knowleddweefore accessing the online
course, both groups.

The non-parametric test (Mann-Whitney U) was usechbse the scores given by the
students were ordinal data. There was no sigmifidiéfference in the mean levels of
knowledge, prior to accessing the online courseyéen the two groups (matched and
non-matched, P>0.05.

Mann-Whitney Test
Test Statistics(b)

Level of knowledge
before course

Mann-Whitney U 33.500
Wilcoxon W 69.500
Z -.897
Asymp. Sig. (2-tailed) 369
Exact Sig. [2*(1-tailed

: .395(a,
Sig)] @

a Not corrected for ties.
b Grouping Variable: Group No
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Appendix G Full Results for Second Experiment

Descriptives

Group No Statistic Std. Error
Level of knowledge | Group 1 | Mean 336 279
before course ) )
95% Confidence Lower Bound
Interval for Mean 2.74
Upper Bound 3.08
5% Trimmed Mean 3.35
Median 3.00
Variance .855
Std. Deviation .924
Minimum 2
Maximum 5
Range 3
Interquartile Range 1
Skewness .023 .661
Kurtosis -.448 1.279
Group 2 Mean 2.88 479
95% Confidence Lower 174
Interval for Mean Bound )
Upper
Bound 4.01
5% Trimmed Mean 2.86
Median 2.50
Variance 1.839
Std. Deviation 1.356
Minimum 1
Maximum 5
Range 4
Interquartile Range 2
Skewness 204 752
Kurtosis -1.078 1.481

Student self-assessment of their level of knowledgster completing the online
course, both groups.

The Mann-Whitney U test was again used to analyseotdinal data obtained. There
was significant difference between the two groupthe mean levels of knowledge after
completing the online course, P>0.05.

Mann-Whitney Test
Test Statistics(b)

Level of
knowledge after

course
Mann-Whitney U 30.500
Wilcoxon W 66.500
z -1.181
Asymp. Sig. (2-tailed) .238

Exact Sig. [2*(1-tailed

: .272(a;
Sig)] il

a Not corrected for ties.
b Grouping Variable: Group No
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Descriptives

Std.
Group No Statistic Error
Level of knowledge after Group 1 | Mean 382 263
course ) )
95% Confidence Lower Bound 393
Interval for Mean )
Upper Bound 4.41
5% Trimmed Mean 3.85
Median 4.00
Variance 764
Std. Deviation 874
Minimum 2
Maximum 5
Range 3
Interquartile Range 1
Skewness -.690 661
Kurtosis 779 1.279
Group 2 Mean 3.38 .324
95% Confidence Lower Bound
2.61
Interval for Mean
Upper Bound 4.14
5% Trimmed Mean 3.36
Median 3.00
Variance .839
Std. Deviation 916
Minimum 2
Maximum 5
Range 3
Interquartile Range 1
Skewness 488 .752
Kurtosis 421 1.481

Student levels of confidence that they understoodhé taught material of the online
course, both groups.

The Mann-Whitney U test was again used to analyseotdinal data obtained. There
was no significant differenceP(>0.05) between the two groups in their levels of
confidence in the online course material.

Mann-Whitney Test
Test Statistics(b)

Level of
confident
Mann-Whitney U 25.500
Wilcoxon W 61.500
z -1.589
Asymp. Sig. (2-tailed) 112
Exact Sig. [2*(1-tailed
: .129(a,
Sig.)] @

a Not corrected for ties.
b Grouping Variable: Group No
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Descriptives

Group No Statistic Std. Error
Level of confident Group 1 Mean 3.36 279
95% Confidence Lower 274
Interval for Mean Bound )
Upper
Bound 3.98
5% Trimmed Mean 3.35
Median 3.00
Variance .855
Std. Deviation .924
Minimum 2
Maximum 5
Range 3
Interquartile Range 1.00
Skewness 023 661
Kurtosis -.448 1.279
Group 2 Mean 2.63 .420
95% Confidence Lower 1.63
Interval for Mean Bound )
Upper
Bound 362
5% Trimmed Mean 258
Median 2.50
Variance 1.411
Std. Deviation 1.188
Minimum 1
Maximum 5
Range 4
Interquartile Range 1.00
Skewness 970 752
Kurtosis 1.872 1.481

Student's level of interest in course material, bdt groups.

The Mann-Whitney U test was again used to analjigeadrdinal data obtained. A
significant difference ¥ < 0.01) was detected between the two groups i gedf-
perceived level of interest in the course.

Mann-Whitnhey Test
Test Statistics(b)

Level of interest

Mann-Whitney U 9.000
Wilcoxon W 45.000
z -3.101
Asymp. Sig. (2-tailed) 002
Exact Sig. [2*(1-tailed

: .003(a;
sig)] @

a Not corrected for ties.
b Grouping Variable: Group No
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Descriptives

Group No Statistic Std. Error
Level of interest Group 1 Mean 3.45 157
95% Confidence Lower Bound 3.10
Interval for Mean )
Upper Bound
3.81
5% Trimmed Mean 3.45
Median 3.00
Variance 273
Std. Deviation .522
Minimum 3
Maximum 4
Range 1
Interquartile Range 1.00
Skewness 213 .661
Kurtosis -2.444 1.279
Group 2 Mean 2.25 .250
95% Confidence Lower Bound
1.66
Interval for Mean
Upper Bound 2.84
5% Trimmed Mean 2.28
Median 2.00
Variance .500
Std. Deviation .707
Minimum 1
Maximum 3
Range 2
Interquartile Range 1.00
Skewness -.404 752
Kurtosis -.229 1.481

Differences between matched and non-matched studenin whether or not they felt
comfortable with the way of the material was preseted.

The Mann-Whitney U test showed a significant deéface between the two grougs<
0.01) in how comfortable they felt with the matéonéthe online course. The matched
students were, on average, significantly more cowabbe than the non-matched
students.

Mann-Whitnhey Test

Test Statistics(b)

Did you feel comfortable with
sequence was presented

Mann-Whitney U 16.500
Wilcoxon W 52.500
z -2.973
Asymp. Sig. (2-tailed) 003
Exact Sig. [2*(1-tailed

: .020(a,
Sig)] @

a Not corrected for ties.
b Grouping Variable: Group No
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Full Results for Second Experiment

Descriptives(a)

Group No Statistic Std. Error
Did you feel comfortable with | Group 2 | Mean 1.38 183
sequence was presented ' '
95% Confidence Lower Bound
.94
Interval for Mean
Upper Bound 1.81
5% Trimmed Mean 1.36
Median 1.00
Variance .268
Std. Deviation .518
Minimum 1
Maximum 2
Range 1
Interquartile Range 1.00
Skewness .644 752
Kurtosis -2.240 1.481

a Did you feel comfortable with sequence was presented is constant when Group No = Group 1. It has

been omitted.

Evaluation by learning styles.

ACTIVIST STUDENTS
Activist student self-assessment of their level dinowledge before accessing the

online course.

The Mann-Whitney U test showed that there was goifstant difference in the mean
levels of student self-assessmept< 0.05) between the seven matched students and
seven non-matched students before accessing time @olurse.

Mann-Whitney Test
Test Statistics(b)

Level of knowledge before course
Mann-Whitney U 23.000
Wilcoxon W 51.000
z -.197
Asymp. Sig. (2-tailed) .844
Exact Sig. [2*(1-tailed Sig.
g. [2%( 9.)] 902(a)

a Not corrected for ties.
b Grouping Variable: Group No
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Descriptives
Group No Statistic Std. Error
Level of knowledge Group 1 Mean 314 404
before course
95% Confidence Lower Bound
2.15
Interval for Mean
Upper Bound 4.13
5% Trimmed Mean 3.10
Median 3.00
Variance 1.143
Std. Deviation 1.069
Minimum 2
Maximum 5
Range 3
Interquartile Range 2.00
Skewness 772 794
Kurtosis .263 1.587
Group 2 Mean 3.00 .535
95% Confidence Lower Bound
1.69
Interval for Mean
Upper Bound 4.31
5% Trimmed Mean 3.00
Median 3.00
Variance 2.000
Std. Deviation 1.414
Minimum 1
Maximum 5
Range 4
Interquartile Range 2.00
Skewness .000 794
Kurtosis -1.200 1.587

Student self-assessment of their level of knowledgster completing the online

course.

The Mann-Whitney U test shows a significant diffese between Activist learners in

the two Activist groups in their level of knowledglter completing the online course,

(P >0.05).

Mann-Whitney Test
Test Statistics(b)

Level of knowledge after course
Mann-Whitney U 22.000
Wilcoxon W 50.000
z -335
Asymp. Sig. (2-tailed) 737
Exact Sig. [2*(1-tailed Sig.)] .805(a)

a Not corrected for ties.
b Grouping Variable: Group No
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Descriptives
Group No Statistic Std. Error
Level of knowledge Group 1 Mean
after course 37 309
95% Confidence Lower Bound
2.67
Interval for Mean
Upper Bound 4.47
5% Trimmed Mean 3.58
Median 4.00
Variance .952
Std. Deviation 976
Minimum 2
Maximum 5
Range 3
Interquartile Range 1.00
Skewness _277 794
Kurtosis .042 1.587
Group 2 Mean 3.43 .369
95% Confidence Lower Bound 253
Interval for Mean :
Upper Bound 4.33
5% Trimmed Mean 3.42
Median 3.00
Variance 952
Std. Deviation 976
Minimum 2
Maximum 5
Range 3
Interquartile Range 1.00
Skewness 277 794
Kurtosis .042 1.587
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Full Results for Second Experiment

Students' level of confidence in taught material aér completing the online course,

both groups.
The Mann-Whitney U test shows there was no sigaifidifference in the mean levels

of confidence between the Activist learners intthe groups (P > 0.05).

Mann-Whitney Test
Test Statistics(b)

Level of confident

Mann-Whitney U 16.500
Wilcoxon W 44.500
z -1.072

Asymp. Sig. (2-tailed) 284
Exact Sig. [2*(1-tailed Sig.)] .318(a)

a Not corrected for ties.
b Grouping Variable: Group No

Descriptives

Group No Statistic Std. Error
Level of confident Group 1 Mean 3.14 404
95% Confidence Interval | Lower Bound
2.15
for Mean
Upper Bound 4.13
5% Trimmed Mean 3.10
Median 3.00
Variance 1.143
Std. Deviation 1.069
Minimum 2
Maximum 5
Range 3
Interquartile Range 2.00
Skewness 772 794
Kurtosis .263 1.587
Group 2 Mean 2.57 481
95% Confidence Interval | Lower Bound 1.39
for Mean :
Upper Bound 3.75
5% Trimmed Mean 2.52
Median 2.00
Variance 1.619
Std. Deviation 1.272
Minimum 1
Maximum 5
Range 4
Interquartile Range 1.00
Skewness 1.137 794
Kurtosis 1.947 1.587
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Full Results for Second Experiment

Students' level of interest in course material, bdt groups.

The Mann-Whitney U test shows that there is sigaiit difference between the levels
of interest in the online course material of theiist learners in the two groupB €

0.01).
Mann-Whitney Test
Test Statistics(b)
Level of interest
Mann-Whitney U 4.000
Wilcoxon W 32.000
z -2.773
Asymp. Sig. (2-tailed) 006
Exact Sig. [2*(1-tailed Sig.)]
.007(a)
a Not corrected for ties.
b Grouping Variable: Group No
Descriptives
Group No Statistic Std. Error
Level of interest Group 1 Mean 3.43 202
95% Confidence Interval | Lower Bound 203
for Mean )
Upper Bound 3.92
5% Trimmed Mean 3.42
Median 3.00
Variance .286
Std. Deviation .535
Minimum 3
Maximum 4
Range 1
Interquartile Range 1.00
Skewness 374 794
Kurtosis -2.800 1.587
Group 2 Mean 2.14 261
95% Confidence Interval | Lower Bound 150
for Mean )
Upper Bound 2.78
5% Trimmed Mean 2.16
Median 2.00
Variance A76
Std. Deviation 690
Minimum 1
Maximum 3
Range 2
Interquartile Range 1.00
Skewness -174 794
Kurtosis 336 1.587
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Full Results for Second Experiment

Differences between matched and non-matched studenin whether or not they felt
comfortable with the way of the material was preseted.
The Activist students were asked whether or nog tel comfortable with the material
of the online course. The response was either Ye®a There was significant
difference at ® < 0.01).

Mann-Whitney Test

Test Statistics(b)

Did you feel comfortable with
sequence was presented

Mann-Whitney U 7.000
Wilcoxon W 35.000
z -2.687

Asymp. Sig. (2-tailed) .007
Exact Sig. [2*(1-tailed 026(a)

Sig.)]

a Not corrected for ties.
b Grouping Variable: Group No

Descriptives(a)

Std.
Group No Statistic Error
Did you feel comfortable | Group 2 Mean
with sequence was 1.29 .184
presented
95% Confidence Lower Bound
.83
Interval for Mean
Upper Bound 1.74
5% Trimmed Mean 1.26
Median 1.00
Variance .238
Std. Deviation .488
Minimum 1
Maximum 2
Range 1
Interquartile Range 1.00
Skewness 1.230 794
Kurtosis -.840 1.587

a Did you feel comfortable with sequence was presented is constant when Group No = Group 1. It has

been omitted.
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