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Abstract

This study compareséiperformance and experiences in an introdudatystics course
across two modalitiesveb-based and classroebased instruction. The research was
conducted in classrooms from each learr@ngironmenfor two teachers at a large
midwestern community diege. Theresults from the Pr&est, PosfTest, and

departmental final exaindicatedthat students in webased statistics courses can have
levels ofaverageachievement comparabte that oftheir classrooninstructed
counterpartsYet, the facts thatistance learners entered the course with stronger levels
of mathematical preparedness, and had greater proportions of students at the extremes of
the performance indicators, jointly challenge the notion of-based instruction being
Aas good laSkefacultyidtentiews stualent questionnaires, and both virtual
and physical instructional observations informed the researcher that the successful
teaching strategies in the classroom can have an online comparative. Independent of
modality, studentdesire teacher immediady.is also confirmed that the asynchronous
nature of online learning that allows students to learn at their own pace will continue to
drive student interest in spite of any potential barriEing researcher recommends that
future studies control for relevant student characteristics and any instructor effect to
measure overall learning gains over longer periods of time. Hybrid courses were

discussed as being the next modality on the horizon that would merit further research.
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Nomenclature

Web-Based Instruction (WBIi)Iinstrudion that occurs between teacher and student that is
facilitated strictly by use of the World Wide Web. The teacher is able to post curriculum,
notes, etcon a particular platform for student review. The student is in no way required
to come to campus. @omon synonyms include onlinearningand virtual learning.

Online learning is used interchangeably with vibalsed instruction in this document.
Hybrid CoursesCourses that are primarily rooted in WBI, but have a regular mandated
time set aside for somerim of classroom instruction. Hybrid courses are commonly
referred to as fAblendedd cour ses.
Classroorrbased Instructio(CBI): The more traditional form of education between
student and teacher. Common syofi@amyms incl u
instruction.

Platform the mechanism that stores data for se@lsed courses and provides a general

structure for them (also referred to as a

XVi



Chapter 1: Introduction

Rationale

Web-based instruction (WBI) in statistics here to stay. With the education
industryds increasingly scar c-effective Kioby,r c e s ,
1998) and is therefore of great appeal to school administrators. Evidence of similar levels
of achievement as peers who receivestlasmbased instruction (CBI) (Wisenbaker,
2002; Gunnarson, 2004) and the prospect for utilizing current and emergent technologies
to create new opportunities for active learning (Garfield, 2004; Malone & Bilder, 2001)
j oi ntly e\ntekes. Fitheramareh studenté consider WBI to be of great appeal
due to the flexibility and the new opportunities for virtual collaborations with classmates
that it affords them (Frey & Alman, 2003). More students are using the World Wide Web
(www) in other coursessawell; hence, its usage in statistics does not seefettdred.
With the interest of the three critical stakeholders piqued, WBI has delved into one of the
more timeless areas within the acadéntlye mathematical sciences.

The SloarConsortium developeithe Making the Grade: Online Education in the
United States annual report (2006), which indicated that in the fall of 206563
million students were taking at leastecourse online. The Midwest alone had 460,000
students enrolletsh more than 500 ingutionsdoing so, and@oss the country, 4,491

institutions were offering online courses. In f&8% of large, public institutions had at



leastoneonlineoffering. Conversations as to which modalityfisetteo (WBI or CBI)
continuedwith 62% of Chi¢ Academic Officers from the schools in the study believing
that onlinelearning can have at least the same quality of instructior@asa instruction
andeven 13%believingWBI is betterthan the traditional classroom. Blasphemy
perhaps? With an astoeding 62.8% of all Midwesrnundergradatestudentsenrolledat
an associate degr@ganting institutiortaking online courseg, is indeed time to
incorporate associatkegreegranting institutions into the WRBIs. CBI discussion.

In matrematics, thexploration into the field obnline learning has been quite
cautious, but it is now gaining in momentuhiis excursion habegun withstatistic®
the discipline that lends itself well to Walby virtue of the propensity for active
learning strategies arnbe incorporation otechnology (Garfield, 2004). Further probing
of this field with a proven history of strong academic performance identified a student
population that would be most desirous of flexibility with course offerings. Hence,
graduate students elled in surveyoriented statistics courses (Dereshiwsky, 1998) have
become a viable target of WBI.

As the rest of st ude rntentorytéchnoleggal r ef | ect
advances, the delivery of their mathematics and statistics courses followsu Today 6 s
ubiquity of wireless internet access and {ugpbanners encouraging online learning
programs have thrust a new arena of learning upon us. The question for those within the
mathematical sciences now centers on whether this new arena is mogiappfor
those in the arts as opposed to those in the sciences. Specifically beginning with the

discipline that is already being explored, can students of WBI in statistics have



comparable levels of performance as their peers receiving clasbas®dnstruction
(CBI)? Moreover, what does WBI entail? This study will address these questions in the
context of the instructional institution most amenable to embracing WBI, the community
college.

As one exemplar, the mathematics offerings using WBI iseckat the
institution where this study resided from 201 students in two courses in 2002 to 842
students in four mathematics courses in 2008. For the same period, the introductory
statistics course enrolliment grew from 136 in 2002 to 507 in 2008. The 2qi@vith
for one particular course was more than double the rate of the other mathematics
offerings. With this course equally satisfying degree requirements for hundreds of
students (just at this institution alone), student performance and mastery dtieadf cr

importance. The time to investigate this phenomenon has indeed come.

Purpose

This research study investigates student performance and mastery in the web
based instruction of an introductory statistics course and compares it to the classroom
basel instructional course. Performances on common assessments between the two
groups were compared. The pedagogy, interactivity, and types of students that typify the
web-based courseill also be uncovered. Because this study involves undergraduates
and ind@endent learning is a critical element of effective distance education (Frey &
Alman; 2003), adult learning theory will be quite relevant (Knowles, 1975). However,

3



social interaction among students and between student and instructor is becoming
increasingy important to distance education (Stacy, 1999). Hence, Vygotskian theories
on social learning will also be employed in the design of qualitative instrumentation and
in conducting virtual observations of wélsed instruction. To further underpin the
reseach, various pedagogies associated with statistiesf or m r el at ed dAtr ad
classroorrbased statistics courses will also be included (e.g., emphasis on the graphing
calculator, group work, etc.) (Rouncefield, 1993).

Then various pieces of literaturelivoe discussed. Research on wsdsed
instruction is becoming more widespread, but it is only slowly reaching research specific
to mathematics and/or statistics. Findings from studies in the wider arena and discussion,
in greater detail, of the findingaore directly related to statistics courses are both
provided in the second chapter of this document.

The methodology section describes the details employed in executing the study.
The six instruments (four quantitative and two qualitative) are desaxilbeit the
methodology chapter and analyzed in the following chapter. The study closes with some
discussion of the analyses, reflects on the questions initially posed, and identifies areas of

future research.

Conceptual Framework

The conceptual framewfo for this study is a hybrid of the learning theories that
support both Distance Learning and Statistics Education and can be visually represented

by the organizational chart in Figure 1.1.



Conceptual Framework Underpinning the:

Weh-based Instruction of Statistics

Adult Asynchronous Vygolsklan Theories USeS of the Computer
Learning Theories Learning on Social Interaction w Enhance Instruction

. " Zone of
Self-Directed Learning Erdind Devempmem
Andragogy

[ Experiential Learning ]

Computer Supported ]

Collaborative Learning Ccopeiativelleanning ]

Social Constructivism i el ] Teaching with ]

Communication Hand-Held Technology

Teaching with:
Statistical Software,
Mul ti medi a,

Applets, etce

Fig. 1.1. Conceptual Framework

Adult Learning Theories

Self-directed learning has been described as the process whereby individuals take
the initiative, with or without the help of others, to diagnose their learning needs,
formulate and implement learning strategies, and evaluate learning outcomes (Knowles,
1975).The field of adult learning was pioneered by Malcolm Knowles, and the majority
of adult learning is sellirected learning (Cross, 1981). Many sgitected learners
aspire to gain new skills and knowledge for professional benefit, or they participate in
activities for recreation#Noueasbhs. hBmact.
improvement activities are prime examples of-siglécted learning.

As defined by Malcolm Knowles in 1980,



hel pi ng adu),isthe nost eemowned of the. aduli l@arning theories.
Andragogy refers to the desire for learners to have control, flexibility, and feedback. This
can be manifested in how adult learners view their roles: they are learners secondary to

other life rolessuch as parents, caretakers, and employees.

Another aspect of adult learning theory is motivation. At least six factors serve as
sources of motivation for adult learning: desire for social relationships, compliance with
someone el s e dsetebefeehanaaity, iparsoral,advaneement, relief
from daily routine, and cognitive interest. The best way to motivate adult learners is to
enhanceheir reasons for enrolling in a course or programdewteaseny significant
barriers. Distance Learningnd specifically weltbased instruction, accomplishes both

aims.

The Need for Social Interaction Among Adult Learners in the Online Classroom

Since adults are setfirected learners, it has become obvious that they would be
the primary market for webased instruction. They would continue to learn
independently and have even less synchronicity, or learning at a specified time in a
specified location. However, Frey & Alman (2003) mentioned that even in the virtual
classroom, adults have expressed a neethferaction, which is consistent with one of

their motivating factors for partaking in the learning process.

These learning theories have their place in the context of online education.

However, according to Wegerif (1998), students in his study dyreafued online
6



interaction with their instructors and cl a
insiderso (p. 48). Hence, he specul ates tha
the interaction among students, and active learning areallt@isuccessful adult
learning experiences.

To attend to this demand, many universities have incorporatedropus
experiences, which generally consist of two or three-fadace class sessions during the
semester, in addition to their distance edocatourses. The ecampus aspect of
instruction has been shown to have a positive impact on learning, retention, and learner
satisfaction, (Brown, 2001). This need forcampus experiences refers explicitly to the
need for social interaction among leasé heoretical support of social interaction is
further supported by Lev Vygotskyds Socioc

Development.

Vygotskian Theories Regarding Social Interaction

The major theme of Vygotsky's (1978) theoretical frameworkasgocial
interaction plays a fundamental role in the development of cognitigng ot s ky 6 s
sociocultural theory of learning emphasizes that human intelligence originates in our
society or culture and individual cognitive gain occurs first interpersofiatgraction
with social environment) and then intrapersonally (internalization of knowledge). This
can exist via scaffolding by the teacher or classroom discussion.

Another aspect of Vygotsky's (1978) theory is that the potential for cognitive

developmenis limited to a certain time span that he calls the zone of proximal



development (ZPD). Vygotsky defined ZPD as a group of activities that individuals can
navigate with the help of more capable peers, adults, or artifacts.

Instructional strategies infomed by Vygotskyodés (1978) ZP
learning and cognitive apprenticeship (a term for the instructional process in which
teachers provide and support students with scaffolds as the students develop cognitive
strategies). Vygotsky's sociocultueglproach of learning and ZPD can be successfully
empl oyed in the study of online | earning a
social interaction even within sefirected situations.

In the webbased learning environment, learners can maerheir zones of
proximal development through interaction with their professor, a classmate, or even a
textsupported tutor. The construct of social presence pertains to members of the web
based environment providing personal characteristics to présenhts el ves as Ar e
peopleo (Pelz, 2004). This allows for some
classroom instruction, and thereby provide the learner with a learning environment that
increases comfort and reduces anxiety, to be replicated in tiibaged environment.
Students may use Discussion Boardsnail, and other devices to communicate with one
another and address problems and concerns. The essential question is to what extent these

human resources are being utilized. This study investiglagesocial interaction that

occurred within two wellbased statistics courses.



Asynchronous Learning Networks

In all ages, there have been people of great motivation that have studied by
themselves. Even with technological advancescaifffipus learnerhave worked mainly
in isolation, with only occasional <contact
distance education techniques can be grouped into two categoriesudglfechniques
with little or no human interaction, and techniques withited human interaction. Both
approaches limit learners in their ability to interact with others.

Low-cost communications and computer technologies, however, enable learning
in Asynchronous Learning Networks (ALNSs) to flourish. These ALNs overcome tzarrie
of isolation, distance, and imposed time constraints (Mayadas, 1997). Asynchronous
Learning Networks are a relatively new kind of distance education. They combine
elements of sel§tudy techniques and asynchronous interactivity.

The appeal of ALNSs ligin their ability to enable anytime, any place education
with high human interactivity for geographicaliystributed cohorts (networks). Today,
this type of learning system occurs more with World Wide \WWased learning and
online reading materials thama telephone conference calls, as correspondence courses
have been formatted (Bourne, McMaster, Rieger, & Campbell, J., 1997).

Building on the Internet opportunities, online courses and degrees are developed
using the concepts and principles of asyncbusrearning networks. They have
fundamentally altered the face of higher education in the United States, specifically in the

area of distance education and lifelong learning. In just a few short years, ALNs have



become the predominant distance educatiedium, quickly outpacing and replacing all

other delivery modes (Oakley 11, 2004).

ComputerMediated Communication

Over 400 years ago, the printing press revolutionized our communication with
one another. Today, a similar statement could be made thigomternet and the World
Wide Web. These innovations have implications for our classi®aapecially the
adultladen online classroom. Combining the flexibility of the Internet with the tenets of
asynchronous learning, computaediated communication (O8) was born.
In computermediated communication, the computer serves as a mediator rather than the
typical role of an information processor. This creates a favorable environment for
asynchronous learning networks. CMC usage in instruction occurs in thyse w
conferencing (e.g.,ienail, Discussion Boards), informatics (storage facilities of
information for public access), and comptdssisted instruction (CAI) (Santoro, 1995).
In addition, CMC facilitates studet-student and studeiw-teacher intera@in, even
potentially across the world. Independent learning is promoted, and a paradigmatic shift
in teaching and learning from distareducatiorto Distance Learning can occur.
A preliminary observation from the research is that variations in undegyuagational
perspectives based on the faculty member ds
extent to which a teacher promotes CMC (Annand & Haughey, 1997). As such, | would
expect that the extent to which CMC is used in the virtual classroom wjlirrease

over time as faculty familiarity and comfort increase.
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CMC instructors perform a number of functions, such as assisting students in
understanding and taking control of their learning processes, providing them with
emotional support, and carrgirout administrative and organizational dutiegen still,
for learning to occur, a strong element of a teacher presence is required and needs to be
improved (Brown, 2001). A teacher presence allows the learner to experience meaningful
outcomes broughtdmy t he i nstructoroés guidance of me
(2004) identified the asynchronous instruc

content as actions that reflect teaching presence.

ComputerSupported Collaborative Learning

Computersupported collaborative learning (CSCL) has grown out of wider
research into computasupported collaborative work (CSCW) and collaborative learning
(Santoro, 1995). CSCW refers to the emphasis on the communication techniques, and
CSCL focuses owhat is being communicated. Both are based on the promise that
computersupported systems can enhance and facilitate group process. Theories involving
social interaction and asynchronous learning have led to the emergence of CSCL and are
based on the samnmmderlying assumptiodsthat individuals are constructing knowledge

within a meaningful social context.
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Active and Experiential Learning

While there are many different theories of learning, research generally indicates
that optimal adult learningcours when the training participantastivelyengaged in the
learning process (Eastern Kentucky University, 2004). Rogers (1969) distinguished two
types of learning: cognitive (academic knowledge) and experiential (applied knowledge).
Experiential learmig theory connects with adult learning theories with statistics reform
initiatives. The transfer of knowledge occurs when learners are participants in problems
of personal relevance and they are allowed to reflect on their learning. The tenets of this
theay are evidenced by the cone of learning (Dale, 1969), whereby one learns more from
direct purposeful learning than from mere verbal symbols.

Active learning strategies suggest that all learning activities involve some kind of
experience (hence synonynstyireferred to as experiential learning) or some kind of
di al ogue. I n Adialogue with self,o0o (Fink,
their own metacognition, or the learners reflect on how their own learning occurs. The
learners considerbvy t hey chose to take certain step:
others, 0 the teacher creates ways for the
with prospective experts outside of the class (Fink).

The experiences, both observing and doingy wccur directly or indirectly.
Direct observation occurs when the learner observes the real action, e.g., actually attends
a high school statistics class session. Indirect observation refers to observing a simulation

of the event, e.g., reading a jouraaicle on the activities that occur within a high school
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statistics class. And in similar ways, the experience of doing occurs directly and

indirectly.

The learning by doing and cooperative pedagogies have emerged as popular
byproducts of the activiearning theory (Garfield, 1993; Rouncefield, 1993). Both
products are of paramount importance in Statistics Education. Garfield and other statistics
reformists subscribe to instruction that consists of concrete experiences versus mundane

formulaic compuations.

The Teaching and Learning of Introductory Statistics Courses

Requiring more professionals to possess statistical literacy naturally results in
more learners of statistics, and hence, more teachers thereof (Garfield, et. al., 2002).
These force have led to a need for more than the adequate teaching of statistics and for
research on the best way to teach statistics to various groups of students. Faculty and
administrators have had to rethink how to offer statistics to enhance affect (Filebrown,
1994). To this end, new teaching philosophies have emerged. The preexisting major
philosophy is one with a demphasis on traditional formulzased computations to bring
about a focus on statistical ideas that are present in everyday life and practigh thro
experienti al l earning (Smith, 1998). Today
spectrum of areas including curricular reform in statistics, the use of cooperative learning
and projects, innovative methods of instruction, assessment, reseanatlifigclase

studies) on students' understanding of probability and statistics, research on the teaching
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of statistics, attitudes and beliefs about statistics, the use of computers and other media in
teaching, statistical literacy, and distance education.

Statistics is more of a physical science than a traditional mathematics course, and
researchers in statistics education believe that these courses should be taught with active
learning strategies (Gnanadesikan, ef.18197). Activity-based learning deeps the
understanding of probability, data collection, and distributions of random phenomena. In
fact, it was once boldly stated, AA statis
| aboratory hours as physi cs probabdityemi str yo
activities challenge students' intuitions and attempt to increase understanding of variation
and chance (Keeler, 2001). These types of active learning strategies enhance learning and

i mprove the studentsd attoantion, motivatio

In 1998, Gary Smith incorporated a semekiag sequence of projects, including
written and oral reports, into his statistics teaching. Smith used projects to help students
learn by doing, communicate, and use relevant examples from various descipla
adds, "Instead of asking students to work on ‘old’' data, even though real, is it not better to
have them find or generate their own data?
Smith noticed that midterm examination grades were over 10%rraghkehalf as
variable. In his learningy-doing approach, he helps students develop their statistical
reasoning to supplement fAwhat they have he
doing statistics- designing studies, collecting data, analyzingrthesults, and giving

oral presentations. o (p. 2)
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In 1994, Filebrown indicated that students should collect data via surveys,
experiments, or observational studies and
best constructed when students conduct@ealized research. Many other instructors
consider studentonducted projects in statistics courses to be an authentic assessment
t hat provide information about studentsd u
2000). A student project gaugesthe dte nt s6 under standing of th
process, judges the students6é ability to i
out put, assesses the studentsdé ability to
increases student interest in sttits. These are all consistent with the reform efforts that

now exist in statistics education.

Others suggest that the use of active strategies, including David Pugalee (2002),
who says that classroom discourse can be promoted through spoken and written
language, graphic representation and the active mode of performing, demonstrating, and
physical involvement. Pugalee mentioned that conveying mathematical concepts in both
written and oral forms prepares students for the requisite reasoning skills net@mssa
the successful use of mathematics in the real world. Practical work is not just relegated
to projects, but they can take place on a regular basis. Rouncefield (1993) proposes the
frame of having a practical activity, collecting real data, discggsiand then
developing a model.

Researchers have reported success from cooperative practices in statistics as well.
Joan Gar fi e l-amdysisof theQudedoj coopezative learning (CL) activities in

teaching and learning statistics looked #edent ways of using CL, rationale for
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learning activities, and identifiers of success. She also describes how usage of CL can
improve attitudes and increase achievement.

Courtesy of the Guidelines for Assessment and Instruction for Statistics Eduaation,
immediate goal for the introductory statistics course has been to emphasize conceptual
understanding and attainment of statistical literacy and thinking andempeasize

teaching a set of procedures (GAISE, 2004). A carpentry analog was citedtingima

that students should be taught how to Abui
of different types of wood. o6 Building the

These six recommendations are rooted in active learning:

. Emplasize statistical literacy (terminology) and develop statistical thinking (processes);
. Use real data;

. Stress conceptual understanding rather than mere knowledge of procedures;

. Foster active learning in the classroom;

. Use technology for develoi conceptual understanding and analyzing data;

. Use assessments to improve and evaluate student learning

OO~ WNE

Real data adds an el ement of authentici
thinking is broadened through concept discovery and not just umegveethods. Active
learning allows students to construct and understand important statistical ideas. Activities
are often enjoyable and engaging. Technology should be used in ways that truly leverage
the increased functionality it now affords learners. &@ample, using Minitab just for
data entry was not an implicit recommendation. Instead, technology should be used for
developing concepts and analyzing data, such as using simulations to estalakesp
based upon graphical displays. And assessmergshbeun concert with instructional

methods. The recommendations have laid the foundation for the new era in statistics
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education and specifically for the epistemology that is to underscore teaching the

introductory statistics course.

If the traditiond classroominstructed statistics course is experiencing a change in
the instruction of probability theory, an increase in active learning strategies, and a
substantial amount of cooperative learning, is it safe to assume that tiasezb
courses are expiencing similar changes? This study investigates this notion and others.
Reform efforts are also informing us of greater amounts of cooperative teaching among
faculty. In this environment, teachers share ideas and work together toward a common
greater qality of teaching (Rumsey, 1998). The instructors maintain vitality within their

own classrooms by exchanging ideas and success stories with each other.

The Role of Technology in Statistics Education
Research on how statistics is taught and learnstilliselatively new. Hence, any

research on the usage of technology, let alonebasled course offering research, is only
in its rudimentary stages.

Statistics is a discipline that has evolved with technology. Advancements with the
computer have alscelped propel statistics. The computer here is more than the mediator,
as with CMC. In statistics, computing should be taught to promote a digital-bands
environment. In 1995, Romero and his colleagues revamped their introductory statistics
courses in enigeering and computer science schools for the benefit of approximately 90
students per class, totaling over 800 (Romero et. al., 1995). Teachers work with students

to motivate the teaching of new concepts, collect relevant data, and use
17



STATGRAPHICS to crate graphical displays of the data; then the students have an
opportunity to perform similar analyses. As a result, the attendance rates increased from
65% to more than 90% with an 85% pass rate. Romero and his colleagues believed that
this type of instrutton reduces or even eliminates the time devoted to boring and often
practically impossible calculations done by hand. Students can then focus on questions
relevant to the problem at hand and on the interpretation and analysis of the results.

Multimedia cevices provide more graphics, create a more enjoyable course, and
can augment conceptual understanding for students (Robinson, 1993). In the 1990s,
introductory Statistics students primarily used graphing calculators which, in many cases,
have similar cagallities as basic statistical computing software. Current technology, used
by these students, includes a variety of ¥walbwn statistics software packages used in
industtd f rom Excel to SAS. For example, fAslide
interactivédy manipulate the effects of changing the mean and standard deviation of a
distribution.

Advantages of a multimedia approach include increased logistic flexibility,
greater interactivity, timely and universa
uniformity of lecture content, seffaced learning, and more class time available for
activities and student presentations (Ferris & Hardaway, 1994). Ferris and Hardaway
believe that the classroom of the future will shift from same time same place (STSP) to a
more asynchronous environment. The role of the professor in this scenario would be to
serve as the statistics coach and facilitator. This vision lays the foundation for the

possibilities of wekbased delivery of the introductory statistics course.
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The naevest and most popular technology is the World Wide Web. Statistics
courses with a web presence often use course home pages to provide information to
students, such as assignments and announcements. Heakeired course utilizes web
technology and serves to provide course materials and resources (Malone & Bilder,
2001). The welzentric course uses the Web to manage class materials and support

communication between members of the web community. JAVA applets, similar to the

slider, can be includedtogtap cal |y di spl ay how changes in
affect a function. Videos can further enhance the presentation of content on the web.

College students are using the web in other courses, and it is becoming more integrated in
their daily lives, so wge in a statistics course will become even more natural for future
students. As our studentsod |lives reflect m

should also reflect less of the 20th century.

The usage of computers and the World Wide Web ritadasier to consider
alternatives to traditional methods and formats used in education (Garfield, et. al., 2002).
Nevertheless, when considering wedised instruction, it must be mentioned that there
has been some resistance from faculty. It must be tlesoftware is used only to assist
the teacher, not to replace him or her (Robinson 1993). Computers, and consequently
web-based courses, are not panaceas, and they do require effective teaching to facilitate
student learning. Pagnucci (1998) asserts
New educational technologies can challenge even our most fundamental ideas about

what it means to teach and learn and | saw, in the ensuing discussion, that it was these
conceptual shifts that made it so diffi
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This makes web innovators timid for fear of standing out, and they usually encounter
difficulty in getting others to adjust their own educational philosophies. Using the Web,
statistical software, and even new pedagogies pose challenges, mainly bexaase th
different from the medium faculty used when they learned statistics as students.

However, as mentioned earlier with ALNs, CMC, CSCL and knowing we have self
directed learners as our students, | believe that it will be faculty themselves who will hav
to modify their own perspective on how learning should occur within tHe&itury

statistics classroom. Adequate knowledge of these components together can inform us on
how to best teach statistics in an online context.

Web-based instruction of siatics relies upon the concepts and theories presented
in this section. At the heart of this mode of instruction is that the adult learner will be
selfdirected and selnotivated enough to allocate the requisite time to master the
material. Yet, even thal the adult is learning, at essentially his own pace, Vygotsky
would assert that his understanding of the material can be maximized by assistance from
another person. Hence, there is a need for CMC or ALNSs to exist. Also, the content being
delivered is rplete with various uses of technology and experiential learning pedagogies
that can better promote higher conceptual understanding than if rote formulaic strategies
were used. The novelty of this within the statistics community is now leading to an
emergirg dialogue among professionals. The research conducted in this study will help

solidify any formal positions taken by these organizations.
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Problem Statement

Colleges throughout the country continue to deliver more courses via the Internet
(Oakley, D04). Oakley indicated that the consortia of lllinois colleges (forming the
lllinois Virtual Campus) enrolled over 50,000 students in over 3,700 online courses
during the fall of 2003 alone. The quandary lies in whether the nature of learning
statistics iconsistent with the strictly welbbased comparative. Hence, the researcher
developed a few questions about the teaching and learning that occurs within strictly
web-based statistics courses. The first question is if students Hbassul statistics
courseave comparable levels of achievement as those who receive classroom
instruction. Second, what types of learning, pedagogy, and interactive experiences
describe the webased learning environment as compared to classhamad
instruction? | synthesizeti¢se two issues into one problem. My research compares the
experiences and performance of students in abasled statistics course at a local
community college with those of students in fagdace classroorbased courses.
Through research, | intend amswer these questions and will extend existing research on
whether Distance Learning of statistics is a viable (or even preferred) alternative to
traditional faceto-face offerings. Findings of this study will be particularly useful to
faculty and admiistrators of higher education institutions who may desire to expand the
number of undergraduate wehsed statistics and mathematics courses and to-48y K

educators who are considering ways to best serve thetraditional students.
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Research Quésns

1. Do students in webased statistics courses have comparable levels of achievement
as those who receive classroom instruction?

2. What types of learning, pedagogy, and interactive experiences describe the web
based learning environment as conggkto classroorbased instruction?
Hypotheses

The researcher believes that modality of instruction will not significantly affect
student achievement. The literature (Wisenbaker, 2002; Gunnarson 2004) suggests that
comparable levels of learning can occind assuming good communication between

faculty and students, performance on common assessments can be similar.

Social interaction will be necessary for student success. The theoretical comments earlier
suggest that students desire communication. Amcestommunication can strengthen

social interaction, higher levels of success can be achieved.

Success i s a f-motivation forstudy éf thetope Keowlese | f
1980). This is critical, especially for students in vased courses. The statlenust be
able to motivate himself, because actually seeing a classroom, an instructor, or a

classmate may theoretically never occur.

Delimitations

The institution where the study was located has recently begun offering hybrid

courses, whereby studertisend a dhour review section on campus weekly. Yet, | chose
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to not include this type of instruction in this study to focus primarily on instructional
settings that have been taught for at least 2 academic years. Also, | valued researching
web-based instrction because of its extreme contrast to classroom instruction and its
increasing popularity. | believe that if wlased instruction could yield comparable

levels of achievement as classrebased instruction, then students enrolled in hybrid
courses shad perform at least as well. Therefore, | foresee researching the effectiveness

of hybrid learners as a study that will be attempted after this one.

Limitations

A natural limitation of static group comparisons and nonequivalent control group
designs, irgeneral, is that subjects are not randomly assigned to the treatment nor to the
control group. For this study, | was unable to randomly assign subjects to tuewsb
and others to the classroom course. Studentssleéted their modality of instruech

based upon preference and section availability.
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Chapter 2: Literature Review

Overview

With the dawning of the Zcentury has come a new avenue for distance
education. Electronic mail and the World Wide Web have made it possible for learners
separate from their institutions of instruction to bypass usage of postal carriers and use
more direct communication between teacher and student. There are other advantages that
web-based learning affords the teacher, student, and institution. Howegenain
challenge to this mode of delivery has been in establishing a communication among
students with all of the players involved.

While research on Distance Learning has emerged over recent years, research
within these circles that is specific to matiaics and/or statistics education is still in the
formative stage. In this chapter, research on distance education as a whole is discussed,
then a few articles that look into the social component of distance eduaaiprovided,

and finally, the new wik in this field as it pertains to teaching statistics is described.

Distance Education and Online Learning
The SloarConsortium developed Making the Grade: Online Education in the
United States annual report (2006). Titecreatednore specifisupplenents for each

geographic region. The Midwest section includes a total of 11 states extending from
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Nebraska to Ohio. In 2005, the number of students taking at least 1 course online during
the fall of 2005 wasover 3 million.The Midwest had 460,000 studsmnrolled at more
than500 institutions. The consortia contacted the Chief Academic Officers (or

Presiderd) andmade two attempts to reach them. In tatithe4,491 institutions
contacted?2,472 returned responsesbt% increase). In the Midwesbf the 706
institutionscontacted573 returnedesponse§81% respnse ratg These responses

showed tha®8% of large, public institutions have at leastonline offeringand that

62% of theChief Academic Officers now believe that online learning care lzveast

the same quality of instruction asdfass instructionUp to 13%of thembelieve WBI is

better than the traditional classroom. CAOs further determined that students need more
selfdiscipline. Demand for WBI existand the employers have naken issue with the
contentknowledge of those enrolled in WBI. An astounding 62.8% of all Midwest
undergradateonline students aili@ an associateegree granting institution. With the

online community college course possessinghsa following, it is ideedtime to

incorporate associatdegree granting institutions into the WBI vs. GBgument

Di stance education does indeed reach a gre
persons who are geographically separated from campus. It is also advantageous
students whose professional obligations make regular travel to campus problematic. In
2000, Hyland proposed thatwéba s ed | ear nWin-g/i hasefaf @i nt hat
accompanies it. In a summary of findings from several studies conducted by the Epic
Groyp, SUnTAN, and the Royal Bank of Scotland, Hyland states that the trainees benefit

by better access to content that can be co
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benefits because of the ease with which both individual progress and success of the
training method can be evaluated. The final win is in the fact that, after the initial
development and stamp costs, the online infrastructure can lead to significant reductions
in personnel and utility costs, among others.

Web-based learning is also prefadreecause of its ability to provide supportive
instructional discourse. More learners can provide remarks that are of greater substance
and enrich course dialogue (learners see the exact postings of other classmates and
deliberate over their own responses) Wi t h t he adv-WmWagésaafl t he
potential for supportive discourse, many colleges have seized the opportunity to offer
distance courses and evenildldged distance programs.

The construct of dApr es engtieaiticdte Distanae! , co
Learning courses (Pelz, 2004) and transcends conversations that refer to discourse alone.
Social presence allows studetdsroject their nofacademic interests and provides a
collegial basis among the students. Cognitive preseallows for reflective thought on
content presented on the learning outcomes. Teaching presence coordinates the social and
cognitive presences into avenues for personal meaning and learning.

Pelz, a 2003 Sloa@ award winner for Excellence in Onlinedching, advocates
three principles for effective online pedagogy. First, let the students do (most of) the
work. This includes finding additional web resources for the course and helping each
ot her |l earn by answeri ng ena 8deond) intbractivilys que s
should be at the heart and soul of effective asynchronous learning. This allows students to

work together on collaborative research papers and proposals. Third, instructors should
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strive for presence. Teachers should use thdls s&ifacilitate the other two types of
presencé through direct instruction or facilitation of discussions.

Codifying these principles provides a published exemplar for many online courses
to follow. The prevalence of these principles provides strucivags for the welbased
environment to replicate the classroom in qualitative ways. In cases where Distance
Learning is not 100% possible, institutions have incorporatezhorpus instruction.
In 1999, Stacey determined that Distance Learning should l@migncollaborative, and
grouporiented. By placing her MBA students who were situated far from the institution
in groups and by making comput@ediatedinstruction a course assessment, students
were able to learn collaboratively in several ways. Studeataed collaboratively by
sharing their own diverse perspectives, cl
test out new theories before sharing them with the entire class. Moreover, learning was no
longer relegated to business hours since stadeate able to communicate around the
clock. Once, the instructor was stunned by the numbers of students communicating at
1: 30 a. m. ATal kingd was done electronicall
transcriptions of the dialogue and student interviews.stingents were fundamentally
invested in the educational process (their own and their fellow group members), and the
teacher as served as the facilitator. Many of the participants mentioned that being forced
to participate ni ncpressingideds tdag®uprofuckoeowrd i dence
peerso (p. 5). Another finding from this q
sense of isolation because of their increased sense of connectedness to the class. Initial

studies on welbased courses did npay much attention to establishing social
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connections for students. But Stacey, and now others, are now informing us that students
need conversation, electronically or in person, to help facilitate learning.

Teacher presence can impact student successagisfaction with the online
course (Richardson, 2003). Richardson studied 97 of the 369 students in a particular
course, and those with high perceptions of social presence also had high levels of
perceived learning and instructor satisfaction. This@agon was stronger than that of
some of the traditional demographics (age, number of college credits earned, etc.).
Specific tasks, such as group projects and written assignments, were beneficial to the
online students.

Teacher immediacy is also aatdd measure quantifying the distance placed by a
communicator between themselves and the object of their communication. Verbal and
nonverbal immediacy in the traditional classroom environment has a history of having
high immediacy reflect improvement itudent attitudes. The challenge in wedsed
learning is to provide comparable levels of immediacy with associated results.

Ri chardsonés description of the effects of
with the instructor clearly imply that @sence is critical to the online learning
environment. Social presence can also have benefits among classmates.

Social interaction among students was also a factor studied by Zachariah (2000).
His graduatdevel educational administration course consigtethree modules: one
completely conducted in a distance format, another in which class attendance could be
replaced byemailed work, and a third that required attendance aothss discussion.

The students considered his course to offer them giféatdnlity with similar levels of
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collaboration as facto-face offerings. Because of their positive experiences with this
medium, the students were likely to enroll in future online courses.

O6 Ne all (2009) al so i nvestfdigrassiondand o what
themes selected were similar between classroom and web sections for an undergraduate
education course. Each section was composed of 22 students. The students had similar
course materials and discussion questions. Students in tHeasetkection used
Discussion Boards as their vehicle of communication via the WebCT course management
system. Text from these conversations were printed for data analysis, data from the
classroorrinstructed section was transcribed via tape recorder.

The WBIland CBI students demonstrated positive productivopit dialogue.

Both groups of students6é conversations cen
management, assessment, social aspects, and organization. In-iheseeb

environment, students draweaning from collaboration and an ability to readily

reference recorded opinions. The classroom instruction lends itself well to tvenhah
communication that supports the discussion
related questions shalbtructure discussions regardless of modality. The research
conducted by O6Neal supports the fAjust as
regarding wekbased instruction. Bernard, Lou, and Abrimi extended the conversation

through their metanalyss.

Positive experiences with online education are not just limited to education
courses. Candler and Blair (1998) research

based course component. From surveys aitthiss discussions, they surmised that the
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students faced technical obstacles, such as owning computers that could not facilitate
quick downloads. Nevertheless, students commented that thbaseld course and

digital computer imagery helped them to better understand neuroanatomy concepts that
weretaught in class.

Tucker (2001) compared Piest scores, Podtest scores, learning styles, age,
homework grades, research paper grades, Final Exam scores, and final course grades of
her students in her welased traditional business communication olatis her
classroorrbased section. She found that the distance students were significantly older
and had significantly higher Pe$est and Final Exam scores. These findings supported
her c¢claim that Distance Lear nintmaditonmaas at | e
classrooms, as long as the method and technologies used are appropriate to the
instructional tasks, there is studeoatstudent interaction, and there is timely teasioer
student feedback.

With the moral dilemma looming over wdidased instiction (i.e., should
institutions market an unproven and contro
colleagues, decided to probe across the body of existing studies comparing WBI and CBI
under the correct pr et ecnesbe dtoheast ,n ofit &bénpor osvi eg
(Bernard, 2002, p. -hine.(169 of QA studiesumerd included and s
based upon explicitness of methodol ogy. A A
specific individual a S s esnwetmes assogiatedwihhu c c e s s
course completion. Using effect sizes, WBI emerged as having statistically significant

higher levels of achievement (d=.24). Success rates were slightly lower for WBI than for
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CBI (d=-.11)7 though not statistically significantlpwer. Attitudestowards the course
were also measured and were deemed to mavienal differenceamongst the modalities
A preferred result from this study would have been to see higher achievement with at
least comparable levels of success. Howevenutd be gleaned from this medaalysis
that, AWBI yields higher performance with
dichotomywoul d i mpl y béeinaqgulid sbeg omrdo mlsemati c. S
coll oqui al phrase, f@Twhtwr osgs hedmonotonmdl
negative cannot necessarily offset to result in an equivalence relation. Bernard intends to
conduct subsequent analyses to better ascertain any conditions under which distance
learning is more helpful, or more catmful, to student learnin@®ernard looked at
guantitative metrics across scores of studies. However, this still does not inform the avid
reader about the type of instruction that occurs in the virtual environment. Kim and Bonk
broached this matter in 260

Kim & Bonk (2006) hypothesized that the trifecta of pedagogy, technology, and
|l earner needs wil/l intersect for a fiperfec
three items are harmonious in that faculty should receive additional trainingviior
technology designed for attending to student needs. Currently, a wide chasm exists
between the texdriven nature of many online offerings and the techniques consistent
with learnercentered instruction.

Memberships from Multimedia Educational Resmufor Learning and Online
Teaching (MERLOT), the Western Cooperative for Educational Telecommunications

(WCET), and WesterCT, totaling over 10,000 persons, were contacted three times via
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electronic mail. Ultimately, 562 responded. Kim & Bonk uncoverenhftioe responses
that blended offerings could become the new means of conducting Distance Learning. In
addition, participants suggested that students need tegelfate and enter the course
better prepared. Kim and Bonk gleaned from the responses thabnime certificates
can be expected and that blended courses will become the predominant means of
Di stance Learning. Kim and Bonko6s recomme
students are now taking at least one course online.

Research on webasedcourses is of increasing importance fiolR educators
because not all courses will warrant the hiring of atfalle teacher, but only those with
the student demand for one (Kirby, 1998). Still, little has been mentioned ebased
mathematics coursedtteough the need for webased mathematics courses still persists.
Fortunately, many characteristics that describe effectivebasbd courses are
administrative in nature and are not disciplspecific. Hence, the aforementioned
studies jointly inform th essential elements for successful Distance Learning. In theory,
many principles for good instruction in a fatweface course, like providing prompt
feedback, still apply in a Distance Learning environment (Graham, Cagiltay, Lim, B.,
Craner, J., and Duff 2001). So, welbased mathematics courses should experience
comparable success provided that the method and technologies used enhance course

curriculum, there is social interaction, and there is supportive instructional discourse.
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Distance Educationnal MathematicStatisticsCourses

Mathematics education began to emphasize the understanding of problems and
concepts, and demphasize rigorous procedures in the 1980s. Indnaped instruction
and cooperative learning, along with constructivist leartineories, highlight classroom
techniques that convey mathematical concepts and equip students with the reasoning
skills requisite for functioning in todayod

Similarly, in the teaching of statistics, activities can be usedharee student
learning and engage them in data sets with personal relevance to them. statistics courses
today are taught with some form of technology. Garfield (2004) mentions that tools, like
graphing calcul ators and bef pwatedpatkadgds
statistics. o (p. 10) . But technology, in t
al so help students fAvisualize and under st a

In an article comparing the use of computers to calculators in APtiBtatis
courses, it was expressed that the computer is an essential tool for data analysis
(Macnaughton, 1998). But with the welsed course being rooted in computer usage,
research needs to be done on whetherbased instructors are providing studentdiwit
opportunities to use the technology available to them in order to maximize conceptual
learning.

The 2005 Conference Board of the Mathematical Sciences Survey of

Undergraduate Progranf@BMS) (Lutzer, et. al., 2007ipdicated that community
colleges eroliments grew by 29% from 2000 to 2005 to account for 44% of all collegiate

undergraduate enrollments. It is plausible, given a number of economic conditions that
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have led to greater numbers of adults returning for greater amounts of education, that in
2010 that community colleges would garner an even larger percentage of collegiate
undergradate enrollments perhapsip to 50%. Regardless of what the future may hold,
community colleges warrant greater attention given their substantial representation
amongsthe collegiate undergraduate population.

In mathematics specifically, the total growth in enrollment atyear colleges
grew by 27% to 30% from 2000 to 200%vith the largest growth occurring in
PreCollege courses (mathematics courses that are takeeparation for baccalaureate
transfer coursef.utzer, et. al., 2007) El ement ary Statisticsd en
40,000 students was the largest enrollment increase amongst the-tikdge
transferable mathematics and statistics courses. Npaomtweyear college
enrollments swelling, but with Elementary Statistics being on the vanguard within the
mathematics and statistics curriculum, research on student performance and learning is
critical.

Two-year college students are using online resesifor instructional support in
10% of statistics courses (double the typical proportion for other courses). In situations
where at least half of the students received the majority of instruction using methods
where the instructor is not physically presearine percent of statistics instruction was in
this format, which again exceeded the aggregate percentage for mathematics and statistics
courses which was five percent.

The 2005 CBMS survey informs us that there is a distinct trend of increased

enrollments in Elementary Statistics at twear colleges. And, within the curriculum, it
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could be inferred that Elementary Statistics lends itself well to the incorporation of online
resources and to distance learnimggeneral. At variance with these trenda ioid in
research iWBI of statistics at tweyear colleges. The research presented within this
document will address the twaear college research void. Research in WBI at-f@ar
colleges and universities in online learning of statistics is infésmay as well but there
are some pioneers. Their research began with investigatepedagogy associated with
correspondence courses

In a study that investigated a precursor toAvabed instruction, Stephenson
(2001) examined student performanaoé attitudes comparing-class and tapdelayed
video versions of a twierm statistics course offered to General Motors (GM) managers
and engineers. The lectures were taped, and the tape was then mailed to various GM
plants and played for the distancaieation students a week later. In looking at outcomes
over a 16semester span from 1994 to 1999, he found no overall differences in terms of
student grades or attitudes toward the course. During tyedrOspan, 132 students took
the course on campus aB80 took the course affampus. The students receiving
instruction at a distandead overall grad@oint averages of 3.45, and the students
receiving instruction in the classroom had averages of 3.50. Barring the first term, where
the students experiencddficulty with the initial development of the course, student

overall ratings of the course were not significantly different.

Beth Costnerds dissertation entitled, )
Attitudes of Incorporating a Computer Algebra ®yst(CAS) into a Remedial College
Mat hematics Courseo (2002), also has relev
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researcher used in this study. Also, Costn
constructivist principles and adult learning theories ciaire also relevant to this study.
In her study, Costner compares performance in a techndidggn delivery method to a
classroorrbased section and also looks at student attitudes in each section. From her
experiences and t hessartsthatusagdof a @AS eaa pramote Co s t
comparable levels of achievement and deeper levels of conceptual understanding. These
findings are consistent with the mathematics teaching reform movement. Costner tests
her claim by collecting data from two sectiamfsa remedial mathematics course over a
two-quarter period. Her quantitative study finds that the students who used the CAS
systems performed just as well on summative assessments as those who learned without
the technology. Incorporation of the CAS hisded to more collaboration among
students, while not allowing students to use any graphing utility on summative
assessments could undermine the performance of the participants from the treatment
group.
Costnerd6s study askedontshe following res

1) What is the effect of the use of a CAS and graphic utility on remedial mathematics

studentsd achievement ?
2) What is the effect of the use of a CAS and graphic utility on remedial college

mat hemati cs st ud e n fssbdut, arid confidenceengnathematies? d, b
Principles from constructivism, Vygotskyods
learning theories were key components of the conceptual framework. To answer these
guestions, Costner (2002) used tsample itess comparing the performance of students
in the control group (instructed without graphing technology) with the experimental
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group (instructed withthe™® 2 6s CAS). She i nvestigated th
of the student characteristics (preliminatgebra proficiency, gender, and age) and
mastery of course material (three exams and a Departmental Final Exam). Costner used
likert scales, interviews, questionnaires, and writing assignments as her instruments.

On many assessments, the treatment gpeuformed better than the control (e.qg.,

average exam scores differing by two points). Yet, the difference in the performance of
the two groups was not statistically significant. Gender seemed to play a significant role
in | ooking at #oreocee students in thecortrol greup acoresidered
practice with homework exercises as reasons for their success, whereas students in the
treatment group attributed it to the fact that the CAS allowed them immediate feedback
on their work.

AlthoughCoster 6 s (2002) t o p ibaseddearding,nt®structura v ol v e
reflects the studies that compare a technoloaged delivery method to the traditional
classroom method in two ways. First, its theoretical framework contained constructivist
and adult larning principles. Second, the methodology compares performance on
common assessments of a control group with an experimental group that utilized
technology. A similar structure is used in this study.

Even with mathematics education research referrimgtipheral uses of the
World Wide Web, Dereshiwsky (1998) reported astounding success in encouraging
group work in the welbased section of her introductory statistics course for graduate
students. The course curriculum consisted of 10 intuitif@iyulated modules of

content instead of a textbook. To further respond to potential challenges in teaching the
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course, groups were designed based upon relative geographic location (her students were
diversely spread across the western state) and she held weeldl affice hours.

In addition, Dereshiwsky (1998) was specific with deadlines, expressed emotions in

el mails, and developed a weekly newsletter for the students. This created a sense of
community for the students and an identity with her as thenuictstr. One student
mentioned, dAl f eel dosonetpértoesshgiphwith ypuronmy r mi ng a
|l earning needso (p. 5). Al so, the-todacehort ¢
group environment €& with mthanthegaditoaadl er fr ee
courseo (p. 6) and also encouraged the stu
which minimized procrastination.

This large western university, subsequently, developed blended undergraduate
courses and other graduate coursesdal upon Dereshi wskybdés cour
Dereshiwsky (1998) commented that Al woul d
recommend it (delivering a quantitative concepts course) to any instructors toying with
the notion of roadesting their particula s ubj ect area onlined (p.
further supported the notion that social interaction among students can help them deepen
their own conceptual understanding as they convey concepts to their peers. This study
will extend Dyandegplythevdelelppinent of d soaial network to
undergraduates at commuter campuses.

With a new emergent philosophy toward mathematics instructionbaséd
courses should not reflect traditional lectoreented teaching. A resourceful instructor

will use the Internet in creative ways to teach and illustrate mathematical and statistical
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concepts (Malone & Bilder, 2001). For example, graduate students from a Malaysian
university were surveyed about their experiences with a completely online course that
used a problerbased approach (Hong et. al, 2003). Hong et al. held an initial
icebreaking session with studentsandomampus SPSS training sess
2003 article, they assert that there was an association found between lack of proficiency
with technology and dissatisfaction with course. She had difficulty getting students to
even participate much in discussions and cooperative learning opportunities because of
their own fears, discomfort with the unfamiliar pedagogical technique, and lack of
preparation. Despite all this, there was a general level of satisfaction. When the final
course grades were compared, the students in the web course achieved as well as
traditional classrooreducated students.

Hong et al. mentioned that the wigarning @vironment requires more structure
and strategies to encourage cooperation and effectively incorporate a comrrimn face
face pedagogy like probletmased learning. Hong et al. support two critical notions of
this study as a result of analyzing oparded iterviews and questionnaires at the end of
the course via usage of a@tém Likart scale. First, students enrolled in a vwalsed
mathematics course may perform just as well as those who experiente face
instruction. At end of the course, 18 of tie2udents receiving wetased instruction
received at least aiBand 22 of the 25 students receiving classrbased instruction
attained a similar range of marks. Second, further research is necessary on how to better

incorporate more current teachingtimodologies into the welbased environment.
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A recent pedagogy has been to use the Internet in an ancillary way. Wiesenbaker (2002)
initially designed his adult education course this way, but it eventually evolved into a
formal webbased section. His stedts were masters and doctoral students enrolled in the
College of Education at a large Southeastern university. He wanted to compare the
performance of students enrolled in the virtual sections of a class with students enrolled
in the faceto-face sectiotaught by the same instructor. Of particular interest were issues
of their initial comparability, performance on the Final Examination, and evaluations of
the course.

In the fall of 2001, he offered his first online course to doctoral students in adult
education, which had minimal interaction with the professor. Then, in his second offering
in the spring of 2003, he incorporated a major change withauf per week mandated
online chat session. He also found that the spring term students mostlyllhéiddyobs
and were still fultime students. Students in the fall session were used to taking classes
together and had developed a community, whereas the spring term students had little
prior contact with each other and markedly less familiarity wilinercourses.

Table 2.1 below displays the Final Exam performance across the three sections.

Table 2.1 Wisenbakedfinal ExamPerformance

Classr 1% 2
oom Virtual Virtual
Fall Fall Spring
2000 2001 2003
Final 84.4 72.6 80.3
Exam (7.5, (20.9, (13.1, 15)
Score 22) 27)
M(sd,n)
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The data yielded a statistically significant difference in Final Exam performance
among the three sections (p=.03). Yet, there was no significant difference between the
classroom offering in 2000 and thecondvirtual course in the spring of 2003. Looking
at a breakdown of performance in greater detail, a far greater proportion of the students in
the virtual section received failing grades on the final exam, yet a greater percentage
received 90 or higher, whigh part explains the larger standard deviation for the students
from the Fall term. One consequence of ¥alsed instruction is that the students have to
set aside the time to prepare for the course and do not have the set schedule associated
with classrom sections. As a result, there tends to be greater variability in the time
commited to the course and on exam performance.

By acquiring information on Web site hits and by examining the type of
di scussion in which the s2002)ctady tetredpnare t i ci p a
into the technical data that can be collected from-basted courses than most others in
the literature. Nevertheless, the Web site hits data did not significantly correlate with
Final Exam performance. Student comments revealedntbige directives regarding
weekly study plans and related instructional strategies would have better channeled their
site navigation and duration of site visits. As well, directing Discussion Board dialogue
toward increased cognitive presence and slightlgy from attention on social presence
(e.g., congratulations on another birthday, inquiry about family members) would have
had more direct connection with Final Exam learning outcomes.

Through course evaluations, student satisfaction with the coiffiesed

significantly as well. The overall course ratings averaged 4.4 (out of 5) for the classroom
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based section, 2.8 for the fall virtual section, and 3.1 for the spring virtual section.
Ratings of the quality of the instructor declined following a simglattern, yet
evaluations for the instructor in fateface offerings for other sections remained roughly
the same.

The end of the quarter feedback showed that the students in the fall virtual course
aspired for more omampus interactions and greas&ucture and the students in the
spring virtual course had more dissimilar findings. Wisenbaker (2002) believes that the
recovery in student performance and satisfaction reflects students doing a better job of
selfselecting themselves for distanceoffieg s and t he instructorés
course structure and, hence, communication with students.

Gunnarssonds (2001) study has consider a
inquired about the attitudes and achievement of students hbasgsatourses compared
to those from the classroom traditional setting. From her review of literature, she was
interested in prior mathematics skills and computer experience as mediating variables for
success with WBI. The participants in the study were fronme&rbased graduate level
statistics course for MBA students. Gunnarsson discussed many theories about online
course design and structured her own course accordingly with organization and
communication venues. To answer her questions, Gunnarsson us&atigeanalysis of
comments by the students from her wased class. There were no significant
differences in the demographics of the two sections (in terms of age, gender, and race).
Students could volunteer to bdéeliefsabder vi ewed

attitudes was administered-té@sts and ANOVA were used to assess differences in
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achievement between the online class and the traditional one. Also, a multiple regression
model was used to determine the effect of classroom setting, priopmoétiency, prior
computer experience, and attitude on achievement.

In investigating attitude, Gunnarsson (2001) used questionnaires and interviews.
She used the researstipported notion that both attitude and affect influence success in
statistics corses. Gunnarsson found that the vast majority of students liked the flexibility
that online learning offered them. There were also a few students who vehemently
opposed welbased instruction and vowed to not take another course in this format, and
still others who were reluctant toward the online environment. The questions in the
gualitative component centered on learning, enjoyment, anddefoiew indicators to
which previous studies have pointed. At three different points, students were asked to
providetheir perspective. The online students had more positive attitude toward the
cour se. However, this could be under mined
feeling the least bit anxious or who have lower affect toward the subject matter would be
dubious to trying an-61p Wiéws of enline earning, mn me nt o (
general, were not impacted by prior computer or math experiences, but more depended
on the studentds own | earning preference.

While investigating achievement, Gunnarso@Q®) found that prior math
experience was not a strong factor in predicting achievement but that those taking the
online course were more computer literate. In looking at performance on three common

assessments, there was no significant difference betivedwo sections of students.
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More specifically, the gap between the two groups lessened over time. Some of this may
not be generalized to my setting because graduate students were used for this study.
Gunnarsson (2001) concludes by saying that her rés&athough it was based on 13
online students and 42 traditional ones) further supports the notion that online courses
can be educationally equivalent to traditional courses. She also mentions that
administration should not use this as a means of repla@ditional courses altogether at
the risk of forcing students to take a course in a format that may not be consistent with
their learning style.

Research in online statistics education is emerging in areas where statistics is
taught to populations afttudents of notraditional ages or circumstances. Schou 200
identified that learning outcomes for online students and classedocated counterparts
were not different for an introductory business statistics class.

Schou purports that the use oftieology in statistics classes along waibplying
the lessons of theeform movement in teaching statistics may have a positive impact on
student attitudes. The researcher compared Final Exam performance among the
traditional and online students and as=grio difference for the null.

The researcher also found that the online students had an improved attitude
toward statistics by the end of the course by usage of the survey of attitudes toward
Statistics (SATS) following a Py&est/Pos{Test design.

Instructional activities were learneentered with streaming video instruction of
statistics topics and statistical software. Students hiagié Discussion Boards, chat

rooms, white boards and access to tutors. There were 16 traditional course participants
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and 15 from the online course. The Final Exam performances were not significantly
different (p=.15), largely due to the mean for the traditional students being almost 9.3
points higher with a standard deviation 7.5 points smaller. The SATS information was
significant with p=.016, implying a positive improvement in student attitudes toward
statistics by the end of the coursdahe online offeringSubscales of affect, cognitive
competence, and value showed strongest gains. Perceived difficulty was the only
subscale to not show significant improvement.

Schoubés work adds to an exi sdifferemagn body
mean performance and substantial difference in variaBohagain, there is a need to
extend this type of work to the lagintroductory statistics course.

Evans et. al (2007) found that in a Harvard Biostatistics course that there were no
dissimilarities with respect to overall course grade averages or course evaluations.
Biostatistics is a course not taught in manyiingons. Hence, offering it in a distance
format could meet the needs of current-filie students, as well as learners who are
current professionals in medical and public health fields. This study was also different in
that it compared the traditionatfering the year the Distance Learning alternatives were
offered to the previous year that preceded it to measure how the composition of the
traditional course is impacted by a Distance Learning offering.

Enrollment during the 2005 term, which offered fArsce Learning alternatives,
increased 100% over 2004. 79% of the increase in 2005 was due to hybrid option with
11% due to WBI, and traditional enrollment experienced no significant change. There

were no significant differences with respect to age, gemdeg, prior statistics course,
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and major. There was also no significant difference between traditional and non

traditional sections with respect to overall course average, final, exam average,

homework, or project average. More interesting was theHattlie overall grades for

traditional students were lower in 2005 than in 2004. This leads to a possible inference

that some of the stronger students might have chosen the web option in 2005. Overall

course average was not significantly different, anddwank and project averages were

not significant either. Qualitatively, instructors noticed a heavy increagenaile
communication and facsimiles. Evans identi
ti mes as desiredo ( pat@skhce leearning previdesthet i nct b
student and costffectiveness as an administrative benefit. Loss ofveshal

communication was seen as a pedagogical disadvantage.

Evans mentioned that the fAdistance effe
effect, hut it is actually a combination of this effect and the differences between
traditionalandnoit r adi t i onal studentso (p.74). This
types of students that select the modality are both factors that merit consideration in
analsis. In 2004, the exam average for traditional students was 91. In 2005, the exam
average for traditional students was 82 and the Distance Learning average was 78. There
could be a Distance Learning effect that the stronger students elected the Distance
Learning option. There was also no difference in Hybrid students; their average exam
score was 83. The research on the effects of Hybrid sections is beyond the scope of this
study. However, Evansd work is inedfhe Bi os

work with undergraduate introductory statistics courses is warranted.
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Zhang (2002) shared his experiences with teaching statistics online and also
commented that videotaped lectures allowed students to review material as much as
possible. He highlighed t he i mportance of the role pla
education depart ment i-motigton ig aitical to succgss,@n e 6 s
students do not have the important ta@éace contact with their instructor. One key
advantag for both students and instructors is the convenience that Distance Learning
affords. A web course relies heavily on sdicipline and selfnotivation since the
students do not have an instructor urging them forward. Technology via digital pictures,
videotaped lectures, and vocal instruction enables students to overcome some of the
barriers inherent to Distance Learning. Organization, communication, and videotaped
|l ectures are keys to academic success acco
advance of technology, | foresee that distance education via the Web will be more wide
spread and more accepted by future student
direction of future education, as research more closely related to Distance gearthie
undergraduate introductory statistics course expands. The findings of Zhang regarding
the instructional technology that leads to successful learning are becoming mainstays
within the modality.

Utts, Sommer, Acredolo, Maher, & Matthews (2003) ddlinto wekbased
instruction research by comparing a traditional introductory statistics course with a
hybrid. The traditional course did not hav
weekly for 80 minutes and used the online textbook CyberStass.dtal. desired to

compare the two courses in four key areas: initial comparability (GPA, class standing,
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gender, computer skills test), performance measures (usingeniPreTest and 30
item Final Exam which included the 12 items from the Res), student behaviors and
satisfaction (student evalwuations, surveys
weekly amount of time invested by the Utts who taught both sections.

Students in both sections had comparable levels of performance ae-thesP
(means of 4.7 for traditional and 4.8 for hybrid, respectively), had similar amounts of
computer competence (3.95 and 4.08, respectively) and similar composition in terms of
class standing and GPA. It was found that the students in the hybrwhdectiled to
enroll in that course to improve their computer skills and because it fit their schedule.
Although selfselection typically has the potential to further problematize assessing the
effect of a treatment, t Btudy.Inceansofer n was no
performance, the effect sizes comparing the overall gain scores were 1.72 and 1.69,
respectively.

In comparing behaviors and satisfaction, the traditional students believed the text
was more important whereas the students in the hgbricse believed that the text and
the data analysis software CyberStats were most important. Students in the hybrid class
felt that it was more work. Evaluation ratings were higher for the traditional course than
the hybrid.

The instructor invested abotlite same amount of time in each course. Utts noted
that she invested about 18.5 hours for the semester in interacting with students outside of
the traditional course and 16 hours for those in her hybrid section. More time (in hours)

was spent in preparirfgr lectures for the traditional class (34.5 vs. 20), but the hybrid
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course required more time to evaluate student performance (34.5 vs. 24). The total time
invested only differed by 3 hours for the entire term (99.5 v. 102.5).

The weekly meetings weraost effective as questiaandanswer sessions. Other
student feedback included that computer software should be used to help students
visualize and explore data, CyberStats helped by providing consistent feedback, and a
weekly lecture and quiz encouragbeé students in the hybrid course to keep up with the
syllabus. Utts, et al. (2003) concluded by saying that offering partially online courses
may be beneficial.

Everson and Garfield (2008) share the efforts by which they implemented
guidelines for asses&nt and instruction in Statistics education (GAISE)
recommendations in designing collaborative online discussions. Both courses selected
were targeted toward nenajors (undergraduate and graduate) with minimal
mathematics preparation. Course enrollmergseviimited to 30 students who were
formed into five or six groups for the first half of the course, then reassigned for the
second half of the course. Students then completed small group discussion assignments
within the course management system.

The disussions upon which the assignments were based forced students to think
and reason about their postings. Students grappled with conjectures about real data, used
interactive technology, and iteratively instructors revised instruction based upon student
comments. Students had an interim deadline to post initial thoughts on each assignment
within a few days of being informed about the assignment. Yet, what was most unique

about this approach was that students posted their assignments where only their
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classmags and the instructor were able to view them, and then an elected leader posted a
summary on behalf of the group with the in
multi-stage approach allowed students to focus more closely on a few postings as
oppose to the more common practice of scanning postings from the entire class.
Instructors intervene accordingly with either praise or some redirection.

Everson and Garfield cited the instruct
thinking as a distinctdvantage to online discussions in statistics. Requiring each student
to post transcends classrodrased practices where there is rarely time for the entire class
to participate. The additional demand of articulating responses is often outweighed by the
flexibility students have in formulating a response. Again, in the classroom, the question
is posed and usually within several seconds someone has either begun a discussion or the
next topic is up for discussion. In the online environment, students haygeawandow
to ponder on and formulate a response. In each course, an effort was made to create an
online community where students could learn from a variety of sources and where
support and encouragement from the instructor were evident to studentsnEaretso
Garfield represent the next echelon that statistics education must pursue with online
learning moving from achievement comparisons toward the pedagogy that underscores
achievement. The research study conducted within this dissertation addressks a sim
guestion by describing the structure of WBI.

The work done by Schou (200 Zhang (2002), Evans (2007), Hong, et al.
(2003), Dereshiwsky (1998), Gunnarson (2001), Utts et al. (2003), and Everson &

Garfield (2008) have been extensions of the distadaeation literature in statistics
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education. | will continue to build on their efforts by investigating the experiences and
performance of students in welelivered statistics courses in comparison to the

traditional CBI. But my research will differ mofieom my predecessors as | will conduct
my research at a community college, the type of higher education institution that has

most readily embraced online courses.
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Chapter 3: Methods and Procedures

Perspectives on Methodology

A mixed-methodologichdesign was used in this study to assist in the ultimate
goal of inquiry into whether there was a s
web-based statistics courses when compared to thelags counterparts. The
guantitative component was appriate as the researcher looked at differences in student
performance on the CAOS (Comprehensive Assessment of Outcomes) in a first Statistics
course. The CAOS test was administered in the first week of the course and again the
final week of instructiorffAppendix A). This allowed for a Préest/Posi{Test control
group design. Each of the instruments appears at the end of this document. In addition,
the departmental exam (Appendix B) was administered to all students at the end of the
guarter. The Researahevaluated all the exams.

In addition to the quantitative instruments, the researcher saw a direct need to
conduct inquiry on the nuances and climate of the educational settings. Qualitative data
analyses were used in this regard, as the construct redasas important but not
necessarily a learning outcome of the course, and therefore not deemed appropriate for
evaluation with merely the CAOS test. Each student completed a background
guestionnaire to provide demographic information on some potergiicpors of

success (Gunnarson, 2001) , including stude
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proficiency with haneheld technology. This instrument can be found in Appendix C.

In answering the second research question, what types of learning experiences are

students in welbased statistics courses encountering, the researcher used qualitative data
anal ysis. To best ascertain the fAhow behin
thicker description (Denzin & Lincoln, 2000) of the events, activitied,experiences

observed by those who represent the emic perspective. For this study, two faculty

members who have taught the wadsed statistics course for at least two years were
interviewed (Appendix D). Students discussed the extent of the preseheg tourses

via a questionnaire that probed their experiences and attitudes toward their statistics
course (Appendix E). The researcher also o
descriptive statistics and hypothesis testing as those are topics tmatyrexperience

in teaching statistics, tend to be most problematic for many students. For thasesb

sections, the researcher accessed the week that each course covered the aforementioned

concepts.

Setting

This study was conducted at a communityexgdl in a large Midwestern city. The
community college services over 20,000 students and is situated in an urban environment.
The average student age is 27.8 with approximately 57.9% women, 30% minorities (21%
of African descent), and 65.7% pérne. Studats may either pursue technical or arts
and science degrees. Transfer and articulation agreements exist, whereby courses taken at

this college can be considered equivalent to offerings held by other institutions.
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The demographics of the general statistimsrse tend to differ slightly from the college

by having more women and pdirhe students, and fewer minorities. The average ages of
the students (mean=25.48) in traditional sections of my pilot study was slightly lower
than the college average (meanA3@&nd average from the wdlased sections
(mean=27.38). The slight shift in demographics reflects the fact that many of the students
in the course aspire to work in the allied health fields, for which this course is a
requirement. The statistics coursers descriptive statistics, Elementary Probability
Theory, Discrete Random Variables, Continuous Random Variables, Confidence
Intervals, Hypothesis Testing, and Regression Analysis. Classrooms are designed to
accommodate 30 learners, and seats areitnadlly aligned in a 5ow, 6-column

format. There is also a weekly eheur lab associated with the course whereby students
use the statistical software package Minitab to further investigate concepts covered in

class.

Sample Selection and Participants

Faculty

Web-based learning in statistics is a relatively new area. The researcher selected
those sections of students taught by instructors who had at least two years experience
teaching in this environment . datsofwas t he
teaching a course, many of the key revisions to-laded instruction would have been
made previous to the study and that the courses would run considerably smoother after

such adjustments. Yet for comparison purposes, | chose participating fabalgiso
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teach classroom sections of the same course. Hence, the sample selection of faculty
participants was purposeful. These faculty members were Caucasian females, each with
over 10 years of teaching experience. Neither teacher had formally takérbasesl
statistics course, but they had taught statistics via the Web for more than 3 years. Beverly
had a career in industry before teachind K for about 5 years and had been at her
current position for 13 years. Ann taught for 10 years in a suburgharstihool and had
been at the community college for 10 years. Ann is also the original designer of the web
based statistics course at the college.

Both Beverly and Ann teach their classes from a technetegyered paradigm.
The participating faculty menglns strongly encourage usage of the Haeld calculator
to perform many of the statistical computations to enable more time to be spent
discussing the output with their students. They both affirm, supported by the research of
Romero et al. (1995) and Rolson (1993) among others, that the increased class time
allocated to discussions about technology outputs can provide the learner with a richer
understanding of the material.

The coll ege uses the teachineguaspd atf or m
couses. Beverly and Ann posted notes online for student perusal and review. They also
encouraged collaboration among their students, but recognized that it mostly occurs when

it is required (e.g., with graded assessments or clasdoased activities).

55



Students

The researcher believed that more than 150 students (over 25 per section) would
begin the study. If 80% of the classroamstructed students typically completed courses,
then it can be anticipated that about 120 students will complete the cdiongdarly, if at
least 60% of the students in the wedised sections tended to complete their courses, then
it can be anticipated that about 35 of them will ultimately complete the course. The
students enrolled in this course have at least completedriBegiAlgebra 1l (covering
topics through factoring trinomials) with at least a C. And, as evidenced from preliminary
guestioning, the students tended to be comfortable with-helddtechnology, be in their
late 20s, have multiple responsibilities outsidiéhe classroom, and have had at least 3
years of high school mathematics. The students inlvasled courses differed slightly
from the students in the classroom sections in that they tended to be slightly older, have

more noracademic responsibilitiesnd be more likely to be learning independently.

Participants

Class rosters were monitored weekly. New registrants were recruited within one
day of review of the updated roster. Only four of the classtinstnucted students
replied prior to the first daof the classes. At the first class session, many of the students
were familiar with the project and submitted consent forms at that time. This minimal
intrusion on their lives outside of their statistics class was of great appeal and resulted in

consenfrom?2lofthe st udents enrolled in Alnodéds cl

as S

studentsThe demographics and class size differe
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taught from 10:00 a.m. to 11:50 a.m. on Mo

class wagrom 8:00 p.m. to 10:15 p.m. on Monday and Wednesday. By virtue of the time

of ferings, Anndés students were younger and

student . Beverl yds st u-dcademisrespoasibitiiess t o have
The students receiving wdiased instruction had considerably greater amounts of

enrollment turrover; only 54 of the 108 students enrolled at the time of the initial

recruitment | ettersd mailing were actually

checls of rosters were instrumental in recruiting the distance learners. One interesting

nuance was that five days prior to the start of the quarter, students at this institution are

dropped for nofpayment of fees. Table 3.1 shows that more students wereedrapthe

fee payment deadline than the total number that dropped prior to it.

Table 3.1 NorPayment Deegistration Activity

Dates Number of Web Students
Dropped

Prior to Nonpayment 25

Deadline

Fee Payment Deadline 29

Only nineclassroom regisants were dropped at the fee payment deadlineDistance
Learningsections would increase their enroliments by 22 students by the end of the first

week of classes to a total of 101. The classroom sections ended the first week with 41
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students enrolledvhich isa six student increasrom enrollment prior to the fee

payment deadlin@vhile2 1 of Beverl yés distance | earner
project, only 9 completed consent forms #mel pe-test. Likewise, 24 and 13

respect i v atudentsin total,22af thed11 distance learners consented to

participate in the research project. Therre minimal additions to classes after the first

week of the quarter. Students who completed all of the instruments required of their

instructionalmodality received $5 gift cards to a nationdtlyown department store.

Data Collection

For this study, data was collected using a geaperimental design (nen
equi valent control group design) .-basethe r ese
course, as well as their two traditional statistics sections. As alluded to previously in this
chapter, five key instruments were used for data collection: the CAOS test (administered
as both a Pr@est and a Posiest), the departmental Final Exam, the Backgt
Questionnaire completed by participants in both learning environments, the survey
completed by participants in the online classroom, and the interview protocol used with
the two faculty members. The researcher also conducted observations on both the
classroom and virtual environments for both instructors.

The CAOS exam is multiple choice, and student raw scores were determined
within 48 hours of test completion. CAOS was administered during the first week of the
course and again during the last weBkis testretest format better identifies knowledge

gains as a result of a term of instruction on statistics (among other factors). The CAOS
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test has been used with thousands of students, has been reviewed by some of the leading
researchers in statistcder cat i on, and has a Chronbachods
of 40 multiple choice items covering an array of concepts typically taught in an

introductory statistics class (descriptive statistics, graphical displays, confidence

intervals, etc.)andprebs st udentsdé abilities to reason
di stinct emphasis on interpretations inste
scores were recorded in Minitab, and student confidentiality was protected.

The Final Examination isumulative and was administered only once. Graphing
calculators were permitted and formulas were provided. Both instructors used a custom
versionofthe8e di t i on of L BEemsntanStafistics Riatubing thé s
World. The custom version hadyatrokes and screen captures for the Texas Instruments
84 graphing utility.

The quick survey of background information completed by students from both
types of |l earning environments was based u
Towards Statistics suey (Gunnarson, 2001). The survey inquired about several
predictors of success in statistics courses, including mathematics background, graphing
calculator proficiency, confidence, and attitude. It also includes indicators of success in
online learning envonments, such as strength of computer skills, possession of
appropriate computing hardware and software, and learning style. The first eight
guestions pertained to demographic information and were either quantitative or
dichotomous. The four remainingegtions were qualitative in nature, but they were

coded on a scale from 1 (weakest) to 4 (strongest). The researcher communicated with
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faculty and students to maximize completion of the surveys by all student participants.
The Schau instrument had a Chranbh 6 s Al pha of . 83.

The survey for the student in the wieised setting delves deeper into the
investigation of the nature and types of learning that occurs in thdassal learning
environment. Inquiry was conducted on the quality of learning, thedfylearning, the
level of interactions with classmates and instructors, and general pros and cons of the
web-based learning experience as it relates to mathematics (Appendix E). Students were
given two weeks to complete the survey.

The two faculty partipants were subjected to a-20m interview schedule
(Appendix D). They were asked about the types of learning that occurred in their classes,
their usage of technology to develop conceptual understanding, and both the type of
interaction they had wittheir students and the nature of the interaction students had with
each other. The researcher also attempted to ascertain any characteristics of successful
students and estimations of studentsd mast
perspective.

The interviews were conducted two weeks prior to the beginning of the course by
Leigh Slauson. Leigh is a Doctoral Candidate in Mathematics Education and holds a
Masterds Degree in Statistics. Lei gh was s
former ingructor at the institution, and as a means of reciprocity toward the investigator
who conducted interviews for one of her research projects. The researcher transcribed the
tape within weeks of the interviews. The I

offices.
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Researcher as Instrument

| would also like to discuss my own positionality in the context of this study. | am
supportive of wekbased statistics courses and have taught statistics for over 10 years, 2
years as a teaching assistant and ten ysaasprofessor at the same college as Ann and
Beverly. The only time that | taught a completely wased statistics course was in the
fall of 2004. After that term, | used my experiences and research on the need for social
interaction among studentsirelyb ased courses to advocate fo
of fering. | received administrative approv

spring of 2005 through the spring of 2006.

1]

hybrid. o

| would venture to sayhat my technologgentered paradigm is slightly stronger
than that held by the faculty in this study. After over 12 months of witnessing students
apply tenets of asynchronous learning theory in my Hybrid sections, | became more of a
believer in the usagd the Internet to encourage the students to aggressively seek the
information and for me as the instructor to facilitate their learning.

| also consider myself to have a cautiously optimistic view toward the future of

distance education. My courseworlightened me to the societal influence of steadily
increasing dependence on technology; at times, to the point of excess (Postman, 1993). |
feel that, just as with many technological advances, there will be a learning curve that
everyone involved must endy then, given the proper demand, there will be a shift

toward incorporating the technology more within our culture. With the demands fer web
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based education being as high as they are, | think it is here permanently and that
educators have to find out hdermaximize the learning potential it can provide. This
being said, | must state that | did aspire for neutrality with the development of my

instruments and will continue to be aware of my disposition as | conduct my analyses.

Instrumentation

CAOS

The researcher proctored the administration of the CAOS examinations during the
seconchour of the first day of clag®re Test)for both instructors and agatine last
Wednesdaypf the quarte(PostTest) Students had 45 minutes to complete the exam.
CAOSai ms to assess studentsdé ability to rea:
understanding than computation. The exam contains 40 items and covers the four most
i mportant | earning outcomes from an introd
on eab of the assessments had no bearing on their course grade.

On both occasiont he researcher made ar rtestmge ment
center for theaCAOSexamsto be administered there. The exams werdatva for 10
days early in the quarterrfthePre Testandagain late in the quarter for the Ragtst
Thetestingcenter providd a secured proctored location for academic and placement
examinationsAn estimated number of students was provided téestengcenterfor
proper administratianThe Background Survey was administered with the Restfor all
students. Distandearners had the option of taking fhestTestimmediately before the

Final Exam
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DepartmentaFinal Exam

The researcher graded each of the departmental Final ExaneshE s ubj ect 6 s
value on each item was recorded and used for analyses. The students in the classroom
sections took their exams during their scheduled class times. The students in-the web
based sections took their geentemdéhthembotehe c ol
availability. The Final Exam is created by a representative of thérhdl faculty with

input from a variety of instructors from t

Background Questionnaire

The quick survey of background informatithrat was completed by students from
both types of | earning environments was ba
The survey inquired about several predictors of success in statistics courses: mathematics
background, graphing calculator proficiencgnfidence, and attitude, as well as
indicators of success in online learning environments: strength of computer skills,
possession of appropriate computing hardware and software, and learning style. The first
eight questions pertained to demographicrimfation and were either quantitative or
dichotomous. The four remaining questions were qualitative in nature, but were coded on
a scale from 1 (weakest) to 4 (strongest). This instrument was administered with the
CAOS test in both the classroom and viietsed sections. Students needed roughly 15

minutes to complete the questionnaire.
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The researcher was allowed access to student academic information via the
i nst it u-managendest saftveateaThatd thatarenot publicly availablevere
used toobtain sudent academic records and to revieanscripts. This information was
particularly useful in ascertaining student prior coursévimthe mathematical sciences
as preparedness continues to underscore performance.

The Background Questionnaire investegatemographic information regarding
each of the participants. Variables pertaidémographic information, student attitudes
toward mathematics, and learning practidése Background Questionnaire was
administered with the PsEest for classroom and welglucated students.

Obtaining over 80% of the classroom | ea
as receiving the participation of only 20% of the distance learners. Comparisons between
random samples of two groubgarticipating wekbased students amdn-participating
one® were taken. The researcher considered several variables, including (with
abbreviations parenthetically included) Distance Learning hours (WEB) attempted,
Distance Learning hours completed, hours of mathematics courses completeafhou
mathematics courses which resulted in grades of D or E (math hours <C), grade point
averages in mathematics courses, highest mathematics course, whether the student had
taken Math 135, whether the students took their most recent mathematics cthese at
current institution, grade point average, hours attempted and completed at the institution,

hours completed elsewhere, and previous coursework in English as a Second Language.
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Surveys for Students in the WRhsed Statistics Sections

Inquiry wasconducted on the quality of learning, the type of learning, the level of
interactions with their classmates, and general impressions of statistitmeeb
instruction. Each teacher afforded the students 14 days (weeks seven and eight of the
guarter) to sccessfully complete their surveys and responses were returnéanad. e
Additional time was allocated to give these students ample time-tinlog the class and
to complete it with deeper descriptions of their experiences. Thisnmstt may be

foundin Appendix E

Interviews with Faculty Members

The two faculty participants were subjected to at@t interview schedule. They
were asked about the structure of their courses, the learning strategies used, and their
assessment of the type of communtiitst exists in each of their classes. The interviewer
also asked them about characteristics of successful students and their estimations of
studentsé mastery of specific concepts, us
traditional class sean. The faculty were given a window of available dates prior to the
start of the quarter to be coordinated with Leigh Slauson who had worked previously with

Beverly and Ann.

Observational Notes
Observational notes were made in two key ways. The resgarehducted

classroom observations on each teacher within the first and last months of the course with
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the intent of examining constructs, such as depth of emphasis on statistical reasoning
skills and classroom discourse, with descriptive statistics ynatlmesis testing. The
second observation will also be contrasted with the first as a means of ascertaining any
temporal changes in the classroom environment.

The researcher obtained temporary guest
view how theselected topic is presented in the web course and to what extent student

understanding of that material occurred.

Member Checks/Triangulation

The interview protocol used with faculty participants, Background Questionnaire,
and survey for students in tineb-based statistics sections are all based on earlier
versions of the same instrument that were used in my pilot study. The instruments were
revised based on input from my dissertation committee, pilot, and participants. This
second iteration of thesesimuments are inherently of greater validity than the initial
versions.

As a way to further build upon the reliability and validity of the qualitative data
that was collected, the two faculty members were allowed to review the data gathered
from their interviews. This process only reaffirmed common themes that were mentioned
and ensured that the researcherods interpre
(Denzin, 2000). The instructors reviewed drafts of transcription notes. Participants were
encouragedat keep their own notes to better develop an audit trail that will provide a

means by which others can detect consistency in the findings over time.
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The results from the survey for the students in the web sections will also be
shared with peers and comte# members to glean their perspectives on the summaries.
The students will retain copies of their electronic submissions. Thereodde strategy
will be used for data analysis as well.

The departmental Final Exam is peeviewed by a committee of imattors from
the college and is | argely based on commi:t
The lead instructor synthesizes all feedback and then sends out a draft of the final
approxi mately one month pri otensenastheifimalal s6 w
draft one week prior to the date the exam is to be administered. Students also receive a
Final Exam review sheet that broadly covers the curriculum. Revisions to the review
sheet follow an iterative process similar to that used witll¢velopment of the Final
Exam.

Using multiple sources of data and a multiplicity of techniques should best detect
emergent and consistent themes from the data (Vithal, 1997). These noteworthy themes
would be constructs that are directly related to teerttical framework. Information
gathered from the researched that supporteddgeifted learning, levels of social
interaction, experiential learning, and the usage of the computer to promote conceptual
understanding, surfaced in the combination ofifiganterviews, student responses to

Background Surveys, and performance on particular items.
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Confidentiality of Data

Quantitative and qualitative methodology were elicited for data analysis.
Anonymous identification numbers were issued to eaclcmnt. For the qualitative
data, anonymity will be protected through pseudonyms. Accurate records, which
recorded the provenience associated with each piece of data, were kept.

Information from academic records, including grade point average, perfoeman
in previous mathematics courses, and performance at other academic institutions, were
handled via a coding system. The studentds
the information. After the information was retrieved, a thdggt numeric cod was
assigned as the studentds R.I.D. (Research
instructor and began with either a 1 or a 2. The final 2 digits corresponded to the modality
of instruction. Numbers &9 were assigned to students in WEB sesti@and 6099
were assigned to students receiving classroom instruction. A maximum class size for
Distance Learning sections is 54 (27 for classroom sections).

The documentation verifying student name and/or student ID with R.I.D. were
locked withinthee e sear cher 68 defmftiide .caThionn déd t he da
privacy (Glesne, 1993). The information will be destroyed at the conclusion of the study.
Any subsequent reports on this study will only refer to subjects by either their pseudonym

or R.1.D.
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Analyses of Quantitative Instruments

Student Achievement on Common Exams

In the 20052006 school year, CAOS was class tested by over 1000 students
across 33 institutions of higher education. Eighteen expert raters unanimously agreed that
CAOS had four of the most important learning outcomes, and it received a 94%
agreement that it measured important learning outcomes. Based on a sample of 10,287
students, an internal consistency of the

that wa used for statistical analyses.

Constructs from Quick Survey

Constructs, which may affect achievement (e.g., computer proficiency, previous
GPA, attitude, and sethotivation), were measured via a correlation analysis.
Associations among students irckanodality were compared to each other as well as the
aggregated data. Two samplests were often used. Categorical data analysis were done
to detect associations between modality and several qualitative variables. These analyses
were also done by eatbacher.

However, data for each modality were subdivided by teacher, since classroom
environment may vary with each teacher. Then, normality assumptions were checked.
When there were significant departures from normalitydjoie < .02), nofparametric

analyses were used.
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Analyses of Qualitative Instruments

Survey Administered to Students in the \Babed Courses

Transcripts from faculty surveys and comments from students about the online
learning experience were analyzed via traditional qualéatoding strategies. Phrases
regarding motivation, attitude, interactions with classmates, effort devoted to the course
and other affective comments regarding their online learning experiences were
particularly interesting based upon the research andeguestly, were particularly

important in detecting any emerging themes (Ary, 2002).

Faculty Interviews

Faculty interviews were transcribed and a digleside comparison of their
responses was conducted. Phrases associated with resgateth prediairs of success,
along with teacher attitude, were particularly important. Faculty experiences with
technology (specifically Distance Learning), perceptions of student learning, views of
predictors that contribute to student success (specifically, motivatititude, and
background) (GAISE, 2004), and advantages and disadvantages to online learning were

al so investigated (O6Neal, 2009; Zachari ah

Procedures
The research adhered to the following schedule to answer the proposed research
guestions:

1. Interviewed faculty participants.
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2. Administered Background Questionnaire by middle of first week of classes.
Background Questionnaire was available in the Testing Center for distance learners for
10 days early in the term.

3. Administered Prdest bymiddle of firstweek of classes and PoBest by the middle

of the last week of classes. Prest and Postest were available in the testing center for
distance learners at each respective window of time.

4. Conducted classroom and virtual observatiamgd third and seventh weeks of the
quarter.

5. Administered a survey to students in the 2-wabked sections.

6. Administered departmental Final Exam in classroom sections.

Final Exam was available in the testing center for distance learners.

Impact ofPreliminary Explorations of Data

Preliminary explorations of the data and consequences therein helped in two key
ways: technical and organizational. From a technical standpoint, | was able to realize that
certain procedures would require more attentiodetails than others. For instance, |
realized that | should be very explicit in giving any details to teachers that should be then
passed on to students; otherwise | would leave what could be a critical component up to
the interpretation of a participaas optional.

| also realized that | needed to be careful in not only asking the same types of
guestions, but structuring them in such a way that a detailed description is provided for

each item. One faculty member tended to provide larger amountdagfuddahan the
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other. Perhaps | could have asked her to elaborate on certain ideas. Similar conclusions
were reached about the items that were posed on instruments that were to be given to

students.
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Timeline
All of the data collectiondr this research occurred during the summer of 2007

term at a large Midwestern community college according to the scheduled outlined in

Table. 3.2.

Table 3.2 Research Study Timeline

Activity

Approximate Window of Time

Informed prospective factyl of data
collection plans

Two months prior to term

Received instructor consent

Seven weeks prior to term

Interviewed instructors

Three weeks prior to term

Informed students of project

Six weeks prior to term

Administered CAOS (Pré&est)

By endof first week

Administered Background
Questionnaire

By end of first week

Observed instruction on material
covered in the first half of the quartg
(Web sections also)

By end of fourth week

Administered survey to web
participants

Middle of term

Observednstruction on material
covered in the second half of the
quarter (Web sections also)

Middle of term

Deadline for all outstanding
documents

End of seventh week

Administered CAOS (Postest)

By end of last week of term

Administered departmental final
exam

End of finals week

Conducted quantitative analyses Winter 2008
Conducted qualitative analyses Winter 2008
Produced a draft of chapter 4 Fall 2008

Communication between researcher and advisor occurred regularly during the summer of
2007 and as nessary thereafter. Limitations and delimitations will be discussed further

in chapter 5. The results from the data collection are described in the next chapter.
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Chapter 4: Results

Overview

The key findings from t hesepchstadyara pant so

presented in this chapter. The quantitative instruments have indicated that students in
web-based statistics courses can have comparable levels of achievement as their
classroominstructed counterparts. Analysis from the departmental Exeam, CAOS
(Comprehensive Assessment of Outcomes for a first course in Statistics) exam
administered as both Rileest and Postest, and Background Questionnaire have

specific results that support this statement and identify other factors that impact
pefformance. The qualitative instruments contextualize the quantitative results with
comments from the faculty interviews, online survey administered to students, and virtual
and classroom observations that provided the researcher with insight into thegyedago

that accompanies Distance Learning and its perceived effectiveness. This chapter consists

of graphical displays and quotations that amplify these two points.

Interviews with Faculty Members

Evolution ofWeb-basedTeaching and_earning

Ann has 2 years of teaching experiene majority at the current collegand
some in secoraty school). She had taugiitleast one section of theeb-based
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introductorystatistics sections quarterly for the last six yeBeverly began her career as

an elementargchool teacher, then returned to graduate school and becacteanml

analyst. Sheaterre-entered the teaching profession as an adjunct professor. Beverly

reali zed, Al enjoyed working with people m
| o nS$he akd her experience with statistics as an actuary to be beneficial to her hiring

in the collegiate setting.

Both instructors havacademic training in programming languadess the
researcherds opinion that t hiosifortablewvath e 1 nt e
teaching and learning statistics and its software packages.

Thiswas the only web course Anndhaxperiencd either as a student or as an
instructor But she eagerly volunteered to develop the initial web course in 2@0&rl3
was takirg web-basedcourses in Metaphysics. Stmuhdthat these courses broaden her
view of necessary components for developing community and content. Beverly noticed
t h awantéd to start giving my (&b) students what | REALLY wanted as a student.

And i dtédthinkbfatthatmy , unl ess youbre really in i
web-based statistics in 2003.

Ann is the original developer of the wélsed course, yet she was reluctant to
create it because she f undletedearnedinthg bel i ev
c | as s r o eventually changed her mirmehd nowbelievesthat shenhad a major role
i n i mpr omays ihghould bedearfied and be able to cater to them (the stuwents).
Beverl ybés exper ieeownwebcoarsdedehertotmakdleent i n h

Discussion Boarsimore interactive venuesid to administemore assessmentslineto
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provide students witrmmediate feedbaclknn and Beverlyare using a fevapplets that
they found from other Web site&pplets surrounding proballitly or features of data sets
enable students to adjust parameters and visually see how the probability disgibrgion
affected.These instructors also incorporated itdnosn professional development
opportunities.

Ann hal transcended the functioti ler Discussion Boarsl Initially, students just
used them to pose questiobairing the study, howeveshe hd implemented a recursive
process by which students respedtb her scenario, pastitheir own scenario, and the
next person respordto thatposting. Ann conscialy chose the more difficutbpics to
afford students greater opportunity to engage in the same concepts.

And even more progressile Annc r eat ed AFl ash Cards, 0 wh
learning tood that presented situations to stutemequired student responses, and
verified answers. This differed from a quiz as the Web pages for the Flash Cards were
designed to mirror they type of instructional flash cards commonly associated with
primary gradesCalculator keystrokewere postedand soménomeworkexerciseshad
stepby-step descriptions included. Arpnstructed her web class so that everything her
studentsieeadonlinewasat their fingertipsThe Flash Cards and Discussion Boards

were rarely used in classroeamased learning.

TopicsMore Easily Understood in th€lassroom
Descriptive statisticmight be learned at least as well via the web as in the

classroom. The only exceptions would be those web students that possess apprehension
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regarding the graphing calculator. The ctass setting allowdsuch students
opportunities to interact directly with the instructor and classmates on how to correctly
produce the desired output. The keystrokes prowvisiidetend to have just one set of
directions. In addition, textbooks ofteregenédthe formulaic processes before the

technological ones, and students tedhih just stay with those. Beverly mentionibeht

isome of my ol der students, who really migh
learned bettewith the algorithms and ldes prefer algorithms o0 t hey donét i nt
t hem. So, itds mor e odSonedistancaltaonemserelaldev e | or

to overcome this deficiency because of their overall technical prowess.
Probabilityalsomight havebeenbetterlea ned i n t he c¢cl assr oom.
years of experience with tisgatisticscourse, shevas able to identify patterns even
thoughfth e exer ci ses are not as obvious as, | et
beginni ng st udaitcd thinkingithetrneedssto ga in thase instagcds
a traditional classroonyou can practice, point things out, use key words, key phrases,
you lose all of that in the Weblin the classroom setting, this was often offset by
additional instructional resocgs. Use of ancillary resources was an emerging trend in
the webbased environrment he i nstructors found a few fAga
class experience learning probability conceptstliege were not a true replication of
what occurred in the assroom.
Initially, it seemed that instruction on discreteadam variables was better taught
and learned in thelassroom than via the web. But, when looking specifically at the

binomial distribution, Beverly menti@dli/And agai n, |  @vebiased know i
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learnerspay more attention to the details. And
pay as much attention to the details as my Web studertsdb.ndi r ect | vy, Beve
referring to the anecdotal notion that committed distance leaaredeeply vested in
their learning and thereby have to grapple with concepts as they internalize them.
Students receiving classroom instruction may have the occasional tendency to become
more dependent on the instructor for information. Citation of ithential distribution
here was relevant as instruction usually occurred after the first examination as the
studentsé6é |l earning habits began to establ
Bothinstructorsconten@édthatthelearning of concepts associated with
continuous randomariableswas abouthe same in both environments and that
confidence intervals were better taught in the classréom.mentiored thatimy web
students eventually get it. But, right off
populationvalueThey see it as theybére predicting d
my traditional class, | can demonstrate to them its importance.
Beverly mentioned hypothesis testing as being better learned in the classroom.
She then mentiad regression analysis asibg better learned by web studerdi$ing the
Aattention to detail o6 as being a critical
caveat would be that due to therceivedhigher attrition ratetn web-based courses
with regressioranalysis beinghe final topic in the course, the stronger students have
persistedo the end of the course. Again, there could be a propensity to skew the data, but

this was not able to be confirmed in this study.
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Ann makes all of her web content available to heresitglreceiving classroom
instruction; hence, any significant differences in the twaxaremal. Students in the
classroom sections are missing Biscussion Boarsl but they have access to actual
discussion with classmates.

In sum, the faculty seemeddontend that escriptivestatistics are learned better
via the Web. There was some evidence for better performanegrassion analysis
being better learned via the Web, but this was also confounded by the higher attrition
rates. Students electing torpepate in this study had slightly higher GPAs than a
random sample of neparticipants (3.291 vs. 2.793), and the completion rates for
participants across modalities differed by less than 2%. Perhaps the completion rate for
the general population of stents receiving webased instruction would be markedly
different than their classroom counterparts, but this was not experienced within this

study.

Teaching and Learning Advantages/Disadvantages

Oneprimary advantagef web-based instructiors the fexibility it affords
instructorsand studentsBoth instructorsn this studyhave familiesand teaching these
courses haafforded them flexibility in attending to thgdersonal responsibilitieShey
are still expected to teach a minimum of 16 houeskly, have office hours
proportionate to the extent of their wbhsed offerings, and complete a variety of work
deemed beneficial by the institution. The time commitment is the same as teaching

classroom sections. However, asynchronous instruction esgiiem to span their
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availability across a wider spectrum of time. Faculty informed the researcher that as they
became accustomed to this new modality of instruction, their learning curves flattened
considerably and a lot of work came in the way of conramtenance. This holds true in
the classroom setting, with formal periods of instruction. A major difference is that the
content (notes, applets, etc.) can be copied from quarter to quarter, but classroom
instruction does not have a comparative. Therigtieflexibility associated with web
based instruction makes it comport well with institutions that servicdraditional
students. This student population is primarily community college students and returning
graduate students, but may also includeesttglfrom fouyear institutions with a variety
of non-academic responsibilities.

The primary disadvantage thoughsalass of personal contact with the student.
Ann summar i z €hé reddlymosvatgdiweabgtuderits will interact with you.
Butfort he most part, vyou doThdrtangbeslike ingtillinge b st u
confidence, peering out to a crowd and seeing \shpaying attention, and other ron
verbal cues are unaccounted foth web-basednstruction They canét hear t |
inflection, see the body | anguage. They ca
Bever |l y c o niltiyimguoeverk with thi®concept of chat rooms and
Discussion Boarglto make my classroom more of a virtual classraom,| 6 m Hhatpi ng t
with more training on my part that even in a virtual sense there can be soitimeeal
c 0 n n e cShei even mantionaddeotaping classes aridcluding them with her web
based courseéHopefully, this can be pursued by administration as Well. tthe steef

curve weobre all going through as students

8C



mediun®? How we work in this environment is one of thosags that are on the back
burner.And with technologyand video) streaming getting better and bettext, will
probably take care of itself.o

Hopefully the advances in technology will alleviate the communication barriers
that might be erected. As a learner in the dwabed environment, these instructors
believe that students have to generate their owtivatmn. Many students look to the
Internet for additional resources. These instructors also consider the graphing calculator

as a resource critical to student success regardless of instructional modality.

Handheld tecimology

The graphing calculato6s r ol e i n minimizing comput a
interpretations have led these instructors and their colleagues to require the calculator for
all their studentsA n n  slavagnsthem fo worry not about how | get the number, but
what does this numbergan whenyougetitBever ly i s predisposed |
experienced instructpyou can teach them as richly and deeply with the technology as
with the algorithm.d She has teyvoe nt oc odi ensecdr ith
some of herts u d e nxietyg With thengraphing calculator. To help withgtlanxiety, Ann
reminds students of the two critical kéyses involved in obtaining the solution to
provide them with a point of origin in case their technological anxiety levels paralyze
them.

The teclmological anxiety is addressatithe lowest level through a proactive

posting ofstepby-step keystroke guideFhenext stefor students requiring additional
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help is to @mail the instructor, and some faculty have made themselves available via
telephoneBoth instructors encourage their wélsed learnett® occasionally attend
their classroom sections. Usually early in the quarter (up thrdesgriptivestatistics,
thereis significant time on acculturating students to the graphing calculator. Trentur
textbook is customizeditin keystrokes imbedded within the content and provides
instructional videos othe graphing calculatdor another level of assistance. Over time,

students become familiar and successfully navigate the course

Attributes br Success

Technical requirements are important as quizzes are made avaitibduring
small windows of time. Inopportune down Internet periods could adversely affect a
studentdés ability to complete thvese qui zze
consequence, Beverlycommgntt hat qui zz e s togiveehemecessar y:
immediate feedback in the key concepts they need tothegyand, twoto get them to
stay on schedul@ long-standing issues that Minitab requires an IBM machine, not a
Macintosh. The students find a way to work with this issue laysusing local computer
labs.Students need Minitab to be successful in theseand faculty have found that
those who are less sdiifficient in accessing Minitab are the ones who arasot
technologically savvy 0

Theinstructors also commented tisatidents who do not access content the first
week of the course or who tend to have regidahnical questions are particularlyrisk.

The extent of this disparity in performance was noh@nted on.
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For the most part, the same assessments are provided todiebasedand
classroom learners. This is definitely true for #tedns and finatexams Bever | y o6 s
classroorreducatedtsidents have endf-chaptergroup activities that they are awlad
points for,andthe group project at the endlthe course is also slightly different.
The higherstakes assessments are the saineamidternms and departmental final.
Beverlyds classroom | earners bencbdrat fr om
more difficult to replicatevia theWeb.

In terms of achievement, Beverly mentidhatfieither they blow it out of the
water or they fail i middleg seumd | gn (Thatr e® sB wt
end of the quarter, with theecondexamand the final in particular, the web students
outperform the classroom learners. There is strong suspicion that $gctiveexam, the
poorer students have weeded themselves out. Ann confirméthis t he web stud
filter themselves out then by thedeaf the quarterthe web students are bettechese
t here ar e f e weAsa mihtoftinfoenatiors theaPpJest perfoomances
administered within this study did not confirm these remarks.

Ann attributes the improved retention to highereotptions and aountability
for web students. Weekly quizzéiscussion Boargostings, and labs have improved
the amount of tim@n-task. Ann mentionethatfinitially | thought Ghese people are so
busy that | donét wa nhisworlk Bwtv eirfl oyaadu t chenmd tw,i
dondt get i nto t ordinecénmdse usds aledrning stytboimvéntory g e t

and advises the students accordingly. say that these are your
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ki nestheti c anwhanttobeatdkidg thie¥lioebecauserydutreally need
the interaction with people. o

There have been recent improvements in success. Ann attributes this in part to her
strategy of alerting students of the expec
that the students read when they first access the cdimsdettempointedlyencourages
students with minimal time to invest in the course oraibtechnology skills to enroll in
a classroom section. It also makes a strong case that the time ddroatigecourse
exceeds that of the cl| asé theyemollmawebcoarse. Ann
becauset hey donét have t jwmehisfoatradictorytothaWeabt i on all
class, beauseyou need even moretinte St udent cpoewiouequdrters arer o m
also included. Beverlizgas a similar letter for her students.

Bothinstructorsconsider this type of introduction to the course important because
the prerequisites for the wdlased sections and classroom sections are the same,
although the delivery of content differs significantly.

Motivation is considered keyfactorthat underpins success, as it leads to
heightened participation and persistence.fsin succinctly statedif they are
intrinsically motivated, they do well ia web clas®.Attitudeinteracts withmotivationas
those who believe they can do it will ask the questions they need to get the desired
answersBoth instructors believe that the students in their web sections are more
motivated than those intheirclass om sect i ons. AThereds that
want to succeed, to do whatever it takes.

receiving classroom instruction have less to navitfataughto interact with the
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instructor and the instructodirectly helps thento learn the materialVithout theWeb,

many students would find ways to complete courses. However, there are some who may

not have enrolled at all. Ann commeriis|(web-based instructiony handy for those

students who do succedtlyou are motivated and you can squeeze it in after the kids go

to bed and figure that out, then thatods gr
Attitude can be more influenced by the

frustrated, the key is to obtain help from the instruct@oas as possible. Beverly

describes the interaction between two of the constructs in the followingiway t hey ér e

open to being socially interactive and vulnerable to their instructor or to another student,

they can get some help with their attitudenitn k atti tude, 1 f 1 tds g

soci al interaction, could be a detriment. o
Negative attitudes towarttie coursean lead to poor attendance and/or

participationin either modality It is more difficult to identify issues with attitude toward

a course with distance learnasthe nowresponsiveness is more difficult to interpret
Computer expertise is deemieaportant for success via théeb. In the

traditional class, you can rely more on the instructbose that are less compusavvy

can readily reach out to others for immediate help. In some cases, faculty and students

may offer help as they notice that someone is having difficulties. Computer expertise is

critical as the content is accessed throtighinternetAn unreliable Internetonnection

is a barrier to welbased instruction and can affect student learning.
Social interaction igmportant, but not critical, for webased instructioriWith

class projects, theswho are more reclusive may withdraw more from participation and,

85



consequently, receive lower grad€dassroom instruction may have more emphasis on
social interaction, as they are-lgarning (in many cases) with their pediswever,
distance learning is rooted in independent learrtng.n belli eveadt @ hi nk p
interaction has as much to do witl{student decision to enroll in wddased statistic
course)
These instructors believe that motivation and attitude are critical in determining
success in webased courses. A strong knowledge of the computer wilertfak
academic journey more pleasant for the student, with peer availability for occasional
consultation as an added bonus.
The instructors believe that students can learn via the Web. In fact, they believe
t hat a fAspeci al tbhetegrsuited tb itBevenlydtatethatd | divegh th alde
some of my best students take it on\Web. Some of my best projects, exams, epen
ended responses | 6ve omlinesrt usddeeent shave been f
More often distance learners are not getting theirdiegree, sacademia
experience gives them increased levels of acaderiiarity and organizational skills
Beverlystatesii The t ype o mosssuccedstuhtendstiolba ttedantavho
already has a degree and need a stats course to go tntogge Ma st eAnds degr ee
indicatesthat successful students diader people that do well with schedules (not
procrastinatorsthe ones that have jobs and probably families and they probably have to
keep a scheduldustwith that accomplishment alongey have more experience with
theexpectations associated with the college setting. Beverly also mentiofisithaétv e al s o

seen some of my worst. They should be in a
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Ann notices that more ofeln classroom leagrs complete statistitean her distance
learnersFor the 200806 academic year, the median withdrawal rate for students in the
statistics web course was 45% and the overall withdrawal rate for the course was 20%
(this includes t hteforthedamecperiodwascomparablke tothé s d a
general trend with classroom learners and slightly larger (median withdrawal rate of
56%) for webbased instructiorThis statement alone seems to indicate that because the
instruction is largely independentratger students should enroll in wbasedstatistics
courses. The prospectiveeb-basedearnerwould be wise tdaake an inventory dfis or
herexperiences with mathematics, current situation in life thedconducthis or her
own costbenefit analysis

Both instructors enjoy teachingviatde b. Annds experience Wwe
her most recent studentsdé performances. We
places the responsibility of the learning more on the student. Both instructors have
adjused to the numbers @ mails and the occasionsirongly emotionaliemails that
accompany welbased instructionin the beginning of the quarter, there is a flurry of
communications with students, but it eventudlly o p s . Beverl ymarenti ons
cgablestudente nj oy t he web cl ass more t hnafor tr adi
them. 0 I n agreeimenéndAnmp ishatlkes Wwoedhtcl ass
top-notched at the end of the quayert 6 s a we s 0 mestrugtedGtidests ted 0 0 m
to hold on even against gteaodds of failing the course. However, this was not widely
the case according to the spring of 2006 data. Of the students who did not withdraw from

the classroom section, 20% received an A and 13% received antBeFour web
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sections, the median percentage of an A was 21 and the median percentage of an E was
32.5, with the median percentage being the median of the listing of proportions of As and
Es from the four sectionB.ever |l y menti ons  ntsWwHoStdiggeay t hat
really should nottakebwe b cl ass. Thereds way t oo much
wonder why they dondét sign up for a tradit
this class via the web multiple timesheei mails them to enasrage them to change
sections or at least occasionally attend a classroom seédmaps these actions could
reduce the percentage of Es.

Ann mentions that some of helassroom learners often clatimat they canot
imagine takinghe webbasedmtrodictory statisticscourse In fact, it is rare to hear of a
student being encouraged to take a atesismie when they beig in the classroom, nor is
this suggested by the student.

There is a population of students taking both \wabedand classroorbased
sections. Hencesome distance learnersgtatisticsconsider it a minimal inconvenience
to attend an office hour because theyareadyon campus . Beverly thir
t heydd c hgsiatissiosonlinepl da natkn®w. | would think that thatould be
one theybéd do traditionalldogy i f youdre comi

Strong motivation has been a key component for success in web courses.
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Summanof Faculty Interviews

Both instructors respond to voicemadsid Ann encourages such when she
receives confusingi mails or matters involving the calculator. This is a good adaptation
for the problems associated with communicating mathematics notation via the computer.
An added bonus from a t e aladietRCOWithbreyr spect i ve
notebook, | can save it, write out my response, and save it as a PDF and send it to them as
an attachmeri.Ann also uses the software to aid with graphing calculator instruction.
These technology tools help in replicating classroom instructional practices.

Projects, problem sets, abiscussion Boarslare all used. Chat rooms have not
been used wide)yecausdt is both a new modality of instruction artccan be
challengng tofind a common time for a set of students who enrolled in a modality rooted
in asynchronicity. Ann useBiscussion Boardfor students to virtually teach each other
in a more conterbriented sense. Beverly allows for more general dialogue.

The course grade is determined with 80Pthe assessment carg from the
three midterms ahthe departmentéihal, 10% comingfrom the Minitab labs and 10%
coming from thealternative assessmer#gin incorporates lab questions into the quizzes
and considers thaiddition to bestaying within departmental guidelines. Classroom
learners have eekly labs, quizzes, and a project.

Despite backgrounds in compugpgrammingweb-based instruction is forcing
the instructorgo teach in a setting that they have minimally experienced as students.
With increased opportunity to teach in this new ntibglathey are beginning to expand

theirinstructionalrepertoiras. Ann ugsFlash CardandBeverly, Powe Point; both have
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found applet helpful. The studentsar b e c omi ngs unhidfriec ifiesnetlof as t he
student today is more comfortable with teglugy than the students the instructors
encountered in their earlier experiences with Wwabed instruction. As well, student
conceptual understanding is perceit@deimproving.Beverly summarizes a
fundament al di f fer ence youteaohedurself someéthingct i on
and you hang in there and master it. You probably know it better than just relying on
what the instructor told youé their | earni
classroom simply because they have to construct themation for themselves as
opposed to borrowing my construct of it.o
conceptrelated questions through Discussion Board postings and her students have
responded favorably. Both use Minitab labs and have noticed dhianeovement in
student performance.

The faculty interviews provide initial windows into the milieu that contextualizes
the potential answers to the research questions posed in this study. Faculty have
mentioned that students can learn via \wabed inguction. Specifically, they identify
t hat even with greater attrition than trad
successful.

Still, somethings missing. Both instructors indicatékat their web sections are
still environments where therehg (mathematically, in maturation, degree completion,
motivation) surviveThey purport that ypothesigesting anconfidenceintervals are
better learned in the classroom. (This is discussed later in the item analysis of the CAOS

exam.)Some of the naks with learning the graphing calculator keystrokes are being
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addressed; yet, wdtmsed learners astill unable to visually witness a stéy-step
progression througexercisesvith the calculatarAnd yes, the instruction is largely text
driven.

Overdl, the entire community is becoming more familiar with wesed
instruction. Students have fewer questions with treshkoting, faculty are more
experiencedand i nfrastructure has sthinktheyghe hened.
younger studentg st knowhow to use the computer. Web instruction will just be
somet hing thatdés out t h eadmittallyBaverly glentfieso wn by
that because she has not grown up with the computer, it may not be her preferred way to
teach. Hencedhere is greatezomfort to try new ideas in hemore familiar educational
settingof the classroom.

There is a common convicti@mong the two faculty membeisat the numbers
of web sections will only increase. Beverly believes that technology maytrevescend
our views of how learning is conductedot by gathering in classroombutinsteadby
meeting in virtual groups. The demand may force issues with communication to be
remedied faster. Ann is more pragmatic in thinking that the financial bemétig: t
institution forDistance Learningstudents more likely to attempt a course multiple times)
will perpetuate growthThe joint perspective on thgbrid offering® where, in addition
to replicating the web course, these students are expected toittdass sessions
usually not totaling above half the total instructional hdussll stabilize and witness a
slowing in demand. Historically, the enrollment patternreflected a preference for the

Web ovetheh y b r i d. (Brdwstedertsyansondie group work during their4in
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class sections. Ofteattendance wanes by the end and some of these students do not
attend at allThe permanence of the hybrid courses will be discussions for the next few
years to come.

There is growing intere$or a posible conference or ddgng sessionvhere
faculty canmeetwith colleaguesvho alsoteach this coursenline Usually,web
dialogue centers on classroom pedagogy. There is now coming a time for discussions
surroundi ng MBwelerp e d angapmpsedionrayentingArg/ own
wheell 6d just use someone el sebds.

Ann and Beverly believereb-basednstruction will remain a formidable part of
the community college fabric. Beverly asserts that the very essence of teaching will be
redefined byDistarce Learningvi t h mor e Avirtual work group:
convenience factor will make it popular among students and accepted by faculty. There is
shared optimism that nuances that are currently unique to classroom instniktthos
replicatedn the virtual one as well.

The faculty interviews provided great insight into the issues, trends, and
challenges with welbased instruction from a longitudinal perspective into the rationale
behind why instructors emphasize certain instructional pestiased on their own
experiencedNow that there is a window into the minds of the instructors, it is time to
ascertain greater information about the students that were a part of this study.

Demographic information about the students and other piesefohation regarding

student attributes will be explored in the next section.
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Demographics
Efforts to recruit participants included multiple attempts at phone calls and
electronic mail messages. Table 4Hows the classifications of each person éenlads

of one week in advance of the first day of the quarter.

Table 41 Prospective Participants by Confirmation Status and Section

Yes Undetermined No New Total

Ann Web 17 32 4 1 54

Classroom 9 16 0 2 27

Beverly | Web 17 29 4 3 53

Classroom 5 10 0 0 15

Total 48 87 8 6 149
Students in the AUndeterminedd category
nor had they declined participation in the

have ber formally contacted. dble 4.2shows the final categorization of Participants.

Table 4.2Participants and NoeRarticipants by Section

Participants Non- Total Participation
Participants Rate
Ann Web 13 41 54 24.1%
Classroom 21 5 26 80.7%
Beverly | Web 9 42 51 17.6%
Classroom 11 4 15 73.3%
Total 54 92 146 37.0%
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A 37% participation rate evenly distributed would have been preferred to what
resulted. But, having the distance students come to campus two additional times for the
CAOS Exam seemed to g®a barrieto their participationWith 78% of students
participating, the classrooeinstructed students were almost thrice more likely to
participate in this project over their walstructed counterparts, who had 21%
participate Beverly seems to havewer participation ratein-part due to stnag
participation rates and size of Annés <cl as
This phenomenon forced the researcher to investigate whether the participants
were dissimilar to nofparticipants as it pertained to the distancenle.In each case,
the researcher compared the data collected from the participants to a random sample of
statisticsweb students who chose not to participate
The two variables thatieldedstatistically significantifferencesver e A Over al |
GPAOumuat i ve grade point a@aWwaenbaagkouyrsiand fAMat h
mathematics resulting in a grade below a C). For notational purposes, from here forward,

standard deviation wi | be referred to as
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Table 43 GPA Canbined by Instructoandby Participant Status

Non-
Instructor Participants participants
M, (SD, n) M, (SD, n)
GPA (combined) 3.291 (.429, 12) 2.783 (.607, 22)
GPA Ann 3.354 (517, 7) 2.861 (.620, 11)
Beverly 3.204 (.299, 5) 2.704 (.613, 11)

Twelve students had GPAs from the local institution (the 10 transfer ssutidmot

have GPAs). Table 4@rovides some inil confirmation that the students interested in
responding to and participating in the research study had above averagécGirBised
p-value <.01) There was a negligible difference in overall GPA by instructor, when
comparing participants to ngrarticipants of those randomly sampled. There was

minimal evidence that one instructor was naturally enrolling students with stronger

GPAs

On an aggregate |l evel, Annés 18 student
s. d. of .618. Beverlybés studentvaluerad an a
. 355) . Anmd dightty highdr &RAs,ut for all practical purposes, élsalts

were comparable. Knowing that the strontfeanaverage students participated in the
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research project coupled with the 20% patrticipation rate in the web course informs that
performance might be slightly inflated relative to the larger-steldent ppulation.

Other variables includedi M a tolrs below a grade & , ®istdnce Learning (WEB)
not ¢ o niiursin Disthrice Learning not completéd¥)/EB completed(hours of
web courses completed) i Mat h  Chounspfl matheendtics courses congdy 0

A Mat h (GBRiIAmathematics coursesi(CSEEC)Completedhours completed at

the participating institution) 6 A CS C C (Aours atemptedeatthe participating
institution 6 and f Co mp [(heurseampl&dd sitetven iastitetiords)he
random sample of participanis averagdadfewer hours belova C, completed more
courses, highemath GPAs, completed a higher percentage of ceuasel completed
fewer hours elsewhere. In sum, these results were consistent with the notion that the
responéntswere in all likelihoodbetter preparetbr the cours¢han thenon
respondentdndividually, they were not significant at the .05 levels of significance, but

the averag scores tended to lean in that general direction

Are the students in ¢hwebbased sections repeating introductatgtistic®

For the 11 noparticipants with a previous grade in the course, 4 of them had
taken the course multiple times. One person failed 3 times, anathdrew 4 timesand
the otheitwo had withdrawronce and received either a W orE&for the other attempt.
Assigning a metric ofl for withdrawal,-1.5 for D and W, anel3 for multiple
unsuccessful attempts with no credit yields an averagk 2for the participants and

1.73 for the nofparticipans. At this particular institution, only the grade from the most
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recent attempt at the course is included in the grade point average. The other attempts still
appear on the transcript and have an ARO
grade waseplaced. Nevertheless, the participants tended to have fewer negative previous
experiences with this course.

It is also noteworthy thatfahe 16total web students (participants and f©ion
participants)vho were peviously enrolled in the introductoryasistics coursel2 had
taken it at least once via the w&b95% confidence interval for the proportion of web
students who had previously attempted the course via the Web would be (47.6%,
92.74%). Almost a majority of web students who are repeatingtivse had taken it
previously via the Web. There is some indication that a lack of success in the previous
attempt for distance learners was due to taking the course on the Web.

Another factor is that many students are not native students to the imstitut
where the study was conductetslinconclusive as to whether these students had
previously takerhe introductory statistics course. Since courses taken receiving failing
or withdrawal marks are not transferred, there is some concern about pederthan
now appropriate to investigate whether participants are as likely to have had their pre
requisite mathematics coursework from the institution as those from the set of non

participants.

Native
For simplicity, A n a ttudents tor whamueithertheirs ar e

most recent or penultimate mathematics course was taken at the institution where the
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research in this document was conducted. This is particularly relevant as summer quarter
courses tend to cater to transient students froer atistitutions. The high proportions of
students that had significantly exceeded therpaeiisite led to the thought that many of

the students may not have been previously from the institution, and instead were transient
students from other institutiong.here was no statistically significant difference among

the participants and ngparticipants (pvalue = .204). Thirteen of the 19 participants and

13 of the 26 that were randomly sampled had taken their highest math at another
institution. This is releant as students from foyear institutions may have stronger
academic preparation as their home institution may have admissions requirement, but the
community colleges do noAccording to the data, the participants were 18% more likely

to have taken theimost recent mathematics course at another institution.

Table 44 Math GPA Hours Atempted at thénstituion and ©@mpleted byParticipantStatus

Participants Non-participants
Median(IQR, n) Median(IQR, n)
Math GPA 3.25(2.31, 6) 2.882(1.516 13)
Hours 32(51.8 12) 50.50(60.5 22)
Completed
Hours 335 (55.5, 12) 68 (77, 23)
Attempted
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Given that may of the students were transient, the pemitieless K (denoting
credit from another institution) or KD (acknowledgement of a D from another institution)
were the only indicators of successful course completion. The differences in math GPA
were not statitically significant, but thearticipants did seem to have higher GPds
evidenced in Table 4. The Median and Intequartile range (IQR) were reported due to
the skewness in the data.

Focusing on the students with credit hours at the institutioh,droups had
similar behavior in terms of the number of hours completed (grade C or better). The more
intriguing matter was in the number of hours attemp®edformance of the Mann
Whitney Nonparametric test yielded of .048udpporting thaparticipantswvere more

likely complete the courses attempted. Hence, they were less likely to withadafail.

Hours Not CompletedSuccessfully and thRate ofsuch anOccurrence
The N.C.R. = ilidbous scampleempeed / hours .
average N.QR. for participants was 17.63% with a s.d. of 15.57%. The N.C.R. for the

random sample was almost twice as high at 32% with a standard deviation of 24.75%.
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0.9

0.8

0.7 +

0.6 1

0.5 A

Rate

0.4

0.3 1

0.28
0.2

0.15303

0.1 1

0.0 + '

Participants Non-Participants

Figure 4.1Non-Completion Rates by Participation Status

The median NCRs are labeled in Figure 4.1. MlamnWhitney Test yielde@ pvalue
of .097 implying there is some support of a difference, but not statistically significant at

the .05 level.
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Figure 4.2 GR by Patrticipation Status

The median GPAs are labeled in Figure 4.2 with averages of 3.291 for
participants and 2.783 for ngrarticipants (pvalue = .008). A comparison of the random
sample of participants to those enrolled in the two web courses@dubat the
participants might be of stronger preparedness, as evidenced by higher GPA, lower

NCRs, and other related variables. This limitation is discussed further in the next chapter.
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Now that there is knowledge that the participating web students $ome differences
from the larger population, it is more important to compare their performance to their
classroorreducated counterparts beginning with highest math course completed.

Highest Math Course Completed Prior$tatisticsEnrollment

Table 45 Highest Course Legend

Code Descriptor

Beginning Beginning Algebra

Calculus Calculus

College College Algebra

Intermediate Intermediate Algebra, Technical Mathematics, or

Mathematics for the Liberal Arts

Placement Students whose placement veitermined by placing
into a course above the prequisite or whose
placement was determined by an advisor and transg

were still under processing.

Pre PreCalculus, Business Calculus |, or Business Calc

Calculus 1
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Highest Math Course by Modality
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Figure 4.3 Cluster Bar Graph of Course by Modality

Classifying the students by prior mathematics preparation, there was a statistically

significant association between preparedness and modradjtye 4.3 displays this for

thecategories described in Table 4/halyses revealed thatudents in the web section

weremore likely to have preparedness at leait@€College Algebrdevel (p-value=

.014).The hours of mathematics courses completed among the two modalities were

conparable. The fact that there were four students who did not have previous coursework

in mathematics reflects those students able to enroll in the course due to a placement

exam or with transcripts under review.
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Table 46 Coursework hformation by Modality

Web Media, (IQR, n) Classroom Mdian, (QR, n)
Math GPA 3.25(2.31, 6) 2.00(1.643 27)
Overall 3.241 (.708 12) 2.732(.728 29)
GPA
Hours 32(51.8,12) 57 (33, 29)
Completed
at Institution
Hours 33.5(55.5, 12) 79 (61.5 29)
Attempted at
Institution
Credit hours 52.5(78.8 18) 37.5(44.3 16)
Completed
Elsewhere

There were a total of 22 students enrolled in the web sections and 32 in the
classroom sections. Their coursework, in terms of credit hours, is described in Bable 4.
ard, again, due to skewness, the Malhitney test will be imploredMany students had
transfer credit from other institutions. The math GPA for web students was higher even
though the small sample size for web inflated thalpie (142). The cumulative GP#&
were significantly different (Gvalue = .00). Students in the traditional classroom
environment tended to enroll in more credit hours at the institutival(® = 0497).

This same trend continued for credit hours attemptealie = .167). One of thEms of
Distance Learning is to reach a broader student base through asynchronous learning, and

the evidence in this studioes not conteshis goal.
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The math GPA for students in the web course tended to be higher than for the
classroom students. Buipuld it be that the students receiving classroom instruction are

taking more courses in mathematics and having difficulty matriculating through them?

Web and Classroom Proportions of Highest Mathematics Course

web classroom Category
[ below college algebra
[ college algebra and above

below college algebra
7, 36.8%

college algebra and above
9, 31.0%

college algebra and above below college algebra
12, 63.2% 20, 69.0%

Figure4.4 Pie Charts of Modality b§ollege Algebra Classification

Figure 4.4 aggregates the courBesn Table 4.5nto two broader categori@s
either being below College Algebra or at least at the level of College Afyébnaore
succinctly summarize the data. This is important as College Algebra is the lowest widely
recognized course that is not considered remedial. The College Algebra course in this
study is the final preequisite to PreCalculus, and it covers inverses and exponential and

logarithmic functions. This level of information was not available for 6 stsd@nfrom
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each modality). Thereby, the number of web students is reduced from 22 to 19 and from
32 to 29 for those receiving classroom instruction.

For severof 19 (36.8%) students in the web section, their highest math course
was fibel ow Cowhdreag20 of 29 sydemts (88,9%) receiving classroom
instruction have the same distinctigupvalue = .02Zeflects removal of students who
enrolled in the course via placement examinatiStudents taking the course in the
classroom are almost twice ldsely to haveminimal preparation for statistic3 he

classroom instructed students seem to have worse performance in lower courses.

Nativity of Pre-requisite Course by Modality
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Figure 4.5 Cluster Bar Chart of Native Mathematics by Modality
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Figure 4.5 displgs where students of both modalities had taken their prior
mathematics coursework. This will provide additional information about the milieu of the
preparatory coursework. In only about 11% (3 for distance learners, 3 for classroom
learners) of the casdbe student enrolled in the statistics course without formal
academic record of the prequisite. Largely in these cases, this was attributed to a
review of an unofficial transcript by a college staff member, or by the college placement
exam. Only 6 of 1931.6%) webbased learners had taken their highest mathematics
course at the institution. The same statistics \28raf 29 (79.3%) for the classroom-(p
value = .000). Distance learners were more likely to have hailed from other institutions.
The modalmstitution for nonnatives was the LLU (large local university) claiming 9 of

the 20 nomatives.

Table 47 StatisticsRepeat Attempters by Instructor and Modality

Repeat No Previous Total
Attempters Statistics | Unconfirmed
Course

Ann Web 4 7 2 13
Classroom 7 12 2 21

Beverly | Web 1 7* 1 9
Classroom 5 5 1 11
Total 17 31 6 54

*- Six of these students had taken mathematics courses at other amstifabne below college algehra)

Table 4.7 probes further informati@bout repeat attempters of statistesubstantial
proportion of students were enrolling in the course for at eastond time26.3% for

web-based sections and 41.4% for classroom segtidhss disparity revealed that the
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distance learners wereming in with stronger backgrounds in mathematics and with less
formal experience with this statistics course. Classredatated students seemed to be
retaking the course at higher rates: (50% for Beverly, 36.8% for Ann).

Of Anndés 11 d ithsdnfrmed matheraatias coarseworkns had
confirmed a highest math course below coll
designation, 2 had such a distinction. With these smaller sample sizes, participants from
Annbds cl ass we rskkelyohaw miniima mathematics moficency for
this course. For those receiving classroom
confirmed mathematics histories were below College Algebra, and 7 of 10 for Beverly.
Overall, 69% of participants thahrolled in classroom sections had mathematics
preparedness below College Algebra. Conversely, the majority of distance learners had
preparation above College Algebra. This disparity in preparation could play a critical role

in course success.

Correlation Analyses
The following pairs of variables had strong correlations. GPA was a common
variable impacting the significance of the correlation. Tal8erdestigates a variety of

independent variables.
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Table 48 Correlation Analyses

Pair Correlation P-value Implication
Modality -.549 .000 Classroom
and Pre educated
Test students
performed
lower on Pre
Test.
Modality -421 011 Classroom
and Post educated
Test students
performed
lower on Post
Test.
Modality -.395 .011 Classroom
and GPA students had
lower GPAs.
GPA and 317 .044 Students with
PreTest higher GPAs
performed
well on the
PreTest.
GPA and .563 .000 Students with
PostTest higher GPAs
performed
well on Post
Test.
GPA and .789 .000 Math success
Math GPA impacts
overall
success.
Web 574 .002 Students with
completed more web
and Pre hours
Test performed
better on the
PreTest.




continued

Non- -.371 .017 Higher non
completion completion
Rate and rates translate
GPA into lower
overall GPAs.
PostTest .608 .000 Beverly
and students had
Instructor higher Post
Test scores.
GPA and -.403 .041 The hgher the
WEB not GPA, the
completed fewer
unsuccessful
completion of
WEB courses
WEB not -.459 .018 Beverly
Completed students had
and fewer
Instructor incidences of
unsuccessful
WEB
attempts.
Final and 405 .044 Students with
GPA higher GPAs
had stronger
Final Exam
scaes.
Total 426 .014 Students from
Elsewhere other
and Math institutions
Completed tended to have
more hours in
mathematics.

Items pertaining to instrumentation used in the research studyf éBtePosilest, final)

will be addressed in greater deiailsubsequent parts of this chapter. A common theme
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from the above chart is that successful course completion (especially with more
mathematics courses) can lead to success in statistics.

Non-completion rates did not differ by factavel combination®f modality and
instructor . For Ann and Beverlyds web stud
16.81%.

A brief investigation of the entering characteristics have revealed that
preparedness as measured by highest math course completed and GRkar®
success in introductory statistics courses. The participants in the web sections are better
preparedhan those receiving classro@ducation. GPA is a common covariate
associated with strong correlation. It was the case that students inbHmses sections
were better prepared, from other institutions, and tended to have stronger GPAs than their
classroom counterparts. The implications of this are that the students receivibgseeb
instruction tended to be stronger students who wererisitiated for some of the
challenges (independent learning and-ssdfulation) asynchronous learning presents.

Other demographic variables will be investigated in analyzing the following survey that

was administered within the first week of the course.

Background Questionnaire

Students completed the Background Questionnaire prior to tHEeBteA
general summary of the results indicates that students have over 55 hours weekly
committed to other responsibilities, they are comfortable with a computr96% have

high-speed Internet service, they have taken three college mathematics courses, they are
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27 years old, and they have relatively high levels ofeffiifacy towards mathematics.

The number of responses did not equal 54 since some did notr avemeitem.

NonAcademic Responsibilities

Table 49 Non-Academic Responsibilities by Instructor and Modality

Web

Median, (QR, n)

Classroom

Median, (QR, n)

Non- 52.5(40, 22) 40(38.5, 30)
Academic

Responsib

ilities

Ann 45(35, 13) 32.5(28.75 20)
Beverly 75(52.5 9) 60.5(18.75 10)

The asynchronicity of webased instructions allows for great flexibility to
accommodate a variety of n@cademic responsibilities. A presumption is thatweb
based learners have higher involvemersuaoh activities than students receiving
classroom instruction. Table 4.8 reveals that there are exceptions to this presumption.
First, the students in wetased learning did not have significantly more-academic
responsibilities (pralue=11, ManaWhitney due to skewnessSince the study covered a

summer course, perhaps more transient traditiagat students enrolled in web courses.

Second, Beverlyods cl
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students had more responsibiliteath Anndés at the .05 | evel of

in | arge part be due to Beverlyds class be

Age

Table 4.10Age by Instructor and Edality

Web Classroom

Median, (IQR n) Median, (IQR n)
Aggregate 24 (7.25 22) 24 (10.25 32)
Ann 24 (12, 13) 23 (8, 21)
Beverly 24 (7.5, 9) 28 (A4, 11)

The mean age was 27.02 ovkréable 410 displays the mediaages for each
section involved in the research study. Be
uncharacteristically youngep € .056) than her classroommstructed students. However,
this could be |l argely due to summer quarte

that her classroom was conducted in the late evenings.
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Table 411 Learning Style and Conoper Roficiency by Modality
Web Mean(sd, n) Classroom Meafsd, n)

Learning 1.306 (.458, 18) 1.833 (.379, 30)
Style
(1=Individ
ual,

2= With
others)
PC 7.857 (1.59, 21) 7.109 (2.047, 32)

Expertise

Learning Style, Internet Service, PC Expertise

The overwhelming majority of webased learners indicated a preference toward
individual learning (pvalue=.000). Table 41lreflects that students chose learning
modalities consistent with their preferred means of learning. Computer proficiency
consistentlyaveraged betweer 9 as students se#fissessed on a Likart scale froniQ
(10 being extremely proficient). Many students consider themselves computer savvy, but
because of their own sliding scales of sgipraisal, students seemed reluctant to refer to
themselves as experts. Students in web courses had higher (7.857 vs. 7.109) averages, but
this was not statistically significant. Similarly, it was also found that roughly 29 of the 32
(90%) students in the classroom section had-Bgged Internet. The alog was 21 of

the 22 (95%) students in the wbhsed sections. This seems quite plausible given that
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their learning will take place largely through the Internet. According to these data, the

ubiquity of the Internet makes it a valuable source fortatlents.

College GPA, Graphing Calculator, College Math & Confidence

Table 4.2 GPA and Graphing Calculator Efficacy by Modality

Web Mean, (sd, n

Classroom Mean, (sd, n

GPA

3.299 (554, 21)

3.002 (559, 32)

Graphing

2.682 (.646, 22)

2.62 (.836, 31)

Table 4.B Counts of College MatoursesConfidence andAttitude by Modality

Modality Under 3 3 4
(%) (%) (%)
College Web 3 13 6
Math (13.6) (59.1) (27.3)
Classroom 8 22 2
(21.9) (68.8) (6.3)
Confidence Web 4 10 7
(19.1) (47.6) (33.3)
Classroom 7 15 9
(22.6) (48.4) (29.0)
Attitude Web 1 16 5
(4.6) (72.7) (22.7)
Classroom 5 20 6
(16.1) (64.5) (19.4)

Students also had the opportunity to list their college GPA. The data referred to in

this document was obtained thgpia

t he

i nstituti

onods

dat a

the 39 cases for which there was both institutional data antepelfted student data, the

correlation was .654 {palue=.000). Even though there were some inconsistencies, those
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of any substantialature were in the minorityAs seen in Table 421 GPA differed
significantly by modality (pvalue =.000)l t was al so determined th
selffr eported | ower GRPRAbButhafOGOBgveAhpds 6Epudel
averageof 2966 andBeer | yos, 3.373. Again, Beverl yos
an evening section or enrolled in the web section. Even still, the studergseted
GPA correlated strongly with their comfort with the graphing calculator (r=.328lye
=.017). Sdtefficacy with the graphing calculator was sedported on a scale of 4 and
was not an obvious strength for papi@nts as confirmed in Table 4.I3is may pose
difficulty for bothfaculty and studentgjiven the extent to which the calculator is
emphasized within the course.
A Likart scale from 14 (with four being the largest) was used for performance in
collegiate mathematics, frequency of computer usage, graphing calculator proficiency,
and confidence in prospective mastery of statistics cantbete was dependence
between opinion of performance in college math course and comfort with graphing
calculator. Students with higher selfficacy were also quite comfortable with the
graphing calculator (ualue < .01). There seems to be less evidémateconfidence
plays a role in modality choice{lue =.927). Many of the students (almost a majority
and regardless of modality) sédfentified their confidence level as a 3 out of a highest
score of 4. Distance learners seéléntified as having higlr rates of excellence with
mathematics.
Student perception of their own confidence did not impact modality selection (p

value = .278). Confidence does have an impact on GPA, but in a less conventional sense.
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The students with the middle level rating hiad lowest average GPA. Persons who-self

rated at 2 had mean GPAs of 3.40 (n=11), 3.2281 (n=24) for levels of 4 (n=16).

Correlation matrices revealed college math courses as being a strong factor that

correlated with GPA (jwalue = .023), confidence (.0p2attitude (.001), and motivation

(.013) (all pvalues <.10). Attitude and confidence also correlated (.012). Eleven

considered their attitude at the highest level of four. There is some evidence that
collegiatemath performance influences attitudénefact that so many students self

identified at these levels made modality uncorrelated with attitude. All of Ann and

Beverl yds web students identified their mo

motivation also led to both modalities havinghhgfudent motivation.



Table 4.1 Correlation AnalysesBackground Questionnaire

Pair Correlation P- Implication
value

High School -.384 .004 Younger

Math and Age students tended
to have more
mathematics
courses in high
school

PC .366 .031 Students with

Confidence higher PC

and PosfTest confidence
levels had bette
PostTest
results

Age and -.395 .003 Older students

Graphing tended to have

Ability lower self

efficacy toward
their ability to
use the
graphing
calculator
Age and -.297 .031 Older students
Attitude tended to have
negative
attitudes
towards
mathematics.
College Math 311 .023 Students with
andGPA more college
mathematics
courses had
higher overall
GPAs.
continuel
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continuel

College Math
andAttitude

454

.001

Students with
more college
mathematics
courses had
better attitudes
towards
mathematics.

PC
Confidence
andGraphing
Ability

A5

.001

Students wit
greater
computer
proficiency also
had greater
confidence in
using the
graphing
calculator.

High School
Math and
Confidence

375

.006

Students with
more high
school
mathematics
coursework had
greater
confidence in
their
mathematics
ability.

High School
Math and
Attitude

272

.048

Students with
more high
school
mathematics
courses had
better attitudes
towards
mathematics.
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continual

Motivation .339 .013 More college

andCollege mathematics

Math courses tended
to produce

greater amounts
of motivation.
Graphing and 401 .003 Proficiency
Confidence with the
graphing
calculator
underscored
overall
confiderce in
mathematics.
Motivation .409 .002 Students with
andAttitude greater levels of
motivation
tended to have
more positive
attitudes about
mathematics.
Motivation .345 .012 Students with
and greater levels of
Confidence motivation
tended to have
more
confidence.

The same relationships from the backgroumyay are captured in Table 4.Many of

the students had substantial numbers ofamademic responsibilities (regardless of
modality). It was not widely confirmed that wélased learners weredelr students.
Computer proficiency was consistent across modalities. Approximately 90% of students

have highspeed Internet access. Graphing calculator usage was similar. The more
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expected outcome was that independent learners enrolled in the Distanmied-ear
course.

There were interesting associations. Graphing ability, college math coursework
and mathematics GPA correlated strongly with many of the affective variables like
confidence and attitude. GPA was one of the variables that correlated strahglyew
guantitative instruments. However, confidence, attitude, and motivation were not
significantly correlated with the three major quantitative instruments of theTeskt
PreTest, and Final Exam. This lack of correlation implies the direct existanc
limitations regarding affective factors and quantitative instruments. Understanding that
more intrinsic variables, such as confidence and attitude, have greater association with
performance on quantitative instruments than external factors, suctdabtynand high
speed Internet access, inform the researcher that cognitive factors can have immunity to
perceived externally constructed barriers and can underscore any gaing @sfiRost

Test and final.

Comprehensive Assessment of Outcomes féirst Course irStatistics

The Gmprehensive Assessment of Outcomes for a First Course in Statistics
(CAOS) exam was administerexs a Prelest and theagain as #ostTestthe week of
theFinal Examf or each i rbasedrandclassrocbased seis
Thethreeresponseariables werscores on the PiEest thePostTest, andhe
Departmental Final ExanThe PreTest and Postestwere positively correlated at .647

with a pvalue of .000The final andPre Testhad poor correlation .095-{@lue .571).
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The inal andPostTesthad stronger correlations (.289), beystill not significant at

.05 (pvalue = .289). Of course, because e TestandPostTestare the same

instrument, they would prove to be most valid in measuring studentrigarni

The categoricalariables werenodality andinstructor.The quantitative variables

correlated with the qualitative onesthe following way:

Table 4.15Correlations of Quantitative Instruments with Key Factors

Modality Instructor

(p-value) (p-value)
PreTest -.549 (.000) .154 (.265)
PostTest -.421 (.011) .608 (.000)
Final .037 (.826) .168 (.314)

The analysis fronTable 4.15 was based on the existing coding scheme of 1=Web,

2=Classroom for Modality and 1=Ann, 2=Beverty instructor. The tabledicates first

that thePre Testdoes not correlatsignificantly with instructor. Hence, neither instructor

began at any advantage or disadvantgitfe respect to statistics knowleddgtudents

enrolled in theclassroom actionsperformed vaorse on thére Test Classroorreducated

students continued to perform lower on BustTestBe v er | y 6 s

student s

significant gains in performan@and will be discussed latdfinal Examperformance did

not differ significantly by eitheModality or InstructorA linear regression analysis

produced the following modePretest = 23.9 4.52*Modality (Modality t=-4.74, p =

.000. This begins to suggest that students in-Wvaked sections performed an average of

4.5 points higher on the &fTest than the classroeaducated counterpatssed upon
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regression (g = 30.1, adj. 28.6An equation modeling the linear relationship between
PreTestandPostTestwould bePostTest= 5.77 + 0.788*Pre- Test. Essentiallypn
averageadding 6to %2 d o RreTestwould yield thePostTestscore. Figure 4.6

shows the performance disparity by modality.

Post-Test= 5.772 +.7881 (Pre-Test) [1=Web, 2=Classroom]

35

[ I

1
[ ]

30

25+

20

Post-Test

15

10

0 5 10 15 20 25 30
Pre-Test

Figure 4.6PreTest/PosfTestScatterplot

The values are distributed on both sides of the linear regresgiatien with the
ordered pair (17, 17) serving as a point to divide the majority of points between the two

modalities. The increased variabilitykiigure 4.6amongst WBI must also be noted. This
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difference in distribution undermines any initial aseersi of equivalence in performance
between WBI and CBI.

In beginning to ascertain the important factors that impact student performance on
PreTest and PosTtest, the researcher considered background data (from the Background
Questionnaire and from the ifstion), as well as, instructional methodology (instructor
and modality). Essentially, the researcher believed that the type of student entering the
course and the type of instruction received were essential to making inferences on student
learning. Whereappropriate, GPA used in General Linear Models within this paper,
refers to the selfeported student GPA.

In general, weak associations between the instruments and the data gathered from
the students led to their exclusion from the more substantive sadded above average
proportion of students enrolling summer quarter with transfer credit made certain
information (exact grade point average, for example) less available. Incompleteness of
data and subjectivity of seteported data proved partially prebhatic.

With less expansive General Linear Models, Instructor continued to exert itself as
a critical factor in impacting Podtest performance. Using sedported GPA as a

covariate, variables involving the CAOS Exam typically began with these two lesriab

PreTest
There was some attrition during the study. Of the 54 students who toBkethe

Test 36 of them took botRreTest and Postest. G the 22 distance learners, 14 took
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both and 22 of 32 from the classroom sections. There was midiffesience among

completion rate by modality or instrctor, as reflected in Table 4.16

Table 4.5 Study Completion Rates by Modality and Instructor

Instructor Modality Completion Rate

Ann Web 8/13=61.5%
Classroom 15/21 = 71.4%

Beverly Web 6/9 = 66.67%
Classroom 7/11 = 63.6%

Table 4.17Enroliments at Key Points During the Quarter

First Day 14" Day End of | Completion
(Census) Course Rate
Ann Web 54 51 31 57.%%
Classroom 26 23 17 65.4%
Beverly Web 51 41 33 64. %0
Classroom 15 12 9 60%

The completion rates listed in Table Avtere quite similar to the exact rates based upon
all persons who were enrolled and persisted in these classes. Also, although this is true,
there was still the limitation that for WBI, the participatiates were quite low. An

explicit comparison of completion rates between those who completed the study and
those who did not would be quite difficult given that a4completer of the study, does

not naturally equate to not completing the course.
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For this study

cl assr oom.

studens from herweb sections, but wasnot statistically significant. Thefferences

Bever |l y oaeswerermpre gnilar betweertlvand

Partici

pants from Annoés

betweerninstructors ar@egligible (67.65% Ann vs. 65% Beverly). Théfeiences

c |

assro

between modalities wert statistically significant (63.6% Web vs. 68.75% Classroom).

Of students who toothe PreTest, 66.67%00k the Pos{Test There was no significant

differencein attrition based on instructor-(@lue = .842).

To investigate whether the absence of thecampleting students differed

greatly from the participants, the researcher compiled some additional information:

Table 4.18SummaryStatisticsRegardingPre TestScores by Project Completion Status

Take n Mean(sd) Median
Both
Pre 0 18 16.56(4.38) 16.5
Test
1 36 16.75(3.99) 16.5

The 18 norcompletergdenoted by 0 above in Table 8)had an averagere Testscore

of 16.56 which wasnly .26 lower than the 36 completefs-value = .875). This led the
researcheto conclude that the nezompleters did not enter with significantly less

knowledge than those who completed the coursgs $hould undermine any beliefs that

the PostTest gores were inflated due to attrition.

The researcher also investigateldether the students lost by attrition differed in

performance from course completéfbe analysis is in Table 21
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Table 4.B PreTestScore by Project Completion Status, Instor, and Modality

Instructor Completion Mean P-

Status (standard Value
deviation n)

Ann Non- 16.18 (4.751)) p=.982
Completer
Completer 16.22(3.68 23

Beverly Non- 17.14 (4.02 7) p=.784
Comgeter
Completer 17.69(4.48 13

Web

Students

Ann Non- 19.8 (2.77,5) p=.639
Completer
Completer 19.00 (3.07, 8)

Beverly Non 17.67 (2.52 3) p=.341
Completer
Completer 20.33 (5.2 6)

Classroom

Students

Ann Non- 13.17 (3.87, 6) p=.408
Completer
Completer 14.73(3.13, 195

Beverly Non- 16.75 (5.25 4) p=.664
Completer
Completer 15.429 (2.1497)

B e v e r | -ygoingletersecrived a slightlyower score on theiPfreTest Ann o6 s

students experienced @ven smallerecrease T her e was greater var.i

completers. In fact, in Beverlyds case, th
Students in welbased sectionypically enteredhe course and correctly answesdabut

19 out of 40 Thosewho persisted showed more variability on Bre Test The nor
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completers for the classroeeducated were lower for Ann and slightly higher for
Beverly.In general, students enrolled in classroom sections tended to achieve scores near
14 on the Prdest.

A Multiple Factor Analysis of Variance (MANOVA) model including GPA (p
value=.241), coursework above College Algebra (p=.371), Instructor (p=.161) and
Modality (p=.005) was first used and indicated that Modality was a statistically

significant in its asociation with Prd est.

Interaction Plot for Pre-Test

Data Means
1 2 1 2
1 1 1 1 20.0
Instructor
—— 1
Y |
—— -17.5 | = 2
I nstructor ./
- 15.0
- 20.0 :
PU— Modality
—— 1
175 | —B— 2
Modality
— -15.0
— — =

College Alg. B

Figure 47 Profile Plots of Prél'est Score$or Modality, College Algebra Qursework, and Instructor
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Figure 4.7suppors the notion that there are small amounts of interaction amongst
the three pairings of variables and that there is a sizable main effect due to Modality.
When all 54 st ud e n thesshdegtm the veebbasedcleamingi nc |l uded
sectionshad a significantly highgrerformance on the Rilest. The 22 webased
learnersaveraged 19.36 with a standard deviation of 3.53. The 32 enrolled in classroom
sections had an average of 14.84 on theTlest with a standard deviation of 3.39.
Studentsn web-based sectiorare indeed entering with a greater understanding of

content p-value=.000).Figure 4.8s a pictorial representation of the differential.

Pre-Test Scores by Modality
40
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Figure 4.8PreTestScores by Modality



Pre-Test Scores for Students in Web Courses by Instructor

30.0 1
27.5
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Figure 49 PreTestScores for Distance Learners by Instructo

Overall, the average exam scores for Ann were 16.206 and 17.5 for Bgverly
value = .274). This again confirms that neither instructor was particularly advantaged.
Figure 49 shows the similarities in mean PFest performance among web students for
eachinstructor.InfacARnnés students aver,dQd4dbhthda 9. 308
classroomit was 14.286 and 15.91 respectively. Ann had almost twice as many sfudents
which may have impacted the differendédians were within two points of eachhet.

The researcher investigated as to whether preparedness influendexsPseores.

B e v e studgndssvith mathematics preparedness at the level of at least College Algebra

13C
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had an average CAOBreTestscore of 19andAnnés st udent 80p aver age
value = .206). The higher ratesstfidents with mathematics coursework in at least the

level of College Algebraleads the overaPre Testscores for Distance Learners who

finished the project to differ significantly from those who were enrollgderclassroom

sections. The mean for those in the wielsed section was 18.90 (standard deviation

4.36, n=10)and the @ssroom average was 14.71 (standard deviats n = 7) This

is ap-value =.023With the better prepared students, the stronges choose to take the

coursevia the web This serves as evidence that distance learners are entering the
ElementaryStatisticscourse with stronger initial uierstandings of statistic¥his could

beexplained by the also entering better prepared. Thasng type of analysis could not

be performed for the lesspreparedstudents since there was only atedentwhose

highest mathematics course wagdw College Algebra that was enrolled in eithvezb

section and completed the study a precursortothtas good as traditi o
please be aware that in this study the wabed learners have already been given a

coll oqui al Afhead starto towards the goal

PostTest

Beginning with a MANOVA including GPA as a covariate with Modality,
Instructor, andCollege Algebra course history the model yieldedhfues of .211, .260,
.002, and .913, respectively for each of the variables. A General Linear Model could be

PostTest = 22.8061.521GPA- .0733 College Algebra +1.07 Modality2.732
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Instructor. Removig GPA as a covariate, increased the insignificance of College

Algebra. Figure 4.0 shows the relationship amongst the categorical variables.

Interaction Plot for Post-Test

Data Means
2 1 2
1 1 1 1
= Instructor
N - 25
~ —— 1
A
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P
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I nstructor - s - 20
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| e Modality
—— 1
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Modality L 20
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—
[ o
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College Alg. B

Figure 4.1(Profile Plots of Prélest Scores for Modality, College Algebra Cawsrk and Instructor

A more restrictive model of Modality and Instructor yieldedgtues of .007 and
.000, respectively. The associated model was-Pest= 20.1490 + 1.7555 Modality
2.8321 Instructor. With Modality being coded as 1=Web, 2=Classroahinatructor as
1=Ann, 2=Beverly, Beverlyds Web students vy
24. 7366 and Anndés classroom instructed stu

Although this model is more simplistic, as seen with the earlier Resttrrodel
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mathematical preparedness and GPA explain much more of the variability in Modality

than in Instructor.

Beverly

6s web student s

wer e t

he highest

the lowest. Students enrolled in web sections performed bettee GogiiTest as

evidenced by Table 4.20

Table 4.20Analysis ofPostTestby Modality

Modality

Mean (sd, n)

P-value

1 (Web)

21.50 (6.00, 14)

.029

2 (Classroom)

17.36 (3.17, 22)

Further probing revealed a large differenc®ostTestperformance Y instructor

as shown in Table 4.21 A rPos#l astaverage hoveredear16.78 with a standard

deviation of 2.83. Likewisgtwas2 2. 8 5 and

5.

35

for

Beverly.

performed significantly better {palue = .002)PostTestperformance was bher for

Beverl yos

students acr oHesstubeats Seemaedbtalhadent i e s

strong mastery of descriptive statistics, as it was reinforced through some group projects

and activities and a smaller classroom size. Also, some of ther Ipigtierming PreTest

students overall were enrolled in her web course.
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Table 421 PostTestPerformance by ModalitgndInstructor

Section type M (sd, 0 p-value
Web Ann 17.88 (1.89B) .024
Beverly 26.33 (6.286)
.001

Traditional- Ann

16.20 (3.1215)

Beverly

19.86 (1.357)

In ways similar to the Pr@est analysisCollege Algebra continued to serve as the

threshold in determiningerformance. Students havingepequisite preparationf a

minimum level of College Algebra had an average score of 19.94 dadsid est Those

scoring belowthis had an average of 16.545\plue = .044).

The PreTest and Postests have individually intimated that factors, such as the

instructor, highest matheries course completed, and modality impact student learning

outcomes. A more accurate measure would be to investigate the actual gains in individual

student learning.

Gain

A deeper analysis is necessary to probe the extent to which students aiagcqui

statistical reasoning skill&dministration of theCAOS Testvery early in the quarter

(PreTest) andcagain the final week of the quar{§rostTest) provided a consistent

benchmark for comparison of content mast&tyidenfi g ai ns, 0 fowmafthis h e

study,are the differences betwetire Pos{Test and Prdest scoresThe mean gain
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amount was 2.222 with a standard deviation of 3.796. Tkxéman gain was 12

additional pointswhile the lowestain was 7 points. The average Podtestscorewas

18.972 and thePreTest score wa%6.70. This is based on the 36 students who

completed theasearch project. The difference between-Hest and Prd est scores

was statistically significant (palue = .001).

A MANOVA model based upon GPA, Collegdgebra coursework, Modality,

and Instructor was developed with each of the first three variables havaiggs > .20.

The pvalue for Instructor wa$48. As evidenced in Figure 4,Ifhodality of instruction

can influencenstructorgains.

Mean

Interaction Plot for Average Gain [1=Web, 2=Classroom]

Data Means

Instructor
—— Ann
-~ — —B— Beverly

Modality

Figured.11Interaction Plobf Average Gain based on Instructor daiddality
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Typically students performed 2 points better on the Postestthan thePre Test From
Figure 411it can be seen that the averages were adjusteddiagesn the Instructer

Modality combination.

Table 4.22Contingency Table of Preparedness by Modality

Web Classroom
College Algebra anc 10 7
Above
Below College 1 12
Algebra
Placement 3 3

From Table 4.2, it could be inferred thagtudens with mathematical preparedness below
College Algebra are more likely to enroll in classretauaght sections of Elementary
Statistics (pvalue = .014; pralue = .004 when Placement row is remové@ti)s is a

clear indication that the students with strengnathematics backgrounds are more
confident in their abilities to succeed in a wWedsed Elementargtatisticscourse As

alluded to earlier in the Background Information-sestion, the students in the web
based courses who took the CB@est both time had stronger athematics aptitudes.

College Algebra played a lesser role when comparing gains among instructors.

13¢



Table 4.3 Contingency Table of Preparedness by Instructor for Project Completers

Instructor College Algebra Below Placement
& Above College
Algebra
Ann 10 9 4
Beverly 7 4 2

There were sistudents who enrolled in tls¢atisticscourse by virtue of their
COMPASS Placement Exaseore being above the course-pgquisite, or, by receiving
approval from a college official as th@revious coursework from another institution is
processedThe other 30 had identifiable mathematics credit. Beverly had a slightly higher
rate of students with credit for at | east
was relatively close. @rall, there was no significant difference in the mathematics
preparedness for students by instrucéod Table 4.24 reflects these datae sample
sizes were too small to make comparisoppreparednessithin each section.

It could be thought thatwdents vith stronger preparation inathematics could perform
better on the CAOS Exam. The 17 with confirmed credit minimumlevel of College
Algebra had a medare Testscore of 17.18 with a standard deviation of 4.16. Those with
creditbelow CollegeAlgebra had an average score of 15 with a standard deviation of
3.70(p-value=.142). Likewise for the Postest, thestucents with confirmed credit at

least at the level of College Algebra had a mean score of 19.88 with a standard deviation

of 5.31. Thoe with credit below College Algebra had an average/ddOwith a
137



standard deviation &.11(p-value= .074). Mathematics preparatiomas a strong factor in

predicting Postest statistics knowledgdone was not statistically significant.

Gains by Modality

10+

35

15

Gain Scores

T T
Web Classroom
Modality

Figure 4.12Boxplots of Gain by Modality

Initially, modality proved to baless significant factor in influencingpins Even
though the medians are labeled in Figude4the mean gaifor students irwebsections
was 1.93 (s.dbf 4.48) and 2.409 (s.d. of 3.3®) studentsenrolled in classroom
sections. The students in wbhsed sectiontypically noticed gains in the rghborhood
of slightly under two poirst Students receiving classroom instructioticed gains of

almost daible that Some web students experienced large gains. Some students receiving

13¢



classroom instruction noticed significant negative gains. There wsisitngtically

significant difference in gains by modality of delivery@lue of .734).

The researcheraxtinvestigated if the approximap®int increase ifPostTest

performance was consistent across instructors and moddaldigle. 4.2 confirms a

differential.

Table 4.2 Contingency Table of Gain by Instructor

Ann M(sd, n)

Beverly M(sd, n)

Gain

565 (3.369, 23)

5.154 (2.577, 13)

There was a statistically significant differencegain according tonstructor (pvalue =

.000).With 95% confidence, it can be determined that theamesgain for Ann is 24

6. 64 nt s

poi

| oTalderd.2%rbvales thB eding stiatggy ® be used for

visually identifying gains by level of preparedness.

Table 4.5 Legend for College Algebra Completion Status

Code Descriptor
College Algédra and above PostTest scores for students with
(Post) mathematics credit at least at the

College Algebra level

College Algebra and above
(Pre)

PreTest scores for students with
mathematics credit at least at the
College Algebra level

Below College Algbra
(Post)

PostTest scores for students with
mathematics credit below the College
Algebra level

Below College Algebra
(Pre)

PreTest scores for students with
mathematics credit below the College
Algebra level




Pre-Test/ Post-Test Scores for Students Above and Below College Algebra
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Figure4.13 Boxplots ofPre TestandPostTestScores by College Algebra Completion Status

The sideby-sidebox-plot display in Figure 4.3 indicates that those with College
Algebra tend to score about 2 points higher and that students generally expefience
pointgain on the CAOS Exankurther investigation into modality performance by

instructor, yielded some provocative results.
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Gains by Modality and Instructor

10 4

Gain

T T T T
Modality Web Classroom Web Classroom
Instructor Ann Beverly

Figure 4.14Boxplots of Gain by Modality and Instructor

Table 4.26Table of Gains and Study Completion by Modality and Instructor

Instructor Modality Mean(sd) Completion

Ann Web -1.13 (2.23) 8 of 13
Classroom 1.47 (3.58) 150f 21

Beverly Web 6.00(3.22) 6 of 9
Classroom 4.429(1.81) 7o0f11
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Figure 4.8 showsthat the student with tHargestgain2pi nt s) was elbn Beve
basedsection and the student with tlaegest @creas€ 7 poi nts) was i n An
classoom-based sectiarit could be iferredthat in either case the firduslenthad less
regard for the Prdest and similarly with the Pa3testfor the second student.
Focusing more on general trends, as evidencedpthel i ans on t he boxpl c
web students typically scored opeint lower the secontime the CAOS Test was
ad mi ni st e classtooreducatedtsdents had gains of approximately one point
B e v e studgnigended to showive point gaingegardless of modalityrhis is
confirmed per the means and standardat®ns denoted in Table 4.26

Students in Bewe | y ébsections had average scores 1.57 units higher than the
classroorrinstructed counterparts. But this difference was not statistically signifigant (
value=.325)1 argely due to the di spchssiodry i n st an:t
educatestudents performed significantly bettédnan her wetbased learnerdt could be
stated with 95% confidendbat the averaggains for these students wastween .06 and
5.13 more correct answenst of 40 The gaindifferentialwas noticeable amongst
instructas. St ud e nt s ehclass Aad antaserage score obri%he Prelest and
17.88 on thd?ostTest(p-value = .197)The following graph emphasizes this and
identifies the hypothesized value of 0 is well within the confidence interval, therefore
establshing that there is no significant difference in-Pest and Postest scores for the

student s ibasedklasR.6s web
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Boxplot of Differences
(with Ho and 95% t-confidence interval for the mean)

LXI

% 5 B 1 X 1 3
Differences
Figure 4.13Boxplot of Gains for Web Students for Ann

Boxplot of Differences
(with Ho and 95% t-confidence interval for the mean)

Ho

T T
-2.5 0.0

2.5 5.0
Differences
Figure 4.5 Boxplot of Gains for Classroo®udents for Ann
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Figures 4.15 and 4.1graphically depict the confidence interval relative to the
hypothesized value of zer8.t udent s enr ol l ed in Annods
score of 16.2 on thieog-Testfollowing a score of 14.733 on thyeTest The
improvement was not statistically significantglue = .135).

Annds c beatisrsreports am average gafrl.47 additional qustions
correct on the Postest whereas her webased section pprted a average 01.12
guestions fewer correcthe difference in thgainsof the two populations was
significant at the .05 level {palue =.046)An n 6 s c-nstracted studemts (largely
with lower levels of preparedness) gained more compaeadttitose enrolled in theeb
sections (at .05 level). This could provide evidence that studewsshibased sections do

not exhibit levels of learning comparalite their classroormnstructed counterparts.
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Beverly's Students Gains' by Modality

104

Gain

T T
Web Classroom
Modality

Figure 4.7 Boxplot of Gains for Beverly s St hy Medality s

Just by viewing the pair of boxplaits Figure 4.17there appears to be little
difference inmedianperformance across modalities for this instrudbort variability in
the wé reflectsa greater propensity férigh achieving students

Beverl yds st uden tedsighiicgngyrbettgran tleelPgspst per f or
than thePreTed (p-value = .0006). Figure 4.1affirms this for her classroomstructed
studentsinitially, their mean score was 15.428hdthen it improved to 19.857 {yalue
=.001).Although Beverly's wb-basedstudents had somewhat larger gains, the

difference in gains across modalities was not significant at the .05 levalup = .325).
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Beve r | eldbssedstudents gaed an average of six points Annds student
typically performed lower on thieostTestthan thePre Test This resulted in a 7 point
difference among instructofp=.002) The same analysis for classroeatucated
students reveals&point difference in the averagesnong instructor§p-value=.019). In
thiscase,somed#&n n6s str onger snotathetatistisallysignifisants t e d
rate

In both modalitesBever |l yés students were able to
of knowledge gainsas evidenced by the CAOS Test, and this affirms that for these
studentsyeb-basel learning can have achievement levels comparable with classroom
instruction, in terms of central tendend@ye question then simply turns ia:which
areas did saentsperform well and what type of teaching occurred to undershess

results.

Statistical Thinking and Reasoning

The CAOS Exanassesses outcomes associated with thedattory statistics
course. ltems§, 7, 9, 10, 16, 22, 25, 27, 28, 33, 33, B and39directly assess
statistical thinking and reasoning. Performance on this setitdms would be helpful in
determining the degree to whitdarning gains in statistical reasoning are at comparable
levels with the more general coverage of topars], if stated learning gains are similar

across student syopulations.
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Table 4.27Average Number of Correct Answers on Statistical Reasoning ltems

Pre Post
Test Test
(n) (n) Gain
All 3.65 3.56
(54) (36) -0.088
Instructor
Ann 3.50 2.91
(34) (23) -0.59
Beverly 3.90 4.69
(20) (13) 0.79
Modality
Web
Classroom 4,18 4.21
(22) (14) 0.03
3.38 3.14
(32) (22) -0.24
Instructor
-Modality
Ann Web 4.00 2.63
(13) (8) -1.37
Classroom 3.19 3.07(1
(21) 5) -0.12
Bevaly Web 4.44 6.33
(9) (6) 1.89
Classroom 3.45 3.29
(12) (7) -0.16

Recalling from Tableé.16that there was no significant difference in-esst
performance amongparticipants who completed the study and those who did not and
those who did nofit could be inferred thagtrict usage of thd86 students whtook both
PreTest and Postest would yield little difference in the data listedhe third column

of Table 4.27.
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Neverthel

studemt s i n
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gener al ,

Beverl yos

and f

o

r

We b

student

Beverl ydés cl

gains reflect heightened abilities to think and reason statistically.

Table 4.28ercentage of Correct Answers on CAOS due to Statistical Reasoning Items

Pre Post
Test Test Gain
All 21.9% 18.8% -3.09%
Instructor
Ann 21.6% 17.3% -4.25%
Beverly 22.3% 20.5% -1.76%
Modality
Web 21.6% 19.6% -2.01%
Classroom 22.8% 18.1% -4.69%
Instructor
-Modality
Ann Web 20.7% 14.7% -6.01%
Classroom 22.3% 19.0% -3.38%
Beverly Web 22.8% 24.0% 1.20%
Classroom 21.7% 16.6% -5.12%

With the statistical reasoning items comprising 35% of the items on CA&ife

4.28intimates with the lower proportionate composition of correct answers on the Post

Test thasstudentunderstanding of outcomes in gengagicounts for an increased

proportion of Posfre s t

perfor mance.

Beverl yos

web

increases in statistical reasoning gdurther magnified their performancelative to

their peers.
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Identifying Specific Content Knowledge

Overarching quantitative summaries of student performance inherently avoid
identifying conceptsand the degree to which they are masterechdip with this, the
researcher developdide assessment schema desdribelable 4.29 to provide

performance benchmarks.

Table 4.29 Categories of Student Achievement on CAOS Items

Category Desired Achievement Level
Proficient 85%or higher

Mastery 70% under 85

Aware 50% under 700
Unfamiliar under 506

For exanple, if 72% of students in a certain population answered an item
correctly, then it would be determined tho
level of understanding of thagem. Wi t h t he A Unf amidonsidered cat e
nebulous, th researcher determined that when possible, other reief@mation will

be provided.

Table 4.30 Unfamiliar Category Descriptors

Coding Description

Split 2 or more categories within 20% of one
another

Reverse more than 5% for another response

The Split designatiom Table 4.30s useful in identifying situations where

students denotedwariety of answerReverse was helpful in identifying when students
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were consisterit having an alternative concept of the appropriate solution. Thesks
better inform instructorto the types of student misconceptioms.attach the items to the

statisticscourse curricula, Table 4.3das developed.

Table 4.31 Categorization of CAOS Items by IntroductigtisticsCourse Topic

Topic CAQOS ltens Frequency(%)
Descriptive 17 6,815, 18, 33 16 (40)
Statistics

Design 7,38 2 (5)
Sampling 16, 17, 34, 35 4(10)
Hypothesis 19, 231 27, 32, 40 8 (20)
Testing

Linear 2071 22, 39 4(10)
Regression

Confidence 2871 31 4(10)
Intervals

Probabiity 36, 37 2 (5)

Table 4.32 CAOS ltendsPre TestandPostTestPerformance

ltem PreTest PostTest Difference

Descriptive

Statistics 43.87% 49.13% 5.26%
Design 15.74% 19.44% 3.70%0
Sampling 37.04% 45.83% 8.79%
Hypothesis

Testing 48.89% 52.45% 3.56%
Linear

Regression 37.04% 34.26% -2.78%
Confidence

Intervals 41. 2% 61.11% 19.9%%
Probability 27.78% 36.11% 8.3
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Post-Test

Percentage of Correct Pre-Test and Post-Test Items coded by Topic
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Figure 4.18 Scatterplot of CAOS PTest and Postest coded by Topic

Table4.32 summarize®f the PreTes{PostTestperformancedy topicindicating that

students demonstrated the strongest learning gains in their understanding of confidence
intervals.Figure 4.B confirms that typically strong PyBest performance followed with

strong Postlest peformance for each item with a consistent understanding of descriptive

statistics at both instances.

also analyzethese items in terms ghins relative to the amount lefiming that could

The PreTest was taken by 54 students, and 36 took the ResdtThe researcher
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, . . Gain . , , ,
occur using this ratie—— . This ratio endeavors twormalize gains for
Maximum- Pre- tes

more extreme Pr&est performances. This is known in Physics Education circles as the
individual normalized gain. Then a statistics,{&ould becalculated to find the average
Gain for a sample on n students. Ri chard H
normalized gain for groups of students who were taught via Interactive Engagement
(highly active and engaging instruction) and being compargdddional physics
instruction. Hakeds <<g>> i s -Tesaan@Rbstupon th
Tests Then allowing one to discuss the proportion of maximum possible average gain for
a class Il earning that t heeasilyhlesakculated wherr i enc e
comparing multiple student clusters

Hakeds <<g>> conf istatstcaly sighifeant advaneagee was n
between modalities (web mean = .101, classroom mean = Q&8¢ = .85} This is
largely to say that studentsweb-based sectionsnly gained an additional percentage
point more on average than those receiving classroom instruétiothe scant numbers
of students who were outliers in either direction, this statistic was more relevant.
However, it should be noteta achieving a §ointincreasdrom 19.86to 26.33on an

instrument that has a maximum score of 40 is noteworthy.
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Table 4.33 CAOS Item Topics by Amount of Gain

Topic Mod Minimal Mod Total

erate Changes erate

Gain Loss

S es

Descriptive 8 6 2 16
Statistcs
Design 1 1 0 2
Sampling 3 1 0 4
Hypothesis 3 3 2 8
Testing
Regression 1 2 1 4
Confidence 3 0 1 4
Intervals
Probability 1 1 0 2

Table 4.34 Amount of Gain for each Item on CAOS

Moderate 2,3,4,6,8,12, 13, 15, 17,,2&B, 24, 2629, 30,31,
Gairs 34, 35, 36, 38

Minimal 1,5,7,10, 11, 14, 16, 18, 19, 21, 25, 27, 37, 39
Changes

Moderate 9, 22, 28, 32, 33, 40

Losses

Table 4.33 defines Moderate Gains as being larger than 5% and Moderate Losses
as gains lower thatb%. Minimal Changes are all differences that do not fall in either of
those categories. The only noticeable difference is that Hypothesis Testing and
Regression tended to yield less improvement. This is largely because, in the current
instruction of this cowge, these topics are some of the last ones to be covered. However,
they are also the most recently covered topics relative to the time th€d3ost taken.

Table 4.34 aligns items with the appropriate gain type.
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Table 4.35 Summary d¢fre TestandPostTestPerformance by Achievement Category

Proficient Mastery Aware Unfamiliar Total
PreTest 0 4 10 26 40
PostTest 3 6 11 20 40

Table 4.36 Summargf Pre TestandPostTestPerformance by Achievement Category for each Item

Proficient Mastery Aware Unfamiliar Total

Pre N/A 11, 1, 2,8, 26 40
Test 12, 13, 21, items

18, 23, 24,

20 31, 34,

40
Post 12, 8, 1,23, 20 40
Test 20, 11, 4, 13, items
31 18, 21, 26,

23, 27, 29,

24, 30, 35

34

Table 4.35 summarizes the performance by Achievement @gtelgable 4.36

explicitly lists the items that fell within those categories. There was no statistically

significant difference between PTest and Postest by achievenm category (pralue

= .238). The researchsuspedthere is a steady improvemeritperformance for each

topic. Further analysis is required.
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Table 4.37 Summary of Topics and their Achievement Category According-teBre

Proficient | Mastery| Aware Unfamiliar Total
Confidence 0 0 1 3 4
Intervals
Descriptive 0 3 4 9 16
Statistics
Design 0 0 0 2 2
Hypothesis 0 0 3 5 8
Testing
Probability 0 0 0 2 2
Regression 0 1 1 2 4
Sampling 0 0 1 3 4
Distribution
Total 0 4 10 26 40

Table 4.38 Summary of Topics and their Achievement Catefyocprding toPostTest

Proficient | Mastery| Aware Unfamiliar Total
Confidence 1 0 2 1 4
Intervals
Descriptive 1 3 5 7 16
Statistics
Design 0 0 0 2 2
Hypothesis 0 2 2
Testing
Probability 0 0 0 2 2
Regression 1 0 1
Sampling 0 1 1 2 4
Distribution
Total 3 6 11 20 40
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Table 439 Summary ofPre TestPerformance by Achievement Category for Each Instructor

Proficient | Mastery| Aware Unfamiliar Total
Annd Pre 0 5 6 29 40
Test
Beverlyd 2 5 7 26 40
PreTest

Table 439 shows the consistency in Pfest performancbetween the two

instructorg(p-value >.50)Table 4.9 compares amounts of Moderate Gains among

instructors by topic.

Table 4.9 Summary oModerateGains by Topic According to Instructor

Moderate Gains

Moderate Gains Beverly

Ann
Confidence 3 14
Intervals
Descriptive 0 1
Statistics
Design 2 3
Hypothesis 3 4
Testing
Probability 1 2
Regression 3 3
Sampling 1 2
Distribution
Total 1 3

Both sets of students experienced steady improvements in perforrdamneaer

Beverlys t u d e nstimurddergiamding aflescriptivestatisticsproved to be the most

distinguishing factorTable 4.4 compares gains for each item by instructor.
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Table 4.4 Percentages of Correct Answers by Topic and Instructd?r®f est PostTest and Gain

PreTest Post Gain (%)
(%) Tes(%)
Confidence Ann 43.4 56.5 13.14
Intervals
Beverly 37.5 69.2 31.70
Descriptive Ann 42.8 408 -2.07
Statistics
Beverly 45.6 63.9 18.2
Design Ann 13.2 13.0 -.19
Beverly 20.0 30.8 10.77
Hypothesis Ann 43.0 462 3.18
Testing
Beverly 519 51.9 .05
Probability Ann 29.4 32.6 3.2
Beverly 250 42.3 17.3
Regression Ann 49.3 46.7 -2.53
Beverly 47.5 51.9 4.42
Sampling Ann 33.8 39.1 5.31
Distribution
Beverly 42.5 57.7 15.19
Annds students exper onfideceldtervdlsahe r at e

Sampling Distributions and Minimal Changes for all other categdtiesever, her

students tended to show losses with Descriptive statistics. The fact that 40% of the exam
was rooted in descriptive statistics impacted their-FedtscoresConfidencelntervals

gains weredoubled f o r

Beverly.

B e v e rnmodei@atsgairss fousd e n t

topics, withminimal changes fohypothesidesting and Regressiowith descriptive

statisticsaccounting for 40% of the itemsontheex&® ver | yo6s

experience great gainserall on their Postests

student s

exp

\W



Table442P er cent ages
Test and Gain

of Correct

Answer s

f BreTesAPostod s

PreTest PostTest Gain (%)
(%) (%)
Confidence Web 51.9 62.5 106
Intervals
Classroom 38.1 53.3 15.2
Descriptive Web 534 41.4 -120
Statistics
Classroom 36.3 40.4 4.1
Design Web 7.7 6.3 -1.4
Classroom 16.7 16.7 0.0
Hypothesis Web 53.9 56.3 2.4
Testing
Classroom 36.3 40.8 4.5
Probability Web 23.1 43.8 20.7
Classroom 33.3 267 -6.7
Regression Web 63.5 50.0 -13.5
Classroom 40.5 45.0 4.5%
Sampling Web 327 31.3 -
Distribution 1.4%
Classroom 34.5 43.3 8.8%
Table 442i ndi cat es

Stude

t h at expemencédnodevatelginséot udent s

confidencentervals angbrobability, moderate losses for descriptive statistics and

regression, and minimahanges for all other categori@hese students also had

relatively strong preliminary understandings of Regres#iom.n dassroomeducated

studentsexperienced moderate gains witbnfidence Intervals arflampling

Distributions with some moderate losses with Probability. Design continued to be a topic

of def i ci

ency.

Annos
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below 5@%). However, the web students also had a large moderate khehighest

represented topic.

Table4.4¥er cent ages of Correct Answers forPreBestver|l yos S
PostTest and Gain

PreTest PostTest Gain (%)
(%) (%)
Confidence Web 53.3 70.8 17.5
Intervals
Classroom 31.8 67.9 36.0
Descriptive Web 40.4 719 315
Statistics
Classroom 38.6 57.1 18.5
Design Web 16.7 41.7 25.0
Classroom 22.7 21.4 -1.3
Hypothesis Web 40.8 62.5 217
Testing
Classroom 58.0 429 -15.1
Probability Web 26.7 58.3 31.7
Classroom 18.2 28.6 10.4
Regression Web 45.0 54.2 9.2
Classroom 38.6 50.0 114
Sampling Web 43.3 70.8 27.5
Distribution
Classroom 34.1 46.4 12.3
Table443i ndi cates t hat I n 0 nstugentexpeziencems t an c €

Moderate Loss in Podtestperformance Descriptivestatisticsaccounted for 16 items of
the CAOS Test. Strong improvements in this category faciliiatzdase in gasmmmore
than any othedue to its high representatiddev e r | gb&tgdents exhibitedaderate
gains in every category. The classreeducated students showed noticeable

improvement wittconfidencentervals andlescrigive statistics, in spite of aoderate
15¢



loss in Hypothesis Testinglthough overall achievement feach group is less than
ideal,the studenté the webbased sectionutperformed their counterparts in every
category.
In general, students are enteringhngome intuitive knowledge of regression and
hypothesisdsting.However by the end of the coursihere are not Moderate Gains in
either area. Probability receives some gaamsl elements of design coldd an area of
greater focus in the futur&he researcher also produced similar charts for each modality
by instructor since it was indicated thastructor was a stronger factor than modality.
The heavy emphasis on descriptive statisti

consistent with the MANOVA results.

Interesting Findings
In addition to mathematics praredness, the researchensidered English
nativity as another attribute of consid@éva due to the propensity for statisticsbe more
textdriven and inquirybased thathetypical mathematics courses. In this stutayne of
the students with ES(English as a Second Langexcredit enrolled in either of the
web-based sections. In fact, there were ghigtal 3i n Anndés mor ni ng cl as
Beverl yds evenionylomnaesedthe PfE&t and Posiestevith 2

taking theFinal Exam
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ESL

Dotplot of Pre-Test

ESL

o
L
]
]
E_

15 13 21 24 27
Pre-Test

IFigure 4.D Dotplot of Pre Testby English Nativity

Figure 4.B indicates a disparity in performance on the-Pest with students
having English as a Second Language coursework having a consistently lower
performance. Thaverage for the fowstudents with ESL credit was .IPhe average of
the other 50 students on tRee Testwas 17.0§p-value=.016)The 2 ESL students who
took the Final Exameceived scores of 139 and 1@ of a maximum of 200. 1@

student who took lib Pre Test and Postest yielded a gain of. English nativity could
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be an area of further exploratioht this low level of inquiry and analysis, there seems to

be lower performance in statistics by students who have ESL coursework.

Mathematics Prepadness

Mathematics eparedness was a factor worthy of consideration. The researcher
reviewed the academic records for the preparedness of each student and compared it to
PreTestandPostTestscores.

Byd assifying studentwe aBGolelid dherAlbge lmrga di
College Algebrad mor e i nt e waresyieldedThe dveragalfdPre gess of
fiat oraboveC o | | e g e WASI1§.0G5 lpstd.adév. 4.38, n=21)d15.81 (std. dev. 3.93,
n=27)f or Abel ow C(lalue &) Phergweelte nasignificant
differences by Prdest.

NeitherofBever | yéos web st baowQdllege Mgeloa ent er ed
finished the course. Things fairear better inhe classroomwith8f Bewer | yos
classroorrinstructed studentsf similar dstinction, finishedhe coursePreparedness at
the level of College Algebra seems to be a determinant of success.

There were only enough students to compare classeslurated students among
instructors when discussing students having courseivdrke ICoWw | ege Al gebr a.
had 8students averagel.63 pt. gain with atandard deviation of 2.97 and a sample size

of 9. Beverly had4 students with an average of 4.25 anstandard deviatioof 1.708.
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Better Prepared Web Students' Gains by Instructor
7.5
5
T
|
=
= | 0
8 0.0
-7.5
Arlm Bevlerly
Instructor

Figure4.20Sideby-Side Boxpbts of Web StudentPerformance with Preparation at least at College
Algebra by Instructor

ForAn n dassroom studentthose at least at the level of College Algebra had a
mean of 13.833 (2.401,6F or B e v e r lofysitndar dsstinctidnevhanmolled in
classrom sections, the mean was 14.32(, 3.B e v e r | ‘griodled stabnts

uniformlyoutgai ned each of Anndés student 20 Thi
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Gains for Classroom Students with Minimal Preparedness by Instructor

7.5

5.0 !

35

2.54

Gain

0.5
0.0+

-2.57

-5.04

T
Ann Beverly
Instructor

Figure4.21 Sideby-Side Boxplds of ClassroonttudentPerformance with Preparation below College
Algebra by Instructor

Classrom educated students had mean gaifris63 and 4.25, for Ann and
Beverly respectively Gvalue =.085) Figure 421 displays the medians for each
distribution. The only sizeable subpopulations for comparisons across instructors were
the College Algebra and above for web students and students below College Algebra for

classroorreducated students.
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Nativity

Related to peparedness was whether the studerstfwativeo to the institution
which has beedefined as having taken at least their most recent course(s) at the
institution. For the 36 students who completed the course, it was determined that 31 could
be readily identifiable as either Native or NNative (those receiving automatic
placement into the course weretloé 5 not included). The mean Prestfor Native
students was 15.2 (std. dev. 3.699, n=30).NorNative studentdhe mean was 18.526
(std. dev. 4.221, n=19). The gaifor each group wer2.313 (std. dev. 3.683, n=16) for
Native students and 1.867 (std. dev. 3.292, nfdA\on-Native In some wayshe
Native students experienced greatains But there are two caveats. Fjifstr Non
Native studentsonly 21% (4 of 19) did not persidiowever 46.67% (14 of 30) Native
students did not persist. Perhaps theNative students were mopairposeful in
desiring to accomplish their shdgrm career goals, as evidencedbyurse completion.
Second, Nati ve st ud e orequicktyorbelralativé gamm statistic r e | at
indicates that Native Studexgained 9.3% of the available points and Ndetive
students gained 8.7% of points availalielative Gains proved beneficial in this

instance.

Summary
Preparedness and instructogne consistently important factors in assessing
student performance on the CAOS instrument

knowledge gains. But, when compared across modalities, classdarated students
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outperformed their welnstructed countep ar t s . Beverl yds student s
significant knowledge gains, and gains did not differ significantly across modalities.

The reasons for the changes in gains were largely due to performance on
descriptive statistics items which accounted for40% bfe i nstr ument s. Ann
performed worse on this critical topic inthe Pdse st s . Beverl yds studel
increases in this area

In addresimg the research questighD o s t u d ebasedsstatistics cougsbs

have comparable levelsafc hi evement as those whothe ecei v e
answer seems to be a cautious O6yes. 06 in ter
somewhat dissimilar. The achievement question might be simpler to answer by looking at
performance in dicrete time periods, but should the goal not ultimately be associated
more with learning? By the larger variability in gains for some students WBI was highly
successful. For others, they entered the course with higher levels of achievement and
preparedneghan students receiving CBI and finished with lower levelgefthe
identification of confounding factors afiodality,preparednesand instructor, a more
developed answer todhresearch question cha formulated aftecontrolling for these
variables These qualifying variables merit full consideration when discussing whether
WBI can be fias good aso CBI

Other areas, such as English Nativity and Nativity (to the institution), were also
factors influencing participation in the wdlased courses. Thefsetors emerged from

the data analysis and merit further exploration.
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The CAOS Prelests and Poslests were not the only quantitative instruments.

The Final Examination was also evaluated in detail.

DepartmentaFinal Exam
The exams for students tihne webbased sections were administered in the
Testing Center. The researcher proctored eachlinass secti onds Fi nal |
them, and returned them to the appropriate instructors for them to enter the course grades.
Thirty-eight students took tH200-point Final Exam. The average score was 140.92
(70.5%) with a standard deviation of 32.18. Recalling that 36 took theTBsistthere
were two additional students who did not take both thelest and Postes® one from
Annds tradi tidmontakéthedbshesst wdhrod done from Bever
who did not take the PrEest early in the quarter. The Final Exam can be used to address
the research question: Can students receivingbaskd instruction perform at
achievement levels comparahwith their inclass counterparts? Yes; if based upon Final
Exams alone, thanswer could bé/eif we also deemphasizevariability. In addition,
PreTest scores for Web students began higher, hence, one would expect even higher
performance on the fal. The MANOVA model yielded GPA, College Algebra
coursework, Modality, and Instructor as all being insignificant at the .05 level. In fact,
Instructor had a{alue of .947.
The 15 students in web courses had an average of 140.5, the 23 studentgreceivin

classroom instruction had an average of 141.22a(pe = .951). The .282ymlue



computed in comparing performance by instructors was inflated by the relatively large

standard deviations.

Table 4.44Average (and standard deviations)afial ExamPerbrmance by Instructor and Modality

Instructor Modality Mean (sd)
Ann Web 130.6 (41.3)
Classroom 139.19 (23.29)
Beverly Web 151.7 (42.2)

As indicated in Table 4.44here was a sizeable difference in standard deviations.
Students enrolled in welbase sections had a standard deviation of 41.7, and classroom
instructed students had an average of 25.2. The resultiafyip was .035. Hence, one
definition of comparable performance would need to be investigated. Students receiving
web-based instruction are more likely to be widely distributed, which resulted in more
As, but also more Es. Students receiving classroom instruction had lower proportions of

students at the extremes.
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Web Students' Final Exam Performances by I nstructor
200 -
181
150 -
131.5
©
+ 100 -
e
50 -
0
T T
Ann Beverly
Instructor

Figure 4.2 Sideby-Side Boxplds of WebSt u d eFimal ExamPerformance by Instructor

When investigating the performances of the students receiving Distance Learning
(by instructor), theresultgi el ded Anndés st udemeaofl3dlhad a mec
(IQR=64.3 n =8) a nstideBsehaving d mediamn of 181 (IQR5T37). Figure
4.22 visually displays the distributions for each instructor. Both of these subpopulations
had comparable standard deviatidredbeit relatively larg¢ wi t h Bever |l ybés st
scoring 10% higher. Howevedhe differencen the mediasvas not statistically
significantaccording to the MankVhitney Test at the .05 level-(@lue = .224.
Likewise thereis no significant difference iRinal Examperformance by classroem

educatd students among the instructors
16¢



Anndés variability in Final Exam scores
classroom section withapal ue of . 06. Four of Beverl yos
on the Final Exam, which skewed the data to not follow a Normal Distribution &tCthe

level of significance.

Final Exam Performance for Classroom Students with Minimal Preparation

200 A

150 -

140

132

100

Total

50

T T
Ann Beverly
Instructor

Figure 4.3 Boxplots of Final Exanscores for Classroom Students with Highest Courses Below College
Algebra by Instructor

Final Examperformance did not differ significantly for the twardest
populations of preparedness/modality combinatiasgeflected in Figure 82The 13

students with prior preparation below College Algebra who were enrolled in classroom
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sections had roughly similar scores. Tieei n

of 136.6 andthefour i
fvestudent s

average of

n

Beverl yos

A n n @nstructor Jghadsan average

cl ass -vadued 98nNnThaver age

iroom skctioribas were bt éhe Isvel of College Algebra had an

1 3 8 . with thaBsarmeachatagtedissiscaed L26medl66. s

Final Exams for Web Students with More Advanced Preparation

200

150 -

100 -

Fnal

50 ~

T
Ann

Instructor

T
Beverly

Figure 4.2 Boxplots ofFinal ExamScores for Web Students with Highest Courses Above College

Algebra by Instructor

The students in theeb courses with preparation at least at the level of Golleg

Algebra had means of 136.2 and 143. Thajue again was greater than .2p6/élue

=.817). There was minimal differencekimal Examperformance for these studerdas

reflected in Figure 42
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Only 1of the7 students with preparation below Cokeglgebra completed the
web-based coursand this studergcoed141.

The researcher was intrigued by both the similarities in central tendency among
the four sections and the variety of performances in thebasbd sections. In addition, it
was particudrly puzzling that there were stark contrasts between the results of the
studentsé CAOS Exams and their Departmenta
led the researcher to analyze student scores on each of the 17 Final Exam questions. A
classificatioord enot ed with an Al o6 for Ainterpretat:i
responses with substantial discour se. Four
status. Others were deemed as having both an interpretative component and a non
interpretative compamt. Performance on these items was investigated bylitycatad

instructor in Table 4.45

172



Table 4.45 Summary of Final Exam Performance by Achievement Category for each Indfieaadity

Item (Points) | Instructor | Modality Mean Proficiency
Pants Earned (sd) Status
1-1(20) Ann Web 14.25 (4.23) Mastery
Classroom 13.69 (2.33) Aware
Beverly Web 16.86 (2.79) Mastery
Classoom 14.87(2.61) Mastery
2 (4) Ann Web 3.25(1.49 Mastery
Classoom 3.00 (1.2) Mastery
Beverly Web 3.14 (1.57) Mastery
Classoom 3.143 (1.0y Mastery
3 (12) Ann Web 8.75 (2.4) Mastery
Classoom 7.12 (4.13) Aware
Beverly Web 9.86 (3.18) Mastery
Classroom 5.29 (4.86) Unfamiliar
4(12) Ann Web 10.88 (1.25) Proficient
Classroom 9.56 (219) Mastery
Beverly Web 11.29 (.76) Proficient
Classroom 9.00 (2.50) Mastery
51 1(4) Ann Web 1.50 (1.60) Unfamiliar
Classroom 2.19 (1.28) Aware
Beverly Web 3.86 (.38) Proficient
Classroom 2.71 (1.38) Aware
6 (3) Ann Web 2.63 (1.06) Proficient
Classroom 2.69 (.79) Proficient
Beverly Web 2.57 (1.13) Proficient
Classroom 1.71 (1.60) Aware
7 (17) Ann Web 13.5 (2.78) Mastery
Classroom 14.06 (2.62) Mastery
Beverly Web 15.29 (1.25) Proficient
Classroom 13.29 (2.56) Mastery
71 1(3) Ann Web 2.63 (1.06) Proficient
Classroom 2.69 (.79) Proficient
Beverly Web 2.57 (1.13) Proficient
Classroom 1.71 (1.60) Aware
continuel
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continuel

174

81 1(2) Ann Web 1.13 (.99) Aware
Classroom 1.19 (.66) Aware
Beverly Web 1.57 (.79) Mastery
Classroom 1.86 (.38) Proficient
9 (16) Ann Web 11.75 (4.46) Mastery
Classroom 1275 (4.73) Mastery
Beverly Web 14.00 (3.83) Proficient
Classroom 10.86 (4.30) Mastery
10 (16) Ann Web 12.38 (5.34) Mastery
Classroom 13.13 (2.73) Mastery
Beverly Web 13.14 (3.24) Mastery
Classoom 13.29 (3.95) Mastery
11al (2) Ann Web 4.71(2.81) Aware
Classroom 3.94 (3.59) Unfamiliar
Beverly Web 7.14 (3.93) Unfamiliar
Classroom 7.71 (3.86) Mastery
11 (10) Ann Web 4.71 (2.81) Unfamiliar
Classroom 3.94 (3.59) Unfamiliar
Beverly Web 7.14 (3.93) Mastery
Clasroom 7.71 (3.86) Mastery
12 (7) Ann Web 2.88 (2.23) Unfamiliar
Classroom 3.50 (2.78) Aware
Beverly Web 4.00 (2.94) Aware
Classroom 5.29 (1.89) Mastery
13 (4) Ann Web 2.25 (1.91) Aware
Classroom 3.50 (1.16) Aware
Beverly Web 2.29 (1.70) Aware
Classroom 5.86(3.76) Unfamiliar
14 ac (9) Ann Web 5.00 (3.34) Aware
Classroom 6.625 (1.71) Mastery
Beverly Web 5.14 (2.27) Aware
Classroom 5.86 (3.76) Aware
14 di | Ann Web 1.50 (1.60) Aware
Classroom 2.88 (.34) Proficient
Beverly Web 2.14 (1.46) Mastey
Classroom 2.86 (.38) Proficient
continuel




continual

15 1(8) Ann Web 4.25 (2.49) Aware
Classrom 5.13 (2.42) Aware
Beverly Web 6.00 (1.63) Mastery
Classroom 5.14 (1.57) Aware
16 (14) Ann Web 7.25 (5.31) Aware
Classroom 10.75 (3.11) Mastery
Beverly Web 8.57 (6.05) Aware
Classroom 10.14 (5.24) Mastery
167 | (d,f,g) | Ann Web 4.50 (2.51) Unfamiliar
Classroom 4.69 (3.20) Unfamiliar
Beverly Web 6.57 (4.28) Aware
Classroom 5.14 (2.55) Aware
17 (24) Ann Web 15.25 (8.63) Aware
Classroom 15.38 (6.63) Aware
Beverly Web 14.71 (9.74) Aware
Classroom 21.43 (2.76) Proficient
Interpretation | Ann Web 30.75 (12.20) Aware
Total (52)
Classroom 33.19 (5.05) Aware
Beverly Web 40.71 (8.71) Mastery
Classroom 35.86 (1.96) Aware
NonInterpre Web 99.9 (30.2) Aware
tation
Total (148)
Classroom 106 (19.90) Mastery
Web 111.00 (33.9 Mastery
Classroom 110.00 (27.5) Mastery

Table 445 contains item performance by instruetoodality combinatioralong
with the corresponding proficiency status as determined by the rese&xbeise 5
seems to have yielded the most provocaevsru | t s ; her e, Beverl yods
out performed both Annds web section and Be
| evel of significance, Ann?os-basedsestsntr oom sec
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Exercise 8 al so yi el desdroomsectomwgs neperfectint s as
responding (mean 1.857 out of 2).

The remaining statistics within the table seem quite comparable and further
explain why Final Exam averages did not differ significantly at the .05 level of
significance. The studentsmlled in the iAclass sections were even more similar than
the web sections.

The researcher chose to categorize average section item score in the following
manner: at least 85% of points available: proficient; 70 up to 85% of points available:
mastery50 up to 70% of points available: awareness; under 50%: unfamiliar. Hopefully
these results can inform researchers and readers of student strengths and opportunities for
improvement

For the web sections, in 7 ofstr@gecases,
proficiency status. This consequently led to a stronger Interpretation Total and Non
Interpretation Total. The fact that the majority of items yielded the same proficiency
status underscores the reason stwlkemygswerdhe hi gh
not statistically significant.

For the classroom sections, in 5 of 11
stronger proficieng status, as shown in Tablel8. The joint product of this and the fact
that the other 10 items resultedsimilar proficiency statuses led to the Interpretation and
Non-Interpretation Totals being quite comparable. The instructor seems to have had far
less of an impact on Final Exam performance. The Final Exam iopas reviewed

in Table 446 with their @rresponding weights identified in Tablel4.
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Table 4.46Final Examlitems with Point Total and Comparable CAOS Topic

Exercise Total Comparable CAOS Topic

17 (1) 20 Design
2 4 Design
3 12 Descriptive Statistics
4 12 Descriptive Statistics

57 (I 4 Descriptive Statistics
6 3 Probability
7 17 Probability

7- (1) 3 Probability

81 () 2 Probability
9 16 Probabilityi random variables
10 16 Probabilityi random variables

11 a(l) 2 Probabilityi random variables
11 10 Probabilityi random \ariables
12 7 Sampling Distribution
13 4 Confidence Intervals

14 ac 9 Confidence Intervals

14 d (1) 3 Confidence Intervals

157 (1) 8 Confidence Intervals
16 14 Hypothesis Testing

167 (1) 10 Hypothesis Testing

(d.f.9)
17 24 Regression

The Fnal Exam topics are generally connected to the indicated comparable
CAOS Topic, but the instruments are structured differently. The Final Exam is slightly
more computational, whereas the CAOS Exam tends toward the conceptual. Formal
discussion of random viables, their names, and properties have minimal presence on the

CAOS Exam.



Table 4.47Final ExamPoint Totals and Weights for each Topic

Topic Points Weight on
Final Exam
Design 24 12%
Descriptive Statistics 28 14%
Probability 25 12.5%
Pradbability i Random 44 22%
variables
Sampling Distribution 7 3.5%
Confidence Intervals 24 12%
Hypothesis Testing 24 12%
Regression 24 12%

The Final Exam is designed to be uniform in its point allocation of each topic to
corresponding chapters in ttext as a better indicator of comprehensive mastery. This
differs from the descriptive statistics emphasis (40% of total) found in CAOS Exam that
tends to focus on depth of statistical reasoning.

Some differences ar e t haProfiemtvorafdwy 6 s web
items and more Familiar overall. However, there was minimal difference in distribution
by instructor (pvalue = .338). There were few differences between the two classroom

sections. Some differences between Mastery and Awareness leuatsinimal overall
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(p-value=.798). In sum, there seems to be minimal differences among proficiency

statuses on Final Exam items across Instructor and Modality and their combinations.

Interpretations

Interpretations seemed to play a stronger rolervdggregate scores were
compared by instructor. The mean scores of 32.38 (7.96) and 38.29 (7.33) for Ann and
Beverly, respectively, yieldedawpal ue = . 027. Beverl yds st udeée
the interpretation items.

| nterpretat i aovebstudentsaMas30.75@md a standadd sleviation of
12.20. Beverlyds interpretation totals wer
value = .091). This has some practical, but not statistical, significance. The students in the
classroom sections fifer ed | ess by instructor. The ave
and 35.86 was t he ayv enteprgtationftatals foBtleevywer | yds. T
instructors were 104 and 110.5\{glue =.487). There seemed to be no significant
difference among the ndnterpretation totals.

Beverhdb s st udent s ahigkeer on eachrcommpgnens (interprétatidns
and nonrinterpretations The difference is that the interpretation items are onlyod 52
points and the other is out of 14Bven considering peentages of correct answers for
|l nterpretation exercises, Anndés students vy
Beverl yds were about 7 3-vauée=.02Wi t h, of cours

There was a statistically significant difference in standard dewmbf

performance by classroom and web students, but this was less true when controlling for
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instructor. This further supports thtaere is significantly more vatigin the web
students' interpretations. Interpretation totals correlate well tontemretation values.
One linear regression yields: Ndmterpretation Total = 25.77 +2.33{&rpretation

Total). Figure 4.8 displays the corresponding scatterplot.

Fitted Line Plot
Non-Interpretation Total = 25.77 + 2.333 Interpretation Total

S 17.4505
150 R-Sq 55.0%
R-Sq(adj)  53.8%
©
(e}
|_
c i
o 100
=
©
o
o
o
&=
£ 504
5
0_

T T
0 10 20 30 40 50
Interpretation Total

Figure 4.5 Regression Equation and ScatterPlot of Refetigp between Noimterpretation and
InterpretatiorFinal Examitems
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ESL

Final Exam Performance by English as a Second Language Status
200
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0
T T
No Yes
Transcript includes Coursework in English as a Second Language

Figure 4.3 Sideby-Side Boxplots of-inal Examperformance by ESL status

It would be naive to assert that students with ESL eowwrsk perform better on
the Final Exam based upon only 2 students (Figu® ANdn-native English speakers
may atone for potential defencies incited by language pgrforming better on the more
computational exercisegVith the Final Exam being mor@mputational, it can have
structural benefits to those with experience in this type of learning. There is also evidence

that the texdriven presentation of the curriculum serves as a deterreniimooiing in
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web-based educatiofResearch on ESL and intluctory statistics warrants greater

dialogue.

Summary

The Final Exam analysis revealed that there was a substantial variety in scores. It
was also evidenced that students in Wabed sections could have comparable (if not
better) achievement on commassessments: 151.7 vs. 145.9 on thedaot final.

Also, the stronger performance on interpretation items may account for the similarities in
findings from interpretation totals and CA
perform higher on CAO%rgely due to the more conceptual questions posed on CAOS.

Higher performance for these students on interpretation items on the Final Exam

followed as well.

The coll oqui al Afhead starto factor must
that participatd in this study were better prepared than their classmates who chose not to
participate in this study (Table 4.3). With attrition rates not being too dissimilar, for
students receiving WBI to have comparable Final Exam performance as the CBI
counterpartss not necessarily a desired outcome for a group that already began with an
advantage. Be it due to selfotivation, or difficulties in learning the content, as a whole,
the | earning rates are not the same. For B
For Annés studentso6é the Ahead steart o narro

subpopulation, the levels of learning seem to not be equivalent with CBI, and because of
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the initial Ahead starto of preparedness,
compaable with an above average amount of variation.

Overall, the Final Exam differed mostly in design from the CAOS Exam. The
CAOS percentage of descriptive statistics question seemed quite high with over double
the proportional representation compared ®Rmal Exam. More students seemed to
have adjusted to the computational emphasis requisite with Final Exam. However, this
remained an issue with the CAOS exam. When considering other variables that correlate
with Final Exam, GPA was the strongest, butermugh alone. It was also true that high
percentages of students at minimum preparation did not complete the course.

What is emphasized, structured, or presented by the instructors influences student
learning and performance. After a review of the legymutcomes via the quantitative
instrumentation discussed to this point, the researcher will now investigate the learning,

pedagogy, and interactive experiences that had some influence on outputs.

Researcher Journal and Notes from Classroom and Vdtsgrvations

Classroom observations are critical to having a more complete understanding of
student learning. The researcher chose to seehéirad, the educational settings the
participants were part of. In visits during the first and second haledetim, the
researcher arranged visitations with each of the instructors. Observations were conducted
within one week of each other in efforts to observe delivery of similar topics. The
researcher also communicated with administration and staff at thatiostto obtain

guest access t o-basaelsedstionsnstructords web
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Classroom Observations

DescriptiveStatisticss Annd €lassroom (First Half of Term)

The first hour instruction occurred in the classroom, and the second

transitioned to the comper lab. Both rooms seat about 30 students and have overhead
projector systems and white boards. Nineteen students were in attendance. The class
consisted of a considerably younger population, with only a few over 25. The general
setup of seats was a res@lumn arrangement.

Ann had a Abrain gymo interwoven in the
and sharpen student awareness. In this instance, students were told to point the index
finger of one hand horizontally and point their thumb of the dzamne vertically. Then
had them switch several times, to the stud
definitely got the students engaged in the class.

Ann covered shapes of distributions and provided tips for discerning skewed left
from right. She povided a handout with data comparing the shapes of two distributions
of data to help in deciding which car to purchase (standard deviation). Ann provided a
personal anecdote by recounting the data that can be gathered from putting a child to bed.
Ann included an example from the Chebyshev Theorem and Coefficient of Variation
regarding the consistency of the lengths of cutting boards. Reflecting on these
connections did not occur extensively, but it was clear that the students identified with
the situationpresented. Ann then altered the discussion to instead provide an overview

of tasks that were to occur during the second hour of class in the computer lab.
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The lab required students to describe primary sources of income for tuition and
textbooks and theto create histograms and boxplots accordingly. Students were advised
to submit their labs after three printouts. Each station had a computer, and students
collected the data in the previous class session.

The students clearly sat next to people most amil themselves:or the most
part, students sat in small clusters by gender with one workstation in between. The four
students of African descent sat in fourth row. International students were some of last
ones remaining at the end of the lab.

Overall,student learning was clearly occurring. The instructor used guided lecture
notes to stimulate notiaking. The instructor established an atmosphere conducive to
develop a rapport with students. However, there could have been more time to discuss
interpretdions. This could have been due, in part, to the class size. All students

eventually completed the lab.

Hypothesis Testing Annd €lassroom (Second half of term)
Ann covered Hypothesis Testing for Mean
on the 17 stuehts that Hypothesis Testing could be completed in four prescriptive steps:
1) Set up hypotheses.
2) Determine Rejection Region (using a=alpha = significance level = tail area)
3) Test Statistic using ZTest function on calculator.

4) Conclusion
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Visual representationd critical regions were used. Ann supplemented core instruction
with a variety of tips. Either the normal cdf or ZTest on the graphing calculator functions
were used to compute probabilities for approximately Normal Distributions-aallies.
A follow-up discussion regardingyalues delved more into statistical reasoning. Ann
cleverly had students liken alpha to a glass. If tvalpe is a liquid, then the goal is to
not have the Aliquido overflowing. -She al s
values were given, and students had to determine whether to reject the null hypothesis.
These types of conversations could have been further extended.

All students were taking notes. Not many students asked quedti@mstructor
often askeghbody fwdevegeood, 60 then she would |
lesson plan.

There was sel§egregated seating with minorities in particular sitting in a cluster
along the periphery; African students sat in same row by window. The instructor moved
guickly and seemed less confident than usual, and there were not many questions to slow
her down. Students were given five minutes of independent practice on exercises from
the text after the material was taught.

The interpretation questiomasii Ho w ¢ a n e theestaodard deygation and
samplesi ze to give more credence to my sampl e
There was good feedbaakne student suggestdecreasing the meaandanother
suggestedecreasinghe standard deviation. Oth&udents sugested increasing the

sample sizeHowever, hedialogue did not persist as the class session was virtually over.
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As someone with a background in the discipline, | may have followed along better than
the students. It seemed the students were eithemkgepiwith the pace of instruction or

were less in the habit of soliciting questions.

DescriptiveStatistics’ Beverlyo €lassroom (First half of term)

Beverly had been on leave the previous week and began reviewing material
covered by the substitut8tudents were considerably older; most were working adults
with an average age over 25 and no teenagers.

The chalkboard had been used vigorously by the time the 8p class began. The
classroom is designed for mathematics instruction (Cartesian coordigteodgr
coordinates also). There was not much interaction, and the students were sparsely
sprinkled across the classroom. 12 students were in attendance with one inquiring about a
central tendency exercise from the homework, which lead to some clasdismussion.

Beverly reviewed measures of central tendencies and explained when best to use
mean, median, and mode. There was a good review of the mean (used for ratio and
interval data), median (the middle number), and mode being meaningful for nondnal an
ordinal data.

Beverly then began to discuss measures of spread. Standard deviation was
covered well. Variance was just mentioned as the square of the standard deviation.
Beverly wrote legibly, used good examples, discussed an activity on child devetppme

and led students through an exercise in which U.S. percentiles cannot apply to children



from other countries. Beverly discussed left and right skewnesss, taugistoreg, and
repeated concepts almost in excess.

Beverly handed out a Chapter 2 revjéeit for a few minutes, and then returned
with a chapter review sheet and rubric. Students began a lab later that evening that
required them to enter their favorite type of movie, gender, and amount spent on
textbooks. Each student had a computer andt&on the exercises. The lab had
roughly 30 PCs, one large workstation, and two laser printers. The instructor print screen
showed to a projector perpendicular to the main wall of instruclioa.students worked
diligently and independently.

Beverly reninded students of the types of reabrld applications that could be
used for their upcoming class project. Beverly had a solid presentation of material. At
times, it seemed a methodical, but good, approach. Her explanations of the mean,
median, sample siz and mode were organized and appropriately used data. Beverly

connected with students by briefly mentioning her recent trip to Asia.

Hypothesis TestinfyBeverly €lassroom(Second Half of Term)

The students had higher levels of participation it Students placed ideal
homework assignments on the boakdjuieter student provided an interpretation of an
exercise involving miles per gallon for sports cétsone point, a minority student held
his had down as if he was falling asleep in the magk Beverly intervened with the
student to get him to work with another fellow classmate (actually a student of similar

ethnicity) who was quite attentive.
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Beverly began her lesson on hypothesis tests after a review of confidence
intervals. There wersome calculator difficultieBeverly provided a lot of explanations
to support the solutionShe used a graph of f(x)= %K) (where x was the sample
population proportion) to show students the value of x that maximizes the function.

AnCel | p hintradeceddhe hesdfor Hypothesis Testing in terms of testing a claim
supported by the impractical nature of surveying each member of a large population.
Beverly referred to the fAtest of significa
betweendataand| ai m i s She ajsoreviewed thettichobomy principlevo

numbers being equal, one being larger than the other, or, vice versa.

Beverly distributed a threly-four chart with null, alternative, type of test,
rejection area, and critical vakiéo aid students in processing related exercises. She was
able to strengthen studentsdé abilities to
were not covered extensively. The instructor guided students through the learning process
via the chart. idents were encouraged to draw graphs to provide visual representations.
After five minutes, students had a short break. The less attentive student did not return
after the break but approached the instructor about attending office hours.

The instructo also had a variety of tips for hypothesis testing (e.g., comparing
critical values to the notion of drawing |
right-tailed tests, fwalue = (# of tails) ( tail area of the test statistic)). The Texas
Instrunents 84 calculator was used appropriately with tieZt and TTest menus for

hypothesis testing. The instructor also informed the students of the needalaep with



journal articles. The class closed with a reminder about the timeline remainihgifor t
upcoming projects.

Both Ann and Beverly are committed instructors. Ann involved the larger class
with calculator usage and fibrain gymso al't
about the mathematics. Beverly focused on making sure eachtsitutlee smaller
evening class was learning. She often walked around the classroom to help students. The
classroom climate was markedly different upon my second observation; students were
guite comfortable with the instructor. It seemed as if Ann focebgldtly more on the
calculator, and Beverly led more holistic discussions. Those were small differences in the
larger context of learning. Both sets of students benefited from having these two
instructors.

The content and timeline for assessment usethssroom instruction are
designed to correspond with web instruction. The researcher will turn to describing the

web-based learning environment for comparison to the established means of education.

Web Instruction

Curriculum Support

Ann used a vaety of means to engage her distance learners. Some included the
typical syllabus and calendars. Others were more creative, such as including applets and
AMotivati onal Mondays. 0

AMotivati onal Mondayso were designed to

and provide them with college/life success strategies that probes their own learning. An
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exampe is provided below in Table 4.48/eekly announcements were also provided

with links to the instructional unit of the week.

Table 448 Motivational Monday Execises

Creator victim Your task is to complete the Creator column below:

Victim Language Creator Language
Victims believe that their behavior Creators believe that their
thoughts, feelings, and outcomes behaviors, thoughts, feelings, and
are caused by forces beyond their outcomes are the natural
T control, such as powerful others a consequences difieir choicesAs
‘;‘ luck. Victim languages the masters of their lives, they
: characterized by blaming, create, promote, orallow all of
e complaining, and making excuses their outcomes and experiences.
Creator language is characterized
4 by accepting responsibility and the
. making a plan.
; 1. | can never find a parking I 61 1 |l eave ear|l
space. | get a parking space and use the
0 extra time to stdy.
n 2. | failed bec
€ instructor.
o 3. ltds not my
f late.
A 4, | 6ve been to
n my work done.
5 5. | just canot
S
6. This is a stupid requiremen
anyway.

Ann wor ked wiinstuctibnalservices ldivistog te éresate an online
version of the welkstablished box of flashcards often used in education. Essentially, this
is a game played with 12 cards. A situation is stated on one side with a corresponding

guestion. No need for slving stepby-st ep processes, the studeni
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answer the question. The student then pres
on to the next card of 12. These flash cards do not allow for multiple lines of solutions,

but they do povide straightforward solutions. They areintded t o assess a st
concept master and quickness of recall. This interactive tool was a great addition to the
course.

A few applets were posted to encourage students to learn statistics through
experment i ng with parameters. The wuser can s
the corresponding modifications to the distribution. For the Normal Distribution, a fixed
interval of outcomes, the Interactive slide shows the probability increasing as th
population standard deviation is increased. At the same time, the graph, in this example,
visually widens. Means, standard deviations, and intervals may all be adjusted.

There were also applets for the Binomial Distribution, the Central Limit Theorem, an
Correlation. The potential next level could be to have Discussion Board questions on
them to assess the extent of student usage and learning. The researcher did not observe
applet exploration during the either of the two classroom observations. Thesetyp

demonstrations camenefit all learners. Table 4.4i8ts additional resources for students.
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Table 4.49.inks to Applets

Try this interactive link to see how adjusting the mean and standard
deviationimpacts a set of data:
http://www.stat.sc.edu/~weatples/normaldemol.html

Try this interactive link to see how the empirical rule works:
http://www.stat.sc.edu/~west/applets/empiricalrule.html

How it works: Students can change the binomial parameters n
and p and see the effect on a bar plot representing the binomii
probabilities.

Standard Normal Distributions (bell-shaped with a mean of zero)

Try this interactive link:
http://www.stat.sc.edu/~west/applets/normaldemo?2.htmi

Table 4.9 contains aample of a typical weekly announcemertese were used
to communicatesvith the students and remind them of deadlines to aptly keep the students
on track toward course completion. In the classroom setting, these are usually done at the

beginning of the class session.
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http://www.stat.sc.edu/~west/applets/normaldemo1.html
http://www.stat.sc.edu/~west/applets/empiricalrule.html
http://www.stat.sc.edu/~west/applets/normaldemo2.html

Table 450 A Sample Announcement

Sat, Jul 28, 2007 -- Due Week 6

Motivator of the Week: Negative thoughts actually limit cognitive resources and memory
retrieval. While taking a test if you experience a "blank out", this is likely what has
occurred. Any "l can't do this" thought that occurs while you take a test, blocks your
memory retrieval for all of the questions that come after that negative thought. Take tests
in your preferred order (not necessary in the order they are written) to reduce limiting your
cognitive resources. And use the attached "Affirmation" activity to increase your positive
thoughts and keep memory working efficiently.

1. Take Test 2 (over chapters 3,4,&5), available in CSCC testing centers 7/27-8/3.
Prepare by completing the suggested homework, posted chapter reviews, and reviewing
graded labs, quizzes, and DB postings. Tables will not be provided since you have the
necessary functions on your calculator.

2. Work through my online notes, example even problems, and suggested homework for
6.1-6.3. Then complete my online Chapter 6 Review. Be sure to learn to correctly
interpret each confidence interval.

3. Submit DB (Discussion Board) 6, Lab 6, and Lab/Quiz 6 before midnight 8/5/07. Be
sure to show your work and round all answers to the nearest thousandth.
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Syllabus

Syllabus
WEB syllabus SUQ7.doc (48 Kb)

Suggested Calendar
SUQ7-WEB calendar.doc (42.5 Kb)

Assignments and Due Dates

WEB Assignments and Due Dates - SUQ7.doc (98.5 Kb)

PLEASE PRINT THIS AND MAKE NOTE OF ALL DEADLINES SO
YOU DON'T MISS ANY!!I

* All assignments (Minitab Labs, Quizzes, and Discussion Board
Postings) are due before midnight on Sundays. They all require you to
understand the content first, so don't wait until the last minute.

* Tests will be available in the testing centers during their hours of
operation for the dates posted. If you require other testing
accommodations please contact the testing center the first week
of the quarter. Absolutely no test make-ups or extensions provided.

Figure 4.7 Regulations Repository

The syllabus pagand other links in Figure 472ffectively communicated the
assessments and due datethéostudentsThis allowed students to link to the appropriate
document and download whenever necessary. There was also a Suggested Calendar with

an array of important due dates. With the asynchronicity of Distance Learning, any

efforts to organize studeattivity will lead to more successful outcomes.

The TH83 links in Figure 4.2 had calculator keystroke guides to assistvaked

learners in their usage of the graphing calculator and its statistical functionality. A link
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http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926844_1/WEB%20syllabus%20SU07.doc
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926845_1/SU07-WEB%20calendar.doc
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926846_1/WEB%20Assignments%20and%20Due%20Dates%20-%20SU07.doc

existed for each family of tags. The same handouts were available to classtmasad

learners.
TI1-83/84
Fier Entering Data
{_/‘ T1 83 Entering Data.pdf (25.623 Kb)
o Descriptive Statistics
{_/‘ T1 83 Descriptive Statistics.pdf (39.313 Kb)
Descriptive Statistics - grouped data
(I_/J T1 83 Descriptive Statistics Grouped Data.pdf (21.439 Kb)

Figure 4.8 T1-83/84 links

Typically, the laboratory assignments iigle 4.8 werecompleted weekly.
Students would click on the link and download the file. Then they would reenter (once
complete) and upload the document for the instructor to review. This arrangement was

designed to circumvent electronic mailing of labs.
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http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926823_1/TI%2083%20Entering%20Data.pdf
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926824_1/TI%2083%20Descriptive%20Statistics.pdf
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926825_1/TI%2083%20Descriptive%20Statistics%20Grouped%20Data.pdf

Labs

Lab 1- Learning Styles Inventory

This lab has three parts.

1. Learning Styles Inventory website. Be sure to print your helpsheet
and refer it for study strategies that match your Learning Style
Preference.

2. Minitab directions in a READ ONLY format... please copy and save
these for you to add your graphs and analysis. The directions are
provided for MTB 14. If you use version 15 the steps are a little
different for the pareto chart.

3. MyMathLab Introduction (optional)

Lab analysis and minitab documents must be submitted through
Blackboard. The Minitab printout itself is worth 3 points and the
analysis will be assessed in the corresponding weekly quiz.

>> View/Complete Assignment: Lab 1- Learning Styles Inventory

Lab 2 - Graphs

v Before completing this lab, you need to collect data. Use the attached
Minitab directions to make 3 graphs from your collected data. Use my
online Chapter 2 notes to assist you in the analysis. All three Minitab
graphs need to be pasted to the end of the lab so that you attach only
one document.

i

>> View/Complete Assignment: Lab 2 - Graphs

Lab 3 - Descriptive Statistics

J=p This lab covers the content from chapter 2 - Descriptive Statistics.
Open the data (EXAM.mtw) in Minitab first, then open the directions for
Minitab and copy the READ ONLY document so that you can edit as
required. As always, please paste all minitab worksheets and graphs to
the end of the word document before you submit your completed
assignment.
>> View/Complete Assignment: Lab 3 - Descriptive Statistics

Figure 4.3 Labs

Ann used Discussion Boards to stimulate statistics discussions and mini

investigations. Below are a few of her posts. The threads from her discussions would
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http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?content_id=_1926698_1&course_id=_264730_1&render_type=DEFAULT
http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?course_id=_264730_1&content_id=_1926698_1
http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?content_id=_1926699_1&course_id=_264730_1&render_type=DEFAULT
http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?course_id=_264730_1&content_id=_1926699_1
http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?content_id=_1926700_1&course_id=_264730_1&render_type=DEFAULT
http://globalcourses.cscc.edu/webapps/blackboard/assignments/student/do_assignment.jsp?course_id=_264730_1&content_id=_1926700_1

follow the links in Table 41 and appeared as shown in TabE24Ultimately, students

posted something and, recursively, the next person responded to the problem previously

posed and posted a question for the next person, etc.

Table 4.3 Discussion Boarsl

DB1 - Survey scenarios

Come up with a scenario of a study for which you might be interested in
collecting data. Describe a sampling method that is appropriate (without
specifically naming the method) and include 2 survey questions. | have
provided the first scenario.

The first person to reply should identify the topic of the scenario and the
following:

. population

o sampling method

. highest level of measurement for each survey question (see
Chapter 1 online notes for help with these terms)

. finally post a new scenario for someone else to analyze.

The second person should analyze the new scenario and then post a new

scenario and so on. Keep in mind the scenarios should reveal something
about your interests. Be sure to clarify the problem you are responding to

so that no one duplicates an answer (you don't get credit for problems that

have already been solved by someone else).

DB2 - Boxplots
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http://globalcourses.cscc.edu/bin/common/msg_list.pl?pk1=61816&sos_id_pk2=1&mode=forum&context=default&nav=discussion_board_entry
http://globalcourses.cscc.edu/bin/common/msg_list.pl?pk1=61813&sos_id_pk2=1&mode=forum&context=default&nav=discussion_board_entry

Table 4.2 StudentDiscussion BoaréPosts
Forum: DB1 - Survey scenarios

Date: Sun Jul 01 2007 08:50

Author:

Subject: Homework and GPA

I'd like to find the relationship between how much time a high school student spends on
homework and what their grade point average is. | am mailing the parents of each student at the
local high school and asking:

1. How much time does your son or daughter spend on homework per week?

2. What is your son or daughter's grade point average?

Next Message b

Thread Detail

Homework and GPA Sun Jul 01 2007 08:50

Re: Homework and GPA Sun Jul 01 2007 11:12

DBL1 - Survey scenarios

Date: Sun Jul 01 2007 11:12
Author:

Subject: Re: Homework and GPA

1. Population: High school students
2. Sampling Method: Clu ster sample

3. Level of measurement Q1: Ratio Q2: Ratio



http://globalcourses.cscc.edu/bin/common/msg_view.pl?pk1=1078172&sos_id_pk2=1&context=default&nav=discussion_board_entry
http://globalcourses.cscc.edu/bin/common/msg_view.pl?pk1=1078210&sos_id_pk2=1&context=default&nav=discussion_board_entry

Other resources Ann included were a picture of the Mathematics Learning Resource

Center and its schedule for walktutoring availability. Shalso had a list of tenetfpful

hints which included the following: Encouragement to Take Notes on her Notes,

Homework, Practice of Reviews, Minitab Lab Assignments, Weekly Quizzes, Computer
Competence, and Comprehensi venmentsfoms. Annods

previous students that recounted challenges and successes whihseekinstruction.

Curriculum
Each Chapter has a folder lemdthat describes the key objectives for that
chapter. After clicking on the link for that folder, studentsadoie to also view similar

links for each section within the chapter. A few chapters are included in T&Ble 4.
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Table 4.8 Curriculum by Chapter

Chapter 2 - Descriptive Statistics

In Chapter 2 you will learn ways to organize and describe data sets.
The goal is to make the data easier to understand by describing trends,
averages, and variations.

You will need to

° Interpret Graphs (pie graphs, pareto charts, frequency and
relative frequency histograms, boxplots, ogives, polygons, time series
plots, scatter plots)

. Identify Shapes of Distributions (uniform, normal, left skewed,
right skewed, bimodal)

° Calculate Measures of Center (mean, median, mode, trimmed
mean, weighted mean)

. Calculate and interpret Measures of Spread (range, standard
deviation)

. Calculate and interpret concepts that require the standard
deviation (Coeffiecient of Variation, Empirical Rule, Chebyshev's
Theorem)

. Calculate and interpret measures of Position (Percentiles,
Quartiles, z-scores)

You will be required to use your TI-83/84 extensively in this chapter.
Use my online notes instead of the lengthy by-hand calculations
presented in the text.

continual

201


http://globalcourses.cscc.edu/webapps/blackboard/content/listContent.jsp?course_id=_264730_1&content_id=_1926717_1

continuel

Chapter 6 - Confidence Intervals

In Chapter 6 you will being your study of the Inferential Statistics. You'll
learn how to estimate population parameters based on sample
Statistics. You should be able to use your TI-83/84 to calculate and

interpret:

. Minimum required sample size

. Point estimates for means and proportions

. Confidence Intervals for means and proportions

° Margin of error

. Use the confidence level to find z or t depending on the sample

size

Chapter 7- Hypothesis Testing

Hypothesis Testing (for means and proportions) is explained in this
chapter. The TI-83/84 again will make your work much faster so you
can concentrate on the overall conclusion. I'll look for you to provide 4
steps for each hypothesis test:

1. State the hypotheses

2. Determine the critical value and shade the rejection region
(invnormal or t-table)

3. Calculate the test statistic (Ztest, Ttest, or 1PropZtest)

Make the conclusion in context Be prepared to use both the p-
value method of testing a hypothesis and the traditional method.

Descriptive Statistics
Descriptions of descriptive statistics, and when each is best used, were provided.
A stepby-step approach wasithin the notes @ge. Table 44was provided to compare

with the summary provided regarding the
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Table 4.8 DescriptiveStatisticsContent

Measures of Center - represent a typical, or central value for the data set.
Mean

. Usually thought of as the average.

. Calculator symbol — & (sample mean)

. Population mean = p (the Greek letter mu)

. Not a resistant measure since the mean is always pulled toward the extreme data
value

. The mean is the best measure of center when there are no outliers (see the boxplot

to determine if outliers exist) to pull the mean away from the center

Median

. Middle piece of data

. Calculator symbol is med

. Median is a resistant measure since it is not affected by extreme data.
. The median is the best measure of center when a data set has outliers.
Mode

. Data value or response that occurs the most often

. If all data occurs the same number of times, there is no mode

. It is possible to have more than one mode if there is a tie

Weighted Mean

. Used for grouped data (frequency tables)
. In your calculator go to Stat>Edit and enter the midpoints for each class in L1 (add
endpoints and divide by 2) and the frequencies in L2. Then go to Stat>Calc>1varstats(L1,

L2) to find the sample mean, & . Note that L1 must be the actual data variable for which
you are calculating the average.

continued
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continued

Trimmed Mean
. The mean calculated after a given proportion (%) of the extreme data values are
deleted from the top and bottom of the sorted list of data

. Delete the values and then find x on the calculator

Not used with grouped data (see Example 2)

Example 1: (single list of data)

Resting Heart Rates of CSCC students:

66, 56, 57, 60, 72, 90, 68, 58, 78, 67

Find the mean, median, mode, and 10% trimmed mean.
Solution 1:

. In your calculator go to Stat>Edit and enter all datain L1. To sort the list go
to Stat > SortA(L1)and press enter. Then go to Stat>Calc>1varstats L1 to find the
following:

. Mean = % (first value on the calculator screen) = 67.2

. Median = med (scroll down to find this on your calculator screen) = 66.5

. Mode (go back to STAT > EDIT to find value that occurred the most) = no mode
. 10% trimmed mean

1. (10% of 10 = .10x10 = 1)

2. Delete the 1 # off the top and bottom of the sorted list (DEL)

3 Trimmed mean = # = 65.75

204




Annd Blypothesis Testing

Ann lays out the four steps for Hypothesis Testing (using both traditional method
and pvalue methods). Then she provides examples and corresponding solutions. The
geneal format exhibited in Table 4.55 consistent with her general web design
schematic andsiintended to serve as a point of comparison to the physical observation
conducted by the researcher. The instructional unit closes with links to a review sheet,
calculator keystrokes, and flash cards. Each of these three resources appears imbedded

within the particular chapter and as separate pages with links of a similar nature.
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Table 455 Hypothesis Testing Content
Chapter 7- Hypothesis Testing

Hypothesis Testing (7.1)

This is a segmented overview of hypothesis testing. Working through
the notes for 7.2 may make it easier to see the entire process of testing
a hypothesis about a population mean.

Chapter 7 Example Homework
Chapter 7 Homework Examples.doc (33 Kb)

Hypothesis Testing for Means (Large Samples) (7.2)

There are 4 basic steps to a hypothesis test using the traditional
method where you use z-scores to make your final conclusion. In the
p-value method you compare areas instead of z-scores to make the
same conclusion. In both cases, you'll use your calculator to find the
test statistic and/or p-value.

Hypothesis Testing for Means (Small Samples) (7.3)

The 4 step process is the same here, except you'll use the t-
distribution table in step 2 to find the critical value. You'll still use your
calculator to find the test statistic and/or p-value.

Hypothesis Testing for Proportions (7.4)

The 4 step process is the same here, except you're testing a population
proportion, not a mean. You'll still use your calculator to find the test
statistic.

Chapter 7 Review & key
ch.7 review.doc (45 Kb)

TI-83 Hypothesis Test
T1 83 Hypothesis Testing.pdf (46.932 Kb)

Chapter 7 Flashcards
Chapter7Flashcards (Package File)
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http://globalcourses.cscc.edu/webapps/blackboard/content/listContent.jsp?course_id=_264730_1&content_id=_1926804_1
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926806_1/Chapter%207%20Homework%20Examples.doc
http://globalcourses.cscc.edu/webapps/blackboard/content/listContent.jsp?course_id=_264730_1&content_id=_1926797_1
http://globalcourses.cscc.edu/webapps/blackboard/content/listContent.jsp?course_id=_264730_1&content_id=_1926799_1
http://globalcourses.cscc.edu/webapps/blackboard/content/listContent.jsp?course_id=_264730_1&content_id=_1926801_1
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926803_1/ch.7%20review.doc
http://globalcourses.cscc.edu/@@EE63AADED9255CC98B74C7A36ECA765C/courses/1/MATH135-W01-45612-SU-2007/content/_1926807_1/TI%2083%20Hypothesis%20Testing.pdf
http://globalcourses.cscc.edu/courses/1/MATH135-W01-45612-SU-2007/content/_1957822_1/dir_Chapter7Flashcards.zip/Chapter7Flashcards.html

Summary oStatisticsContent

Generally, Anno6s e xApr oéem providenl examplegane®e s u C C
tips. Each section had chapter reviewshwanswer keys, and calculator key strokes. The
curriculum supports Discussion Boards, Weekly Announcements, etc. to encourage social

interaction with either the instructor or students. Applets are used and can stimulate even

greater discussions.

GenealFor mat of Beverlybés Web Course

With Anndés website established as a mod

where Ann and Beverly differ.

Curriculum Support

Beverly opened with an inviting picture of a classroom of students staring back at

you. HerWelcome Letter is pleasant, but also mentions,

AfEssentially by taking this course in a distance f
to teach yourself the course material (with the aid of a textbook and website)
and to complete the same assessments as the traditional classes do.

The letter continues to includea section on her family and tools for success in the course, warnings

aboutonline courses, procrastination, mathematical challenges, and other scenarios were addressed.

Beverl yés Met ho drénthatfshe BsesaProblent Sets as opphasédd fto

quizzes This isoutlined in Table 46.



Table 456 Methods of Evaluation

METHODS OF EVALUATION

230
pts.
60 540 - 600 A
pts. points
50 480 - 539 B
pts. points
48 420 - 479 c
pts. points
12 360 - 419
; D

pts. points

Less than E

360 points

Grades

posted

online. See

gradebook.

It seemed like there were other extra credit opportunities than what was described.

Problem sets

wer e Vv

abl

e alternatives

an opportunity to save their work and return t&it. mi | ar

Mondays, there was a jelof the week as in Table 4.57

Table 4.57StudentDiscussion Boardosts
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Joke of the week

Did you hear about the statistician who had his head in an oven and his feet in a bucket of ice? When
asked how he felt, he replied, "On the average | feel just fine."

StatisticsContent
Beverlyds content was broad and | argely
provided by the publisher. The overall str

for each chapter, and within each chapter were appropriate links. Beverly also included
the same applets and Texas Instruments graphing calculator keystroke guides. She
supplements Power Points with personal notes in each chapter. For example, with
HypothesisTesting, she describes Method 1 involving the Standard Normal Table and
Method 2 with the Texas Instruments graphing calculator. Somtakésy strategies
also accompanied test review materials.

The companion Web site for a textbook company with saoquplezes was used.
Students can submit their quizzes for grades to get instant feedback on correct and

incorrect answers. It contains sample mudtigliizzes like this in Table 4.58



Table 458 Course Compass Exercise

Identify whether the following data sets are populations or samples.

i) the age of 100randomly selected participants in a race of 1200runners
i) the annual salary of each full-time professor at Florida State University
iii) a survey of #0new Colorado homeowners

population, sample, population
sample, population, population

sample, population, sample

TN D

sample, sample, sample

Determine whether the following

2. numerical values are parameters or
Statistics.
)0%of a companyds L
were in favor of initiating a new training
program
i) in a survey of 100 customers, 2%
were satisfied with the service they were
given
iii) 7<% of the undergraduate students at
a university lived off campus last year

statistic, statistic, statistic
satistic, parameter, statistic

parameter, statistic, parameter

SRS RS RS

statistic, statistic, parameter
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Within theDiscussion Boat students were to introduce themselves in one femdn
play a simulation gameuch as

http://www.shodor.org/interactivate/activities/racing/index.h{which looks at the

long-run relative frequency of rolling pairs of djcén anotherThere were also reflection
guestions for students to answer regarding proportion of Wins for player A and

recalculations.

The dscussion®n this activitywere more isolatedndless rectsive An
iterative approach was applied in the next DiscusBmerd forum with data collections
of natural phenomena. In general, both instructors Desmlission Boarsl but with

slightly different functionality.

Sample Descriptiv8tatisticsPower Pont Slide

Beverlydéds comfort with Power Point and
content. The fact that these resources were not produced by the instructor still indirectly
distanced the teacher and learner. Figuré8and 431 are slides assaatied with the
chapters that the researcher conducted physical and virtual observations on for each

instructor.
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http://www.shodor.org/interactivate/activities/racing/index.html

Shapes of Distributions

Symmetric Uniform

‘HA;;,‘“L,L ;;;;;A;;;,'ol;;z
|—Mean = Median —

Skewed right Skewed left

i

Mean > Median Mean < Median

Figure 430 Sample Power Point Slide
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Rejection Regions

Sampling distribution forX

Rejection Reqi

Z 0 % Critical Value Z~
Z,

Therejection region is the range of values for which the
null hypothesis is not probablé is always in the direction
of the alternative hypothesis. Its area is equal.to

A critical value separates the rejection region from the-non
rejection region

22

Figure 431 Hypothesis Testing Power Point Slide

Summary oStatistcs Content

The Web provides the opportunity for <cu
of more advanced technological tools. In the classroom, faculty write in color on the
chalkboard or whiteboard. Online, color is used to make presentations nrairg.Vut
the human touch from classroom instruction is either directly or indirectly replaced by the
itoucho of technology. For example, both i
did not notice irclass presentations on applets. In class |tiacuoved about and met
each studentds need and held brief discuss
based environment had Discussion Boards, b

classroom to engage the disinterested stud
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Faculty paticipants, as much as possible, strove to replicate their classrooms in
the webbased environments. The worlds of touch and technology can become better
connected to enhance learning experiences for all involved. The researcher will now

reveal more abouhe webbased learning environment from the students themselves.

Surveys for Students in the WlasedStatisticsSections
The students in the welased statistics sections were given the opportunity to
share their impressions of the nature and typésanhing that can occur in an online
environment. The surveys were mailed electronically to the students and were accepted
through anema i | reply or submission to the resea
alluded to in the theoretical framework, suctsasial interaction and active learning,
were referred to on the instrument. As this was administered within weeks of the Final
Exam, the numbers are fewer than the 22 who took th@éate As a qualitative
instrument, the researcher coded responsesrimatize the overall sentiment of the

studentsé responses. Only 15 students comp

Learning

From the beginning, students were asked about the levels of satisfaction with their
own | earning. The results awarriaebd ewi trhe sglommos
Al ess than favorable. o6 Specifically, as 4

with somewhat positive, 4 also mentioned comments centering around being

6di ssatisfied. d One student Isanaeaedd&ad tkam.odaw ¢
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even mentioned that they would have taken the course in class,buidid hav e

Aiti me. O 2Bumgarizes student3mpressions.

Learning Self-Assessment

somewhat positive

dissatisfied
4 4

somewhat negative
1

1

positive
4

Category
[ dissatisfied
[ negative preference of class
[ negative view of math
[ positive
[ somewhat negative
] somewhat positive

negative view of math

negative preference of class

Figure 4.2 StudentLearning SeHAssessment

Topics

t

he

Within the same question, students were allowed to articulate any notable areas of

concern. @ly a few responded. Figure &.82veals that the most difficult topics pertain

to probability concepts (Chapter 3) and distribution theory (Chapters 4, 5). The survey

was available to students before the end of the quarter, so students may have had a

limited view of all of the chapters in the curriculum.
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Chart of Topics

Chapters 3 - 5

Blank -

Topics

Chapter 3

Chapters 4 and 5 -

Count

Figure 4.3 Bar Chart of Difficult Topics

21¢




Enjoy

Student Perceptions of Enjoyment of Web Course by Instructor
5_
4
= 31
>
8
2 4
14
bO T T T T T T T T T T
Enj :
joy we é& (\\& & sze \\}&9 Q}’é\& é,\\o \§\ (ooe \\}&%
& @ &L &S S
X ) < P <
& &P
N N
Instructo
Stru r ?S\(\ \\Q}\A
&
Figure 4.3 Bar Chart of Items that Enhanced Wedised Learning by Instructor
Figure 4.3 reflects attributes that were most beneficial for wealsed learners. At
first glance, #fAfl exibil it yi@ar Howaber foothisn pace o
study, Aflexibilityd refers to indication
assisted the student in management of theiramana d emi ¢ r esponsi bil i ti

refers to the academi c Kswrgevenngfohfe ear ni ng
hours on statistics.o0). Figure 4.33 confir

based instruction



There was scant support for the Web resources being beneficial to the students.
The bottom line is that twthirds ofthest udent s preferred Afl exib
A few students from Beverlyds class indica
indicating that it was not interactive or that they were somewhat disappointed by teacher

unavailability.

What Students Liked Most About Online Learning

blank |4
discussion boards | 2
instructor accessibility - | 2

can work ahead A 1
could attend trad. Lecture - 1

Course Compass & discussion boards{—— 1
doesn't like subject{— 1
instructor didn't make content available{________ ]1
simulations and illustrations4{______ ]1
some interactivity{— 1

0 1 2 3 4

Figure 4.3 Bar Chart of Enjoyablé&spects of Web Instruction

Figure 4.5 indicates that a variety of reasons abound as to why students liked the
course they were enrolled in. When asked about what specifically was enjoyed, the
reaults varied: 4 students had no comment, and many others indicated positive aspects of

Di stance Lear-Boamgds ncDiusews siibDon Boards) . o
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Chart of Interactivity
Blank - 10
> Not interactive - 3
=
o
o
(] I
= Not as interactive - 1
Not interactive, but enjoys discussiuon board - 1
T T T T T
0 2 4 6 8 10
Count

Figure 4.% Bar Chart of Interactivity

The role of interactivity waalso inquired after. Many of the students chose not to
respond to this part of the question (Figuresi.Blevertheless, those who did respond
were not impressed with the interactivity. During faculty interviews, Ann and Beverly
were only asked how thetourses and structures have evolved; they were not necessarily

asked about interactivity.



Interaction by Instructor

Ann Beverly Category
[ discussion board
[ None
. . None
discussion board 3

3

None
discussion board
5

Figure 4.3 Pie Charts of Types of Interaction by Instructor

Figure 4.3 indicates that the type of interaction wamsitar by instructor with
most students using the Discussion Boards to facilitate communication with classmates.
Although the proportions were not overwhelmingly @ided in either direction, this

perhaps reveals that social interaction is not of paramoyoortance.
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Effort

Effort by Instructor
3.0 —
2.5
- 2.0
=
§ 1.5
1.0
0.5
00 T T T T T T T T T T T T T T T T T T T T
Effort & Q Q@ & Q&G O & &Y
> ST A Sl e
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& <’\o’s & <>°6
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[
nstructor \?S\Q \\Q}\A
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Figure 4.8 Bar Chart of Effort by Instructor
Students overall were not ent hused

the course, as evidenced by FigureB4Nany qualifed it based upon their ability to

obtain an i

deal

return.

0

Doi ngAmMmn st

students were the ones who tended to identify troublesome topics.
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Chart of Technical difficulties
Isolated incident 7
(7]
@
= None 6
Q
.‘%
©
Q
C .
c academic 1
(&)
2
several 1
T T T T T T T
0 1 2 3 4 5 6 7
Count

Figure 4.3 Bar Chart of Techical Difficulties

Technical Difficulties

A potential barrier to a learning modality so heavily dependent on technology is
that it would be suscéple to hindrances (Figure 4. 89 he institution may experience
widespread system outages, the instumay delay making content available, and the
student may have unreliable Internet service. Overwhelmingly, students indicated that
this was not an issue. Seven of the students referred to an isolated problem. Six other

students indicated that they neweticed a problem.
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Detachment

Student I mpressions of Connectivity with Instructor

Ann Beverly Category

[ blank

[ connected
[ detatched

_ [ enough
no, my fault blank middle B middle

1 connected [ no, my fault
2

connected
2

enough
8

detatched
5,

Figure 4.40Student Impressions of Connectedness to Instructor by Instructor

Figure 440 shows some difference in student perceptions of connectedness to the
instructor betweethe two instructors. With the need for social interaction referenced
earlier, the researcher expected greater need for this to be evidenced among students. The

modal response was for a student to feel both detached from fellow students and from

theirinstuct or ; each student with this distinct
section. Some commented that they fidondt m
cl ose to someone, [ woul d have taken it i n
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that they f#t a variety of levels of familiarity with classmates, but they did feel connected

to their instructor, and this latter connection is what they valued most.

Interactivity

Chart of Interaction instructor

replies to emails - 5

no, | didn't initiate
None - 2
I

replies quickly to emails

better than average -

replies to emails and weekly announcements

Interaction instructor

weekly reminders

]
]
warm replies to emails{__ 1
]
T

Figure 4.41Type of Interaction with Instruot

Those who replied indicated that there was minimal interactivity. None felt
detached from Ann. Yet, five felt detached from Beverly with two of them accepting
responsibility for not initiating enough with her. For both instructors, students atidula

that when initiated, the faculty respond toreils (Figure 4.4).
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Student Impressions of Importance of I nteraction with Classmates
Not 12
Important - 1
c
@©
o
Q.
E .
— Not without greater reward - 1
somewhat | 1
T T T T T T
0 2 4 6 8 10 12
Count

Figure 4.2 Bar Chart of Importance of Interaction with Classmates

The other telling side of this chart is that 80% of students who retureied th
surveys did not consider fAdetachmento from

confirmed by Figure 42 an overwhelming majority did not consider interaction with

classmates important.
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I mpressions of Importance of Interaction with I nstructor by I nstructor

Blank 1 |7

Important

N

Not 10

Important inst.

Important when needing help -

N

Middle

[]

0 2 4 6 8
Count

Panel variable: Instructor (1=Ann, 2=Beverly)

Figure 4.8 Bar Chart of Importance of Interaction with Instructor by Instructor
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Types of Interaction with Instructor by Instructor
0 1 2 3
1 1 1
1 2
replies to emails |3 2

o no, | didn't initiate -|O 2
3]
2 None{—__ |1 i
®
£ replies quickly toemails ]2 0
c
o
= better than average {____|1 0
@
© replies to emails and weekly announcements 0 1
=

warm replies to emails -|0 1

weekly reminders 40 1
T T T
0 1 2 3
Count
Panel variable: Instructor (1=Ann, 2=Beverly)

Figure 4.41 Bar Chart of Typesf Interaction with Instructor by Instructor

I nterestingly, Annd&s wpiniod erhe inpoftancewf t h e
feeling connected to their instructor (Figure3.4 Thr ee of Beverl yds s
the interaction was important. Three others disagreed. The tiebreaker could be found in
the student who sai dig fdhletl dps. 0i ngptourdteanntts wlheesni
responses toi enails, and the facultgave been up to par (Figure 44The weekly

announcements also provide a means of interacting with the instructor.



Most Beneficial Resource

Types of Resources Utilized by Instructor

00 05 10 15 20
1 1

1 1
1
Notes 120
Notes (Power Point) 10 ]2
Notes, flashcard ]2Jo
Text 40 2
3
= Blank 40 1
S
? MyStatLab 4o o
Q
o Note f——m 0
Notes 1st, text 2nd 40 ™
Notes 1st, text 2nd, labs and roommates 3rd 40 1
Notes, book ——————— 11 o
Notes, Discussion Board text 11 o
T

T T T
0.0 05 1.0 15 20
Count

Panel variable: Instructor (1=Ann, 2=Beverly)

Figure 4.4 Bar Chart of Resources Utilized by Instructor

Students have a strong preferencelfiernotes provided. Figure &.thcludes
other ancillaries, study guides, and links to Web sites, but the consistency that the notes
provided fromchapte t o chapter was of great benefit
students mentioned the flashcards as being helpful for giving them opportunities to
electronically practice familiarity with K

students mentioneithe textbook as being important.
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The researcher noticed that neither set of students were emphatic about the
Discussion Boards being a resource that would stimulate learning. This could also be
supported by the fact that not many students deemed comcérmsut fAdet ac hment
important.

Students also mentioned that they converged to the resource that made them
successful. For Annds students, they prefe
the Power Point slides which organized courseardrdand the StatLab software that
algorithmically generated exercises for further practice. Students also indicated that the

Aability to get instant feedback, o0 fAabilit

common fAabil ity poredtkegationdledor ther mastpeefierted sowrge.

Summary of Survey for Students in Vidabed Sections

Many of the students had no additional comments for the researcher. There were
two that mentioned StatLab (the augfenerated software packagelananagement
system) as being beneficial to them.

The students often mentioned that what they liked most was the ability to either
|l earn at their Aown pac e éasedinstudienafiosle of t h
t hem. The fAown Ipctscthe abilitypto reof have ® earreperithe fypical
schedule outlined weekly as with CBI. Students can spend extra time reviewing certain
materi al and | ess time with other topics.
asynchronous learning to be inéepent of traditional parameters of time and place.

Students can structure their learning around their schédubgs at night or early
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morning. Figure4dr esoundi ngly intimates that

you | earn ( Af lthexlikebmodt abouyonline leamieg. wh a t

Pie Chart of Like most about stats online

Category
Blank & Blank
1 @ Flexibility
& own pace

Oown pace
7

Flexibility
7

Figure 4.46Pie Chart oiWhat Students Liked Most aboutaitbased nstruction
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The students resoundingly disliked what th

themselve . 0 They were more Vvocadtediababledd r el at ed

Table 459 BarriersPosed toWeb-based nstruction ofStatistics

Structural Matters Statistics Curriculum
Canbdt see mor e Boring material
Commute for proctored tests Calculator steps
Group projects with strangers Hypothesis Testing and Regressio
Inability to readily pose questions Conditional Probability
Textoriented instruction Formulas
Difficulty in ei mailing math steps Notation and email syntax for Math
Pesonal patience and persistence Minitab
Personal ISP concerns Standard Deviation
Teaching yourself
Infringes on free time

To some extent, these were the students who, in all likelihood, earned a grade in-the web
based course. Hence, in the midsthafse drawbacks, their satisfactory performance,
supported by their mathematics preparednesseffedaicy, and desire for flexibility or to

work at their own pace, enabled them to endure. It would be interesting to have had

obtained this information fra students who did not take the course.

Summary of Qualitative Analyses
Important constructs that underpin the instruction of statistics online identified in
the theoretical framework in chapter one center on Experiential Learning , Vygotskian

Theoriesof Social Interaction, uses of the computer to enhance instructiolt]@arning
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theories, an@synchronougearning heories. These theories were evidenced in a variety
of practices and techniques used by both of the instructors in both modalities.

Adult learners are selfirected in nature and have a need for social interaction.
Faculty expressed in their interviews that they are attentive to student questions and
aspire to respond to them quickly. This was confirmed by the survey results from the
stucents as a definite strength of the faculty. This strength ameliorates notions that WBI
creates a chasm between teacher and student that cannot be narrowed. Weekly
Announcement s, Brain Gyms, Motivational Mo
thesociai nt eracti on. Theoretically, studentso
expanded by even these communiqué. But, having communication thatlg m
curriculumdriven are most effective and most desired by students. Students in this study
indicated thasome of the other challenges to human interactiongiéing formulas,
working in groups of anonymous individual s
Everson and Garfield (2008) means of establishing Discussion Board forums for small
groups and for thosgroups to communicate with the instructor could be one of many
means of further mitigating this issue.

The studentsd survey responses indicate

o

instructor or student was A nedtodownpapthet ant .
social interaction need discussed in some of the Adult Learning literature. The other
persons in the virtual environment seemed to serve as secondary resources. This does
support the notion that WBI helps students value constructithrewmfown knowledge

morethanattemptingtd ui | d from someone el seds. Al so,
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performing students tended to persist until the end, and thereby, complete this survey.

The heterogeneity of preparedness could be more problematiefadvanced students,

and therefore, consider social interaction to be more difficult than with less direct benefit

for them. Conversely, lesser prepared students would find social interaction of great

benefit. Greater attention to the persons who migtihdraw or fail an online course

could provide a more favorable perspective on the benefits of social interaction.
Computermediated instruction serves as the vehicle for curriculum to be accessed

by students. Technology is of great interest to battruetors. The faculty are now using

Tablet computers and other resources to better replicate classroom techniques.

Computers are now able to better communicate mathematical syntax and language, as in

the classroom where the teachers explicitly writesitdas on the chalkboard. The

advances in technology afford the instructor opportunities to emphasize concepts and de

emphasize procedures, allowing the instructor to serve more as a facilitator.

Zhang predicts, Awith t hteatdsthncaaducaionwibthea e ¢ h n

web wil/l be more wide spread and more acce

vision to be realized in statistics, the worlds of Curriculum Support and Statistics Content

must continue to merge per the GAISE reocmendations (2004). As witnessed in this

study, the two realms can tend to be more mutually exclusive than inclusive in terms of

WBI . Annés usage of Discussion Boards to r

wor k on i s a good istdaadbothinsBuetoreincdrpo@atonad® o wer P

applets were also efforts in this direction. Nevertheless, these items were peripheral to the

core text of notes, regulations, and formulas.

23¢



Students receivingVBl also mentioned that they converged to the resotirat
made them successful. Ironically, the classroom instruction seemed proportionately more
experiential than the welbased environment. In observation of the teaching of
descriptivest at i sti cs, the instructorsoéngheavy emp
textbook prices and other variables was effective in transferring knowledge to the
students with great satisfaction. Students were able to selystégp progressions from
data collection to the interpretation of the results.

As evidenced by probdhty theory, and fundamental distribution theory being
some of the key areas disliked by students, it seems that formulas should continue to be
de-emphasized to focus more on conceptual understanding. The dice simulation game
shared by Beverly is a posié\beginning in this endeavor. Student conceptual
understanding of the curriculum can help drive ael@agning to the central means of
how to deliver content. Less formitaa s e d, mor e i deas (case stu
are i mport antPoweBRoints is & goddstart Both faculty using lab
assignments and applets were helpful. Anno
eventual movement associated with the GAISE principles.

Activity-based learning deepens understanding of probalmijpydves attention,
uses of real data, are all important and should be reflected in assessments also and
assessments should be in concert with pedagogy. This consistency is important for
students to embrace even a cultural learning change for them.

A webcourse relies heavily on salfscipline and selfnotivation as the students

do not have an instructor urging them forward. Technology via digital pictures,
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videotaped lectures, and vocal instruction enables students to overcome some of the
barriers inhegnt to distance learning (Zhang, 2002). Organization, communication,
videotaped lectures are some keys to academic success.

The faculty are expanding their instructional repertoires to minimize the distance
between WBI & CBI as mentioned in the intervieasd seen in evolving ways through
the observations and surveys. Students must make the appropriate conceptual leap as they
are largely viewing some of the technology components as mere resources for success.
Use of the Internet in creative ways along wiitheo-taped lectures (Zhang, 2002) can
help optimize welbased learning per the resources it is afforded. The faculty in this
study know that it is a matter of teaching different than how we they were taubgith

is an eternal challenge for all insttors.

Summary of Results

Six instruments were used inanswerinhp e r es ear c tstudgnise st i ons.

receiving webkbased instructiohave comparable levels athievenent as those who

receive classroom instructidnoyes, in terms of average performanioet 'no’ in tems

of variability and overall learnindBackground demographic information informed the
researcher that students are entering the Web sections better prepared mathematically and
more interested in being independent learr@ythe expectan i at least in this study

is that if distance learners are entering better prepared, then they should achieve at greater

levels throughoutCo | | oqui al | vy, no one who i s given
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with a tie; nor, would the assertion thlaé runners have comparable levels of speed be a
consideration.

The PreTest and Postest intimated that the instructor also plays a critical role
in terms of the emphasized material. The Final Exam scores provide the most evidence
and use the operativeord, as the sample means did not differ iigantly when several
caveats wee considered.

To address the type of learning that occurs in the Distance Learning environment,
Faculty Interviews, Observations, and Student Online Surveys were used. Ravalty
fundamental commitment to technology and are, in many ways, learning as the students
are learning. The instructors in this study are already great teachers and attempting to
replicate the established classroom in the virtual classroom with Discu&sards,

Applets, and an organization of content chapter by chapter, section by section. There was

an absence of instructor voice and video in these web courses, but an abundance of

content. The students indicated that they like the flexibility, preferark independently,

and in some ways consider instructors as r
neededo basis, much Iike the digital FIl ash
guestions in anticipation of concise responses from the studeotsgr Point Slides, and

Labs.

| f education truly aspires foeomseeducator
instruction does just that and has not resulted in a modality that is categorically inferior to
theclasssoomnd not neces soadr ialsyd acllwaasyssr ofichihe ignost r u

next steps, among many, for wblased instruction includeddressing the variability in
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amounts of learning, and attrition. Once that is better understood, WBI can begin
transcending the educational experienceevgiaging the addddchnological

advantages #ffords its students and instructors.



CHAPTER 5 CONCLUSIONS

Description of Study
In this study, the researcher endeavoreahtower two key questions

1. Do students in webased Statistics coursesreacomparable levels of
achievement as those who receive classroom instruction?

2. What types of learning, pedagogy, and interactive experiences describe the web
based learning environment as compared to classbam®d instruction?

The researcher beliedthat modality of instruction wouldot significantly affect student
achievement. The literature (Wisenbaker, 2002, Gunnarson 2004) suggests that
comparable levels of learning can occur. And assuming tbsignificant social
interactionbetween the faulty and the students, performance on common assessments

should be similar.

The conceptual framework underpinning student learning in this study stemmed
from research istatisticseducation andlistanceeducation. Active Learning pedagogy,
usage of Teamology to Enhance Instruction, Vygotskian Theories of Social Interaction,
Asynchronous Learning, and Adult Learning Theories served as foundational

components for student learning.

A Non-equivalent Control Group Design Study was usecbmpae the
perfaomances of students in a wbhsedstatisticscourse with that of those receiving
classroorrbasednstruction for two different instructors at a large midwestern
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communitycollege.This particular type of Quagixperimental Design was appropriate
as the tw groups were naturally assembled and each given the sasied®i@nd Post
Test (Campbell & Stanley, 1963Fourkey instruments were used to solicit answers to
thetwo research questions. An Interview Protocol was used whereby Key Personnel,
Leigh Slausn, interviewed both instructors to gauge their educational philosophies,
experiences, and perspective with both Wabed and classroebasednstruction.

There were only twoafculty members at this particular institution with the requives

year minimum experience who taughtatisticsvia both modalities. A Backgund
Questionnaire gathered information from students regarding fabtifsoseal as

potential inhibitors of student learning (e.g., learning style, attitude, mathematical
preparedness, ejcThe most influential instrument was the CAOS (Comprehensive
Assessment of Outcomes in a FBsatisticsCourse) ExamThe CAOS was administered
in the initial week of the course as a preliminary assessment of student knowledge of
statistics It was agai administered at the end of the course to measure overall student
learning. Students receivingwdba s ed i nstruction took this
Testing Center under the supervision of a proctor. The researcher proctored examinations
for studentgeceiving classroom instruction. Unique to the students receivingbasdd
instruction was th@nline Survey. This instrument sought informatitmatfocused

solely on identifying the types of learning and pedagotgtructional strategies, social
interaction, and other events that might typify wieksed instructiom the context of the
secondesearch questioifhe researcher obtad guest access and conducted two

observations of each instructor in each modality. For the web sections, the researcher
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perused the appropriai&eb site andclassroom observations were faneanged with the
instructor. The department@ihal Exam wasadministered the last week of the quaiter

ways similar to thosased with the CAOS Exam.

After scores of electronic andsgtal mailings, 8 peopleof a possible 10

participated in the studytwo instructors (Ann and Beverly) an@ Students.

Table 5.1 Participantsyldnstructor and Modality with tBdy Completerd_isted Rarenthetically

Classroom Web
Ann 22 (15) 13 (8)
Beverly 11 (7) 10 (6)

As indicated in Table 5.1, only 36 studepéssisted and completed all of the required
instrumentsHence, only twethirds of participants were able to have knowledge gain

scores based upon Prests and Poskests.

At the broalest level of analysis, the students in the dvabedstatisticscourses
did have levels of achievement comparable to that of those who received classroom
instruction. There was no significant differenceéhie mearperformance among the
modalities as coffirmed by net gains iRPre TestPostTestcomparisons anBinal Exam
performanceTable 5.2 summarizes the basic comparisons in average performance

among the modalities.
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Table 5.2 Averages by Instrument and Modality

Web Classroom
Gain Scores on 4ilem CAOS Exam 1.93 2.409
(PostTesti PreTest)
Final Exam 140.5 141.22
Gains on CAOS Exa~q -1.25 1.467
students*
Gains on CAOS Exa~q 6.00 4.429
students

*- statistically significant at .05 level

The FinalExamaveragesvere 130.6, 139.19 (out of 200) for Ann and 151.7459 for
Beverlyfor each of their web and classroom sections respectivélgcame apparent

that instructor was of more importance than expected.

The assertion that students with higher lee¢lsiathematicapreparedness
coincidentally enrolled in Beverlyds cl ass
evidence that preparedness differed in the-tneebed sectionp{value= .34). Thenon
observation of the classrooms, the researcher noticed a differenceagrdpmcghat
wascommensurate with patterns found in compagngpliment inday sections with

eveni ng secti ons. dayspedweekdbégmng abfre dndwab r e e
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largely from a traditiondy collegea ged popul ati on. cdaeveekr | yos c
beginninpat 8 p . m. Beverlydéds class also had fewe
proportion ofstudents with a preparedness level déast College Algebra (60% vs.

50%). What was more telling was that the web classes (for both testulead higher

levels of mathematical preparedness than the classroom sectiong&xaimal

performance was comparable when comparing preparedness by instructor and modality.

A distinct limitation in usage of the FinBkamasa i nst r ume ntnsot o nme as u |
learning is that it was only administered at the end of the canbéhere was no means

of determining initial knowledge level$heFinal Examalso had low levels of

correlation to the CAO&xam The smaller numbers of classroamstructed stud&s

with higher levels of preparation and wiglstructed students with lower levels of

preparation made analysis across instructdinis regardmpractical (in one cassample

sizes weré and 2.

Instructors enjoy teaching via théeb. They usé DiscussionBoards to replicate
and extendhe traditional classroom discourse. Content is placdidefor student
reviewin a largelytext-orientedformat. Students admitted to feeling detached from their
classmates, yet they preferred this level of emotiovaistmentOne student mentioned
thatfthisis why | chose an online course, o0 imply
been of paramount importance, he would have enrolled in the clasbasad
alternative. Beverly indicated that regression anabysgsthe ability to attend to detail

were strengths of students who took the course on the Web.
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Instructors consider webased instruction to have limitations in terms of graphing

calculator usagestudents in welbased sections were not as strong in pregations.

Instructor®noteswere even considered more beneficial than the text itself.
Descriptivestatisticsaccounted for 16 items of the CAOS Test. Strong

improvements in this category would facilitate an increagginsmore than any other.

Thef act that Beverlybds students were abl e 1t

areadurthersupporedh er substanti al i ncreaselbe i n comp

fact that a student wasqviously enrolled in this course had bearing of€AOS sore

gains from Prelest to Posfest, nor orthe Fnal Exam score.

When investigating thpeiformanceon the 206point Final Exanof the students
receivingweb-based instructiofearning (byyin st r uct or ), the resul ts
students having an awage of 130.6gtandard deviation.3,sample size8) and
Beverl yds student s Btandarddeyviatmm2.2sanple sizg® of 15
Both of these subpopulations had comparable standard devjaitioeis relatively large
wi t h Be v eirstoging $0% higherdHowever, the difference was not statistically
significant at the .05 level {palue = .348).

TheFinal Examanalysis revealed that there weesubstantial variety in scores
and that students in welllased sections can have comparébleot better)
achievemerd& 151.7 vs. 145.9. Also, the stronger performance on iteatgequired
students to interpret responses out of 52 poiag explain the differences in
interpretation totals artte CAOSex am s cor es. Beverpgerfoins st uder

higheron CAOSthanArins ( aver age gains of.Thiscaudl4 and
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be due in part to the conceptual questions posed on CBOSni | ar | vy, Beverl yi
averaged 38.29 points on the interpretation responses from the DepartmenfE i nal , An
students averaged 32.38\(plue = .027)The itemby-item analysis did not uncover
many discrepancies across modalities, but onlyveaieross instructors within for the
webmodality.

Overall, theFinal Examdiffered mostly in compositianThe CAOS percentage of
Descriptivestatisticsquestion seemed quite high. More students have adjusted to the
computational emphasis requisite witle Final Examlit was also true that high

percentages of students at minimum preparation did not contipdet®urse.

Discussion

Faculty Interviews

Web-based instruction is causing many instructors (including the two in this
study) to reassess personal definitions of teaching and learning ir"therary. Many
are having to engage with the notion ofctgag in a different setting than that with
which they were taughWith increased opportunity teach in this new modality, faculty
are beginning to expand thémstructionalrepertoire to better replicate the classroom
The participating instructorsdm this study considered students stronger in mathematics,
maturity, technological skills, motivation and attitude to be more likely to be successful.
Currently, there is little in place to identify students with lower levels in these areas that

wouldbec onsi d-e i e & 0 fthlaged instuetibn. Conceptual understanding is
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improving, but communication and loss of personal contact with students have been
problematic for those who are not considered at risk.

St u d ettitudescén ba more influencegb t he i nstructordés att
students are frustrated, the key is to obtain help from the instructor as soon as possible.
Beverly describes the interaction between two of the constructs in the followind vaj/
theydre open t o véeandwulgerablotethe& indtryctoriontd amatharc t i
student, they can get some help with their

your soci al interaction, could be a detrim

Background Survey

Background information on the studemtas obtained in two ways: through the
institutionds database of student records
it was found that participants in the web sections had higher GPAs and lower non
completion rates than the general populatiostoflents in the web courses. The students
in our study had slightly higher GPAs and lower stompletion rates than a random
sample of their classmates who chose not to participate in the study. Hence, it could be
inferred that the webased participantsere stronger than those in the general web
population. Web students were also more likely to be transient students with stronger
preparation in mathematics. They were not failing at significantly higher rates than their
in-class counterparts. Howevemdents who previously did not complete the course

successfully were less likely to repeat the course via the Web. A brief investigation of the

24¢



entering characteristics supported that GPA and mathematical preparedness were critical
to success in introductpstatistics courses.

The Background Survey provided some additional results. The students receiving
web-based instruction were not categorically older. fdoademic responsibilities did not
vary among modality and instructor. Students enrolling in-lbesled sections tended to
be more independent learners. Almost all of the students hadpégid Internet service.
Graphing calculator familiarity, College Math and Math GPA correlated strongly with
many of the affective variables, such as confidence aiaddatt GPA correlated strongly
with performance on quantitative instruments.

Taking more mathematics courses and doing well in them instills@effdence.

Many students enter mathematics with low-gdlicacy about their abilities in
mathematics, anchany more of them may have had too many-academic
responsibilities to participate in the study.

Preparedness proved to be the greatest factor influencing performance. GPA was
a proven factor in understanding b&te TestandPostTestperformancesThis further
underscorethe need for adequate preparedness for suddesgever, further review also
indicates that of the 16 students that tookRheTestanddid not take the Final
Examination, $had prior preparation at the level of Beginning Algedraere at the

Intermediate/Technical level,PreCalaulus, 1 College Algebra, Calculus.
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CAQOS Instrumentdfe-Testand PostTes)

Neither instructor began their courses at an advantage over their colleague.
However, it was also revealed thag tistance learners, and students in general with
preparation at the level of College Algebra, wirereentering with stronger mathematics
preparation were more likely to complete the course. It was consistent that the distance
learners performed betterapentry and exit, but they had similar overall gains of two
additional correct answer&ains differedbyinstructorBever | ydés student s s
significant gains in performanawerall with no significant differences in performance
gains by modalityg additional points each on a 4t&m exam).This was not as apparent

with Annoés sudantd experienceddfferénees in gains by modality.
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Pre-Test/ Post-Test Scores Coded by Instructor and Modality
354 Instructor  Modality
[ ] Ann Web
] Ann Classroom
304 Beverly Web
A Beverly Classroom
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Figure5.1 PreTest PosfTest Scatterplot Coded by Instracand Modality

The scatterplot in Figure 5.1 shows some of the key findings of this study and has
been further categorized from its previous appearance in Figure 4.6. There seems to be a
pattern of students from WBI entering with a higher performanc@ADS (diamonds
and circles) than their CBI counterparts. Another component is that the WBI performance
seems noftonstant, whereas, the students receiving CBI (squares and triangles) are more
closely dispersed. And consistent with a theme from chapiedy er | y 6 s

student

greater than anticipated performance on the-Pest.
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The reasons for the improvements in gains were largely due to the performance
on descriptive statistics items, which acc
students shoed strong increases in this areaon the-Postst s. Annds studen
improvements with Confidence Intervals, but that was not as heavily weighted.

So when we as Kk, -basBdstatsticsicduesasthave companaideb
levels of achievemer@ds t hose who recei vibheasweasansmom i n
be yes, in terms of central tendenbutrecognizing thathe entire distribution has more
variability than the classroom set of learners. This makes any definitive claims about
WBI havingcomparable levels achievemgmbblematic without knowing more about
the audienceinvolved Specific to this studygiventhat the CAOS exam heavily
emphasized descriptive statistics, gains in achievement were strongly linked to
proficiency with that corponent of the introductory statistics courskeExistence of
confounding factorssuch as preparedness and instructaquire that any claims about
achievement be contextualized within the context of these variables. If it becomes
increasingly apparethat students seeking WBI possess greater amounts of
preparedness and coursework in mathematics, then a revisddrgt/@| in statistics

shoudnot be to simply aim for being fAas good

Observations
Both Ann and Beverly are instructors dedicatetheir crafts. Ann was able to
engage the | arger c¢class involved with calc

on making sure that each student in the smaller evening class was actively learning. It
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seemed as i f Annoés ipsdar stuslentssliccegshand Beverbyilegp h as i z
more holistic demphasisorsdoreeptsalizingtepice and spudest
understanding were helpfulhese were small differences in the larger context of
learning.

The Web provides the opportunityforur r i cul um t o be fienhanc
of more advanced technological tools. In the classroom, faculty write in color on the
chalkboard or the whiteboard. Online color is used to make presentations more vibrant.
But the human touch from classroom instron is either directly or indirectly replaced
by the fitouchod of technol ogy. Faculty part
replicate their classrooms in the wiehsed environments. The curriculum was presented
in an organized fashion witheadne pt er having a folder of th
The web-based coursaare aksigned to place the locus of instructorertot he st udent ¢
responsibility.These particular web courses were heavily-tikten. By incorporating
Flash Cards, Applet®ower Point slides, and other items, faculty endeavored to provide
students with a plethora or resources and were the means of supplementingosection

section text.

DepartmentaFinal Exam

The answer to the r esea-basdistagsticeotirse®o n Do
have comparable | evels of achievement as t
wouldbeyes i n terms of central t e naceordiogytq but O

the departmental Final Exam. Each modallitstructor combinion yielded Final Exam
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averages between6b 5 %. Beverlydéds students performed
items and earned an average of 6236% .

The Final Exam was more computational in nature, whereas the CAOS Exam was
more conceptual. ie CAOSExamevensurprised students by not even requiring a
calcul ator. Student so6 abiwithdatawere stressesht hi nk a
the CAOS. This is consistent with at least two of the GAISE recommend&tions
stressing conceptual understarmgdrather than mere knowledge of procedures and using
technology for developing conceptual understanding and analyzingddata.6 s st udent
improved performance on the Final Exam reflects their broader mastery of material and
t he exambs ap mmpankalovaidnadrogs the ourriCutum.

There was a statistically significant difference in standard deviations of
performance by classroom and web students (25.2 and 41.7, respectively wéhua p
of .035) Also, the stronger performance on int&tation items by instructor may explain
the differences in CAOS exam score gains (.6 for Ann and 5.2 for Bewftgn
considering other variables that correlate with the Final Exam, GPA was the strongest
with a correlation of .405 and avalue of .044A theme of increased variation in

performance for students receiving WBI continues to emerge.

Survey for Students the Webbased Sections
Many of the students seemed less than satisfied with their own time invested in
preparing for this course and thkearning. | suspect that this was merely an

acknowledgement and not a commitment to change. The 15 students that submitted the
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survey often mentioned that they most enjo
paceo or bec ausiealowdd thénhte stilfiplirsue their hatadenicy o
activities. And even though the instructors had Discussion Boards to promote interaction
and dialogue, the students tended to consider them less important aegbantial. They
evenwentasfarastosajnat t hey consetdecfoeithéirhe msel ves
classmates. Henctive Vygotskian theories seemed to apply teas anticipated
Technical difficulties were neaxistent. Students largely considered faculty as just
another set of resources to béated as necessary.

Forcing students to learn the material as independent learners leadgterion
gains.Key words, poirg of emphasisjoice inflections, etc. are sotmaes lostwith web-
based instructianCopious nosverbal cues are lost. Theseems to be a distinct need for
video, chatand other media to better replicate the current classroom.

Another supreme advantage to the classroom is the instantaneous response time
between posing a question to the instructor and receiving an answer.méail replies
are timely but rarely instantaneous. Ann considers them to have the best of both worlds
with immediate access to the instructor anehdr access to content. Having the
instructor there seems to make students more comfortable with pogirestion. When
the question is posed, other students realize they have similar concerns in this area. This
process is replicated in the Wetvironment, butt is slightly inhibitednonetheless
The studentsd feedback wrdungasignStederdtsoftepf ul w
mentioned pursuing other sources (Internet and roommatadylition tothe instructor.

One student assedanalmostoneletter grade penalty for being a web student by
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stati ng, orlgflcould hgve gottemra BA i n t h dtseerhsdhsit@ar o o m. 0
variety of sources are of great benefit to students receivingpasdd instruction, with

the more animated items being better received. This informed the researcher that a

concerted effort to reach all types of leansis still warranted. To that end, the
instructords presence should emerge. Audio
key concepts can help bring the text provided on the websites to life. Instructors can also
consider making tools for wetasedearning available for classroom learners. The two
instructors for this study did so in emerging ways by placing syllabi and some notes

online for both sets of students.

Now, the second research question, AWha
interactive experiences, describe the wadsed learning environment as compared to
classroombased instruction?o0 wild/l be addressed.
are largely driven by lecti@i scussi on, with studentsoé | ear
ways.In this case, examples and activities serve as supplementsha¥eth instruction
is far less constructivist in nature and reflects text descriptions of lecture notes with
discussions, applets, and other activities used peripherally to partially conepgfenshe
nonverbal clue loss and other idiosyncrasies of classroom instruction that are less

prevalent in wekbased instruction.

Implications
There is significantly more that could be done in the-vabkedstatistics

classroomThe participating insuctors have some usageagples and other
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technologiesbut they are used @nancillary capacityThe ever-evolving expansion to
centerDistance Learningn active learning strategies would best replicate the traditional
classroomPelz(204) menticmed t hpees eheed (the ability to
i nstruct o+based pradticgsmctuding voine and videgpermeate the distance

course) plays iistance LearninglassroomThe next level could also be to have

Discussion Board questions on theaassess the extent of student learning. The worlds

of touch and technology can become better connected to enhance learning experiences for

all involved.

Faculty could also consider ways to furtigeneratesocial interaction within the
course. Currenmeasures in place are in accordance with departmental guidsiines
there may need to be further consideration for incentdves.and Beverly believereb-
basednstruction will remain a formidable part the community college as its mission is
to make ducation available to their service areas. Arelghactical pressures of tinus.
nonracademic responsibilities may lead to some sele&lisgance Learningven when
they might have a notion that a traditional classroom would best suit Heroe, the
deficiencies must be addressed, or else the quality of the product could redtuasedb
education to a mere trend.

Professional development for faculty in this emerging modality will empower
more faculty to embrace it. Instructors will need to contiiouexpand their digital
repertoires with content and strategiesri8k students will need to be formally
identified and presented with intervention strategies. A new modality will require a new

paradigm for serving this expanding group of studentsrastdlictors.
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The institution may want to consider strengthening mathematics preparation by at least
one course. A limitation of this study was the inability to compare performance of
distance learners who barely met the-yaguisite. This was largely tloase because of
the attrition rates among these students (in the web classesyomithe students with
minimum preparation completed the course). It was also the case that the students with
stronger preparation scored highathough not significangl However, only one of
seven students in wdiased sections with prior coursework below College Algebra
finishedthecous e, and t h-Testswre was our points loviRptisan their
PreTest In most cases, students are sgfecting better &m one may think by either
word-of-mouth or triadland-error. Either way, strengthening the mathematics
preparedness levels for welhsed instruction would be a noble cause.

What the instructors emphasized, structured, or presented influenced learning.
Thei nstitutionbés set of statistics educator
weighting of exam items or content will be in order to better align with the natienally
recognized CAOS exam. The six GAISE recommendations have been established for
individual institutions to decide how to best make the epistemological adjustments. The
CAOQOS exam is one exemplar of consistency between instructional recommendations and
assessment.

Increasing the preequisite required to enroll in theeb class would beonsistent
with the growing trend and would support the previous paragraph. Because of the
transient population during the time of this study, 60%+ entered the courg@evith

requiste preparation in College Algebra or higher. A formal change in thissmabuld
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codify what is already occurring. Students with lack of comfort with the graphing
calculator could benefit from amlinetutorial. (Those enrolled in classroom sections
would benefit as well.There seems to be a distinct need for video, cléhbdrer media
to better replicate theeaditionalclassroom.

Native studentgstudents for whom either their most recent or penultimate
mathematics course was taken at the institution where the research in this document was
conductedyere less likely taomplete the coursdlso, it could be noted thaative
students were far more likely to enter with minimum preparedness. Negative case
analyses will need to be done to ascertaith&rrinformation about inhibitiont® course
completion. There will neetb be studies as to whether those droppiregcourse are
consistently théesser preparestudentsThis study provides an inkling of truth to that
assertion. Students receivingb-based instructiohad scores thatere far mordikely
to be widely distibuted, withmore As but also more Es. Students receiving classroom
instruction had lower proportions of students at the extremes. This makes any assertion
that students in webased sections can have comparable levels of achievement a true
statementbutthe caveat of higher proportions of As and Es should be anticipated
Eradicating thédarriers to instruction that tend lead tolower performanceouldallow
amore definitive assadn that students in webased sectionsould have higher levels
of achevement than their classrodmased counterparts develop

In the interim, it will be critical for researchers and practitioners to probe into the
amounts of learning that occur via WBI. In this study, even with greater initial

preparation, learning garwere not guaranteefls a brief anecdoten track-andfield, it

25¢€



is usually speaks better tioe speed of theunner who is able to finish a race tied with a
competitor who began the race with a Ahead
WBlasenWi ng in a Atieo with CBI, without tend
populations and looking at overall learning gains. The study from this research will help
steer the fas good as traditional o dialogu

In this study, itbecameppar ent t hat the students felt
instructor, and that some preferred this option. Again, this could be undermined by
student performance at the extremes. Specifically, that in this study, the Survey
Students in the Webased Sectionsas administered to students who had persisted into
the 29 half of the courseand there ishe added knowledge that participants in this study
tended to have higher GPAs than sparticipants. Jointly, one effect could be that these
higher performing stughtsalso had to endure working with, in a variety of ways,
classmates that might hakiadlower levels of preparedness, involvement, and
ultimately, success. A burden often carried by the stronger students in social
instructional settings (especially wieethere is less opportunity for them to reflect on the
information they are transferring to classmates) could be exacerbated in distance learning
when this subpopulation is queried.

Even in its infancy, welbased instruction of statistics can yieldestdt some of
the learning and experiences witnessed in the classroom setting. It is now time to
replicate best practices from the classroom and transfer them to the Web, if possible.
Video-streamed faculty demonstrations, chat rooms and comments carndegirance

the web studentsd | earning experience with
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can begin to provide students in weftssed courses a more comparable learning
experience overall.

Also, studentsvith more familiarity with thaveb-based instructioshould be the
ones to enroll in it via the Web. In addition to the instructors, some students are
indicating thaimath is better learned in the classroom. One student indicated that he
missed theability to be affrmed h at h e omlysonefivhmigtonfusékded Thi s i s
unique to just mathematics

There aralistinct advantage®er web-based instruction. A student coujoesid
less time on whas already know and more on the more difficult topics anctiagy
learning athis or herown paceThere is © need tdave the rest of the class hinder a
student at an accelerated pace; conversely, a student would not have to feel as if he or she
is proving to be an roadblock for the instructor and the rest of the students because he or
sheneeds additional time to review certain concepts. Hopefully, the numbers of lectures
and videos online will increasElashcardsappletsPowerPoint presentations and other
dynamic learning tools are transcending classrbased instructian

Theonlinesurveyrevealed thathere is still substantial growth f@istance
Learningto achieve its potentiaMathematics and related disciplines may need to further
consult other disciplines with greater familiarity with wedsed instructiorStudents
would benefit greatly fromhaving the majority of their explanatior®se audio or video
directly from their instructor

Distilling the student suggestions indicate that some of the nuances of classroom

education are compromised for convenience. With the demamafebased instruction
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in mathematics growing at the community college level, it seems prudent to assert that
students willcontinue tdbe motivate its asynchromity. Any efforts to replicate the

actual i nstructor 6s i nseraltyuntotdistanceanstruatidmar act e
will only result in more students being able to complete cease not merelyaving to

tolerate their enrollment decision. Wbhsed instruction ddtatisticsmustto continue to

replicate the current classroom instracal practices before it is consistently viewed by

the students as a modality that transcends classroom instruction.

Limitations and Delimitations

Limitations

A clear limitation was that the researcher hadse ntact groups. Students could
selfselect into or out of the courses used for the research study. Thieaset
enrollment guide did not denote the sections differently. This structure also inhibited any
randomization of faculty or studerdadled to lowemarticipation rates, especially
among webbasedearnerslt was determined that the smaller numbers of participating
web-based learners had stronger academic records than the genebalsedb
population. This limitation must be noted as performance on quantitative instruments
could havebeen potentially lower with a more representative set of particigatuidents
of comparable preparedness from both modalities would need to be invesigj#tede

is support that mathematical preparedness could influence perforriiiceias a clear



limitation of the researclstudy,as the participants with minimal preparedness \iaoe
few in number tdormally test anynitial assertions.

Summer quarter yields far more transient stud&itee statisticss agraduation
requiremenfor many fouryear institutions, the course has appeal among transient
studentsTransient students reflettte generalpopulation ofigher education
undergraduateand notjustthe community college populatioHence, administering the
same instrument in the fall, wimteor spring quarters could yield different (potentially
lower) performance on quantitative instruments.

Students in welbased sections had a eweek window to come to the Testing
Center to take each of the assessments. Those receiving classrooriangtacto take
the assessment the day indicated on the syllabus. It could be argued that those receiving
classroom instruction could have performed better on assessments with a similar
flexibility for emergencies and nesiccademic commitments.

Limitations were placed by virtue of the synchronicity of the courses based on
instructor teaching schedules and availabilltyaching assignments were not
randomized. Theumber of faculty withtwo or moreyears teachingtatisticsonlinewas
minimal. The reseaher @uld only select these two participants and had tobee
purposeful.

Given that the researcher assumed the role of the observant, he could not assign
faculty to classroom sections of similar offering and composition. Instead, the researcher
hadtoadj ust to the instructorsd availabilit]i

could not enforce strict usage of resegoobiven instructional strategies for either web
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based or classrootmased sections. The strategies observed in this study wetly the
practices of the participating faculty in general. Certain teaching strategies were not
suggested since the researcher aspired for objectivity. The absence of this component
resulted in a raw exposure the typical classroom devoid of additiopdlasis on GAISE
standards, formal attention to social interaction, presence, and other rdsesadh
constructs.

It was not a limitation for the researcher to have been the supervisor of the
participating faculty. In fact, this dynamic actudky toincreased communications,
protection of teaching course loads, and shared expectations

The computational orientation of the Final Exam was a limitation. This made the
Final Exam less reflect the CAOS exam and the emerging direction of the statistics
educaibn community. This issue will need to bewvisited at the particular participating

institution.

Delimitations

The wording ofitemson either the surveys or the interview protocoly inave
influenced the data gathered. A prime example is appaitnthve wording ohon-
academic responsibilitie$o maximize the integrity of the data collected, the researcher
required distance learners to take theirPest and Postests in the Testing Center. This
concept is not unfamiliar to distance learnermhit particular institution in mathematics
as midterms and finals are taken via pap@dpencil in this proctored setting. The fact

that participation was optional also led to lower participation rates. But, from a human
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subjects perspective, the paigient should be free to make decisions independent of
researcher needs.

The researcher considered Multiple Factor Analysis and usage of knowledge on
Gain scores to determine significant factors for the model. While Gain controls for
particular cases, Losfic Regression could also be used to control for cases and the
difficulty of particular items within CAOS. Taking logarithms of Prest and PosTest
could also reduce heteroskedasticity. Nevertheless, the research elected to discuss

findings as they raked to critical factors in simplest and statistically reasonable forms.

Recommendations for Future Research

This research will extend the existing body of distance learning literature by
further probing of the fias tgaiondntodhe 0 ar gume
increased variability of performance in distance learners. A theme frofactiiey
interviews, the Final ¥am performance and in even BAOS Exam|s this notion that
distance learners tend to have higher representation at the extfeimegrade
distribution, and, by default in many ways, have performance that could be interpreted as
being il d@xplarptonsdf thassariation could include student preparedness,
instructor, and pedago@s evidenced in this study. Negatives€#&nalyses and other
gualitative research methodology specifically targeted at the higher performing and the
atr i sk students would contextualize the fias
explanations for the higher standard deviatidtssresearch tals to the learners, the

focus must look at the net learning gained during the course and not snapshots of
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performance at discrete momergtention to the experiences and needs of theskt
students could improve student performance and, perhap8yViBbstudent performance
to become fibetter thano CBI

The research questions posed in this study are structurally designed to have
application to other disciplines. For a given discipline with online courses, it could be
posed that the performance in thaserrses be investigated via instrumentation for
guantitative analyses. Then, the corresponding online pedagogy could be researched via
gualitative methods. In tandem, understanding why WBI performance was similar, or
dissimilar to CBI, would benefit thosedividuals who are currently pondering this issue
in their respective areas.

After the research in WBI of statistics at community college increasesexte
step would béo capture the students in Hybrid sectiddgbrid instruction occurs by
having he instructor present curriculum online and through traditional classroom
instruction. The irclass components are commonly a blend of instruction typical of
classroorrbased instruction and work commonly associated with gradaeitéated
recitations. Fothe mathematics department at this institution, faculty typically
supplement welbased learning with one hour of weekly instruction. Students may try to
fit all of the learning for the particular week in one hour, but that would be highly
discouraged. Kn & Bonk (2006) mentioned that blended and hybrid offerings could
become the new means of conducting Distance Learning. Yet, some of the personal touch
absent the current wdimsed option are evident in the Hybrid offering (e.g., instructor

voice, presengeetc.). There is variability in the nature of theclass component, but it is

265



largely similar to a recitation session at a fgaar university, and there is still only one
faculty member involved in the instruction.

Both instructors in this study hawbt taught Hybrid sections for one year and had
substantial experience with walased instruction. The researcher decided that Hybrid
instruction needs to be looked at further in the future to see if the addition#b-fiace
time is beneficial to studén But, its novelty within the mathematics department of this
institution led it to be deemed beyond the scope of this particular study.

It seems as i f mpoughtogdt lyda vidtatsabout the stusleénts d i e
who droppe@ It was also true #it high percentages of students at minimum preparation

did not complete the cours@&herewill be great value in projects looking into

persistence in webased instruction and researching the experiences and perspectives of
course nofcompleters.

The stidy also revealed other potential research areas regardinigaset
instruction and students for whom English is their second language. Students with
English as a Second Language credit did not enroll in either of théassd sections.
There also wereiher proportions of students from other institutions enrolled. The
apathy toward webased instruction by the first sgpopulation and the heightened
interest by the other would be intriguing sources of information.

Statisticseducators may consider regeh on minority groups and achievement of
students for whom English issecondanguage as an area for research. This (ESL) at
risk subpopulation of students will need further exploration in years to come. Students

with English as a Second Language cewasrk refrained from webased instruction and
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were probably having difficulty relative to peers in the classroom environment. An early
indication of the problenwas their lack of enrollment in the wddased section.

If 21% century education trulyaspse f or educators to setrve as
based instruction can do just that and has not resulted in a modality that is categorically
inferior to the classroom. The next steps for sealed instruction involve transcending

the educational expence to optimally utilize the technology wblsed instruction

affords its learners and instructors. For their benefit, let us seize the day!
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