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ABSTRACT
Due to discipline specific shortages, web-based learning has been proposed as a
convenient way to upgrade the content knowledge of instructors interested in learning to
teach science. Despite quantitative evidence that web-based instruction is equivalent to
traditional methods, questions remain regarding its use. The efficiency and practicality of
this approach with teachers in particular has not been extensively studied. This
investigation examines learning in an online Biology course designed to help teachers
prepare for science certification exams. Research questions concern how teachers leam
Biology in the online environment and how this setting influences the learning process.
Quantitative and qualitative methodologies are employed in an attempt to provide a more
complete perspective than typical studies of online learning. Concept maps, tests, and
online discussion transcripts are compared as measures of assimilated knowledge, while
interviews reflect participants' views on the course. Findings indicate that participants
experienced gains in declarative knowledge, but little improvement with respect to
conditional knowledge. Qualitative examination of concept maps demonstrates gaps in
participants' understandings of key course ideas. Engagement in the use of online
resources varied according to participants' attitudes towards online learning. Subjects
also reported a lack of motivation to fijlly engage in the course due to busy teaching
schedules and the absence of accountability.

12
CHAPTER I
INTRODUCTION
Rationale
The use of the Internet as a medium for providing educational experiences is
quickly becoming a wide-spread phenomenon with a number of forces driving its
proliferation. Distance educators hail web-based instruction as a way to reach underserved populations (Baer, 1998). For students, the primary motivation for enrolling in
online courses seems to be that they provide an opportunity compatible with their busy
lifestyles (Rose, Frisby, Hamlin & Jones, 2000).

Administrators, on the other hand,

often favor the use of web-based learning as a means of conserving resources (Eamon,
1999).

Yet another group praises the pedagogy associated with this approach for

providing a sound environment for active and meaningful learning (Jonassen, 1993).
Whatever the impetus may be for providing learning experiences online, the expansion of
such approaches is undeniable.
One particular area in which web-based instruction has become increasingly
common is for the purpose of providing continuing education to professionals already
working in their fields (Baer, 1998). Due to time constraints, such individuals may have
difficulty attending conferences, in-services, and other formalized means of selfenrichment and are often forced to bypass such opportunities. Web-based Instruction
therefore, is often seen as a convenient way of providing development for the working
professional. By delivering continuing educational experiences into the home, it has been
argued that the individual with limited resources will be more likely to be able to
participate and thus ftirther his or her professional growth (Barkley & Bianco, 2001).
Therefore, this has been an increasing trend in the areas of medicine and industry
(Sargeant, Purdy, Allen, Nadkami, Watton, & O'Brien, 2000; Jones, 1998).
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Seeking new means of providing continuing education specifically in the field of
teaching occurs for a number of reasons. In comparison with educators from other
countries, teachers in the United States are reported to work long hours with minimal
time for preparation (Darling-Hammond & Cobb, 1996). Therefore, it becomes
increasingly difficult for these individuals to find time for professional development.
Furthermore, differences in population density can make accessibility to professional
development difficult. While highly populated areas have problems accommodating a
large influx of new teachers, rural settings either lack funds to send their instructors to
quality courses or substitutes to cover their time away (Barkley & Bianco, 2001). In
addition, there is an increased need for continuing education in given content areas such
as the physical sciences, because of shortages of certified instructors (Choy, 1993).
Web-based instruction has been suggested as a solution to some of these
problems. Supporters of this approach propose that the convenience associated with such
methods can increase opportunities for teachers to better themselves (Bowman, Boyle,
Greenstone, Hemdon, & Valente, 2000; Herbert, 1999) and therefore improve the
profession. Furthermore, online in-servicing has been viewed as a method of addressing
the supply and demand shortages in disciplines where this is an issue. Cross-training
individuals already in the field is a time-consuming endeavor that dissuades many from
taking on such a challenge. Allowing individuals to leam these skills online is thought of
as an incentive to do so. Increased accessibility is also thought to allow for greater
participation in teacher development in rural areas, as online courses have also been
mentioned as a method of training instructors in areas with limited access to continuing
education (Barkley & Bianco, 2001).
On the surface, the web appears to be a plausible forum for making development
available to in-service teachers, but there are questions surrounding its use. More
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specifically, some express concerns about the potential for learning in a web-based
environment. Because findings in the field of online learning are divided and vague, the
effectiveness of learning in web-based environments is disputed (Windschitl, 1998;
Salomon, 2000). A few generalities from the literature help illustrate this point. While
quantitative data suggesting insignificant differences between learning in traditional and
online settings are plentiful (Russell, 1998), the bulk of the conclusions gleaned from
such studies are based on comparisons of objective testing. Because the literature
abounds with criticisms of the potential for traditional testing to represent learning
(Shepard, 2000; Madaus, 1988), much of this research is criticized for its ability to
examine deeper levels of understanding. Qualitative methods of addressing meaningful
understanding of material are rarely triangulated with statistical comparisons (Windschitl,
1998) or checked for transfer into real life situations. In other words, there is an absence
of investigations utilizing strong methodologies and therefore, questionable evidence
concerning the efficacy of this educational method.
With respect to the social aspects of learning, the implications of physical
separation of students and instructor on the assimilation of knowledge are still poorly
understood (Swartz & Biggs, 1999). While studies categorize interactions in online
courses as productive (Rodrigues, 1999; Ruberg, 1996), little is known as to how they
differ fi-om those that occur face to face. Without understanding the differences between
such settings, conclusions regarding how leaming occurs are tentative.
In addition to the need for research addressing the general effectiveness of webbased instruction, it is necessary to investigate the efficiency of such efforts with regard

to teacher professional development. While it is established that there are problems
concerning accessibility to these experiences, continuing education for teachers via the
Internet is relatively unexplored (Colgan, Higginson, & Sinclair, 1999). It would be
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naive to assume that general conclusions about web-based instruction hold true with this
population of learners without evidence specific to this population. Thus exists the need
for more studies investigating how teachers perform in the online environment.
Perhaps a greater problem is determining the practicality of web-based
environments for delivering continuing teacher knowledge. In theory, teachers may be
motivated to learn new information if they can access it from their homes. The extent to
which this translates into engagement in the learning process and self-directed activity in
the experience is uncertain. Will busy teachers have the energy to participate in online
courses in their leisure time? Also what rewards are necessary to motivate them to do so?
Does the absence of physical presence decrease accountability to one's self in putting in
the time necessary to gain from the experience? Because these questions are yet to be
answered, the feasibility of online professional development is in question.
For these reasons, opinions surrounding the use web-based instruction both in
general and with regard to teacher development, vary. Some see it as a viable
replacement for traditional education (Baer, 1998). Others argue for models that use
online instruction in conjunction with face to face meetings (Niederhauser, Bigley, Hale,
& Harper, 1999). Because differences between traditional and online learning are poorly
understood, there remains a cloudy picture for those seeking guidance in effectively
utilizing the Internet for educational purposes. Extrapolating such ideas into the teacher
professional development setting is even more troublesome given the lack of relevant
literature.
Statement of the Problem
This research examines learning in a web-based professional development
experience for teachers. The investigation is purposefully designed using mixed research
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methodologies to analyze various representations of learning. By triangulating these
differing approaches, the study provides a more complete and accurate perspective of
how effectively participants were able to construct knowledge - an approach
conspicuously absent in the bulk of the literature. By looking at the differing
representations of learning it attempts to determine the degree to which the course was
able to increase the participants' content knowledge of Biology. Furthermore, the
findings allow for some speculation on how this environment influences the learning that
occurs. Because learning via this medium is still poorly understood, it is important to
examine the effectiveness of programs such as these. Therefore, this investigation will
add to the body of literature concerning the utility of web-based professional
development for teachers.

Research Questions
1) How do teachers and teacher candidates learn Biology in the online setting?
2) How does the web-based environment influence the learning of biology in teachers
and teacher candidates?

Definition of Terms
To provide maximum clarification of the ideas represented in this work, the
following definitions are included:
Asynchronous Learning is "learning in which teacher participation occurs at a
different time from students" (Russo, 2001, p.10).
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Bulletin Board Posting refers to a form of asynchronous communication in which
students may post comments for others to read. Replies to comments are often linked in
what is known as a "threaded discussion" (King, 2001).
Concept Map is defined as "a visual representation of how a student understands
concepts and their relationships" (Raferty & Fleschner, 1993, p.26).
Conditional Knowledge is considered an understanding of relationships between
ideas (Smith & Ragan, 1993).
Declarative Knowledge is knowledge that allows for recognition of facts, names,
or lists. Considered to be knowing something to be true. (Smith & Ragan, 1993).
Distance Education is an "educational situation in which the instructor and
students are separated by time, location, or both" (Russo, 2001, p.10).
Extrinsic Motivation "refers to the performance of an activity because it is
believed to be instrumental in achieving valued outcomes that are separate form the
activity" (Liaw, 2001, p. 51).
Intrinsic Motivation is "based on performing an activity purely for the enjoyment
of the activity itself (Liaw, 2001, p.51).
Mixed Methodologv represents an investigative approach in which both
quantitative and qualitative data analyses methods are employed (Takkashori & Teddlie,
1998).
Opportunitv to Learn is defined as "whether or not... students have had the
opportunity to study a particular type of problem presented by the test" (Bernstein, 1993;
Husen, 1967a, p. 162-3, cited in).
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Professional Development, Staff Development or In-service Education "denotes
programs or activities that are based on identified needs; that are collaboratively planned
and designed for a specific group of individuals in the school district; that have a very
specific set of learning objectives and activities; and that are designed to extend, add, or
improve immediate job-oriented skills, competencies, or knowledge" (Orlich, 1989, p.5).
Self-Efficacv is considered "beliefs in one's abilities to organize and execute the
courses of action required to produce given attainments" (Bandura, 1997, p.3).
Svnchronous Learning is "a real-time, instructor led, online learning event in
which all pariticpants are logged on at the same time and communicate directly with one
another" (Russo, 2001, p.10).
Traditional Instruction is considered education in a face to face environment in
which both students and instructor are physically present (Leasure & Thievon, 2000).
Web-Based Instruction "is known as a media-rich online environment allowing
people to interact with others asynchronously or synchronously in collaboration and
distributed environments (Dede, 1995).

Significance of the Study
This study provides baseline data concerning the effectiveness of online
professional development in training teachers in additional areas of science content. By
examining teachers' understanding of course concepts, it offers a perspective on the value
of online professional development in expanding participants' expertise. Additionally,
the feasibility of online development for busy teachers is examined. Motivating factors
for ensuring adequate participation are also analyzed. The findings fiimish guidelines for
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the use of web-based learning in providing professional development for in-service
teachers and other professionals. Directions for future research are also defined by this
effort.

Organization of the Remaining Chapters
The following chapters are organized in manner that allows for consistency and
clarity in presenting the relevant content. Chapter II, the literature review, is divided into
distinct components. In the first sections, background information is provided regarding
distance education and teacher professional development. Next, the concept of learning
is addressed, and the meaning of the term is discussed as it applies to the concepts in this
work. This is followed by a review of the research on learning in web-based
enviroimients. Themes from the literature with respect to both general online learning
and learning in web-based teacher development settings are reviewed. Finally, certain
ideas that lend perspective to the conclusions made in later chapters are outlined in a
section discussing the theoretical framework.
Chapter III discusses the research methods utilized in this study. The chapter
opens with a dialogue concerning the mixed methodology approach and how it is relevant
to this investigation. The sample of participants and the online course are then described,
followed by an outline of the approaches used in collecting and analj^ing data.
Chapter IV is a presentation of the investigation's findings. Results fi^om exam
scores, concept maps, online discussion, and interviews are examined. The various
sources of data are compared and contrasted to reveal patterns upon which conclusions

may be based.
Finally, Chapter V discusses the conclusions based on the findings from Chapter
IV. These are addressed with respect to the two research questions. Learning in the
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course, is addressed during discussion of the first question. In doing so, the findings from
exams, concept maps, and discussion transcripts are used to draw conclusions concerning
the degree to which participants were able to increase their knowledge of course
concepts. The second question considers the manner in which the online environment
influenced learning. Here, patterns from online discussion and interviews are used to
support conceptions of how learning was different due to the web-based setting. Lastly,
the implications and limitations of the study are also discussed in this final chapter.
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CHAPTER II
LITERATURE REVIEW
Distance Education
The concept of learning from a remote site is hardly a new concept. Most sources
state the earliest forms of distance learning appeared first in the nineteenth century as
correspondence courses, in which students could receive credit and degrees by mail
(Neal, 1999). Some authors contend that even homework and independent studies were
premature forms of learning from a distance (Davey, 1999). Inventions such as the
telegraph and telephone are thought to be predecessors to distance education as we now
know it. "Closed circuit television" of the early fifties is also considered evidence that
individuals have long had a desire to learn with the convenience of a local setting.
(Miller, 2000).
University based courses soon followed suit by offering degrees via the medium
of broadcast TV. Miller (2000) describes one of the first of such innovations known as
Open University in Britain. This program quickly became popular as it was well
produced and took the student places they could not go in the conventional classroom.
She also mentions "Sunrise Semester", an early morning television program in the United
States that allowed individuals to take University based courses at home.
The advent of computer networking allowed for educational use of computers to
be explored. ARPANET - a computer file sharing system originated in 1969 - was the
first of these novelties to be implemented by academicians. This ability to link computers
paved the way for networked communication systems designed by researchers attempting
to provide opportunities for "meetings of minds" (Haffner & Lyon, 1996).
From these novelties, e-mail was bom. First appearing around 1971, it is thought
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to have been first utilized in educational settings as early as the mid 1970's (Harasim,
2000). This modification of ARAPANET, allowed for the existence of primitive
electronic communities of learners exchanging ideas fi-om a distance. Such ideas were
put into action in K-12 schools in the early 80's by linking children in California with
their counterparts in Alaska as well as other countries such as Japan and Mexico (Levin,
Kim, and Riel, 1990). These experiences are said to have evolved into what is now
known as "Learning Circles" (Riel, 1996).
The first online courses began in 1981 with non-credit offerings and professional
training programs (Harasim, 2000). By the mid 1980's, both undergraduate and graduate
courses were available. Nova Southeastern University is considered a pioneer in such
approaches as it developed the first graduate online courses, and continues to develop
Internet-based programs today (Scigliano, 2000). Institutions of the private sector,
including the University of Phoenix are often credited with bringing these courses to the
mainstream, as they began to widely implement programs and degrees online (Miller,
2000).
With the formulation of the World Wide Web, the potential for web-based
instruction and learning was greatly elevated and large scale projects involving online
learners became much more commonplace (Harasim, 2000). The web allows for
interactivity and independence associated with navigating universally accessible hypertext
information. This in combination with the graphic and audio media in Internet learning
is often considered part of the attraction of such approaches (Cooper, 2000). Therefore,
the ability for instructors to deliver information en masse, for learners to access
information instantly and universally, and the possibility of learners and instructors
communicating to discuss such knowledge electronically has allowed web-based learning
to achieve the trendy and sensational status it now enjoys.
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The Heart of the Controversy: Differing Perspectives on the use of Web-based
Instruction
This section examines the theoretical motivations behind placing learning
opportunities for teachers on the web as well as opinions in opposition of this method.
Because the impetus for this movement is often based on general arguments in favor of
online education, it is important to examine the common themes in the relevant literature
and analyze their origins. Research considering the validity of these arguments will be
discussed in a forthcoming section.
Authors propose various rationales for utilizing (or not utilizing) these methods.
Though these views vary greatly in scope, there are three voices in particular with which
these authors most often speak that seem to guide the research and propose reasoning and
provide justification for the use of web-based technology. The first notion is one that for
the purpose of this review will be called the Productivity and Efficiency Model (P&E).
This philosophy states that research shows that web-based learning is at least as effective
as traditional instruction (Russell, 1999). Therefore, because it is convenient, it can be
used to increase the efficiency of the learning process (Baer, 1998). With it, individuals
can learn more information in the same amount of time, or the same amount in less time.
Technology can be used to cut costs and resources. Because it can accommodate more
learners with less instructors and classrooms, greater numbers of individuals can be
reached and educated contributing to wider global learning.
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Another motivation for web-based learning will be designated for the purpose of
this essay the Pedagogical Model. In this philosophy, web-based approaches are capable
of enhancing learning because of the educational theory that drives its use. If sound
pedagogical principles are applied and if proper instructional design is behind its
implementation, web-based instruction may offer some advantages over traditional
settings (Jonassen, 1993). The theoretical framework for enhancing learning should be
the motivating factor, not the technology itself.
The final theme that resounds among authors of educational technology is one that
warns against over-enthusiasm for web-based instruction. These individuals caution that
web-based environments are often less efficient at providing learning opportunities than
traditional settings. An in depth exploration of these ideas based on relevant literature
follows.

Voices from the P&E Perspective
Individuals from this viewpoint cite the numerous quantitative research studies in
favor of computer based education as evidence that greater learning can occur in shorter
periods of time when technology is utilized (Berger, Lu, Belzer, and Voss, 1994).
Furthermore, they vie that the abundance of research reporting no significant differences
between traditional and web-based instruction implies that the treatments are equal.

(Russell, 1999). These authors argue that such overwhelming evidence in support of the
use of technology in learning environments justifies its widespread use in increasing the
efficiency of educational systems.
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In his article Will the Internet Transform Higher Education?, Baer (1998) speaks
with such a voice. He reiterates the point concerning "no significant differences"
between traditional and technological approaches and cites advantages of Internet courses
as being flexible, flinctional, accessible, and cost effective. Uses of Internet or Intranetbased training in corporate education are described as "productivity enhancing tools".
Although he does not predict replacement of the higher education system he foresees an
increase in the use of these methods to reach off-campus students and provide online
degrees. The recommendation is also made that pre-assembled courses could be
downloaded fi"om the Internet to offset the time and cost of designing them. As would be
true of such a model, the motivations expressed for implementing technology have less to
do with learning than with necessity.
Eamon (1999) profiles both radical and moderate proponents of this view.
Extremists Perelman, Drucker, and Prowse are quoted as painting a bleak picture of the
state of the traditional university. Perelman and Drucker contend that in higher
education, costs continue to rise without commensurate increases in quality and this
necessitates the increased efficiency that technology can offer. Prowse's (1995) view that
the whole concept of the University is outdated, is more extreme yet, and is worth a direct
quote. He says "Higher degrees serve a function akin to that of the exotic plumage of
birds: they

are primarily a means of attracting attention" (p. 16) and uses this analogy to

imply that it is more practical to pursue specific knowledge electronically when it is
needed, than to spend years pursuing the requirements of a degree. Eamon labels these
radicals as "technophiles" and summarizes their view of universities as knowledge
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industries with inefficient faculty whose primary role is to transmit knowledge to
students. The moderate views are presented by Mass and Zemsky, Naom, Hawkins and
Gilbert (as cited in Eamon, 1999). Their motivation for the widespread implementation
of web-based leaming includes the idea that productivity is a legitimate concern which
can be alleviated by technology. Furthermore, competition from institutions of the
private sector will force increased productivity in established universities.

The Pedagogical Model - Education Drives Technology
The other dominant philosophy for implementing web-based leaming proposes
that the presence of the technology may offer a pedagogical advantage. Advocates of this
view would argue that under the right circumstances web-based leaming can allow
increased engagement, enhance interactivity, and provide opportunities for constmctivist
leaming (Kowalski, 1998). They cite the abundance of studies claiming that learners
interacting online often make more reflective and meaningful contributions (Ruberg,
1996; Rodrigues, 1999). Therefore, web-based leaming should be widely implemented
because of its ability to enhance the leaming process..
One such perspective is provided by Jonassen. Jonassen suggests that "students
do not leam from technology" but rather they leam "with technology" (2000). In his
writings, he

focuses on justifying the use of technology as a method for enhancing

meaningful leaming by using tools such as databases to offload some of the mundane
thinking tasks onto the computer so that the student is free to think more critically
(Jonassen, 1993). He hails hypertext — the principle behind intemet navigation ~ as a
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constructivist tool for helping students make connections and establishing interactions.
With him, the emphasis is on technology for the sake of enhancing learning rather than
improving productivity and efficiency.

Cautionary Perspectives
The final position reiterated in the literature, although not as commonly as the two
previously mentioned perspectives, is one that is less optimistic about the potential for
technology and web-based leaming environments to replace traditional approaches. This
paradigm for implementing technology is often cautionary in nature, as is detected in
Salomon's views. Salomon (2000) cautions against what he calls "the technological
paradox" which asserts that knowledge can be transmitted and the role of technology is to
assist in this process, making it happen quicker and fancier. The paradox lies in the fact
that the powerfiil tool doesn't provide much advantage over any other method. He also
criticizes the way the computer has become a focal point for leaming rather than as an
assistive tool and that because of this, the mere presence of technology is expected to
produce a quality educational environment. He proposes instead that what is capable via
technology is only possible through what education allows the technology to do.
Other authors publish similar warnings against web-based technologies for the
purpose of education. For example, computer simulations are often tentatively viewed

because it is suggested that students can be completely engaged in the simulation without
grasping the underlying concept (Turkic, 1997). In describing his views on maximizing
meaningful leaming via web-based instruction, Oliver (2000) argues that this technology
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is only allowing the construction of knowledge if it mirrors constructivist approaches in
traditional classrooms. He argues that too often in striving for widespread use, the end
product is more didactic.
It was mentioned earlier that these same arguments are used in discussing online
teacher professional development - a fact reflected in the literature. Proponents of online
professional development contend that the convenience of this approach increases access
to opportunities for development and provides for more efficient distribution of
information (Barkley & Bianco, 2001; Lapp, Flood, & Martin, 1998; Bowman, et al.,
2000; Glenn, 2001). Yet other authors vie for its use because of the high potential for
enhanced learning through collaboration, reflection, and interaction (Shotsberger, 1999;
Mathison & Pohan, 1999; Harrington & Hathaway, 1994; Herbert, 1999; Colgan,
Higginson, & Sinclair, 1999). Cautionary opinions regarding web-based development of
teachers, on the other hand, are more common in the teaching community than the
literature.

Professional Development for Teachers
Because the online course examined in this investigation is a novel form of
teacher professional development, it is important to discuss the background of this
approach and the characteristics of these endeavors as they are traditionally portrayed.
Orlich (1989) provides a brief history of the institution of staff development. He states
that this approach initially began over a century ago. In the 1800's many teachers were
recruited to the classroom without full preparation in an effort to keep up with the
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increasing population of students. Therefore, he classifies initial efforts at in-servicing to
be "remedial" in nature, as they were most often aimed at overcoming the large deficits in
teachers' knowledge. As of the early 1930's the focus of these efforts began to move
slowly away from the remedial label. In the period from 1945-1960 (after the second
world war), staff development began to resemble the "workshop" approach that focuses
on "personal and curricular development" (p.3) and is more similar to today's models.
Sources present various purposes for teacher development. Some of these are
induction programs aimed at supporting beginning teachers (Stansbury & Zimmerman,
2002) with goals similar to the initial development efforts described above. Many are
formed for the purpose of forming communities of teachers that convene for the purpose
of reflecting on teaching (Bowman, et al., 2000; Herbert, 1999; Leach, 1997; Harrington
& Hathway, 1994). Still others target the implementation of new and innovative teaching
approaches or programs (Orlich, 1989). Some, like the course highlighted in this study,
focus on furthering teachers' content knowledge in a given area (Hirsch, 2001; Orlich,
1989). The purpose of a specific in-service event is usually determined by a needs
assessment and is therefore designed with specific goals in mind (Hirsch, 2001).
Evaluations are then performed to determine the impact of the development experience
(Hirsch, 2001; Orlich, 1989; Mizell, 2001). Norton (2001) argues that though evaluation
commonly includes collecting feedback from

participants, it

less often considers

participant leaming, participant use of newly acquired skills in the classroom, and
resulting student outcomes. Other authors contend that all too often the end results of
such assessments are poor outcomes (Mizzell, 2001; Oelklaus, 1999).
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What Does it Mean to Leam?
To comment on "learning" in online educational settings, it is first necessary to
examine what is meant by the term. The Merriam-Webster Dictionary's definition of
"learning" demonstrates the ambiguity of the term. The meaning is cited as "to gain
knowledge or understanding of, or skill in, by study, instruction, or experience". This
definition does not explain what is meant by the terms "understanding", or "knowledge"
nor does it clearly delineate between meaningful learning and learning at the most basic,
behaviorist level, where stimulus-response reactions would apply (Skinner, 1979).
Therefore, it is necessary to analyze the learning process in detail.
Advances in neuroscience show that learning involves actual physiological
changes in the brain. Bransford, Brown, and Cocking (2000) outline this process. These
authors state that as a result of learning, synaptic connections between neurons in the
brain are added and deleted. These structural changes allow functional re-organization of
the brain and the way that it is capable of processing information.
In addition to structural changes, certain cognitive patterns are known to occur.
Primarily, it is thought that new information is interpreted with respect to what the learner
already knows (Wittrock, 1974). That is, new experiences are compared and contrasted
with similar pre-existing ideas in the knowledge structure of the individual (Bransford, et
al., 2000). Gradually, through sensory experience, new ideas take on meaning of their
own as they begin to offer more plausible explanations of the learner's environment
(Osbone & Freyberg, 1985).
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Again, for the purpose of this study it is necessary to compare the concept of
"meaningful learning" with lower levels of comprehension such as straight memorization.
Bransford, et al. (2000) also offer some insight in this area. They state that "research
shows that 'usable knowledge' is not the same as a mere list of disconnected facts.
Experts' knowledge is connected and organized around important concepts ... it supports
understanding and transfer (to other contexts) rather than only the ability to remember."
In this way, they differentiate between knowledge that has utility in a variety of settings,
and lower level learning capable only of producing certain behaviors.
In contemporary education theory, this process is often referred to as
constructivist learning. This process is said to occur when students construct deeper
understanding of a concept by examining their own mental models and integrating new
information by interacting with their environment. This allows the learner to develop a
new, more complete conceptual framework of the relevant ideas (Oliver, 2000).
Scholars have identified different elements of this philosophy resulting in learning
theories that may be considered "subsets" of the larger idea. Generative learning theory
suggests that students construct knowledge by building links to their past experiences
(Wittrock, 1974). Social constructivists would say that interaction is an essential part of
learning because it allows one to develop cognitive schemata by entertaining and
considering alternative views(Hodson & Hodson, 1998). Conceptual change

theorists

emphasize that learning often involves restructuring of mental models based on
environmental interaction (Posner, Strike, Hewson, & Gertzog, 1982). All of these ideas
affirm that learning is a complex process that is difficult to analyze and measure.
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The Construct of Learning
Based on the complexity associated with the idea of learning, one of the most
difficult contentions to make in educational research concerns representations of learning.
The controversy concerning what is considered an accurate measure of student learning
is well illustrated in the teacher education literature. Kennedy (1991) for example
outlines the difficulties associated with utilizing student achievement as a measure of
assimilated knowledge. She also cautions against using participants' perceptions as a
measure of the influence of a variable, as is done in studies of perceived learning.
Donmoyer (1996) reiterates the contrast of Cronbach and Thomdike's philosophies in
illustrating the difficulties of considering the influence of extraneous variables when
attempting to determine cause and effect relationships between learning and instruction.
Some basic principles of research and design are helpfiil in evaluating methods of
assessing learning in web-based environments. Cook and Campbell (1979) describe
construct validity as the approximate accuracy with which we can generalize to higher
order constructs fi-om our manipulated and measured variables. In other words, how well
do the variables depict the ideas that they are meant to represent? Though validity exists
in other forms (internal validity, external validity, and statistical conclusion validity), it is
construct validity that is most relevant with regard to variables used to represent learning.
Therefore, in reviewing the literature on web-based instruction, it is necessary to
comment on the construct validity of research making claims about online courses.
Because investigators seeking evidence of quality learning in web-based
environments typically perform statistical comparisons of student outcomes in online and

traditional settings, it is this approach that will be examined. As outlined earlier, there is
much evidence suggesting insignificant differences between the two methods with respect
to learning ( Rose, Frisby, Hamlin, & Jones, 2000; Leasure & Thievon, 2000; Ostiguy &
Haffer, 2001; Urven, Yin, Eshelman, & Bak, 2001; Hoey, Pettitt, & Brawner, 1998;
Grundman, Wigton, & Nickol, 2000). This trend has come to be known as Russell's
(1999) No Significant Difference Phenomenon and is commonly cited by proponents of
online learning as proof of this method's effectiveness.
Despite such findings, there are questions surrounding the validity of these studies
in addressing the higher order construct of learning. The first concerns conclusions to be
garnered from results of statistical insignificance. Cook and Campbell (1979) caution
against such inferences, hi outlining "The problem of accepting the null hypothesis" they
say that it is "frequently stated in the literature on experimental design, that the null
hypothesis cannot logically be proven" (p.44). The principle reason proposed for this is
that "we cannot know what would have resulted if the treatment had been more
powerful," or "a statistical test of greater power had been used". This argument supports
the idea that while statistical methods such as T-Tests and ANOVA are used to determine
if differing treatments are responsible for variations in a measured variable (Portney &
Watkins, 1996), little is that mentioned about non-significant differences implying
equality between the two treatments. What is suggested from these approaches is that any
differences among group means are not attributable to the treatment. Other factors such
as lack of statistical power, absence of randomization, and sample size may therefore
account for the fact that traditional learners did not outperform their web-based

34
counterparts.
Moreover, it is widely argued that the primary data source examined in statistical
comparisons — exam scores - is a questionable representation of the construct of learning.
The philosophy that high student outcomes equals learning is contended in the literature
(Duke, 1999). Shepard (2000) argues that because most exams involve preparation by
rote memorization, they limit constructivist learning. Madaus (1988) proposes that
conclusions about leaming garnered from test scores are limited because research
demonstrates that students may become adept at test taking based on prior experiences
with course exams. Therefore, their achievement may be a result of the "testing effect"
(Cook & Campbell, 1979) rather than leaming. Furthermore, most tests used as a basis
for comparison are multiple choice exams - a mode often thought to be limited in its
ability to assess deeper levels of understanding (Jones, 1995; White, 1992; Madaus,
1988). Strong arguments such as these further confound findings of leaming based solely
on traditional modes of assessment.
Criticisms of previous findings are also made on a more global level. The research
discussed above falls into the process-product paradigm - an approach that has been
criticized in the research on education. This method of assessing leaming effectiveness
(citing satisfactory exam scores) is a classic example of the process-product paradigm.
Some authors criticize the utility of such studies based on Cronbach's idea that individual
differences interact differently with different treatments (Salomon, 2000). Furthermore,
Walker and Schafarzic (1974) label this approach to determining effectiveness a
"horserace", because a competition is performed between two methods and more often

than not, the techniques used to measure learning favor one practice or the other. The
following example supports this concept. Because students in such courses often feel
isolated and overwhelmed, they request additional structure and guidance in determining
what information is relevant (Camwell, 1998). Therefore, many instructors end up
streamlining concepts presented in web-based courses - an approach that often results in
"teaching the test" (Garson, 1999, pg. 113) and thus biasing the findings in favor of the
online learners.
This review does not necessarily suggest that student outcome measures have no
role in assessing learning in web-based environments. Given the lack of implementation
of other methods, it implies that conclusions to be reached ft-om these data are tentative
and partial. Because such approaches are notoriously absent in the literature on online
education, it seems logical to consider other means of assessing learning and comparing
these with standard quantitative measures.

Learning in Online Courses
With the principle arguments regarding web-based instruction in mind, it is now
relevant to consider evidence that this method may allow a quality learning experience.
This is important in considering the capacity for teachers to gain fiinctional understanding
through this media. The forthcoming section addresses research examining the
effectiveness of learning and the potential for meaningful conceptual understanding in
web-based environments.
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Perceptions of Learning in Web-based Settings
By far, the most prolific approach to considering whether web-based instruction
has a significant impact on student learning is the examination of perceived learning. In
these studies, researchers typically, survey students that have taken a web-based course
and assess their perceptions of how effectively they were able to leam the material via
this media. In general, these studies suggest that students are satisfied with their level of
learning in WBI and they perceive that they have learned effectively and efficiently
(Morss, 1999; Grundman, Wigton, & Nickol, 2000; Carter, 2001; Niederhauser, et al.,
1999; Sargeant, et al., 2000). Alternately, there are investigations which have produced
both mixed findings (Bostock, 1998) and situations in which students felt they would
have learned more in a traditional setting (Yucha & Princen, 2000). Studies comparing
traditional instruction and web-based learning generally declare no difference in student
satisfaction or perceived learning (Edwards, Hugo, Cragg, & Petersen, 1999; Rose, et al.,
2000; Leasure & Thievon, 2000). Data fi'om comparisons of satisfaction in web-based
learning are often reported to be in agreement with quantitative course measures (exams,
final grades) (Grundman, Wigton, & Nickol, 2000; Rose, et al., 2000; Leasure &
Thievon, 2000). Yet other studies have attempted to examine characteristics of online
learning that serve as predictors of learning satisfaction. Arbaugh (2000) for example,
examined perceived student learning in various online courses in an MBA program.
Using factor analysis and a multiple regression model, he found that only interactivity
was a significant predictor of perceived student leaming in these courses.
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Quantitative Assessments of Learning in Web-Based Environments
Because of the various economic, temporal, and competitive motivations for
increasing the prevalence of web-based instruction, there is a push to justify its use by
determining it to be equal to traditional methods (Eamon, 1999; Baer, 1998; Salomon,
2000). For this reason, the literature contains a plethora of comparison studies that pit
student outcomes in web-based courses against similar measures in a traditional setting.
Typical results of such studies indicate that empirically-based student outcomes
derived from course exams and/or final averages are not significantly different when
comparing traditional and web-based courses {Rose et al., 2000; Leasure & Thievon,
2000; Ostiguy & Haffer, 2001; Urven et al., 2001; Hoey, et al., 1998; Grundman, et al.,
2000). In Russell's book (1999), The No Significant Difference Phenomenon, he lists a
collection of distance education studies citing evidence that there are no statistical
differences when comparing these and traditional methods. In addition to Russell's
compilation, there are various other examples. Many of these include nursing students
performing equally well in traditional and online scenarios (Rose et al., 2000; Leasure &
Thievon, 2000).

With regard to science education, pre/post-tests comparisons have also

shown statistical insignificance between face to face and web-based groups (Ostiguy &
Haffer, 2001; Urven, et al., 2001). Hoey, Pettitt, and Brawner (1998) reported differences
between traditional and web-based comparisons to be insignificant

even with prior grade

point average taken into account. Alternatively, Grundman, et al. (2000) showed a
considerable increase in post-test scores of medical students learning online versus those
using print-based materials.

38

Learning Theory and Online Courses
In research on teaching, a common approach to justifying an educational method
is to demonstrate that it is consistent with contemporary learning theory. In doing so
researchers examine the method for evidence that meaningful learning is possible when it
is implemented. In the post-modernist era, this usually refers to constructivist learning,
and supporters of this approach recommend research that investigates educational settings
for the presence of or the potential for learning in this style (Bostock, 1998).
There is an abundance of literature that discusses the relationship between WBI
and constructivism. Many works are position papers with varied opinions including those
that contend the very structure of web-based instruction (hyperlinks connecting ideas in
content) helps learners construct knowledge (Jonassen, 1993) and authors who contend
that web-based learning environments have zero potential to produce this type of learning
(Salomon, 2000). Multiple papers describe models of online courses (designed by the
authors) that are hailed as wonderful tools for meaningful learning (Windschitl, 1998;
Arbaugh, 2000). Some studies describe the building of individual web-pages as a
constructivist tool (Bostock, 1998).
Much less common are studies of web-based instruction describing actual online
communities of learners constructing knowledge and

the process by which it occurs.

Studies in this area less often focus on whether information assimilated online represents
meaningful learning. The previously mentioned works are much more theory-laden
rather than providing evidence of such meaningful gains.
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The one area concerning constructivist learning in which there has been an
abundance of literature is in the examination of interaction and collaboration in online
environments. Authors target this area to identify aspects of Vygotsky's social
constructivist learning associated with web-based instruction. This research is typically
descriptive, and examines the nature of synchronous and asynchronous online
discussions. A summary of conclusions is as follows. In general, student comments in
online discussions are reflective and thoughtful (Rodrigues, 1999; Cartwright, 2000;
Davidson-Shivers, Tanner, & Mullenberg, 2000). They do develop significant
relationships with other online students (Harmon, 2000; Cartwright, 2000). Assumptions
that participation in online discussion is more equal and that online discussion is more
student driven do not necessarily hold true (Ruberg, 1996). Focus is frequently on
comparing patterns that emerge during discussion in face-to-face and electronic settings.
Jonassen and Kwon (2001) for instance, found that students in online discourse were
more consistently on-task while executing problem solving activities.
Few studies attempt to relate online interaction to assimilation of concepts. Given
that this forum is relatively new, such research is still centered on analyzing the
environment rather than making the link to learning. One study did seek to show learning
as a result of online discussion. Positive gains were made among students discussing the
nature of light based on analysis of online comments and quizzes designed specifically to
assess understanding of this concept (Hoadley, 2000).

Individual Characteristics and Performance in the Online Setting

In surveying the research on WBI, it is evident that the development of this young
field somewhat parallels the historical progression of knowledge bases in other areas of
education. Early efforts to assess learning were pattemed after Thomdike's ideas typical
of an educational psychology philosophy (Donmoyer, 1996). In an attempt to seek
knowledge about learning in a scientific manner, this research investigated specific
approaches to teaching for the efficacy. Subsequent researchers criticized this
methodology because it failed to consider the interactions between the teaching and the
particular characterisfics of the learner (Cronbach, 1975). This shift in paradigms
suggested that research should consider the variances in the way individual students learn
and that they may respond differently to specific methods of teaching. Contemporary
authors agree that this principle is also applicable in web-based learning (Hathom &
Ingram, 2002). Nevertheless, the majority of research conducted in this area is more
consistent with Thomdike's philosophy than Cronbach's approach (Salomon, 2000; Tu &
Corry, 2002).
Understanding patterns with respect to variations in students' beliefs,
characteristics, learning styles, personality traits, and cultures can help educators realize
where and when the implementation of WBI may allow for efficient learning. For this
reason it is important to examine the research that would be considered a part of this
genre. Attempts to examine this consideration have been made in a variety of ways.
Some authors have attempted to predict a student's potential for success and learning in
online courses based on Meyers-Brigg's characteristics (Bail, 1995; Harsham, 1994;
Palloff & Pratt, 1999; Livengood, 1995; Dewar & Whittington, 2000).
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Other studies have focused on individual characteristics associated with success
and/or failure in web-based learning. Volery (2000) indicates that previous experience
with technology has a positive effect on performance in web-based settings. Osborne
(2001) presented a profile of an "at-risk" student in a distance education course based on
a study that examined common characteristics of students that do not complete these
classes. His profile included a student that took many credit hours, studied fewer hours
per week, had not previously taken a distance education course, studied in a less stable
environment, and had low motivation and computer confidence. Watson and Rossett
(1999) recommended utilizing a series of qualifying questions and pretests to evaluate
students for their potential to succeed in such environments. Other authors have
described the implementation of such a screening process to inform students of what to
expect in a distance course and reported a lower number of failing, incomplete, or
withdrawal grades than non-screened sections (Warasila & Lomaga, 2000). Because
online learners are often described as older students, working full time, and enticed by the
flexibility of the opportunity (Noah, 2001), it is also argued that these individuals may be
overextended with regard to time and schedule and thus more likely to withdraw from
such courses (Johnson, 2002).
Efforts to link theoretical models such as self-efficacy to success in web-leaming
are yet another approach to predict outcomes. Computer self-efficacy is described by

Murphy, Coover, and Owen (1989) as "an individual's perception of his or her
capabilities regarding specific computer knowledge or skills. Liaw (2001) draws on this
in concluding that web-based self-efficacy increases both use and enjoyment of the

internet and therefore influences success in onhne learning. Joo, Bong, and Choi (2002)
examined self-efficacy and performance in the web-based setting, indicated by scores on
objective post-course tests and search tests examining their ability to utilize the internet to
find information. They found general academic self-efficacy to be predictive of post-test
scores, while Internet self-efficacy was related to search test performance.

Motivation to Learn and Participate in the Online Setting
Because learning in a web-based setting is often considered an isolating
experience for the student (Nasseh, 1998), some argue that motivation to put effort into
online courses is often more important than in the traditional setting (Noah, 2002). For
this reason, various theoretical models have been proposed that attempt to explain how
motivation might be affected in web-based instruction. The Technology Acceptance
Model (Davis, Bagozzi, & Warshaw, 1989), suggests that the perceived ease of use and
perceived useftilness of a technology will influence one's motivation to employ it.
Bandura's (1997) theory of self-efficacy has also been discussed with regard to online
courses. In this environment, the theory relates to one's intention to engage in a task
based on one's confidence in their ability to perform it (Kinzie, Delcourt, & Powers,
1994). Motivational theory proposes that both intrinsic motivation - inherent satisfaction
— and

extrinsic motivation - impetus to perform

a task to reach a goal - have been found

to influence computer use for various purposes (Igbaria, 1993). One author combines
these ideas into a model that makes implications about web-based learning and
motivation (Liaw, 2001). According to the model, computer and web-experience lead to
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an increase in web-based confidence, perceived usefulness, and enjoyment. These in turn
all increase a users intention to be active in the web-based learning environment.

Online Teacher Professional Development
When investigating approaches to providing teachers with new skills through
web-based instruction, it is necessary to examine what has previously been accomplished
in this area. In general, online teacher development has been positively described in the
literature. Both educators and administrators propose this as a method of providing
increased access to continuing education for teachers whose schedules and lifestyles
would otherwise not allow it (Barkley & Bianco, 2001). The instantaneous nature with
which communications and feedback from others can occur in this setting is also seen as
a reason to pursue such approaches (Bowman, et al., 2000).
The majority of the relevant literature, however, is descriptive. As Colgan, et al.
(1999) state, "most of the research that deals with the topic of online professional
development is limited to statements of vision, opinion, curriculum integration ideas, and
descriptions of putative benefits ascribed to the web and other networks" (p.315). Studies
providing evidence that teachers benefit from web-based learning are more rare.
When considering studies that examine online teacher professional development,
most concern examining opportunities for communication between teachers and
reflection on the teaching process. This opportunity for collaboration among beginning
teachers has been identified by many authors as an essential component of learning to
teach (Levine, 1996; Richardson & Placier, 2001). Furthermore, it is argued that through
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the process of reflection, prospective teachers can gain greater insight into themselves and
the manner in which they understand the complexities associated with teaching (Hoban,
1999). For this reason, many articles describe programs where this has occurred
(Akanabi, 2000; Bowman, et al., 2000; Leach, 1997).
Some research in this genre attempts to draw conclusions about the nature of such
interactions and their value. Mathison and Pohan (1999) reported that student teachers
had positive experiences based on web communications. The majority of these reported
that the interactions allowed them to reflect more on their teaching (89%) and increased
thinking on controversial school issues (94%). Another study declared that their online
professional development program produced consistent opportunities for reflection and
sharing (Shotsberger, 1999). Harrington and Hathaway (1994) investigated computer
conferencing and found that the process helped bring assumptions normally taken for
granted to the attention of the student teachers making such assumptions. Barkley and
Bianco (2001) concluded that a mixture of face to face and online professional
development was a successful mix in programs in rural areas of Ohio.
Attempts to show that online teacher professional development and the resulting
interactions provide teachers with useful classroom skills, meaningful understanding, or
conceptual knowledge are sporadic or incomplete. For example, while Herbert (1999)
reports 95 % of participants in their online development program helped them "bridge the
gap between theory and practice" (p.41), investigations examining the impact of the
program on helping teachers solve classroom problems are cited as "in progress". One
citation describes a well designed study utilizing online transcripts, interviews and

questionnaires as data, but serves only as a proposal explaining the long term study for
which the results are as yet unpublished (Colgan, Higginson, & Sinclair, 1999). Hewson
and Hughes (1999), on the other hand, make the firm conclusion that university teachers
in an online information technology course did gain the technical skills taught in the
course, as assessed by their ability to complete tasks for which the skills were necessary.
This is logical in some ways, as the participants were able to practice the skills as they
completed course requirements.
While most proponents of web-based instruction hail the method for its efficiency
in delivering an educational experience (Baer, 1998), the extent to which this is true for
in-service teachers attempting to engage in continuing education while carrying a
teaching load is relatively unexplored. There are only a few findings with regard to the
practicality of online teacher development. Shotsberger (1999) reported that teachers
involved in online development during their school year were successful in their efforts to
become active in the experience. He also states that the online approach provided a
shortened training cycle in comparison to similar efforts of traditional online
development. However, the study by Hewson and Hughes (1999) describe a less efficient
course of events for instructors attempting to learn while actively teaching. They found
that participants took longer than expected to complete course requirements, extending
their involvement well beyond the semester. Some did not complete their obligations of
course evaluation until well into the following term. The flow of the online classroom
was described as "slow motion" due to the delays associated with asynchronous
discussion. Motivation and engagement were also characterized by the researchers, as
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they reported having to cue participants to complete conversations.

Theoretical Framework
While many theories help to frame this study, a few ideas in particular help to
place the relevant concepts discussed in context. A primary consideration with regard to
these data is constructivist learning. Though this concept was briefly described earlier, it
is worth reiterating here. This type of learning is said to occur when students examine
their own views and reconstruct new understandings by interacting with their
environment (Oliver, 2000). This approach is thought to produce more meaningfiil
learning across a variety of settings (Osborne and Wittrock, 1983). The term "meaningful
learning" is relevant here in light of the discrepancy between claims that exam scores in
web-based learning represent quality assimilation of knowledge (Russell, 1999) and
contentions that such measures of assessment are not adequately representative (Shepard,
2000).
Social Constructivist Theory
Social constructivist theory is especially relevant when considering web-based
instruction. This school of thought contends that interaction is an essential part of the
learning process (Hodson and Hodson, 1998). In online settings, there is potential for
compromise due to the separation of time and space that occurs between learners, a
concern voiced by students and instructors in recent surveys (Nasseh, 1998). It is also
proposed that coaching and modeling are vital parts of effective continuing teacher
education that enable participants to internalize learned skills (Barkley & Bianco, 2001).

Because these concepts are based in social constructivist thought, it seems essential to
examine the degree to which they are hindered by physical separation.
Theories of Knowledge
While constructivist theory considers how individuals leam, certain theories of
knowledge address what type of information may be assimilated. This type of thinking
often implies a series of "levels" of thinking or understanding. Piaget described this type
of phenomenon as he theorized that learning occurred in progressive developmental
levels (Phillips & Phillips, 1995).
Others discuss types of knowledge with respect to its utility. For example, Smith
and Ragan (1993) outline three such categories of knowledge - declarative, conditional,
and procedural. They describe declarative knowledge as knowing something to be true.
It is considered to be usefiil in the recognition of facts, names, and lists and is comparable
to the recall and understanding levels of Bloom's Taxonomy (Yildirim, 2001).
Conditional knowledge, however, represents understanding the context in which
information may be useful (Bransford et al., 2000). It is also described as knowledge that
allows one to understand the relationship between two concepts (Yildirim, 2001) and to
predict what may happen if the variables associated with the relationship are changed in
some way (Smith & Ragan, 1993). Procedural knowledge is considered to involve
knowing on yet another cognitive level in that it involves the use of both declarative and
conditional knowledge and may be used to solve problems (Yildirim, 2001). Smith and
Ragan (1993) state that while declarative knowledge involves "knowing thaf something
is the case, procedural knowledge concerns "knowing how." These ideas are relevant in
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this study as they allow for speculation of what types of knowledge the participants were
able to construct as a result of their experiences. Other investigators have used these
conceptions of knowledge to describe how students have learned in a given situation
(Lawson, Alkhoury, Benford, Clark, & Falconer, 2000; Lawson, Clark, Cramer-Meldrum,
Falconer, Sesquist, & Kwon, 2000; Yildrim, et al., 2001).

Motivation, Self-Efficacy, and Technology Acceptance
While the previous theories consider learning and the process by which it occurs,
other ideas relevant to this investigation address the drive to engage in such a process. In
analyzing a web-based learning environment, it is necessary to examine the processes
influencing the incentives of the learners. Without the inspiration to put forth effort,
meaningful learning has little chance to occur.
Theories surrounding learning motivation usually highlight two such factors. The
first, intrinsic motivation, concerns personal satisfaction associated with completing a
task, while the second - extrinsic motivation, refers to performance of an activity to reach
an outside goal or reward (Liaw, 2001). Because student motivation is considered to be
imperative in web-based learning environments (Noah, 2001), both notions are important
when considering the potential for online students to achieve.
Other factors also influence motivation to engage in online learning. Bandura's
(1997) concept of academic self-efficacy contends that confidence in one's academic
abilities is directly related to student achievement. This notion is related to the
technology acceptance model (Azjen & Fishbein, 1980) which states that perceived ease
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of use and perceived usefulness determine an individual's intention to use technology for
a specific purpose.
Therefore, when considering online learning, all of these aforementioned concepts
are applicable. Intrinsic and extrinsic motivation may influence the degree of
involvement, while belief in the potential of an online medium to provide a convenient
and quality experience may affect engagement in the process.

Opportunity to Learn
This genre of research considers whether students have had ample opportunity to
assimilate sufficient information to meet the goals of a particular learning experience
(Floden, 2002). According to Carroll's (1963) model, the degree of student learning is a
function of five factors: 1) the amount of time needed to learn a task, 2) the ability to
understand instruction, 3) the amount of time an individual is willing to engage in
actively leaming, 4) the time allowed for learning, and the 5) quality of instruction. In this
model, considerable emphasis is placed on time, as it is stated that degree of leaming may
also be expressed as the time spent leaming divided by the time needed to leam.
Because leaming and factors affecting engagement in the learning process are
considered in the present study, opportunity to leam theory is relevant to consider. In
other words, if the degree of leaming in an online setting is noted to be deficient, one
must not only consider the influence of the media on the construction of knowledge, but
also whether the technology influenced students' willingness to use it. A decreased
intention to use the technology would result in students spending less time engaged in
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learning, and thus having a limited opportunity to learn.
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CHAPTER III
RESEARCH METHODOLOGY
Discussion of Mixed Methodologies and their Relevance to Studies of Online Learning
Quantitative vs. Qualitative Research
In chapter 2, it was argued that pure quantitative assessments are often incomplete
representations of the construct of learning. If this is true, which alternative approaches
might be utilized? The answer to this question can be found in the contemporary
literature concerning research on teaching.
Initially, educational psychology philosophies were the predominant approach to
research in education (Murray, 1996). Springing fi-om a scientific approach (Mason,
1996), this method is typically associated with providing empirical data upon which
statistical conclusions may be based (Osborne, Christianson, & Gunter, 2000). As is
reflected in the literature concerning online learning, this strategy is still well represented.
However, in recent years qualitative methodologies have become a common
alternate approach to researching educational situations (Mason, 1996;Tashakkori &
Teddlie, 1998). As the critics of the process-product approach argue, learning is
individual and occurs within a specific rather that global context (Salomon, 2000).
Qualitative

research serves as a vehicle to address the realities of a distinct learning

situation (Mason, 1996). Through the use of participant interviews, analysis of
documents, and observations of events, such unique factors become accessible (Burgess,
1984). Though not always seen as a justifiable manner in which to conduct research on
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education, the legitimacy of this paradigm is now widely upheld (Howe, 2001) and
therefore, should be considered when addressing issues such as evaluating learning.
The debate between these and quantitative approaches continues, though
qualitative methods seem to have found a place in educational research. Despite this
notion that qualitative approaches have carved a niche in the world of educational
research (Howe, 2001), there are those that argue for the continued use of quantitative
measures in assessing the effectiveness of teaching due to the nature of the questions to
be answered (Crawford & Impara, 2001). The debate has become very controversial in
some instances. So much so, that authors have written about the problems of researchers
becoming so entrenched in one camp or the other that they discount the validity of some
research solely based on the method used (Doimioyer, 2001). Therefore, the best
approach to research on web-based learning is not easily distinguished.
Research examining learning effectiveness in web-based educational
envirormients is considerably lacking in qualitative methods. Studies that do incorporate
these approaches typically address the nature of online interactions (Rodrigues, 1999;
Cartwright, 2000; Davidson-Shivers, et al., 2000; Harmon & Jones, 2000), but as already
highlighted, rarely attempt to link findings to learning and conceptual understanding.
Because many questions about web-based instruction are yet unanswered, authors such as
Windschitl (1998) call for more qualitative studies examining this type of learning. This
movement is based on the argument that research questions in this environment should
focus not only on outcomes, but on what is occurring in the web-based setting during the
learning process (Windschitl, 1999). This idea is supported by authors discussing

53

research on teaching who also argue that methodology should be consistent with the
relevant questions (Floden, 2001). Considering that the unanswered questions often
concern the nature of web-based learning, it seems that qualitative approaches may have a
role in analyzing this setting.

Mixed Methods
The use of mixed methodologies - a combination of quantitative and qualitative
approaches - allows researchers to use yet another approach to examine a learning
situation (Russek & Weinberg, 1993). Dormioyer (2001) proposes such an ideology as
way of reducing the tension between opposing views among researchers and critics of the
literature on education. Tashakkori and Teddlie (1998) present the use of "mixed
methods" as a superior paradigm that has superceded the previous contrasting
approaches. Examples of investigations successfully implementing this strategy are
becoming increasingly common in the literature (e.g. Songer and Mintzes, 1994; Shulha,
Wilson, & Anderson, 1999).
This technique seems logical in instances where the existing data is in question
because it is a form of triangulation - a method of checking different sources of data
against one another for validity. Mason (1996) further explains this by saying that "if you
measure the same phenomenon from different angles or positions you will get an accurate
reading or measurement of it" and that triangulation "encourages the researcher" to
"explore their intellectual puzzles in a rounded and multi-faceted way. This does enhance
validity in the sense that it suggests that social phenomena are a little more than one-
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dimensional, and that your study has accordingly managed to grasp more than one of
those dimensions" (pp. 148-149).
The mixed methods approach to examining learning seems especially appropriate
in web-based environments. This is true because the implications of physical separation
in distance learning are still poorly understood (Swartz and Biggs, 1999). Therefore,
using a combination of methods may help account for some of the unknown influences
that might occur. Because the research questions in this study consider web-based
learning outcomes, the nature of web-based learning, and the influence of the web-based
setting on learning, a multi-faceted perspective is appropriate. Furthermore, due to the
shortcomings discussed earlier of quantitative findings, and lack of qualitative data in
online investigations (Windschitl, 1998), it seems necessary to construct a study with a
fresh perspective that compares both sources of data.

Research Frame of the Present Study
The purpose of this study was to understand how teachers and teacher candidates
learned in an online Biology course. Based on the nature of the research questions, and
the arguments presented earlier in this chapter, the investigator found it necessary to
assess learning using a mixed methodology approach. This research paradigm assigns an
equivalent status to both methods (Tashakkori & Teddlie, 1998). The quantitative
component of the study revealed trends concerning learning in the online course based on
exam and concept map scores. The qualitative portions of the study were situated within
the paradigm of constructivist inquiry (Guba & Lincoln, 1994). This research orientation
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aligns with an ontological position that adopts a relativist stance toward the situation to
be understood, and an epistemological perspective that acknowledges subjectivity and an
interaction between the researcher and the environment (Guba & Lincoln, 1994).
Specifically this was applied to analysis of semi-structured interviews, online transcripts,
and laboratory observations. By combining both forms of research, a theory emerges
from the objective data, and is expanded and fortified with the salient findings of the
participants' course experiences. Ultimately, the findings fi^om this study have breadth
and scope as a result of the design (Greene et al., 1989).
Arriving at this framework entailed a multi-step approach. The first step, a pilot
study, was conducted to explore, select, and refine the methods of data collection and
analysis. This pilot study was conducted in the summer of2002. The second step, the
study reported herein, occurred 5 months later when the initial methods and processes
were clarified enough to delineate a final framework. Essential components of the
finalized study included statistical analyses of exams, concept maps, observations of the
face to face laboratory experience, semi-structured interviews, and the utilization of
multiple researchers to qualitatively code the data. These components provided
triangulation (Mathison, 1988) to support the resulting conclusions as valid
representations of the studied events (Lincoln & Guba, 1985).
To further clarify the mixed methods employed in this investigation, it is helpful
to explain some specific approaches outlined by Tashakkori and Teddlie (1998).
Consistent wdth a method known as "parallel mixed analysis" pure quantitative data from
exam scores was compared with other mixed or qualitatively analyzed data. Because
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concept maps in their raw form are a source of qualitative data, they were examined using
what Tashakkori and Teddlie call "concurrent analysis". As they state "this involves the
transformation of the qualitative data to a numerical form" (p.128), and therefore allows
the maps to be scored numerically. The traditional qualitative method of emergent theme
analysis was used to evaluate concept map content, online transcripts, and interview data.
These too, were compared with the other data sources in the fashion of a parallel mixed
analysis paradigm. The resulting information from varying sources was then crossreferenced for consistency in drawn conclusions. Again, this approach represents a
triangulation of data which helped to provide multiple perspectives concerning learning in
the course and factors that affected the process (Mason, 1996). A summary of methods
used in the study is included in Figure 3.1.
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Figure 3.1
Representation of Mixed Methodology Approaches Used in the Study

Exam Scores

Quantitative
Data

Concept Maps

Online Transcripts

Concurrent
Analysis

Quantification of
Data

Statistical Analysis

Traditional Qualitative Analysis
(Emergent Theme Analysis)
Via manifest content analysis (noting instances of
items of interest), latent content analysis (noting
themes of whole events), and constant comparative
analysis (categorizing of themes), the most salient
fmdings are identified (Tashaickori & Teddlie, 1998)

Parallel Mixed Analysis
Combinations of Quantitative, Qualitative,
and Mixed Data compared and contrasted
against one another for agreement or
disagreement (Tashakkori & Teddlie, 1998)

I
Conclusions

Interviews
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Participants
Participants received word of the course via flyers sent over a list-serv accessible
to many teachers in the state of Arizona. The course was advertised to prospective
applicants as a method of increasing content knowledge in Biology and preparing for the
Biology teaching certification exam. Five high school Science teachers and two preservice teachers formally enrolled in the course. The two pre-service teachers had
previously received bachelor's degrees in Biology disciplines and were presently enrolled
in Science Teaching Programs. Demographic details on the eight participants are listed in
Table 3.1.
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Table 3.1
Participant Demographic Information

Age

Name

Present Teaching
Assignment

Years
Teaching
Experience

Degree

Alvin

36

Biology; Physical
Science Grades 9-10

3 years
High School

B.A. History;
Teaching
Certificate

Boimie

39

Biology; AP Biology
Grades 10-12

11 years High
School

B.A. Ed.;
M.A. 2"'' Ed.

Holly

29

Basic Life Science
Grades 9-12

5 years High
School

B.S. Biology;

Mike

41

Biology; Physics
Grades 9-12

4 years High
School

B.S.
Renewable
Natural
Resources;
Teaching
Certificate

Rob

46

Pre-service

B.S.,Plant
Science
Ecology;

Suzy

24

Pre-service

B.S. Animal
Ecology;

Ted

28

9"* Grade Biology

4 yrs. High
School

B.S. Geology
M.Ed.

The Course
The course taken by participants in this study was part of a grant-funded project
implemented at a mid-sized University in the state of Arizona. This was done in response
to the ongoing need for qualified science instructors throughout the state. The project
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encompassed courses in the content areas of Biology, Chemistry, and Physics, as these
were the areas of greatest perceived needs. Each discipline was split into a series of
modules designed to help teachers prepare for certification exams in the appropriate
subject matter. These courses were assembled utilizing the course management tool
WebCT. Though formally designed by instructors at the sponsoring institution who were
well versed in the appropriate content areas, information technology specialists were also
consulted during the construction of the class.
The web-based course specifically examined in this investigation was the first in
the series of six Biology modules. Its focus consisted of introductory biology concepts
including evolution of living organisms, the organization and hierarchy of life, and a
summary of the historical and contemporary contexts of Biology. Content was consistent
with a General Biology text from which the participants completed reading assignments.
Other course requirements included the posting of asynchronous discussion comments on
specified material and the completion of formal online activities formatted as quizzes,
flashcards, animated sequences, and other self-directed reviews. Participants were given
three weeks to complete the module.
At the end of the three-week period, the students completed lab activities in one of
two formats. Individuals were randomly assigned to either a formal or independent
laboratory group. The formal group (five participants) attended a face-to-face session and
completed three hands-on activities based on course content (see appendix C). The
independent group (three participants) received instructions and materials by mail,
allowing them to complete the same activities on an individual basis.

The Role of the Researcher
Though the investigator was not the primary course instructor, he did play various
roles in the teaching process. For the online portion of the course, the principle researcher
functioned as a teaching assistant. Duties in this role involved helping facilitate online
discussion, answering participant questions regarding course expectations, and providing
prompts to complete course activities in a manner consistent with the course schedule. It
is important to note that the investigator played no role in designing the course, and thus
had no vested interest in its success.
With regard to the laboratory experience, the researcher's role was considerably
greater. Because the online Biology course designed by the sponsoring institution did not
include a laboratory session, it was necessary for the researcher to design such an
experience. Activities consistent with course content were selected by the researcher and
reviewed and approved by the instructor. In addition, the investigator served as the
instructor and facilitator of these activities during the face to face lab experience.

Individual Participation and Ethics
All individuals participating in the online course and this research study did so
voluntarily. The Institutional Review Board approved consent forms, which were then
signed by all participants. These individuals were informed that they would not receive
University credit for their efforts, but might gain greater understanding of Biology
concepts and thus be better prepared for the Biology Certification Exam, should they
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choose to pursue this. Furthermore, participants were told they might receive continuing
education credits, pending approval of the appropriate governing boards. Finally, in an
effort to comply with ethical considerations of privacy, pseudonyms were assigned and
specific references to identifying individuals or locations were removed from data
sources.

Timeline
The following timeline reflects the scope of this investigation:
June/July 2002

Pilot group completes online course.

July/August 2002

Pilot data examined. Methodology of primary study
formulated and finalized based on trends and tentative
conclusions.

October 2002

Consent forms signed by participants and collected.
Demographic information on participants assembled.
Students are mailed orientation materials and provided with
training regarding navigating WebCT and the creation of
concept maps. Pre-course objective exam and concept map
data collected. Participants begin online Biology course.

November 2002

Participants engage in either independent or face to face
laboratory experiences. Online course concludes. Written
post-course data in the form of online transcripts, objective
exams, and concept maps is collected.
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December 2002

Preliminary analysis of exam, concept map and online
transcript data begins. Participant interviews begin.

January 2002

Data analysis of exams, concept maps, and online
transcripts concludes. Interviews conclude. Interview data
are analyzed.

Pre-Course Preparation and Data Collection
Upon formally enrolling in the course, students were mailed orientation materials.
These included handouts detailing the overall format of the course, instructions for
initially logging on to the website, an overview of concept maps, a CD ROM containing
concept mapping software, an overview of the software, a demographics questionnaire,
and consent forms.
To obtain baseline data on participants it was necessary to collect data concerning
their demographics and prior knowledge of course concepts. This involved having
participants complete: 1) a questionnaire that produced teacher profiles 2) a multiplechoice test based on course content, and 3) a concept map concerning subject matter from
the course that represented their preconceptions of the material.

Demographics questionnaire
The demographics questionnaire was developed beised on a tool previously used
by Roehrig (2002). This was mailed to participants who returned the completed form
prior to the start of the course. A copy of the questionnaire can be found in Appendix A.
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Pre-course objective exams
Upon initially logging onto the course, students were instructed to complete a 31
question online multiple choice exam based on course concepts (see Appendix A). This
exam was formulated by the designers of the project, and implemented for the purpose of
providing objective evidence of pre and post improvements in students' knowledge of
course content. Outcomes of the exam were incorporated into this study as one
representation of learning and also to compare the grant-funded project's measures of
assessment with other data sources. The post course exam consisted of identical
questions rearranged to provide some variability.
Concept maps
Description of Concept Maps
Concept mapping was another utilized measure of pre and post learning. The
maps produced in this technique are described as diagrams that illustrate relationships
between concepts concerning a given subject and are considered an alternative to
traditional exams (Rafferty & Fleschner, 1999). Their use to identify representations of
student learning is well documented in the literature (Novak & Gowin, 1985) and they
therefore served as suitable complimentary measures to the objective exams.
Concept Maps as Quantitative and Qualitative Measures
If a mixed method approach to analyzing learning is to be adopted, it is important
to choose assessment tools that are capable of producing such data. Concept maps have
been hailed as the ideal instrument for this purpose because of their ability to produce
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both data that can be analyzed in both quantitative and qualitative fashions (Trochim,
1989). Because this technique provides individually constructed representations of
learners' ideas, it can be coded qualitatively (Truscott, Paulson, & Everall, 1999). Maps
may also be scored in a variety of ways to produce data that can be statistically examined
(Stoddart, Abrams, Gasper, & Canaday, 2000; Borough & Rye, 1997).
Concept maps may also be a better alternative for addressing the construct of
learning. The potential for knowledge maps to assess meaningful learning is well
documented (Novak, 1988; Novak, 1981; Canas, Ford, Novak, Hayes, Reicherzer, &
Suri, 2001; Dorough & Rye, 1997). Moreover, Rafferty and Fleschner (1993) outlined
strong arguments as to why concept maps are better sources of assessing students'
understanding than are objective and essay exams. Specifically they argue that true/false
and multiple choice exams often measure rote knowledge of disconnected facts rather
than comprehension of interconnected ideas. The possibility for guessing and the
influence of unintentional hints gained from the wording of questions is also a concern
with these forms of assessment. In comparing concept maps with essay tests, these
authors contend that while such written forms of assessment are more open-ended, they
often encourage wordiness and reward students who write neatly or echo the views of the
teacher. Researchers in agreement with these premises have reported using these
instruments specifically for this purpose of evaluating meaningfiil learning (Songer &
Mintzes, 1994).
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Concept Maps for Assessing Web-Based Learning
Concept maps seem well suited for the pvirpose of assessing web-based learning.
This is because much of the controversy concerning online learning concerns questions of
quality (Salomon, 2000). Since concept mapping is often hailed for its potential to
represent meaningful understanding (Stoddart, et al., 2000; Canas, et al., 2001; Dorough
& Rye, 1997) this approach may provide a new perspective in assessing web-based
learning. In addition, this method may be conveniently used in the online environment.
The advent of online mapping makes it convenient for maps to be received electronically
from students at a distance as well as increasing the ease with which the students may
create those maps (Canas, et al., 2001).
Concept Map Training
Because participants had varying levels of experience with concept mapping,
instruction in this technique was provided. This training process was initially
implemented in the summer pilot study. It was then modified, and refined based on the
data collected. The end result was the process used in the study.
Students were given written instructions on creating concept maps, directed to
online tutorials outlining the subject, and provided with multiple examples. These
instructions were provided via mail three weeks before the start of the course, giving
participants ample time to become familiar with the approach. In an effort to increase the
efficiency with which participants could construct their maps and send them to the
researcher electronically, a concept mapping software tool known as Inspiration was
utilized. Subjects were provided with CD ROM's containing the Inspiration software. In
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addition to simple written instructions concerning the construction of concept maps via
Inspiration, the software included a self-tutorial.

Laboratory Experiences
The face-to-face laboratory experience was attended by five students. This
session lasted approximately two hours and included three hands on activities directly
related to key course concepts of evolution, natural selection, and classification. These
activities were chosen for their consistency with course concepts of natural selection and
classification and were reviewed by two other individuals working in the field of science
to verify their appropriateness. These were based on project numbers 1,2, and 10 in
Fantino, McShane, & Smith (2000).
A general description of the flow of this laboratory session follows. At the
direction of the instructor students broke into groups for the activities. Overall, these
individuals worked diligently, seemed to be engaged in the projects, and were attentive
throughout. When there were decisions to be made, they discussed topics within their
groups and came to a consensus to which they presented to the rest of the group either
orally or in writing, depending upon the activity. Individuals asked procedural questions
of the instructor and each other. At the completion of each activity, the instructor led a
brief discussion concerning their conclusions based on a socratic dialogue approach.
Finally, students put their thoughts in writing summing up their conceptions of how
course concepts were represented in the recently completed activity. As the lab
progressed, students also asked the instructor content based questions, some of which
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were connected to lab activities and others based on other course experiences. At times,
these questions would give way to informal discussions involving multiple students.
Due to attrition rates, only three students remained in the independent lab group.
These individuals were sent written instructions for completing the same three lab
activities. For two of the activities, students had access to all materials required for
independent completion. The students were instructed to complete these projects in full
and put in writing their interpretations of how these related to course content. With
regard to the remaining activity for which resources were not available, students were
advised to consider the experiment and a hypothesized outcome, again followed by
mental links to the relevant concepts.

Data Collection - Post Course
The second phase of data collection continued after the students completed the
module. Measures of learning gathered here included construction of post-course concept
maps as well as completion of a second multiple-choice test with identical questions in a
different sequence. Instructions for completing the second concept map were also
identical to those given initially. Transcripts from online discussions were also assembled
and lastly, participants were interviewed regarding the nature of their experience in the
online course. Interviews were conducted by phone, audio-taped and later transcribed.
A list of interview questions may be found in Appendix A.
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Data Analysis
Quantitative Data Analysis
In scoring concept maps certain systems emphasize varying aspects of what is
represented within. Therefore, two separate scoring schemes were used. The first system
based on a paper by Stoddart, et al. (2000), was selected for its emphasis on the quality of
scientific relationships established by students constructing maps. In this method scores
were calculated by assessing the validity of the connections made by students between
concepts. These relationships labeled by Stoddart et al. as propositions, were labeled as
scientifically correct (and therefore consistent with course information) or scientifically
inaccurate. In an effort to enhance reliability, the maps were evaluated separately by two
different researchers. Discrepancies in determining the validity of relationships formed
between concepts were recorded and checked against written sources. In instances where
the validity of the relationship was still in question, a content expert in the field was
consulted to make a final determination. Final scores (represented as percentages) were
calculated as the number of scientifically accurate relationships divided by the total
number of connections formed by the student
The second scoring scheme, also based on methods described in the literature
(Dorough & Rye, 1997; Rafferty & Fleschner, 1993) gave greater weight to the quantity
of information contained in maps. In this approach, occurrences of relevant concepts,
relationships, examples, and branching pathways are recorded and assigned point values.
This number is totaled and then represents the final map score. This method is in contrast
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to the previously described approach by Stoddart, et al. and provides a different
perspective regarding learning. For the purpose of this study, the second scoring system
will be known as the alternate concept map score.
Objective test scores, on the other hand, were simply expressed as percentages of
correct answers (correct answers/total possible correct). Pre and post means of concept
map and exam scores were then compared statistically via a one tailed t-test with a 0.05
level of significance.
Qualitative Data Analysis
Qualitative analysis concerned coding of concept maps, interview data, and online
transcripts for global themes and patterns. Coding categories were created from multiple
sources. Pilot concept map and online discussion data served as one such source. By
examining these for the presence of preliminary themes, the researcher was able to note
initial trends that could be followed up on in the final data analysis. Course materials
provided further direction for selecting these categories. Formally written objectives,
reading assigimients firom the text, and the online content all provided descriptive
evidence of key concepts and the knowledge students could potentially learn.
Discussions with the course designer were also important in considering what was
emphasized in the learning experience. Finally, the resulting data were an important
consideration in specifying categories. This method of indexing coding categories that
are emergent fi-om the collected data is commonly used in qualitative approaches and is
supported by the literature (Mason, 1996).
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In general, concept maps were evaluated for their inclusion or omission of key
course concepts within the generated indexes. Categories established for this purpose
were divided into three broad areas further divided into subsections representing the key
concepts within the larger headings. For example the first broad content domain entitled
'Origins' concerned the beginning and early transition stages of life. The subsections
combination of atomic particles, membranes, cells, prokaryote to eukaryote transition,
and uni-cellular to multi-cellular life transition were the key ideas making up this domain.
Therefore, as student maps were assessed for pre to post changes, these were grouped
within the coding context accordingly. A complete summary of concept map categories
is found in Appendix B.
Online discussion transcripts were classified in three different ways. First,
postings were grouped by individual responses to determine each participant's
comparative contribution to the bulletin board discussions. Whole postings were then
categorized by purpose and labeled as a General Comment, Response to Assignment,
Reply to Student, or Reply to Instructor Prompt. Postings placed in the Response to
Assigimient category contained comments that directly addressed the content or question
posed by the initial assignments. Additionally, these types of postings did not contain
references to other students' postings.

Replies to either students or instructor prompts

were classified based on evidence that the student was directly addressing the comment to
a particular individual. This could be determined by the label placed on the posting by
the WebCT bulletin board tool (e.g., a posting may have been labeled "Reply to Alvin"),
by noting typed direct references to other students (e.g., "I disagree with your statement
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that we need to observe things to confirm them, Holly"), and by comparing postings and
finding the content consistent with and in reaction to the content in another student's
posting. General comments were considered postings that were not considered in
response to assignments or other postings (e.g., statements addressing administrative
issues, procedural issues, or other general non-content related postings).
Finally, separate thoughts within one student posting were coded for content. A
thought was considered a set of continuous comments discussing a particular topic.
These were divided into thoughts or discussions of course content, teaching, critical
thinking about course content, and opinion. A flowchart summarizing this process and
examples of the types of postings are included in Figure 3.2.
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Figure 3.2 - Flowchart for Coding Online Discussion Postings
Discussion Postings

\
\
\

\

Categorized by Student
Each student's postings noted and totaled to reflect their
overall contributions

Categorized by Purpose
General Comment
Response to Assignment
Reply to Student
Reply to Instructor Prompt

Thoughts within Postings

Course Content
Declarative commentary on topics or ideas directly
related to the course
Teaching
Comments discussing teaching in general or how
course content relates to a teaching situation
Critical Thinking
Comments providing evidence that the student is
thinking critically about course content, rather than
simply repeating information from the text or online
activities. May show reflection on ideas or the
making of cormections between course content and
prior knowledge.
Opinion
Comments reflecting personal thoughts on a matter,
not requiring critical thinking or knowledge of course
content
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As interview responses were more open-ended and difficult to anticipate,
categories associated with these data were more truly emergent from the data. In forming
coding categories, inductive analysis was used to formulate general themes. This was
done by considering the pool of data as a whole and noting the most salient ideas and
concepts expressed by participants. These ideas and concepts were then grouped
appropriately. The end result was a number of participant responses that were commonly
repeated and prominent throughout the data. These groupings included categories such as
perceived pre to post changes in concept maps, perceived learning, attitudes toward the
online environment, use of course resources, influence of the enviroimient on
collaborative learning and reasons for lack of motivation.
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CHAPTER IV
PRESENTATION OF FINDINGS

This chapter describes the measures of learning that occurred as a result of the
online course and the factors that influenced such outcomes. Quantitative data consist of
statistical comparisons of objective exam scores. Verbal representations of knowledge
from concept maps are quantified and also reported in this manner. Qualitative data from
these maps are also reported after inductive analysis that represents the global themes and
patterns represented within. Transcripts from online discussion and interviews provide
further insight into what participants gained from their experience in the course and the
reasons why they may or may not have benefited. Summary tables of the above are
provided for comparison purposes.

Quantitative Data
Analysis of Exam Questions
Exam questions were analyzed to determine the level at which students'
knowledge was being assessed. As may be seen from Table 4.0, the majority of the
questions were at the knowledge level. Of the remaining questions, seven were
considered comprehension items, while three were application oriented.
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Table 4.0
Analysis of Exam Questions by Bloom's Taxonomy Categories
Bloom Taxonomy Category

Number of Exam Questions

Knowledge

21

Comprehension

7

Application

3

Multiple Choice Tests
Scores of multiple choice exams based on course content were collected. There
was considerable variability amongst these measures. Pre-test scores ranged from 42 79%, while post scores varied between 54 and 91%. Standard deviations also represented
this wide variance of scores, as pre and post measures were 14.5 and 12.0 respectively.
As evidenced by the ten point increase in mean score from 64.9 to 74.9%, most students
experienced a relative increase in their scores from pre to post exam. Though this
difference was not statistically significant via a t-test (p>0.05) largely due to small
sample size and the degree of variability between exam scores, the trend is one of
improvement.
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Figure 4.1 - Comparison of Pre and Post Exam Scores

Analysis of Concept Maps
Analysis via the Stoddart Method
A variety of techniques for scoring concept maps are mentioned in the literature.
As with any analysis tool, different methods emphasize various aspects of the data.
Therefore, two separate scoring schemes were employed. The first method, described by
Stoddart, et al. (2000), places greater emphasis on the quality of scientific connections
made in concept maps and was examined to provide insight into this aspect of students'
understandings

of course material (See Appendix B).

There was considerable variability amongst the group's concept map scores.
Ranges of map scores spaimed firom 52 - 86 for pre map scores and 0-91 for post map
scores. Standard deviations were found to be 18.4 and
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30.8 respectively. Based on six participants' scores (one student's pre scores could not
be utilized, due to inadequate map construction), pre and post means were 59.0 and
56.4% respectively and not significantly different (p>0.05). As compared with exam
scores, student gains were less frequent and more moderate. Based on these data, it may
be concluded that student gains with regard to the quality of the maps were considerably
low (see figure 4.2).

PRE-STODDART SCORE
• POST-STODDART
SCORE

ALVIN

BONNIE

MEAN
Student

Figure 4.2 - Comparison of Pre and Post Stoddart Concept Map Scores

Analysis via the Alternate Method
The second method used to analyze map scores was based on systems cited by
Dorough and Rye (1997) and Rafferty and Fleschner (1993). This method (see Appendix
B) scores maps based on the total number of relevant concepts, connections, examples,
and branches made and thus places greater emphasis on quantity.
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In nearly all cases students made gains in their post scores. Though group means
of 41.9 (pre) and 65.8 (post) support this idea, again statistical differences were not
significant (p>0.05) largely due to sample size and variability. Pre scores ranged from 14
to 93.5 with a standard deviation of 32.6 while post scores varied from 12 to 135 with a
standard deviation of 40.16 (see Figure 4.3).
Comparing these trends with the Stoddart Map scores reveals a pattern. When
contrasting these scores, it seems that students made greater gains with regard to quantity
than quality. In other words, it seems students learned more relevant terms, concepts, and
examples but made poor connections when illustrating relationships between these
concepts.

160

mPRE ALTERNATE MAP
SCORE
140 -

BPOST ALTERNATE MAP
SCORE

0
ALVIN

BONNIE

HOLLY

MIKE

ROB
Student

Figure 4.3 - Comparison of Pre and Post Aiternate Map Scores

SUZY

TED

MEAN
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Table 4.1a
Statistical Information on Quantitative Analysis
Pre-Mean

Post-Mean

Pre-SD

Post SD

t-score

p value

64.9

74.9

14.5

12

1.408

0.05

59.0

56.4

18.4

30.8

0.182

0.05

41.9

65.8

32.6

40.16

1.224

0.05

Multiple
Choice
Tests
Stoddart
Scores
Alternate
Scores

Qualitative Analysis of Data
Concept Maps
As outlined in the previous chapter, concept map content was examined for the
presence of the primary themes of the course. These were established based on analysis
of online content, assignments from the text, course objectives, and instructor generated
concept maps. Three principle themes were decided upon and then further subdivided
into key concepts within each theme. Findings within these areas are represented below.

Origins of Life
There were mixed findings with regard to learning within this category. Though
pre to post changes were made by some students, no clear pattern emerged with regard to
the grouping Origins as a whole and learning in this area could therefore best be
described as inconsistent. In three out of the five sub-categories at least 3 of the 7
students did not adequately represent the appropriate ideas in either pre or post course
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concept maps. Furthermore, of students not demonstrating prior knowledge of the
concept in each sub-category and thus having the potential to learn it, only in one
instance did greater than half achieve this. In other words, in 4 of 5 subcategories, less
than half of students having the potential to learn new information were able to make
such connections (see Table 4.1).
In the sub-category Combination of Atomic Particles, 3 students had prior
knowledge of the concept. While two students' maps did not show post-course gains in
this area, two others demonstrated improvements over their pre-maps. Holly, for
example, added specific names of elements that combined to form pre-cursors to living
cells, and Suzy added the term atoms to the begirming of her map in explaining sub-units
of life.
The greatest pre to post gains were noted with regard to subcategory Evolutionary
Transition fi-om Prokayrotic to Eukaryotic Cells. Though three students demonstrated
such knowledge in their initial maps, this concept was represented as new knowledge (or
with more meaningful connections) in four maps. One student did not represent this idea
in either pre or post maps.
The sub-category examining Cells as a Unit of Life surprisingly showed zero pre
to post improvements. The three individuals who did not include this idea in their pre
maps also failed to show this connection in the post course constructions. This was
surprising, as the concept of the cell was well illustrated throughout the online activities
and text.
With regards to the notion of the Formation of Membranes as an important event
leading to the appearance of life, two students showed greater connections after the
course. For example, though Suzy did include the term in her pre map, the post map
shows a deeper understanding of its meaning as she outlines that these allowed for
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compartmentalization of cells and cell activity in organelles. However, this sub-category
produced the greatest number of students (5) showing no indication of understanding the
concept in either pre or post maps.
Lastly is consideration of representations of the transition from uni-cellular to
multi-cellular life forms. Of the four students not including this idea in their pre maps,
only one did so after their course experience. Though others represented higher life
forms such as plants and animals, they did not illustrate the connection that these
organisms were phylo-genetically different from single cell organisms.
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Table 4.1
Representations of Origins of life in Concept Maps

Combination
of Atomic
Particles

Membranes

Concept
Included in
Both Pre and
Post Maps

Mike
Rob
Ted

Suzy*

Concept
Represents
Pre/Post
Change

Holly
Suzy

Rob
Suzy*

Alvin
Bonnie

Alvin
Bonnie
Holly
Mike
Ted

Transition
Transition
from
from Uni
Identification Prokaryotic to cellular to
of Cells as
Eukaryotic Multi-Cellular
Unit of Life
Cells
Life
Alvin
Mike
Rob
Suzy

Bonnie
Suzy*
Ted

Holly
Rob

Holly
Mike
Rob
Suzy*

Suzy

Alvin

Alvin
Bonnie
Ted

(Included in
Post Map
Only)
Concept not
included in
either Pre or
Post Map

Concept Only
Included in
Pre Map?

Bonnie
Holly
Ted

Mike

* Denotes that the student included the concept in a pre-map, but in some way added
to their knowledge of it in the post map (See Appendix B).

Macro-Evolutionary Changes
In general analysis of this category, it seems that two subdivisions showed
mostly positive pre to post gains, while the other two were particularly lacking in post
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course representations. With the majority of students (71% and 57%) not adequately
including these areas in post maps, it can be said that the concepts Relevance of Ancient
Earth' and Role of Sexual Reproduction were not largely assimilated as a result of the
course. These findings are summarized in Table 4-2.
In illustrating the role of the envirormient in facilitating evolutionary change, 2
students not indicating this as prior knowledge added this idea to their post maps.
Additionally, one student that did include this concept in her pre map, showed a deeper
understanding of the idea in her post map with a stronger use of linking terms cormecting
post map representations to related ideas. Only one student failed to outline the role of
the envirormient in either pre or post constructions.
A similar pattern was noted in the other category in which pre and post changes
were more regularly noted. Again, two students' maps showed evidence of
comprehending the concept Changes in Metabolic Synthesis better after the course by
highlighting the role of photosynthesis in changing life on earth, while one individual
added to existing knowledge of the subject. This left only 2 students omitting such ideas
from both maps.
Less changes were noted in the remaining categories. The role of sexual
reproduction in the big picture of evolution was noted as prior knowledge by only one
student and as assimilated information by two individuals. The remaining four students'
maps did not included awareness of this concept.
The least represented sub-category of Macro Evolutionary Changes in all maps
occurred in reference to the subcategory Relevance of the Ancient Earth. Only one
student experienced any pre to post changes in their conceptions of this idea. This
change, however, was a strengthening of the pre-conceptions that the student illustrated
in his initial map, as he was one of two individuals demonstrating some prior knowledge

85

of the idea. Five students' maps lacked illustration of this concept.
Table 4.2
Representations of Macro-Evolutionary Change in Concept Maps

Relevance of
Ancient Earth
Concept
Represented in
Prior Knowledge

Role of
Environmental
Conditions
(Atmosphere?)

Changes in
Metabolic
Synthesis

Role of Sexual
Reproduction

Holly
Mike*

Bonnie
Holly*
Ted

Holly*
Ted

Ted

Mike*

Alvin
Holly*
Suzy

Alvin
Holly*
Suzy

Alvin
Suzy

Alvin
Bonnie
Rob
Suzy
Ted

Rob

Bonnie
Rob

Bonnie
Holly
Mike
Rob

Mike

Mike

(Included in Both
Pre and Post Maps)
Concept
Represents
Pre/Post Change
(Included in Post
Map Only)
Concept not
Represented
(Not Included in
Either Pre or Post
Map)
Concept Included
in Pre Map Only?

* Denotes that the student included the concept in a pre-map, but in some way added
to their knowledge of it in the post map (See Appendix B).

Natural Selection
In all subcategories of Natural Selection, the majority of students showed no post
map evidence of conceptual understanding. With three of the six sub-areas showing 86%
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(6/7) of students lacking the concept and the other three at 71% lacking, these proportions
represent greater majorities of students with gaps in key course concepts than in the other
broad categories of origins and macro-evolution.
Findings related to theses concepts demonstrated the greatest gaps in participants'
knowledge. While on the whole prior knowledge in this area was limited, pre to post
gains were also minimal. In three of the six subcategories (mutation, variation, and
adaptation), additional connections were made by only one student. In two areas
(survival and reproduction) zero pre to post map changes were noted. While gains were
greater with regard to the Competition for Resources category, these were only slightly
more represented with one student adding the concept and the other improving upon
existing prior knowledge.
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Table 4.3
Representation of Natural Selection Principles in Concept Maps

Mutation

Variation

Adaptation

Competition
for
Resources

Survival

Reproduction

Concept
Included in
Both Pre and
Post Maps

Mike*
Ted

Ted*

Holly

Ted*

Holly

Ted

Concept
Represents
Pre/Post
Change

Mike*

Ted*

Alvin

Bonnie
Ted*

Alvin
Bonnie
Holly
Rob
Suzy

Alvin
Bonnie
Holly
Mike
Rob
Suzy

Bonnie
Mike
Rob
Suzy
Ted

Alvin
Holly
Mike
Rob
Suzy

Alvin
Bonnie
Mike
Rob
Suzy
Ted

Alvin
Bonnie
Holly
Mike
Rob
Suzy

(Included in
Post Map
Only)
Concept not
included in
either Pre or
Post Map

* Denotes that the student included the concept in a pre-map, but in some way added
to their knowledge of it in the post map (See Appendix B).

Consideration of All Subcategories
Though deficiencies in the Natural Selection category are most pronounced, data
from all three areas contain notable gaps in student knowledge of course concepts. When
considering all subcategories independent of their broader groupings this conclusion is
more evident. The subcategories represented a possible total of fifteen concepts that
could be represented in either pre and/or post maps. In nine of the fifteen subcategories,
less than half of students successfiilly demonstrated understanding of these concepts.
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Furthermore, in instances where students did not include the concept in their pre maps,
and thus had the potential to leam new information taught in the course, less than half
failed to make such gains in eleven of fifteen opportvinities. See table 4.4 for further
summary.
Table 4.4
Summary of All Subcategories

Concept

% of Students
Including Concept
Final Map

% of Students Without Prior
Knowledge of Concept
Making Pre to Post Change

Combination of Atomic Particles

71%

50%

Membranes

29%

17%

Cells as Unit of Life

57%

0%

Prokayrote to Eukaryote Transition

86%

57%

Uni-Cellular to Multi-Cellular Life

43%

25%

Ancient Earth

43%

0%

Environment

71%

67%

Metabolic Synthesis

57%

50%

Sexual Reproduction

43%

33%

Mutation

29%

0%

Variation

14%

0%

Adaptation

29%

17%

Competition

29%

17%

Survival

14%

0%

Reproduction

14%

0%
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Discussion Postings
In an effort to give students some direction concerning expectations of online
discussion, it was recommended that students make at least two content-based postings
per week. Students were instructed to make postings in response to a lead question about
course content, read the bulletin board comments made by other students, consider their
thoughts, and post reactions. In addition, there were live chat rooms available if students
wanted to discuss anything with the instructors or other students in "real time".
As may be seen in Table 4.5, the actual number of postings made was well below
the recommended number. Only one student made the expected number of postings and
addressed all of the topics listed in the lead questions proposed by instructors. Of the
seven students reported to be active in the course, only three made more than one content
based posting and two made no postings at all. All students opted not to use the "real
time" chat rooms, although this was not listed as a course requirement. The overall lack
of activity with regard to online interaction between students, further analysis of the
content of the bulletin board postings is warranted.
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Table 4.5
Number of Postings per Student
Student

Number of Postings

Alvin

1

Bonnie

8

Holly

3

Mike

1

Rob

0

Suzy

0

Ted

4

Purpose of Postings
As described in chapter three, postings were categorized as 1) General Comments, 2)
Response to Assignment, 3) Reply to Student, and 4) Reply to Instructor Prompt. Fig.
4.6 shows how the 17 total postings breakdown into these categories. Considering that
three postings classified as General Comments do not directly involve discussion of
course content, interaction, or exchange of relevant information, the number of total
productive postings drops to 14.
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Table 4.6

Postings Categorized by Purpose
Type of Posting

Quantity

General Comment

3

Response to Assignment

6

Reply to Student

4

Reply to Instructor Prompt

4

When examining categorization of message postings as made by each individual
student, even less use of this course tool is evident. For example, while Bonnie, Ted, and
Holly made postings of various types, the remaining four individuals made only one
content based posting between them. It is also interesting to note that this one message,
posted by Alvin was made early on in the course, indicating a drop off in his use of this
approach.
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Table 4.7
Categorized Postings Listed by Student
Student

Postings
1

Alvin
Response to Assignment

1
8

Bonnie
General Comment
Response to Assignment
Reply to Student
Reply to Instructor Prompt

2
3
2
1
3

Holly
Response to Assignment
Reply to Student
Reply to Instructor Prompt

1
1
1
1

Mike
General Comment
Ted

1
4

Response to Assignment
Reply to Student
Reply to Instructor Prompt

1
1
2

Suzy

0

Rob

0

Content Analysis of Bulleting Board Postings
In an effort to assess the quality of online discussion, individual messages were
coded for content. This was accomplished by examining the online transcripts in detail.
The most salient themes were then noted and coding categories were formed. In this way
the categories were emergent from the data. The end result was that thoughts expressed
by the students were placed into one of four categories including Content, Teaching,
Critical Thinking, and Opinion. Table 4.8 shows a breakdown of the thoughts expressed
by students as categorized above.
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The most interesting pattern noted from this breakdown is the high incidence of
student comments concerning teaching. It seems that though the main goal of the course
was to enrich their knowledge of Biology, the online conversation often gave way to
discussions of classroom practices and instructional issues. One of the three lead
questions did concern a teaching issue, but interestingly only one student responded to
this offering. Therefore, all other references to teaching were unsolicited. Furthermore,
though not specifically analyzed for length, general examination of discussion postings
concerning teaching were generally longer and included more statements of emotion than
those of course content.

Table 4.8
Categorization o f Thoughts / Ideas
Content

Teaching

Critical Thinking

Opinion

15

11

7

4

Interviews
Perceived Learning
Students were interviewed regarding their experiences and questioned about their
learning during the course. Overall, responses were general and lacking detail. Though
most students indicated that they felt they did add to their knowledge of course concepts,
many were unable to recall specific topics in which they were better versed as a result of
their experience. For example, Holly indicated "Most of it I already knew. I always need
a refresher on Darwin" and "It helped me understand it better." She also stated that new
concepts included "Some new things along the lines of the theory of evolution but I can't
remember specifics." Bonnie also expressed that there were ideas that were new to her.
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but when further questioned was unable to recall details. Rob similarly reiterated "I was
only refreshing my knowledge. Only one student, Mike, was able to give specific
examples of new content he assimilated, specifying that the way evolution was
influenced by "genetic mutation", "competition", and migration of land masses" were
new concepts.
An interesting and common response concerning new ideas resulting from course
experiences involved procedures rather than content. Bonnie and Holly's initial reply to
this question involved concept mapping or the use of concept mapping software on the
computer. Alvin felt that the lab activities in particular were new and valuable. These
responses were imanticipated, as they were more artifact of the research design than ideas
to be gleaned from course involvement.

Perceived Pre to Post Concept Map Changes
When asked to consider differences between their initial and post-course concept
maps, participants were able to relate slightly greater content based changes in their
conceptions of key course ideas. These responses too, however, were not made in as
great detail. While some changes noted by students in their own maps mirrored actual
changes recorded by the researcher, the students' observations of such differences were
recognized to a much lesser extent.
The distinctions made by participants between their pre and post maps followed
few patterns, with students voicing few common concepts that changed from first to
second attempt. The only exceptions to this diversity of notations were observations by
both Alvin and Ted that their post maps more greatly emphasized the importance of
"variation" and "environmental conditions" in natural selection concepts.
Consideration of the coded data shows that this is in contrast to the study's
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findings. Table 4.9 shows pre to post changes as categorized by common topics. Here it
can be seen that students did make some common changes between pre and post concept
map designs. These most notably occurred in the areas of Transitions and Changes in
Trophic Metabolism. Therefore, though some students did note these changes in their
own maps, this was not consistent across the entire group.

Table 4.9
Pre to Post changes in Concept Maps by Topic
Topic

Students Showing Change

Addition of concepts Prokayotes & Eukaryotes

Mike, Rob

Transitions: From Prokaryotic to Eukaryotic
Cells or from single cellular organisms to
multicellular organisms

Holly, Mike, Suzy

Changes in trophic metabolism

Alvin, Holly, Suzy

Natural Selection Concepts

Bonnie, Mike, Suzy, Ted

Oxygen and the role of the atmosphere

Alvin, Suzy

Membranes and compartmentalization of cell
activity

Rob, Suzy

Combination of atomic particles

Holly, Suzy

Influence of the Learning Environment on Involvement
One of the questions addressed by this study concerns the manner in which the
online enviroimient influences learning of the content. While all sources of data address
this to some extent, the interviews provided some insight into how the processes followed
by participants were consciously or subconsciously affected by the learning envirormient.

96

Attitudes Towards Online Learning. Because much of the Hterature contends that student
attitudes towards their educational environment will influence the learning that occurs
within (Liaw, 2001), interview data concerning participants' views of web-based
instruction were considered. Students in this study held a variety of opinions (see Table
4.10). Positive comments about the course included that the "general format" was
"great", and that they "enjoyed the online activities." Others expressed general
statements of optimism for the approach, indicating that they liked or were curious about
online learning, or take many online courses. Yet another set of students indicated that
they missed or preferred the face-to-face contact that was absent in this setting.
One specific manner in which respondents expressed the influence of the webbased setting was regarding the utility of the online tools. Comments on both sides of
this issue emerged. Some students reported being inspired by the "computer graphics"
and "mesmerized" by the unique format of the online activities. Others liked
"interacting with the computer" and getting immediate feedback during online quizzes.
Convenience due to ease of access was cited by students as an aspect that enhanced their
experience. One student reported going back and forth between course web pages to the
Internet to look for resources.
Not all students viewed the course as a more expedient way to access information,
however. At times technical difficulties limited access to course tools. While one
student was unable to access the online discussions, another was unable to gain entry to
any online activities with the exception of the quizzes. The exact reasons these students
had problems is unknown, however neither attempted to contact instructors or support to
rectify them.
Other problems stemmed from inexperience manipulating the setting, once
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accessed. Quotes like Rob's, "It is my first online course and I don't know how to
manage it" and Mike's concession that he was not "aware of all the capabilities provided
by the computer" until the end of the course are evidence of this. Alvin perceived,
possibly for similar reasons, that the online quizzes took much longer to complete than
they would have had they been done on paper.
Alvin further expressed that his home environment, from which he gained online
access, was distracting. Contrasted with the face-to-face lab he said, "At my house ... if
something else would catch my attention that would take precedence." and "In the lab,
they structured the activities and we went from one to the next. It kept my attention.
Online, it didn't keep my attention."
A few participant comments more directly address their perceptions of how the
online nature of the course may have this may have influenced their activity. One
participant was of the view that students "learn best by doing science" and " I don't think
the online portion of the course really does science ..." Four students (three from the
traditional group and one from the independent group) reiterated their preference for face
to face labs. Finally, one individual contended that the main reason she refrained from
making online postings, was that doing so required her to "self-reflect" on the content
and think critically about the material - a time investment she was not willing to make.
Evidence such as this is indicative that students' attitudes may have directly influenced
their use of course resources. The next section will address this issue.
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Table 4.10
Attitudes Toward Online Learning
Optimistic Towards Online Learning

Expressing Doubt in Online Learning

Likes independent learning

Likes face to face better

"General format ...great"

Likes "immediate feedback"

"Enjoyed the online activities"

Missed face to face interactions

Takes many online courses

Needs face to face

Curious about online learning

Prefers mixture of face-to face and online

Likes online courses
Liked computer graphics

Difficulty making some course aspects
work (flashcard, activities)

Used internet to supplement course

Unaware of scope of course tools initially

"Mesmerized" by online activities

Didn't know how to manage online course

Liked "interacting with computer"

Couldn't access postings

Feels online more convenient

Distractions when working in home

Liked immediate feedback of online
quizzes

Increased time to do quizzes online vs.
pencil & paper
Can't do science online
Not willing to make postings because
required self-reflecting on content
Thought lab should have been face to face

Student Attitudes and Corresponding Use of Course Resources. In an effort to examine
how students went about learning in the online setting, data concerning their use of
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coxirse resources was extracted from interview transcripts. These data were then
compared with their attitudes concerning the web-based environment. A significant
pattern emerged. Most indicated a strong preference for either online or traditional
learning and the amount of time spent utilizing their chosen approach reflected this. In
other words, the student's attitudes toward online learning paralleled the resources that
they found to be most valuable in making sense of course concepts.
A strong example of this is Holly's case. Holly indicated that she "likes taking
online courses. She is enrolled in a Master's program in education in which many of her
classes take place via the Internet. She reported that she "really enjoyed the online
activities" and "liked the way the course was set up" when referring to the format of the
web-based quizzes, flashcards and other interactive tools. These formats were new to her
and she verbalized being "mesmerized" by them.
As a result, her preference was strongly reflected in her use of resources. She
indicated that she regularly navigated the quizzes, flashcards and interactive learning
tools provided by WebCT, and was one of only three students to make multiple postings
to the online bulletin board. With regard to the readings, however, she did none of them.
In fact, she never even bought the course text because every time she attempted to do so,
she was either "out of money" or had difficulty ordering it over the computer. As Holly
was placed in the independent lab group, she was mailed lab activities with instructions
to complete them at the end of the course. When questioned about these a month after
the completion of the course, she reported that she hadn't really looked at them, but knew
"where they are" and planned to go through them at a later date.
Bonnie also voiced a positive opinion about the course and its overall format. She
too had taken many online courses and therefore was comfortable with the media. Her
preference for online courses was associated with being able to access the course at her
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convenience and a proclivity towards independent learning based on her teaching
experience. These points are illustrated in the following quote:

I have a great deal of internal motivation for this particluar topic and
that's internal, so I don't need a person standing in front of me trying to
motivate me with that or anything because I've been teaching for so long
think I'm able to take maybe what might be new information or even old
information and be creative with it and do something new." .. ."It" (face
to face instruction) "would have been worse " .. ."because it means I
would have had to be somewhere and I couldn't have done it at 2 O'clock
in the morning.

Though Bonnie's tendencies toward computer oriented resources were not quite
as extreme as Holly's, her use still favored them over others. Bonnie was the most active
of all students in the online discussion forum. She did report navigating "some" of the
online activities, "glancing through" a few and "skimming" others, valuing their
"interactive" and "participatory" components. She expressed less involvement in the
online quizzes, labeling them "just trivia". Also in the independent lab group she
reported reading through the activities, and though finding them valuable, not completing
all of them. Readings from the text were less utilized and valued in her case. Though she
indicated this was because they were largely review, it is further testament to the fact that
she seemed to favor the technological aspects over the traditional.
Mike was yet another student intrigued by the technological resources. He
verbalized enjoying being "able to interact with the computer" and viewing the multi
media aspects of the course tools. This, he stated, was a function of his propensity for
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learning through viewing. "I am more visual", he said, "I learn more by looking at
things".
This being his first online course, he initially had some difficulty using the course
tools. However, as he became more familiar he increasingly took advantage of the
interactive aspects. "I wasn't aware that interacting with the computer would be so
helpful until near the end of the course."
His choice of resources therefore, gradually shifted towards these activities. He
expressed that "sometimes the reading was too cumbersome for me" and "later on I
realized if I did the flashcards, that helped me more than the reading." By the end of the
course, he indicated using the online quizzes and activities more than the readings.
Two considerations in Mike's case are less consistent with the rest of his
depiction. Unlike the other individuals in the independent group, he did compete the lab
activities, but wished he could have had the opportunity to do so in a face to face setting.
With regard to the online postings, Mike made only one attempt to contribute to the
bulletin board. When asked about this, he attributed his lack of participation to perceived
inadequacies in his use of the English language and vmting skills, but felt these were
things he could overcome in future courses involving online dialogue. A summary of
these findings is represented in Table 4.11 below.

102

Table 4.11
Use of Resources and Related Attitudes in Students Expressing a Preference Towards
Online Learning
Use of Resources Associated with the course
Student

Frequent

Moderate

Attitudes Towards Online
Learning

Infrequent
Bonnie

Postings
Readings
Lab
Online activities
Quizzes

Holly

Online Activities
Readings
Quizzes
Postings

Mike

Online Activities
Postings
Quizzes
Readings

Likes independent learning
Feels online more
convenient
Takes many online courses

Likes online courses
Used internet to
supplement course
"Mesmerized" by online
activities
Liked "interacting with
computer"
Liked computer graphics
Curious about online
learning

On the other hand, another group of students seemed to prefer both traditional
settings and resources. Based on his experiences in the course, Alvin, expressed a strong
preference for traditional modes of learning. He reported that he was often distracted
while trying to complete online activities in his home and had "trouble getting certain
things working on the computer". He also was of the opinion that he didn't think "the
online portion of the course does science", and therefore it was more difficult to leam this
way. Furthermore, he felt he could not get the immediate feedback via the Internet that
he generally needs in a learning setting.
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Correspondingly, he made greater use of the traditional resources. Alvin was
highly engaged in the face to face laboratory. All of the text assignments were completed
("I like to read," he said). He also completed all the online quizzes, though felt he could
have done so more efficiently in writing. After an unsuccessful effort to access the
interactive activities, he did not attempt to do so for the remainder of the course.
Alvin also was less involved in the online discussion. Having made only one
posting to the bulletin board, he outlined some interesting reasons for being minimally
involved with this aspect of the course:
I like to express an idea and hear what people think about it. That was
difficult online because you would type something in and there would be
no immediate response. When I type or write email it takes more energy
than speaking. When I do that I try to make sure I have good grammar.
Younger persons growing up with the computer don't worry about that.
They are not threatened by having so many glaring mistakes. For me it
took a lot more effort to think and having coherent answers.

Suzy was another such example. Representative themes from her interview
included preferences for face to face experience and a disliking for the additional mental
processing associated with the online learning environment. Specifically she stated, "The
online thing doesn't work for me. I need more face to face interaction."

When further

probed as to why she felt this way, she indicated that asking questions online was time
consuming as opposed to in a traditional classroom where "if I have a question, I just ask
it."
Her use of course resources also matched her attitudes. She did all of the readings
and listed the face to face lab as the "best part of the course" because it provided "hands
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on activities you can share with your class." Most of the online quizzes were completed,
though she spent minimal time on them. With regard to other online aspects of the class,
it was reported she "skimmed the flashcards but nothing else" and made zero postings to
the online bulletin board. Her reasoning for this was that to participate in this aspect of
the course " you had to self-reflect and I was not willing to do that".
Rob's attitudes and patterns of use were very similar to Suzy's. He too was most
active with regard to the readings and hands on lab experience, followed by the quizzes
and other online activities, and also failing to make any bulletin board postings. His
reasoning for not participating in online discussion, however, was that he was unable to
operate the online tools that made postings possible and attempts to contact instructors
for help in this area were unsuccessful. His outlook and resulting use of resources can be
summed with the quote that follows.
I like the real ones (traditional classes) better. If I don't understand
something, I can talk to real people. My way of asking is bigger if I talk
to you, a person, than if I talk to a computer. (This is) because I can
explain myself better and in different ways. I don't feel comfortable with
the machine. It is my first course online and I don't know how to manage
it.

Ted was the only student expressing a strong preference for traditional learning,
while still being somewhat active in the online portions of the course. Ted reported being
the least involved in the readings from the text. Quoted reasons for this included
"reading has always been a weakness of mine" and "I am a slower reader." He indicated
attempting to complete all the online quizzes and activities and though uncomfortable
with the medium, making an attempt at online postings.
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In spite of this, he asserted various rationalizations for preferring a face to face
setting. Largely, these were based on discomfort interacting with people he had not
formally met. He said that "Discussions were avoidable," and "harder than in a normal
classroom because without meeting people your class face to face, it is hard to take risks
and have opinions and ask questions and really explore what you are thinking." For him,
this also applied to the instructor as he felt he would have been more involved in all
aspects of the course had he had "an actual person" or "professor" he had to "answer to."
This was also reflected in his appreciation of the face to face lab experience and the face
to face contact that he enjoys. "I liked the lab," he said, "It tied together a lot of the
theories we learned (in a) learning style that I am more comfortable. You can have a
discussion with someone who is an expert. I felt comfortable asking questions of you
having met you."

106

Table 4.12
Use of Resources and Related Attitudes in Students Expressing a Preference Towards
Traditional Learning
Use of Resources Associated with the
course
Student

Attitudes Towards Online Learning
Frequent

Alvin

Rob

Moderate

Infrequent

Lab
Activities
Text
Quizzes

Online

Readings
Lab
Activities

Postings
Online

Likes face to face better
Communicates better with real people
Didn't know how to manage online
course

Postings
Online

Needs face to face
Asking questions online "time
consuming"
Didn't want to have to critically think
about content

Postings

Quizzes
Suzy

Readings
Lab
Activities
Quizzes

Ted

Lab
Quizzes
Readings
Online Activities
Postings

Needs immediate feedback
Online communication takes more
energy
Distractions when working in home

Difficult to motivate without
someone to answer to
Discussions were avoidable
Uncomfortable interacting with
students had not met
Needs to meet instructor to feel
comfortable asking questions

Collaborative Learning Considerations. As is consistent with social constructivist
theory, it is thought that students learning science need to have the opportunity to
communicate with others and entertain alternative viewpoints (Driver, Asoko, Leach,
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Moritmer, and Scott, 1994). Therefore interview transcripts were examined for evidence
indicative of how this aspect of learning was affected by the online environment.
A few incidences acknowledging positive interactions were noted. One student
made repeated references to the potential for "sharing of ideas" in online discussion.
Another argued that the online forum made it possible for her to make bulletin board
postings late at night, which given her busy schedule would not have been possible at
other times. Therefore, her participation was increased due to the convenience of webbased tools.
Many more comments indicative of lessening interactions were made. For
example, two students indicated their lack of use of the bulletin board tool was due to
concerns over how their postings would be viewed by other students. For Mike, online
postings were intimidating because of his lack of confidence with the English language.
Though he taught in an English speaking school, he reported limiting his postings (to one,
non-content based attempt) due to embarrassment over how articulate his thoughts might
sound to others. Alvin expressed similar concerns. Being a native English speaker, his
hesitation stemmed more from how others would view the grammar in his postings.
Therefore, he would put additional energy into checking his contributions for mistakes a factor he felt limited the effort he put into considering and writing about content.
Though not held back by language and grammar, another student said she hesitated to
contribute unless she was maximally prepared. She therefore focused her efforts on
understanding the content and thus limited her opportunities for online interactions.
Other statements such as "discussions were avoidable" and asking questions online was
"time consimiing" show fiirther evidence that interactions may have been diminished due
to the online setting.
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Table 4.13
Interview Data Considering Collaborative Learning,
Instances Acknowledging Increased
Collaborative Learning

Instances Acknowledging Decreased
Collaborative Learning

Noted "You can share ideas" in online
discussion

"Threatened" by having "glaring mistakes"
in postings

Did bulletin board postings at late hours

Embarrassed about communicating online
due to language issues
Communicates better with "real people"
Asking questions online "time consuming"
Discussions were avoidable
Uncomfortable interacting with students
had not met
Hesitated to contribute with postings if not
completely prepared
Online communication "takes more
energy"

The Influence of the Learning Environment on Motivation. As may be interpreted from
online discussion data and measures of learning, overall student involvement and
commitment to the online course could be considered low. Interview data is in
agreement with this conclusion, as all participants reported being considerably less
invested in the course than is typical for them.
Because level of commitment is relevant to a student's performance in a learning
setting (Floden, 2002), participants were questioned as to the reasons behind their
decreased involvement. Some common themes were evident and are summarized in
Table 4.14.
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The most frequently cited reason for lack of dedication concerned being overly
committed. Interviewees most commonly named heavy teaching duties as a priority over
the online course. As all in-service teachers were in the middle of a semester of
instruction, they indicated this prevented them from becoming more active in course
activities. The two pre-service teachers made similar claims regarding their education
programs. Academic obligations were also cited by the full-time teachers, as three of the
five were involved in course work in addition to the course described in this study. Two
of these were enrolled in Master's programs, to which they gave priority. Other
obligations mentioned by participants were more personal, including family problems
and "finding time for leisure."
Another prominent rationalization for decreased involvement concerned the
absence of extrinsic motivation in the form of grades, credits, or progress towards a
degree. This was cited in some form by five of the respondents. These individuals
expressed that they would have felt considerably more motivation to be active in the
course, had such benefits been attached to their performance. This finding is interesting
for two reasons. First, subjects were offered continuing education units for their
participation - an aspect that was apparently not a sufficient motivator. Secondly, when
asked about typical motivators for learning, most individuals voiced ideas more
consistent with intrinsic motivation (summarized in Table 4.14). Impetus for learning
was characterized by topics of interest or usefulness, or that enhance one's
understandings - ideas inconsistent with the extrinsic motivations for learning expressed
earlier.
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Table 4.14
Participant Motivations for General Learning,
Reported Motivations for Learning
Alvin

Enjoyment
Interest
Benefit

Bonnie

Interest
Better understanding

Holly

Likes to learn
"Intrinsic Motivation"
"Information Junkie"

Mike

Interest
Can use in teaching
Curiosity

Rob

To help teach Biology

Suzy

Interest

Ted

To help "make sense of "or "increase
understanding of surroundings"

The lack of personal accountability associated with the format of the course was
yet another commonly cited reason for decreased activity. Frequent references
throughout the interviews were made to the absence of demand placed on the student.
Participants felt they would have been more thorough in completing course expectations
if there had been "someone to answer to" or "consequences" for inadequate performance.
Another student stated she didn't do as much for the course because she "didn't have to".
Yet another indicated that if course deadlines had been less "relaxed" and more stringent
as in the other courses she was taking, she may have been more diligent.

Ill

Other general reasons were offered. Included in these was the fact that students
were not required to pay for taking the course. It was generally agreed that a personal
monetary investment would have inspired individuals to try to extract more from the
course. Some students indicated they were less motivated because they did not plan to
take the Biology certification exam in the near future. And lastly, the student most
active in online discussion voiced she might have been more involved in other aspects of
the course if the other students had made more bulletin board postings.
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Table 4.15
Reported Reasons for Lack of Motivation
Broad Categories

Lack of External Motivation or
"Reward"

Priority to Work / Personal Life

Specific Reasons Cited
Course not part of degree program, credit, or grade
Not "earning a solid grade"
Course not graded
"This course was an option"
Course "not part of a program"
"Teaching time consuming job"
"Overwhelmed at work"
Busy with teaching
"Working full time" and "time for leisure" priorities
Reference to busy personal life/problems
"Had other stuff going on"
"Taking another course at the same time"
Taking other courses
"Too much courses at one time"
"Just getting into MED program"; Focus was there

Lack of Monetary Investment

'Didn't have any money invested in it'
'It was not a course I paid for"

Not Taking Certification Exam

"Not preparing for state sanctioned exam'
Not taking certification test now

Lack of personal Accountability

Other

Didn't "have to do it"
"No one to answer to"
"No consequences if I did poorly"
Relaxed deadlines
Difficult to motivate without someone to answer to
Needs to meet instructor to feel comfortable asking
questions
Prefers courses requiring only "time in classroom"
Stress of face to face lab caused student to "perform",
but this not present online
Lack of participation by other students
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Laboratory Experiences
Observations of the face to face lab experience may be summarized as follows.
Students completed lab activities working in groups. They asked questions of one
another and the instructor. They interacted frequently both formally and informally.
Some students stayed around longer to ask questions about the course content, requesting
that some of the concepts be explained by the instructor in greater detail.
One other event that occurred during this lab section is worth noting. At the
completion of the lab experience, the instructor was reminding students that in a few
days, their final (post-course) concept maps would be due. One student then asked if it
was possible for the presently assembled group to brainstorm a list of terms that could be
included in their maps. A collaborative list was then assembled without the input of the
instructor. Students were not given instructions as to how they should use this
information.
Because observations of independent lab experiences were not possible, it was
necessary to rely on interview data regarding these individuals' experiences. Bonnie
reported only doing one of the three activities, but reading through and understanding all
of them. She did not put her thoughts into writing. She indicated that she had done
similar types of activities in her classroom and therefore did not feel the need to do more.
Holly reported she had looked briefly at the materials she was sent, but did not read or
compete them in any sort of detail. She planned to look at them in length at a later date.
Finally, Mike stated that he "looked over" the activities he was sent but "did not do
them" or put any thoughts about them into writing. He expressed in the interview that he
wished he had been able to participate in a face to face lab involving these activities, and
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felt he would have learned more by doing so.

Comparisons Between Face to Face and Independent Lab Groups
This study was also designed so that comparisons of students having different lab
experiences could be considered. Overall, there were minimal differences when
comparing students having the opportunity to conduct lab activities in a face to face
setting with those in the independent group. Specific details are outlined as follows.
Quantitative Lab Data
Table 4.16 outlines comparisons of exam and concept map scores between face
to face and independent laboratory groups. With the available data, it seems that there
were minimal differences in group outcomes when considering pre to post gains due to
coiirse experiences.
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Table 4.16
Quantitative Comparisons Between Face-to-Face and Independent Lab Groups
Score

Face to Face Lab Group

Independent Lab Group

Pre-Exam Mean

65.25

64.33

Post-Exam Mean

73.5

76.67

+13.25

+12.33

Pre-Stoddart Map Score Mean

60.75

37.33

Post Stoddart Map Score Mean

55.5

53.33

Avg. Change Stoddart Map Score

-5.25

+2.5

Pre-Alternate Map Score Mean

31.88

55.17

Post-Alternate Map Score Mean

55.62

76

Avg. Change Alternate Map Score

+26.25

+20.83

Avg. Change Exam Score

Qualitative Lab Data
As was true of quantitative group comparisons of exam and maps scores,
qualitative analysis of concept maps revealed no consistent themes or patterns indicating
noteworthy differences. Students were not noted to show greater or lesser inclusion of
concepts based on lab group.
Analysis of interview data revealed a few interesting observations with regard to
differences between lab groups. The first concerns how thoroughly the activities were
completed. While those in the face to face group seemed highly engaged in the activities
and completed all of them, the individuals who were sent the materials and instructed to
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complete them on their own did so either in part or not at all. Without the obligation of a
face to face setting, these students did not find the potential of learning for learning sake
as sufficient to complete the activities.
The independent lab participants also never made any efforts to discuss course
content in real time with either the instructor or other students. This could have been
arranged through the email or chat room tools associated with the course. Though the
face to face group did not take advantage of these media either, they were observed to
voluntarily interact in a productive manner during the lab meeting. Though this
opportunity was thrust upon them by the obligation of a face to face meeting, once
present in the same room, they seemed to take advantage of the chance to discuss and
interact.
Finally, it is interesting to note that when participants were categorized regarding
their overall attitudes towards online learning, all of the individuals from the independent
group were classified as having positive views of this method. The participants of the
face to face lab, however, all showed preferences toward traditional learning (see Table
4.12).
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CHAPTER V
DISCUSSION AND IMPLICATIONS
Review of the Problem
The purpose of this investigation was to examine the impact of a web-based
course on in-service and pre-service teachers' knowledge of introductory biology
concepts. Additionally, the study attempts to analyze how the online environment
affected this process. Though some literature investigating learning in online settings has
been published, little of it considers the efficiency of such approaches with teachers.
With respect to the construct of learning, few studies examine multiple perspectives by
implementing varied sources of assessment. In utilizing a mixed methods approach, this
study takes an important step toward addressing insufficiencies in the research design of
previous works. Furthermore, the qualitative techniques used in the present investigation
help consider how the learning process was influenced by the online environment.
Finally, by utilizing in-service and pre-service teachers, this work examines learning in a
specific population previously not considered by contemporary research. Therefore, the
conclusions reached in this study have significance for those involved in designing online
professional development experiences for teachers.
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Discussion
The two research questions for this investigation will be addressed folly in the
following section. Interpretations of the data will be presented. Potential theories and
hypotheses derived from each individual question will be discussed. Furthermore,
alternative interpretations will be explicated and analyzed.

Research Question 1: How do in-service andpre-service teachers learn Biology in the
online setting?
Sources of data addressing various aspects of this question will be identified in
the following section to help examine specific patterns revealed by data analysis related
to learning in the online Biology course. In doing so, these data will be considered with
regard to the trends they indicate, possible explanations for these trends, and ultimately
what they reveal about learning in the course. Following a discussion of these ideas is a
summary account for the first research question.

Learning as Measured by Multiple Choice Exams
These data were collected for a number of reasons. First, the course designers
included these exams as an inherent method of assessing student achievement.
Therefore, it was relevant to compare their system with other sources of data. Secondly,
most studies claim web-based environments are efficient based on empirical evidence
provided by such exams. Therefore, it was important to include this form of assessment
to see if this study produced similar outcomes. Finally, the use of multiple forms of
assessment was consistent with the mixed methods research design of the study.
In most cases, multiple choice exam scores seemed to improve. Though not
statistically significant, comparison of pre and post means suggests a trend of higher
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scores after students engaged in course experiences. Further examination of the data
provides reason to consider this trend even in the absence of statistical significance. The
fact that a t-test did not detect a difference between group means may have been the
result of a type II error— lack of statistical power. This occurs when a small sample size
or large variance within the groups makes it more difficult to statistically distinguish
differences (Portney & Watkins, 1993). Both of these characteristics hold true for the
present group of scores. The sample size of seven participants and wide range of scores
within this group both contribute to the likelihood that a type II error may have occurred.
A larger number of subjects, with less variance would have provided greater statistical
power, possibly resulting in significant results. The presence of a ten point pre to post
differential in means is suggestive of a trend and reason to speculate that with greater
power, significance may have been found.
For this reason, explanations of this trend are worthy of discussion. In addition to
the possibility that the difference is solely due to chance, some authors provide
explanations specific to this type of data. Cook and Campbell (1979) describe a "testing"
effect as one influence on increasing exam scores. They categorize "testing" as a
possible threat to internal validity because "familiarity with a test can sometimes enhance
performance because items and error responses are more likely to be remembered at later
testing sessions"(p.52). This phenomenon of test/re-test influence is reaffirmed by other
authors as well (Wisher, Cumow, & Siedel, 2001). Because post tests were essentially a
rearranged version of the pre-tests, it is possible that the trend of increasing scores was
due to students remembering questions and answers from their initial effort.
Another possible reason for the improvements in exam scores is learning due to
course experiences. If it is hypothesized that the pre to post differences are in part due to
comprehension, then it is important to examine the nature of this new information. In the
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literature on learning, distinctions have been made with respect to the types of knowledge
that can be learned. In general. Smith and Ragan (1993) discuss declarative knowledge
as facts and generalizations, conditional knowledge as an understanding of relationships
between concepts, and procedural knowledge as an understanding of how cognitive
activities are performed.
In an attempt to categorize the learning measured by these data, an analysis of the
exam questions was performed. This was done in accordance with a previously used
method based on Bloom's Taxonomy (Bol & Strage, 1996). Based on Table 4.0, it can
be seen that the bulk of the questions assess information at the "knowledge and
comprehension" levels which largely considers recall and interpretation of facts (Bloom,
1956). These levels of Bloom's Taxonomy are considered most consistent with
declarative knowledge (Smith & Ragan, 1993; Yildrim, Ozden, & Aksu, 2001).
Therefore, it is concluded that increases in learning measured by this exam occurred
primarily with respect to declarative knowledge.
These findings and conclusions are not uncommon in the literature. Various
studies have reported pre to post increases in exam scores among students learning in
online or hypermedia environments (Hargis, 2001; Yildrim, et al., 2001; Ostiguy &
Haffer, 2001). Though these authors claim that such results indicate quality learning has
occurred, other sources highlight the limitations of such modes of assessment. Madaus
(1988) specifically targets multiple choice tests as limited in their capability to measure
complex understanding (p. 116). It is also commonly expressed that traditional objective
examinations measure a narrow range of skills because many of the questions accentuate
rote recall of information (Duke, 1999; Shepard, 2000). These ideas are consistent with
this investigator's conclusions that the initial and final exams used in this course
primarily show increases in declarative knowledge. By incorporating a multiple choice
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format that emphasizes recall of facts and terms, the trend of higher exam scores is based
on acquisition of this type of information.

Concept Map Scores
In assessing quantitative changes in pre and post concept maps, two different
scoring methods were implemented. Scoring in the method by Stoddart et al. (2000)
emphasized the number of valid relationships compared to total relationships while the
Alternate method gave greater weight to the quantity of map items. Correspondingly,
two different types of outcomes were noted. While Stoddart scores showed virtually no
change in pre to post means, the Alternate score showed a trend of pre to post increase.
As discussed in the previous section, these changes were not statistically significant, but
were subject to the same factors contributing to the possibility of type II error. Therefore,
these data will be discussed with regard to the trends shown when comparing pre and
post means.
Considering that the two scoring methods address different aspects of learning,
certain conclusions can be reached based on the differences in their respective outcomes.
While the Alternate method considers items such as total number of relevant concepts,
examples, branches, in addition to number of valid scientific cormections, the Stoddart
method is scored as a proportion of valid relationships relative to the total number of
attempts, making this measure an expression of quality. Stoddart et al. (2000) support
this as they state that "the authors were also interested in a weighted measure of the
quality of student imderstanding, not necessarily the quantity." With this in mind, it may
be concluded that while the students demonstrated some pre to post gains in the total
number of concepts, examples, and connections they were able to make, the overall
proportion of scientifically accurate relationships demonstrated in their maps did not
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improve. In short, they seemed to learn more concepts and terms, but did not use them
any more efficiently after their online experience.
Though there are no studies of web-based learning reporting similar findings, one
investigation involving learning via Micro-computer-based laboratories reported a similar
phenomenon. In a study by Nakhleh and Krajcik (1994), it was reported that students
using microcomputer-based laboratories to conduct titrations showed interesting
differences in their post concept map scores. Compared to individuals using traditional
pH meters, these students made more appropriate and inappropriate cormections after
their interaction with the contrasting technologies. While the authors concluded that the
use of the microcomputers enabled the individuals to become more engaged in the
activity, and thus learn more terms, they do acknowledge that there was an increase in
misconceptions associated with certain domains as a result.
These findings suggest a few things about the nature of information learned
during the online experience. The differing outcomes between the two concept map
scoring systems indicate that while learners were able to add information to their maps
after the course experience, the level of understanding associated with the supplementary
concepts was superficial. Deeper understanding was more difficult to attain and thus less
frequently demonstrated.
Again, because students were able to add terms and concepts to their maps but
made poor cormections between those concepts, it is concluded that the gains they made
were essentially declarative in nature. The Stoddart scores place emphasis on the
scientific accuracy of the associations established by the students. This is more
consistent with gains in conditional knowledge, as this categorization implies
understanding of "condition-action" statements that describe relationships between two
concepts (Yildrim, et al., 2001). Those advocating the use of concept maps agree that the
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relationships illustrated within are the primary means by which they represent meaningful
understanding (Rafferty & Fleschner, 1993; Canas, et al., 2001). Furthermore, most
scoring systems acknowledge that the inclusion of concepts and examples is closer to the
declarative level of understanding than conditional, as they assign lower point values to
these items (Raffery & Fleschner, 1993; Dorough & Rye, 1997). While the alternative
scoring method does give some weight to the addition of relationships, cross-links, and
branches - notions associated with deeper meaning - close examination of the data
indicates that changes in scores were more greatly influenced by the ability of
participants to add concepts and examples.
Therefore, conclusions based on concept map scores are in agreement with those
associated vwth exam findings. Changes in knowledge as a result of students' course
experiences are largely declarative in nature. Because of lack of change in quality
relationships demonstrated in post-maps, it may be said that conditional knowledge is
represented to a much lesser degree.

Qualitative Assessment of Concept Maps
In general, qualitative assessment of concept maps involved examining these data
for the representation of fundamental ideas from the course. Overall, these findings
suggest that key ideas were included inconsistently. Examination of patterns within the
specific coding categories provides additional perspective on the nature of learning as a
result of student experiences.
When examining the subcategories Origins and Macro-Evolution , no clear
patterns with regard to the inclusion or omission of principle concepts from the course
emerge. In the final analysis of these two broad categories, it can be seen that there were
a variety of combinations of students having prior knowledge of ideas, adding the ideas
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to their maps after the course, and neglecting to include the ideas in either their pre or
post maps. In other words, different students made different pre to post gains and few
subcategories showed greater or lesser improvements.
The only exceptions seem to lie in the Origins category, with regard to the sub
categories of Transition from Prokaryotes to Eukaryotes, Cells as Units of Life and
Membranes. In the first, most students who did not have prior knowledge of this idea,
showed awareness of it in their post map. Examination of course materials (the text and
online activities) shows that this concept was well represented in major headings and
listed as a monumental event, which may explain the significant change in this area. The
other two categories were discussed in the coxirse but highlighted to a lesser degree.
Considering the overall inconsistency in these categories, the lack of "class-wise"
improvement may best be attributed to the lack of involvement reported by participants
and as is supported by the online discussion data. While a given student may have made
gains in subcategory A for example but not subcategory B, another student may have
followed the exact opposite pattern. This would lead us to conclude that most students
had the opportunity to make some gains in each of the established areas. Therefore, gains
made are more likely to be due to the degree of engagement associated with certain
topics.
The "Opportunity to Leam" literature provides some support for this idea (Floden,
2002). Though encompassing many concepts, a principle tenet of this theory is the
amount of time a student spends engaged in the appropriate activities. In Carroll's model
(1963) of the Degree of Student Learning, he lists perseverance as a factor representative
of this idea. Here, the distinction is made that opportunity to leam is a factor of the
amount of time a student is willing to engage in the learning activity. Because in most
cases some students were able to add the relevant concepts to their maps, while others did

125

not, the most likely conclusion is that these students were not satisfactorily engaged in
the relevant content.
Examination of data pertaining to the coding category Natural Selection Concepts
reveals a distinctly different pattern. In this area, it is clear that most students failed to
make pre to post gains. In nearly all subcategories, only one student demonstrated prior
knowledge of the idea. In post maps, three subcategories showed one student making
gains, one included two improving students and the in the final two no students
improved. This means that in all subcategories, less then 50% of the students neglected to
demonstrate knowledge of the appropriate concepts in their post maps.
Though, lack of effort may have also played some role in this domain, it seems
that the students as a group had more difficulty grasping these concepts. This is in
contrast to the other two categories in which gaps in knowledge seemed to be scattered
throughout the group in no particular pattern. Closer examination of this data provides
some explanation.
Though the concepts associated with Natural Selection were also well represented
in the course, the meaning behind them seems to require greater consideration. For
example, while many of the subcategories in Origins and Macro-Evolution were concepts
whose meaning existed in and of themselves (e.g.: combination of atomic particles,
transitions from prokaryotic to eukaryotic cells or form unicellular to multicellular life),
the subsets of Natural Selection (mutation, competition, adaptation, etc.) were more
abstract ideas requiring further thought to know how to place them in context. This
prompts a return to the discussion of types of knowledge. While the Origins and Macro
categories would not necessarily be classified as purely declarative knowledge, it could
be argued that the natural selection concepts are more consistently aligned with higher
levels of cognition such as conditional knowledge or Bloom's levels of Comprehension
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or Application.
The literature supports the concept that students have difficulty learning natural
selection concepts. Demastes, Settlage, and Good (1995) describe a study in which
students showed only minor changes in their conceptions of natural selection and its role
in evolution despite instruction using contemporary teaching methods. Other
investigations also highlight the misconceptions often held by students with regard to
natural selection concepts and the resistance of these views to change even after
instruction (Bishop & Anderson, 1990; Settlage, 1994). These works support the notion
that the knowledge required to process these concepts is of a higher cognitive level.
Another possible explanation for this pattern concerns the sequence of concepts
presented. While the concepts listed under Origins and Macro-evolution were presented
in the initial stages, Natural Selection was discussed in the final (third) week of the
course. This means that the readings and online activities covering these topics were of
the final assignments to be completed. Both student report and online transcript records
indicate that student activity and engagement dropped off significantly as the course
progressed. Given this trend, it is possible that more students simply did not get to this
material.
This conclusion is consistent with other observations associated with distance
learning. It is documented that distance learners drop out of courses at a much higher
rate than in traditional settings (Keegan &Holmberg, 1994) and various authors have
developed models outlining such ideas. Tinto (1997) applied his theory of persistence to
computer mediated learning and concluded that academic and social contact wdth the
institution is highly influential of a student's ability to complete an online course. Jimg,
Choi, Lim, and Leem (2002) determined that distance learners with low self-motivation
were less likely to complete a web-based class. Other authors have developed profiles of
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students who are "at-risk" in web-based environments in an effort to prevent such drop
out rates (Osborne, 2001; Warasila & Lomega, 2000). Though the seven participants
whose data was used in this study technically finished the course, they did so with much
prodding from the instructor and researcher. Therefore, it is likely that portions of the
final assignments were not completed, providing less potential for learning the material.

Considerations of Learning Based on Online Discussion
To summarize discussion posting data, overall participation was low and
inconsistent. The majority of the bulletin board postings were made by three of the seven
students. Of these, only one student made contributions in accordance with the
expectations of the course. Though some content-based dialogue occurred between these
participants, many postings were general comments conceming teaching relating only
marginally to the course. This section considers the literature on online discussion
relevant to the inconsistent activity in this area.
While much research reports positive instances of interaction between online
students (Harmon & Jones, 2000; Hoadley 2000; CartwTight, 2000; Graham &
Scarborough, 2001) some work presents similar outcomes to those found in this study.
Davis and Ralph (2001) describe a study in which graduate students in an Education,
Communications, and Technology program took part in a series of online conferences.
Participation was measured both quantitatively and qualitatively. Like this study,
participants had the option of communicating synchronously or asynchronously. Activity
in the conference as a whole was described as low and levels of participation categorized
as disappointing, with three of the ten students neglecting to participate at all. Other
authors discuss complicating issues associated with online discussion such as frustration
with the disjointed nature of conversation (Ruberg, et al., 1996) and difficulties
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facilitating discussion (Harasim, 1995; Salomon, 2000). Hewson and Hughes (1999)
investigated an online information technology course for University teachers in which
asynchronous communication was difficult. In this study, it was reported that there were
often long delays in the threaded discussions and instructors often had to redirect the
conversation to make it productive.
With such low levels of interaction, it is difficult to expect quality learning in the
constructivist tradition to take place. According to this philosophy, learners benefit from
entertaining the alternate perspectives of their peers and reflecting on them (Driver, et al.,
1994). Such instances may induce cognitive conflict and provide the impetus for altering
conceptions that are resistant to change (Posner, Strike, Hewson, & Gertzog, 1982). In
addition, interactive dialogue among science students is said to aid learning as individuals
discussing a topic gain practice using the language specific to their field (Hodson, &
Hodson, 1998).
The lack of participation in this study was likely a barrier to such learning.
Individuals not making bulletin board postings, did not have the chance to use the
language of the course. This was likely reflected in their concept maps, as they attempted
to put their thoughts into words for the first time. Moreover, the absence of their postings
prevented other learners from evaluating their viewpoints, and thus were unable to
consider how these thoughts compared to their own. Barab, Makinster, and Moore
(2001) emphasize the importance of leamers forming a community when interacting
online. Disjointed participation, as was the case here, limits this possibility.
The content of the comments that were made also allows for some interesting
conclusions. The fact that a significant proportion of the postings concerned teaching
represents a consideration when designing these types of courses. Again drawing from
the literature on Opportunity to Learn, it may be argued that engagement in reflection on
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teaching issues drew away from time spent discussing coiarse content and therefore
limited construction of knowledge in this area (Floden, 2002).
This is not to suggest that the use of this medium to discuss teaching is always
negative. In this instance, discussions on teaching were not consistent with the goals of
the course. However, the literature is strongly supportive of online interactions for the
purpose of coimecting teachers to discuss issues related to their profession. Reflection on
teaching is considered a vital part of the process of developing as a professional
(Richardson, 1996). While many authors write in support of such approaches and
propose theoretical models (Glenn, 2001; Akanabi, 2000; Lapp, Flood, & Martin, 1998;
Oelklaus, 1999; Barkley & Bianco, 2001; Leach, 1997; Herbert 1999; Colgan, Higginson,
and Sinclair, 1999), others cite findings of positive instances of reflection on teaching
based on research studies involving teachers communicating online (Bowman, et al.,
2000; Mathison & Pohan, 1999; Shotsberger, 1999; Harrington & Hathaway, 1994).
In light of this overwhelming support of online communication for this purpose,
is interesting to note that although the course was formatted to encourage the participants
to discuss Biology, they still often opted to communicate about teaching. This was
apparently appealing to the participants in this study, as they were able to comment on
issues that were relevant to their day to day function as instructors. Again, these findings
suggest that web-based professional development needs to consider the role of such
courses in providing teachers with an opportunity to discuss teaching issues while
learning content.
Finally, the literature suggests that interaction and learning may have been
affected in part by the format of the discussion portion of the course. Some authors
advocate for a certain degree of synchronous interaction in designing an effective webbased experience. Lister, Danchak, Scalzo, Jennings and Wilson (1999) propose an
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80/20 model for interactive distance learning in which students engage in eighty percent
asynchronous activity and twenty percent synchronous discussion. They state that this
enhances the social aspect of learning that is often missing in asynchronous
environments. While it is acknowledged that asynchronous communication can be more
effective in provoking reflective thoughts (Hathom & Ingram, 2002), synchronous
communication is considered a better forum for getting participants to directly respond to
one another (Davidson-Shivers, et al., 2000). The participants in this study had the
option of communicating synchronously, but because it was not required, did not. More
direct implementation of this method may have spumed more direct interaction and also
provided socialization that some participants expressed they missed.

Perceived Learning and Pre to Post Changes in Concept Maps
This category of data revealed the least about what participants learned during the
course. Because their responses to such inquiries were vague and incomplete, little data
was available for analysis. The inability to recall what information was new to them may
be a reflection of the lack of overall learning, a function of the tentative nature of the
connections they made. The nature of declarative knowledge is that facts and terms are
emphasized, but relationships between them are not (Yildrim, et al., 2001). Therefore in
discussing concepts during interviews, they may have had difficulty relating ideas. It is
also possible that they had difficulty verbalizing their knowledge due to limited
interaction and the resulting few opportunities to use the language of the course. Because
less time engaged in an activity translates into less skill when utilizing the concepts, it
may be understood how the lack of discussion of course ideas hindered their ability to
verbalize them later (Floden, 2002).
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Summary of Conclusions Concerning Research Question #1
The degree and manner of learning as a result of the online course may be
summarized as follows. Overall, the participants seemed to gain mostly declarative
knowledge of course concepts. Findings showing increases in objective exam and
altemate map scores are evidence of this. Alternately, the absence of improvements in
Stoddart map scores indicates that conditional knowledge did not improve.
The inconsistent inclusion of key course concepts noted via qualitative evaluation
of maps is further reason to suggest lower levels of learning occurred. This was
especially true in the area of Natural Selection, as these ideas represent broader ideas
requiring more complex cognitive schemata for understanding. Because students
constructed mainly declarative knowledge, it was more difficult for them to include these
conditional level ideas in their maps. Furthermore, it was concluded that the gaps in
participants' knowledge as represented by their maps may also be a reflection of
decreased course involvement.
The low use of the online bulletin board tool reflects low engagement in the
course. This scarcity of interaction is reason to doubt that opportunities for constructivist
learning were possible. Also, the fact that participants dedicated many of their comments
to teaching is suggestive of their willingness to discuss course content in this forum.
Other research efforts have also demonstrated that reflection on teaching has been
positively and consistently demonstrated in the online environment (Bowman, et al.,
2000; Mathison & Pohan, 1999; Shotsberger, 1999; Harrington & Hathaway, 1994).
These findings, while limited in their ability to generalize, suggest that perhaps in online
teacher development, discussion of teaching is a better use of the media than the learning
of content.
Finally, it was suggested that the format of the course may have influenced
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interaction and in turn, social constructivist learning. Because some authors outline the
value of required synchronous interaction in web-based environments (Lister, et al.,
1999), it is possible that this deficiency played a role in limiting learning. Had
synchronous discussion been a course requirement, participants may have engaged in
greater interactive learning.

Research Question 2: How does the Web-based Environment Influence the Learning of
Biology in Pre-service and In-service Teachers?
While the first question examines the learning that occurred in the course, this
section addresses the ways in which the unique aspects of the online environment may
have influenced various aspects of learning. After final analysis, four principle categories
represent the manners in which the environment may have affected learning. These
include: 1) The influence of attitudes concerning online learning, 2) The correspondence
of attitudes and resource use, 3) The manner in which the setting affected constructivist
learning, and 4) Motivation in relation to the web-based environment.

The Influence of Attitudes Concerning Online Learning
As may be seen in Table 4.10, there were a variety of attitudes towards the webbased environment in which the course took place. Generally, interviewees were of
either a positive or negative opinion towards the medium, but rarely in the middle. In
considering how a student's attitude towards online courses may have influenced their
ability to leam, the literature provides some precedent.
The literature on self-efficacy, social cognitive theory, motivation and technology
acceptance is the basis for these conclusions. With regard to web-based learning, these
theories are integrated in an effort to identify the influence of these ideas on students in
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the online setting (Liaw, 2001). In general, an individual's behavior in a certain
environment is influenced by his or her perception of how effective that setting is in
helping them to reach their goals (Bandura, 1996). Furthermore, the technology
acceptance model (Ajzen & Fishbein, 1980) similarly implies that a the perceived
usefulness of a technology will influence a user's behaviors with regard to the medium.
Considering these perspectives, it would be hypothesized that individuals in this
study with less optimistic attitudes towards online learning would be less likely to engage
in the process. For example, many interview comments concerned the absence of face to
face interaction. Responses that participants preferred immediate feedback, missed face
to face interaction, like face to face better, and need face to face interactions represent
their perceptions of their potential to learn under these circumstances. Noah (2001)
agrees that "students who need the social context of face to face class meetings may not
fare well entirely online."
Other sources imply that one's confidence in their abilities to prosper in a given
setting will influence their intention to engage themselves in the process (Bandura, 1996).
This concept is known as self-efficacy and is known to be applicable with regard to the
use of computers as well (Murphy, Coover, & Owen, 1989). Though few individuals
expressed an outright lack of confidence with computer skills, they did report difficulties
with certain technological aspects of the course. While some indicated they were
inhibited by their lack of awareness of the full capability of course tools or overall course
management, multiple individuals were frustrated by the inability to access discussions,
and online activities. In accordance with self-efficacy theory, these individuals did not
piirsue help in managing the technology but rather opted to forgo those segments of the
course. This likely played a role in their overall confidence with the online portions of
the course and is in agreement with a study that concluded individuals with low computer
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self-confidence are more likely to put in less effort in Internet courses (Osborne, 2001).

The correspondence of attitudes and resource use
Interviews confirmed that these attitudes did play a role in participants' behaviors
during the course. This was revealed by a clear pattern showing that those preferring
traditional learning gravitated toward non or less technical resources, while individuals
with positive views on web-based learning were more likely to utilize these media. Liaw
(2001) integrates the previously mentioned theories in a User Acceptance Model for
Web-based Learning. In this model, computer experience and web-based self-efficacy
are shown to correlate with increased use, intention to use, and enjoyment of web-based
resources. Studies have demonstrated this principle in a learning setting by showing that
Internet self-efficacy translates into increased performance on web-based activities (Joo,
Bong, & Choi, 2000).
Referring back to the opportunity to leam theory, we can see how the individuals
with lower web-based self efficacy and perceived usefulness of online learning might be
at an immediate disadvantage. In this study, these participants' views translated into less
engagement in the online resources. Floden (2002) suggests that the degree of learning is
proportional to the time spent learning divided by the time needed to leam. Therefore,
the reduced time spent utilizing these resources by individuals less captivated by them
has a direct effect on their potential to leam course concepts given the limited time
available to leam such things. Engagement in online resources is a key factor in the
success of web-based instruction (Olson & Clough, 2001). These offerings are meant to
be the means by which the instmctor can infuse his or her expertise into the leaming
experience and by which students may connect with the instractor and other learners to
overcome the isolation often felt in these environments (Chen, 2001; Jung, 2001).
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Without this component, these experiences are little more than students reading books
and taking quizzes. In light of such ideas, the behaviors of participants based on their
learning preferences takes on a greater role in their learning experiences.
On the other hand, based on these principles, it would be expected that individuals
enthusiastic about web-based instruction would have the potential to benefit more greatly
from this environment. Although the small sample of students expressing such a
preference (three) is too small for effective statistical comparisons, descriptive
comparison of outcomes does not suggest that in this study, students with positive views
of the media did not exhibit greater outcomes.
Explanations for this are variable, some of which will be addressed in the
following section concerning the low group-wide motivation for fully engaging in the
course. However, the literature offers one specific interpretation of these findings. Olson
and Clough (2001) argue that technology can often be a "black box" meaning that when
students engage in such activities, the impressive nature of the media often hides the need
to understand the conceptual significance behind the activities. In other words, students
may engage in the activity because of its novelty without truly learning the ideas it is
meant to convey. Engaged time in this sense is more accurately considered time in which
the learner is involved but is also considering the relevant concepts (Berliner, Fisher,
Filby & Marliave, 1978). Turkle (1997) describes such a case in which an individual was
highly involved in an educational simulation but was unable to demonstrate
understanding of the underlying model it was meant to teach. Another study of an online
Biology course showed that though individuals with high Internet self-efficacy performed
better on a content-based search test, they did not fare any better an academic measures
of knowledge (Joo, et al., 2000). Therefore, involvement in the media does not
necessarily produce conceptual understanding. In this investigation, the students
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expressing optimism toward this environment did not seem to gain any additional
conceptual understanding than the others. Manipulation of resources without
corresponding comprehension is one explanation.

Influence of the Online Environment on Collaboration and Social Constructivist
Learning
As outlined in Chapter Two, constructivism is considered to be the standard
against which most educational experiences are measured (Fensham, 1992), therefore, it
is relevant to consider how the web-based setting affected learning in this maimer.
Though interviews revealed a few instances in which students provided evidence of
activities consistent with social constructivist behaviors, the majority of the findings
indicate that in this online course, collaborative approaches were hindered. Conclusions
based on these findings are discussed in the next paragraphs.
The few positive occurrences of these behaviors show the potential for social
constructivist learning. The respondent making the most bulletin board postings indicated
she often did so late at night. She expressed that this convenience allowed her to take
part in asynchronous discussions for which she would not have had time during daylight
hours. In turn, the other students would not have been able to access and consider her
postings. Another participant acknowledged that the bulletin board allowed the sharing
of ideas. These instances are consistent with constructivist ideals in that they show
students realize the potential for considering others ideas (Driver et al., 1994).
Participant comments indicating limitations of collaborative learning were much
more numerous. Three individuals expressed that concern over how others would view
their postings restricted their efforts to interact in this maimer. The potential for their
comments to be analyzed once in print seemed to be a limiting factor for these
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individuals.
Another theme repeatedly voiced in interviews was that communication was more
difficult online than face to face. Students were of the opinion that this form of
communication "takes more energy", that they communicate better with "real people",
and that asking questions online was "time consuming". Again, these ideas are not
uncommon in other works (e.g. Nassah, 1998; Gagne & Shephard, 2001).
Because social constructivist learning is heavily dependent upon peer interaction
and two way communication (Oliver, 2000), it is evident that these participants perceived
this type of learning to be more difficult online. Using arguments similar to those made
earlier, based on theories of self-efficacy and Opportunity to Learn, it is concluded that
the environment affected these individuals' ability to learn constructively. Because they
perceived this mode of communication to be more difficult, they had less confidence in
their ability to learn via this method, and consequently were less likely to communicate
via sjaichronous or asynchronous means.

Motivation and the Web-based Environment
The findings interpreted in this section perhaps provide the greatest insight as to
why overall there was such inconsistent learning amongst participants. Based on online
discussion transcripts, interview data, and the general prodding needed to get participants
to comply with deadlines requirements, it can be said that as a group, these individuals
just did not put in the necessary time to understand the concepts in the web-module.
Some of this may be explained by the considerations of attitudes, self-efficacy, and
learning preferences discussed in the previous sections, however common sense dictates
that there were other factors as well. The forthcoming, final section considers additional
aspects of this particular learning environment that contributed to the overall lack of
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motivation to complete covirse activities.
The most commonly reported reason that participants were less motivated to
invest themselves in the course concerned priorities. All interviewees expressed that
their work, school, and/or personal commitments prevented them from devoting the
necessary attention to the online course. The in-service teachers claimed their busy work
schedules took away from their study time. Pre-service teachers, as well as the two inservice teachers involved in Master's programs, stated that their involvement in other
courses was consuming.
Online learners are often classified as overextended with regard to their life
commitments (Johnson, 2002). The convenience of being able to access a course from
their own homes (Leasure & Thievon, 2000), and thus fit more into their busy schedule is
often a primary motivation for individuals involved in web-based learning. This creates a
bit of a paradox in that these individuals are already over-scheduled, but choose an online
class for the flexible format that allows them to add more to their lives. The end result is
often that these individuals end up withdrawing from the classes due to being
overwhelmed (Johnson, 2002; Keegan & Holmberg, 1994; Jung, et al., 2002).
Teachers in particular are considered to be overextended during the school year
(Darling-Hammond and Cobb, 1996). Due to regional staffing shortages, they often must
take on multiple duties within their schools (Hardy, 2002). In addition, like some of the
participants in this study, many are inspired by career ladder programs to pursue
advanced degrees and take night classes (Arends & Winitzky, 1996). This leaves little
time for professional development activities and is one of the primary reasons that online
formats are being considered for this purpose (Barkley & Bianco, 2001). The
participants in this study seemed to follow a similar pattern. They opted to take the class
because it was free and convenient but admitted that in the end, they were too busy to
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become as involved as they would have liked. This finding places web-based
professional development in question.
The next most commonly stated reason for lack of involvement concerned the
absence of external motivation or rewards. Most respondents indicated that the course
would have been a greater priority had they been receiving a grade, university credit, or
working toward a degree of some sort. They were offered the possibility of receiving
continuing education credits for their experience (though none pursued this option). This
was interesting, as all participants voiced that sources of internal motivation (selfsatisfaction, etc.) were things that usually motivated them to leam. Hathorn and Ingram
(2002) highlight the need for such external motivators in web-based learning, as it
encourages the use of online media.
Again, when considering online professional development for teachers, one must
consider if the external rewards, usually in the form of continuing education credits or
satisfying school district requirements, are sufficient to engage participants in the
experience. Because this is a setting in which obligations are easily avoided, the internal
motivation of learning new skills may not be enough to keep teachers interested.
Developers may need to consider these ideas.
The final reason that was commonly given for scarce participation involved the
absence of personal accountability. Interviewees repeatedly declared that they would
have been more motivated, had there been a person that they had met who would hold
them responsible for completing their work. Most class members lacked the selfmotivation to necessarily engage. The literature is quite clear that self-motivation is a
quality of utmost importance for distance learners (Osborne, 2001; Hathom & Ingram,
2002; Jung, et al., 2002; Watson & Rossett, 1999; Noah, 2001).
One individual was of another opinion. She classified herself as very self-
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motivated and not needing "a person standing in front of me trying to motivate me." Not
surprisingly, this individual was the most involved in course activities. The reasons that
the other students were not sufficiently self-motivated are not altogether known. Some
may be related to reasons already discussed, while others were secondary to their
personal characteristics and learning styles. In either case, their inability to hold
themselves accountable for completing the necessary activities was very likely a factor
contributing to their lack of learning. This dilemma may be an argument for providing a
face to face component to enhance accountability in these experiences.

Summary of Conclusions Concerning Research Question #2
The following summary represents the maimer in which the web-based
environment influenced learning in the course. Based on interview data and theories of
self-efficacy and technology acceptance, it is possible that students' attitudes concerning
web-based instruction influenced their learning. Findings suggest that their attitudes did
determine their degree of use of the instructional media. Because research suggests that
time spent engaged in an educational experience is proportional to the degree of learning
(Floden, 2002), it is concluded that in this case, the environment did influence the
construction of knowledge.
Findings also indicate that the environment inhibited the potential for social
constructivist learning. While some participants perceived communication in this setting
to be more difficult, others reported avoiding this approach due to perceived
incompetence in writing skills. Therefore, it is concluded that lack of confidence in the
media inhibited their efforts.
Lastly, the overall setting and format of the course was concluded to inhibit
motivation. Participants reported decreased motivation based on lack of face to face
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accountability, absence of external rewards, and busy nature of their lives. These
findings suggest that teachers opting for online professional experiences may place these
events at a low priority without some sort of personal culpability attached to the
experience. Therefore, in individuals with low self-motivation, the value of such efforts
may be limited.

Implications
Portions of the research design and the small sample size limit the generalization
of these findings to the general population of teachers engaging in online professional
development, but they do provide the opportunity to speculate on areas for further
investigation. The study allows for some tentative conclusions about online teacher
professional development, that are worthy of consideration for individuals researching
and designing such programs. Ideas for discussion include:
1.

Purely quantitative measures based on objective exams are limited in their ability
to measure gains in knowledge. In this study, considering only these data may
have led to different conclusions about learning and would not have provided the
complete perspective that the mixed approach was able to achieve. Additionally,
because other sources doubt the validity of such approaches (Madaus, 1988;
Shepard, 2000), it seems logical to suggest that both researchers and program
evaluators also consider alternate methods of assessment.

2.

It is important for the designers of online staff development programs to consider
the degree to which the participants are likely to fully engage in the learning
process. Because interaction and the investment of personal time are so easily
avoidable in the online setting, steps should be taken to ensure active
participation. Without full engagement, the potential for maximal learning is
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limited. This study would also suggest that sufficient external motivators be
present to provide the impetus for completing the necessary activities. Because
many individuals opting for online experiences do so because they are already
very busy (Johnson, 2002), it is possible that they will also lack the time to
commit to the web-based offering. This is particularly true vsdth regard to staff
development of teachers and other working professionals. As these individuals
are typically full-time employees, their schedules are sufficiently limited. This
makes the pursuit of online learning difficult. Traditional professional
development experiences may be harder to schedule initially but require the
commitment of physical presence.
3.

Online professional development may be better suited for the purpose of
connecting teachers, than for the direct learning of content. Both the literature
(Bowman, et al., 2000; Mathison & Pohan, 1999; Shotsberger, 1999; Harrington
& Hathaway, 1994) and this study support the notion that teachers seem willing to
discuss teaching online. The use of the online enviroimient to discuss and learn
content was not well supported by these findings.

4.

The nature of online learning experiences may affect the type of learning that
results. While in this investigation many factors contributed to the minimal
learning that occurred, the result was that most gains in knowledge were
declarative in nature. Therefore, the design of the online environment is critical
and steps should be taken to ensure that the potential for meaningful learning is
maximized.

5.

Online learning is not appropriate for everyone. Just as others have theorized that
learners thrive in environments that are most compatible with their learning styles
and preferences (Cronbach, 1975), the same is likely true of web-based settings.
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Because lack of self-motivation is shown to inhibit performance in web-based
learning (Noah, 2001; Jung, et al., 2002; Osborne, 2001), individuals needing
external prodding to fully engage are less suited for this environment. This would
suggest that those involved in designing online staff development programs
should implement some sort of a screening process to ensure that participants are
appropriate. Another consideration with regard to self-motivation is to consider
the rewards that induce the inspiration to engage. If these are not sufficient, selfmotivation may be limited.

Limitations
Of the various limitations of the present study, the most prominent concern is the
sample. Due to the small number of participants, it is difficult to eliminate the role that
chance and coincidence may have played in the established results. Because of
difficulties recruiting individuals to participants, it was necessary to use all willing to
enroll in the course, making random selection of subjects impossible. Also because of
recruiting issues, it was necessary to open the study to teachers and teacher candidates.
Though only two individuals were pre-service teachers, this made the sample less
homogeneous. All individuals in this study already had a Biology backgrovmd or were
already teaching Biology. Using individuals with no background in the content may have
provided a greater potential for assessing pre to post change.
Some limitations exist regarding the format of the course itself. The fact that the
course was only three weeks in length may have limited learning. In a longer time
period, perhaps students would have had a greater opportunity to leam course concepts.
The split group design of the laboratory experience may have also influenced learning.
Although there seemed to be minimal differences in learning between individuals
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involved in independent labs and face to face labs, the small numbers in each group make
comparisons difficult. Therefore, because participants in these groups had slightly
different experiences, the effect of this design on the data is unknown. Also, it would
have been desirable to assess the quality of the online course using a standardized tool
designed for this purpose. This would have provided greater confidence in determining
that the course was adequately designed to accomplish its goals and objectives.
Other limitations are related to the construction of the concept maps. Because
training in concept maps was performed independently via online and written resources,
the degree to which participants became proficient in this technique was not controlled.
Therefore, deficiencies in their illustrations may have been a fimction of their inability to
create maps rather than a lack of learning. The fact that certain data were collected from
a distance also posed some problems with concept maps. Some participants did not
retimi initial concept maps until a week into the course. Though all reported that they
completed them prior to instruction, there is no way to know whether their maps were
completed before exposure to course material. Furthermore, due to various practical
reasons, a few maps were completed by hand rather than using the Inspiration software.
It is not known whether the alternate modes of constructing maps affected their contents.
Other aspects of the data may have also been affected by the distance nature of
the course. Again, because participants were scattered across the state, there is no way to
confirm the legitimacy of their work with regard to exams and concept maps. Because
observations were not possible during their learning, interviews were the only source of
data regarding their behaviors during the course. The truthfulness of their responses is
therefore unverified.
Finally, some limitations exist concerning data analysis. The beliefs and
philosophies of the researcher are a source of potential bias. Though, three total
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researchers collaborated in determining the scientific accuracy of relationships in concept
maps, only the principal investigator made determinations as to what constituted relevant
concepts, examples, branches, and cross-links. Similarly, this investigator v^as the only
individual coding maps qualitatively for the presence or absence of key concepts and
forming coding categories. Therefore, reliability in these areas may be an issue.

Recommendations for Future Research
While this study provides some interesting perspectives on online teacher
professional development, it also suggests some direction for other research efforts in this
genre. This final section includes recommendations for future investigations examining
online teacher professional development.
1.

This study served only to examine learning in an online professional development
course. Future efforts may provide more information by examining both online
and traditional settings. This would provide a basis for comparison allowing
researchers to determine with greater confidence how the specific environment
influenced learning.

2.

Because only content was assessed in this investigation, there is no way to know
whether the online course aided the teachers in the classroom. A longitudinal
study following these individuals into the classroom would be desirable to assess
the degree to which they appropriately use the information in their teaching.

3.

One goal of the program providing online courses to teachers was to prepare them
to become certified to teach in the sciences. Another study might examine how
many participants actually pursue this goal, and then consider their performance
on certification exams.

4.

Findings from this study and others are suggestive that the online environment
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might be a productive forum for comiecting teachers for the purpose of discussing
issues related to instruction and to promote reflection on teaching. This study also
concluded that at least in this course, discussion of content was not particularly
productive. Future efforts might provide more conclusive evidence by comparing
two online development experiences with separate goals. While the purpose of
one experience might be to promote interaction among teachers for the purpose of
discussing teaching, the goal of the other might be to discuss specific course
content. This type of design might provide more conclusive evidence in this area.

APPENDIX A

DATA COLLECTION E^STRUMENTS

148

Subject Profile Questionnaire
The following is a questionnaire concerning your personal and professional background. Please answer the
following questions. Responses are not judgmental and are solely for the basis of research. All
information provided will remain confidential and only be viewed by those involved in the study.
1.

Name

2.

Street Address:

City:

State:

3.

E-Mail Address:

4.

Phone Number:

5.

Gender:

6.

Current Age

7.

Best General Descriptor:

Male

First Career
8.

Zip code:

^Female

Second Career

Returning to Teaching

Current Teaching Assignment:
Elementary Teacher
Middle School Teacher
High School Teacher

Grades
Grades
Grades

9.

University or College(s) and Degrees Obtained

10.

Current Degree(s)
B.A.

B.S.

M.S.

Elementary Education
Mathematics

M.A.

Education
Science

M.A.T.

Ph.D

Other (describe)

Science Discipline

11.

Total number of years as a teacher

12.

In how many professional development activities (workshops, conferences, seminars, etc.) have
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you voluntarily participated in the last year?
0

1-2

3-4

5

<5

13.

What was your last professional development course/workshop/etc.?

14.

Present Teaching Area (or present occupation)

15.

Science Courses taken

16.

Have you ever taken on online course before?
Yes

No

If so, what was the name of the course(s)?

When did you take it?

17.

Why do you want to take this course?

18 .

Are you interested in teaching science? If so why?

How would you rate your present knowledge of Biology?
Very low knowledge

Moderate knowledge

12

3

4

High knowledge

5

How would you rate your proficiency with computers?
Not proficent

Moderately proficient
12

3

4

Very proficient
5
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Multiple Choice Pre/Post Exam taken by Course Participants

1.

All scientific study involves making observations and forming a testable:
1)
2)
3)
4)
5)

2.

Before Darwin, one scientist who wrote extensively about evolution was:
1)
2)
3)
4)
5)

3.

Hooke
Leeuwenhoek
Lamarck
Pasteur
Virchow

The evolution of organisms on earth was a :
1)
2)
3)
4)
5)

4.

theory
proposal
hypothesis
law
rule

directional process with definite goals
directionless process with no goals
directional process without goals
directionless process with goals
proposed process without logic

What distinguishes living organisms fi:om nonliving matter?
1) Living organisms are characterized by the processes of metabolism and
reproduction
2) Only living organisms change in response to their environment
3) Only living organisms are composed of molecules
4) Living organisms do not obey physical and chemical laws
5) Only living organisms increase in size

5.

All living organisms obtain their energy from:
1) food
2) external sources
3) sunlight
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4) heterotrophic sources
5) autotrophic sources
6.

Heterotrophs cannot obtain their energy from:
1)
2)
3)
4)
5)

7.

Earth is approximately _____ years old.
1)
2)
3)
4)
5)

8.

all the organisms that live together in a particular area
a group of similar organisms that cannot interbreed
a group of similar organisms capable of interbreeding
an adult organism and all its offspring
a group of similar organisms that have exactly the same genetic code

Which of the following is not a major stage of the hypothetico-deductive method?
1)
2)
3)
4)
5)

10.

1.4 billion
2.5 trillion
4 million
6,000
40 trillion

A species is:
1)
2)
3)
4)
5)

9.

food
autotrophs
other hetertrophs
complex chemical substances
sunlight

controlling an experiment
making an observation
forming a testable hypothesis
making a prediction
testing a prediction

Which of the following questions cannot be answered by the hypotheticodeductive method?
1) Are bees more attracted to red roses than to yellow roses?
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2)
3)
4)
5)

11.

Which of the following is not a feature of scientific hypotheses?
1)
2)
3)
4)
5)

12.

they are true
they make predictions
they are based on observations
they can be tested by experimentation
they can be tested by observational analysis

Based on the large numbers of offspring produced by many organisms, Darwin
proposed that mortality was high and only a few individuals survived to
reproduce. He called the differential reproductive success of individuals with
particular:
1)
2)
3)
4)
5)

13.

Why are red roses red?
Are red roses more beautiful than yellow roses?
Do red roses bloom sooner than yellow roses?
Are red roses more susceptible to mildew than yellow roses?

evolution
artificial selection
the cell theory
natural selection
inheritance of acquired characteristics

A more common name for prokaryotic cells is:
1) plants
2) animals
3) bacteria
4) viruses
5) fiingi

14.

Which kingdom contains eukaryotic unicellular organisms?
1)
2)
3)
4)
5)

plantae
archaebacteria
amimalia
protisita
fungi
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15.

The key feature of experimentation is to:
1)
2)
3)
4)
5)

16.

The smallest entities studied by biologists are:
1)
2)
3)
4)
5)

17.

All
1)
2)
3)
4)
5)

18.

cells
tissues
organelles
molecules
membranes
must obtain their energy from the sun.
plants
autotrophs
organisms
heterotrophs
bacteria

The two important developments necessary for the existence of multicellular life
forms were:
1)
2)
3)
4)
5)

19.

obtain accurate quantitative measurements of data
prove unambiguously that a hypothesis is correct
avoid comparative data
answer as many key questions in one experiment as possible
control factors that might affect a result so the influence of variables can be
seen

differentiation and cell clumping
symmetry and asymmetry
gene regulation and the evolution of the nucleus
sexual reproduction and recombination
isolation and compartmentalization

Which of the following statement (s) regarding evolutionary biology are not true?
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1) Darwin and Wallace postulated that mortality rates match reproductive rates
and that characteristics most suited to the environment are selected for
2) Darwin postulated that characteristics could be acquired in a single generation
3) Darwin was the first to come up with an evolutionary theory
4) l a n d 2
5) 2 and 3

20.

A primary prerequisite for life to survive on land was the accumulation of:
1)
2)
3)
4)
5)

21.

Creation science is:
1)
2)
3)
4)
5)

22.

another scientific theory
not true science
based on absolute fact
proven
true science

When attempting to group species, scientists use:
1)
2)
3)
4)
5)

23.

oxygen
carbon dioxide
water vapor
ozone
bacteria

ecological niches
physical structures and appearances
chronological order
evolutionary relationships
all of the above

Eukarya include:
1)
2)
3)
4)
5)

protista
plantae
animalia
2 and 3
all of the above
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24.

The best understanding of a biological phenomena comes from:
1)
2)
3)
4)
5)

25.

For a hypothesis to be scientifically valid it must be
to
it.
1)
2)
3)
4)
5)

26.

testable, prove
testable, reject
controlled, prove
controlled, reject
land3

nonrandom mating
migration
natural selection
genetic drift
random mutation

The wing of a bat and the wing of a bird are an example of:
1)
2)
3)
4)
5)

28.

and it must be possible

Which of the following agents of evolution adapts populations to their
environment?
1)
2)
3)
4)
5)

27.

field observation
laboratory research
both field observation and laboratory research
strictly applying the hypothetico-deductive method
none of the above

divergent evolution
convergent evolution
vertical evolution
a derived trait
evolutionary drift

Classification systems have many uses. Which of the following is not a goal of
biological classification?
1) to depict convergent evolution
2) to clarify relationships among organisms
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3) to help us remember organisms and their traits
4) to clearly identify organism being studied
5) to provide predictive scientific possibilities
29.

The hierarchy of categories in the classification system used today is:
1)
2)
3)
4)
5)

30.

Reconstructed phylogenies can be useful for all of the following except:
1)
2)
3)
4)
5)

31.

division or phylum, kingdom, order, family, class genus, and species
division or phylum, kingdom, order, class, family, genus, and species
division or phylum, kingdom, class, order, family, genus, and species
kingdom, division or phylum, order, class, family, genus, and species
kingdom, division or phylum, class, order, family, genus, and species

the evolution of human language
the migration of human populations
determining if divergent traits occurred from reverse evolution
predicting future trends in evolution
evaluating how a protein has changed between species

Inquiry into the natural world is evidenced by all of the following except:
1) a child's wondering how it is possible for ants to live underground
2) the search by groups of physicians for new atomic particles
3) successful completion of a biology lab in which students attempt to replicate
existing data
4) a person exhibiting a highly developed capacity of simple curiosity
5) a scientist's process of observing, gathering, assembling, and synthesizing
existing information
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Concept Map Question
Please construct a concept map based on the following question.
According to science, the earth was once a place devoid of life. Somehow, life arose
form non-life and changed over time. Now the earth contains much diversity with
respect to living things. How does science propose that the earliest forms of life arose
from non-living material? In what general forms did primitive life exist? What processes
and/or events occurred that caused primitive life to give rise to the more advanced forms
of life that we know today?

Interview Tool

Tell me about your experience in the course.
Tell me about your involvement in the course;
Rate your overall level of involvement in the course.
0 = no involvement
1 = minimally involved (less than 25% involved)
2 = moderately involved (25 - 75% involved)
3 = highly involved (75% or greater involvement)
Could you have been more active in the course?
Why weren't you more active in the course than you were?
What would have motivated you to participate more in the course as a whole?
How thoroughly did you utilize each of the following course tools:
quizzes

tests

readings

private email

bulletin board postings

course activities

lab activities

live chatrooms

What was your interest level or preference concerning each course tool:
Which parts of the course were most helpful? Which were least helpful?
What prompted you to sign up for the course?

What were the most important things you learned in the course?
What things were new?
What things were review?

How did you process (or attempt to leam) the information from the course?
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How did you process (or attempt to learn) the information from the laboratory?
How did you process (or attempt to learn) the information from the online discussion?
Did you use any special strategies to help you learn?
What were the key concepts taught in the course?
What motivates you to leam?
(If you were not as active in the course as you could have been)
Why didn't that motivate you here?
What did you leam from the laboratory portion of the course?
Were the lab activities helpful? In what way?
Do you feel that the course brought you any closer to being prepared to teach any
Biology concepts in the classroom? Why or why or why not?
Earlier you said that the key concepts represented in the course and things you learned
were:

(Insert answers from questions #1 and 8)
Tell how those are represented in your concept map (post).
(Or if not present) Why aren't they represented in your concept map?
Questions regarding pre and post differences.
Questions regarding scientifically inaccurate statements.
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Sample Concept Map

WUok wohivd ni0 *

APPENDIX B

CONCEPT MAP SCORING RUBRICS AND CODING SCHEMES
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Stoddart Scoring Method
Based on the method proposed by Stoddart, Abrams, Gasper, and Canaday, (2000)
Total score is expressed as a percentage of the number of scientifically accurate
relationships established between map concepts divided by the total number of
relationships established. This score is represented by the following equation in Figure
B.l.

Figure B.l
Stoddart Scoring Method Equation
# of Scientifically Accurate Relationships Established in Concept Maps
X 100%= Stoddart Concept Map Score
# Total Relationships Established in Concept Maps

Alternate Scoring Method
Based on methods proposed by Dorough and Rye, (1997) and Rafferty and Fleschner,
(1993).
This method assigns point values to various representations of knowledge in concept
maps. Point values are based on the degree to which the specific representation represents
meaningful knowledge. Points are totaled for a final score. Types of representations are
explained below.
Number of Relevant Concepts

(1 point)

This parameter refers to the total number of major concepts included in participants'
maps relevant to course content. The concept must be an idea in and of itself and thus
clearly distinguished from the classification of examples listed below.
Examples

(1/2 point)

These include occurrences where the student has represented an idea that is a clear subset
and/or "type of the relevant concept to which it is linked. The relationship established
between the concept and its corresponding example implies nothing more than the supraordinate and subordinate relationship. Less weight is given to examples, as they are
easier to provide and are less indicative of deeper levels of understanding.
Number of Valid Propositions

(2 points)
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This refers to the total number of scientifically accurate relationships established between
relevant concepts in the participant's map. Criteria for this parameter are identical to
those listed in the Stoddart scoring method. Slightly greater weight is given to these
based on the need for understanding relationships between ideas.
Branches

(2 points)

This parameter identifies the progressive differentiation of concepts. A branch is noted
when a concept at a certain hierarchical level is correctly linked to two or more concepts
at the next level. The linking of ideas that are classified as examples are not considered
branches.
Cross-Links

(3 points)

The parameter of cross-links considers the degree to which the map illustrates
relationships between concepts in distinctly separate areas of a map. It is representative
of a student's ability to relate less similar concepts to one another. Occurrences were
noted when participants linked concepts that were distinctly separated by different
branches and levels of hierarchy.
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Explanation of Broad Coding Categories
Origins
Concepts within this grouping pertain to events or concepts that explain how life began.
Relevant ideas concern pre-cursors to living organisms and the initial forms of life at the
cellular level. The subcategories within this category include:
Combination of Atomic Particles
This concerns any representations of or references to the initial joining of atoms and/or
molecules to form precursor substances necessary for life.
Formation of Membranes
This concept considers the occurrence of concepts related to the formation of membranes
that serve to compartmentalize metabolic activities. Represents the existence of
membranes surrounding chemical substances was imperative to the eventual formation of
cells.
Identification of Cells as Units of Life
This subcategory considers any map contents indicating that participants recognize that
the formation of cells is an important evolutionary event.
Transition from Prokaryotic Cells to Eukaryotic Cells
Considers representations of a student's understanding that prokaryotic cells preceded
eukaryotic cells and that the later were ancestrally derived from the former.
Transition from Unicellular to Multi-cellular Life
Includes illustrations indicative of understanding that initial life forms were single cell
organisms which through various evolutionary processes gave way to ancestors
comprised of multiple cells.
Macro-Evolutionary Changes
This category contains broad concepts that have played a role in evolutionary change
over all of time. They may pertain to general changes in the way organisms function or
events that induced evolutionary change throughout its history. Subcategories include:
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Relevance of the Ancient Earth
Considers references to the theory that the earth must be relatively "old" for and that
evolutionary change was gradual requiring a long period of over billions of years to
occur.
The Role of the Environment / Environmental Conditions in Evolutionary Change
Refers to the role that the changes in the environment may play over the course of
evolution.
Changes in Metabolic Synthesis
Considers references to changes in the way that living organisms obtain resources and
use them to produce energy. In this course refers most often to autotrophic,
heterotrophic, and chemotrophic metabolism and how the adaptation of these differing
strategies is relevant to evolutionary change.
Role of Sexual Reproduction
Considers representations of the concept of sexual reproduction in contrast to asexual
reproduction and how this mechanism is related to evolutionary change.
Natural Selection
Concepts in this category are aspects of Darwin's proposed mechanism for evolutionary
change. They include:
Mutation
Includes indications that the student has knowledge of how altered genetic material can
lead to a change in characteristics.
Variation
Representations of this concept include references to the fact that variation among
organisms' traits play a role in their interactions with the environment, rate of survival,
and/or ability to reproduce.
Adaptation
Considers concepts representing the end result of an advantageous change in an
organism's characteristics.
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Competition for Resources
Concepts included in this subcategory include references to the notion that environmental
resources are limited and that the organisms with characteristics most suited to the
environment will be most successful in securing resources.
Survival
Refers to map illustrations of organisms with the most advantageous traits obtaining the
most resources and therefore ultimately surviving.
Reproduction
Representations in this category include references to the idea that surviving organisms
will pass on their traits to the next generation.
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Criteria for Considering Representations of Key Course Concepts in Participants' Maps
In order to determine whether participants were to receive credit for including a concept
in their maps, the following considerations were applied.

-

To be given credit for including the idea, participants needed to show that they
had knowledge of the relevant concept by representing it in their maps in some
way. For maps to be considered representative of the key ideas, it was necessary
for the it to contain either a specific term describing the relevant concept, another
idea representative of the relevant concept, or a grouping of ideas representative
of the relevant concept.
To be given credit for including the idea, participants must have used the concept
in a context which was relevant to the course.
To be given credit for including the idea, it was not necessary for the concept to
be used accurately. Therefore, participants were given credit for including a
concept if it was represented, but linked inaccurately to other ideas.

Pre to Post Changes:
A pre to post change was considered to occur if:
1) The participant did not include the relevant concept in their initial map, but did
include it in their final map.
Or ...
2) The participant did include the concept in their initial map in some capacity but
showed evidence of adding to his or her knowledge of the concept in the post map
by demonstrating deeper understanding, more detailed explanation, or stronger
links regarding the idea.
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