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Abstract:
The purpose of this study was to identify the cognitive levels of questions asked by instructors in a
sample of online graduate science courses and to determine if there was a relationship between the
cognitive level of the question and the corresponding student-instructor and student-student interactions
that occurred.
Descriptive quantitative analyses including frequencies, comparison of means, and one-way analysis of
variance were used to answer the three questions proposed in the study: ° Research Question #1: What
cognitive levels of questions were asked by instructors in the NTEN courses? ° Research Question #2:
What student-student and student-instructor response patterns occur as a result of specific cognitive
levels of questions? ° Research Question #3: Is there a relationship between cognitive levels of
instructor-initiated questions and the resulting student-student and student-instructor response patterns
in the NTEN courses? The process of classifying instructor-initiated questions, calculating interaction
indices, and constructing discussion diagrams is described in the study. Question levels were compared
with the means of the interaction indices in order to determine if there was a statistically significant
difference in the interaction patterns that occur as a result of each of the four question levels. Question
levels and interaction indices were compared by content discipline and with post-course evaluation
results. A supplemental course review was conducted on each of three courses in the sample in order to
better identify and understand course design characteristics that might have influenced student
interaction patterns and the resulting interaction indices in the courses.
There are four primary conclusions drawn from the findings in this study: 1) The majority of
instructor-initiated questions in the sample of courses were found to be higher-level cognitive
questions, unlike results found in traditional classroom instruction; 2) Use of higher-level cognitive
questions appeared to result in increased student participation and increased probability for
student-instructor interaction in the sample of courses; 3) Students were equally or more likely to
interact with a fellow student as with the instructor as a result of instructor-initiated questions; 4)
Discussion diagrams provide a valuable tool for visualizing and quantifying the interaction patterns that
occur in the online instructional process.
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ABSTRACT

The purpose of this study was to identify the cognitive levels of questions asked
by instructors in a sample of online graduate science courses and to determine if there
was a relationship between the cognitive level of the question and the corresponding
student-instructor and student-student interactions that occurred.
Descriptive quantitative analyses including frequencies, comparison of means,
and one-way analysis of variance were used to answer the three questions proposed in the
study:
° Research Question #1: What cognitive levels of questions were asked by instructors
in the NTEN courses?
n Research Question #2: What student-student and student-instructor response
patterns occur as a result of specific cognitive levels of questions?
° Research Question #3: Is there a relationship between cognitive levels of instructorinitiated questions and the resulting student-student and student-instructor response
patterns in the NTEN courses?
The process of classifying instructor-initiated questions, calculating interaction
indices, and constructing discussion diagrams is described in the study. Question levels
were compared with the means of the interaction indices in order to determine if there
was a statistically significant difference in the interaction patterns that occur as a result of
each of the four question levels. Question levels and interaction indices were compared
by content discipline and with post-course evaluation results. A supplemental course
review was conducted on each of three courses in the sample in order to better identify
and understand course design characteristics that might have influenced student
interaction patterns and the resulting interaction indices in the courses.
There are four primary conclusions drawn from the findings in this Study: I) The
majority of instructor-initiated questions in the sample of courses were found to be
higher-level cognitive questions, unlike results found in traditional classroom instruction;
2) Use of higher-level cognitive questions appeared to result in increased student
participation and increased probability for student-instructor interaction in the sample of
courses; 3) Students were equally or more likely to interact with a fellow student as with
the instructor as a result of instructor-initiated questions; 4) Discussion diagrams provide
a valuable tool for visualizing and quantifying the interaction patterns that occur in the
online instructional process.
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CHAPTER ONE
THE PROBLEM
Introduction

Trends in Higher Education
Distance education is one of the most powerful new forces influencing the
direction of higher education today (Connick in Cyrs, 1997). Rapid advances in
information and communication technology have had a dramatic effect on the
development and delivery of distance learning courses offered by higher education
institutions (Dede, 1996). As early as 1989, the US Congress Office of Technology
Assessment reported that virtually every state was interested in using telecommunications
to serve education, was actively planning for distance education, or was already
administering a statewide plan or system with local distance learning projects in place
(US Congress, OTA, 1989). Some predict that advances in telecommunications and
information technologies, coupled with changes in student demographics, point towards a
future in which higher-education success will be determined by the extent to which an
educational product or products are provided conveniently for the consumer at a
competitive cost (Connick in Cyrs, 1997).
Student demographics in higher education are changing. Cyrs (1997) found that
only 52% of college students are eighteen to twenty-one years of age, and only 15% fit
the profile of the residential student who is young, attending school full-time, and living
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on campus. It is only recently that educational consumers have had choices regarding
what, when, where, how, and from whom they can obtain an education. As technical
capabilities advance, location will offer little competitive advantage to most institutions,
and students will shop for the most efficient, high-quality, affordable, and studentcentered services available (Connick in Cyrs, 1997).

Distance Learning Using
Computer-Mediated-Conferencing
Advances in the graphical and multimedia interface capabilities of the World
Wide Web (WWW) over the past ten years are fueling the interest in distance education
and have made it increasingly easier for higher education to deliver courses over the
Internet. Currently, many institutions are systematically converting traditional and other
forms of distance delivered courses into Web courses (Jiang, 1998).

Numerous

researchers (Dede, 1996, Hiltz, 1994, and Papert, 1993) noted that the expanded
accessibility and graphical interface of technology such as the WWW may be appealing
to students and possess the potential for improved learning.

They also cautioned,

however, that effective learning requires more than glitzy information technologies and
that the education field would benefit from additional research in this complex and
rapidly changing environment.
Wagner (1998) noted that with the wealth of new two-way technologies providing
real-time, or asynchronous exchange capabilities, between instructor and student,
“Distance learning practitioners tend to view interactivity as the single most significant
attribute that defines a contemporary distance learning experience” (p. 417). Simply
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ensuring, however, that the technical delivery mechanism provides instructor and student
with the ability to interact, does not promote or guarantee a successful and quality
learning experience.

Traditional correspondence courses are a good case in point.

Correspondence courses provide students with the ability to interact with the instructor,
however, little interaction actually takes place and the course completion rate is often
very low (Palloff & Pratt, 1999). Even with the use of new media, many WWW based
courses are often focused on content delivery and students remain passive recipients of
the information (Palloff & Pratt, 1999).
Although the literature on distance learning and electronic communication is
limited, there is evidence that strongly suggests that courses taught via distance learning
technologies can be at least as effective and rigorous as traditional face-to-face
instruction (Hiltz, 1994). In addition, there is repeated evidence in the literature that
instructional settings using computer-mediated-conferencing (CMC) technology, appear
to provide additional learning benefits when compared to the more traditional distance
learning delivery models such as satellite or television video broadcast (Berge, 1997a).
Unlike video broadcast instruction or independent study environments, CMC creates an
interactive environment in which students and instructor are able to communicate
asynchronously, independent of time and location, through private messages and group
discussion resulting in the active-engagement of the students in the learning process. The
use of computer mediated conferencing, combined with other new distance learning
technologies, enables participants to engage with others as part of a collaborative learning
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network and increases the potential for direct student-instructor and student-student
interaction resulting in more effective learning environments (Wagner, 1998).
Lauzon and Moore (1989) argued that new developments in communication and
information technologies have shifted the emphasis away from the mass production
model of distance education (one instructor delivering content to many students), to
course design that is more responsive to the personal and individual needs of learners. In
contrast to the passive learning and student isolation experienced in distance education
delivery models such as correspondence courses, independent study, and one-way video
or audio broadcast, new technologies, including CMC, offer instructors a variety of
formats for engaging students in active, collaborative learning experiences (Wagner,
1998).
Instructional Techniques to
Promote Interaction in Online Instruction
Although there are numerous studies in the area of computer mediated
conferencing (CMC) in online education (Harasim, 1990a; Hiltz, 1994; Eastmond, 1995),
many of them analyze CMC used as an element of traditional face-to-face courses. There
are few empirical studies that examine courses taught entirely online (Berge, 1997a).
These studies (Harasim, 1990a; Hiltz, 1994; Eastmond, 1995) identify the value of CMC
interaction in promoting collaborative learning and positive student perceptions of their
learning experience, yet few examine specific instructional techniques that might be
useful for establishing effective use of CMC in online instruction (Jiang, 1998).
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One specific instructional technique that has been the subject of a great deal of
research in the traditional classroom is the use of questions and questioning techniques
(Wilen, 1991). This research offers an existing framework that may serve as a research
base for examining the use of questions in an online environment and for identifying the
role that effective questioning might play in establishing a collaborative online
environment. Questioning techniques and improved student-student and studentinstructor dialogue and discussion appears to be well documented in the traditional
classroom instruction literature (Wilen, 1991). Several recent studies in online education
have identified instructor use of questions and questioning techniques as an area worthy
of further study in online instruction (Jiang, 1998; Anderson Sc Kanuka, 1997; Palloff and
Pratt, 1999). Understanding the use of questions in courses taught entirely online, where
instructors and students lack the visual and auditory cues that form a common framework
for face-to-face discussion, may be particularly valuable for understanding how
instructors might establish active and engaging learning environments for students at a
distance.
It appears that distance learning technologies will continue to provide increasingly
sophisticated capabilities for student-student and student-instructor interaction, and
higher education institutions will continue to expand their efforts to serve non-traditional
adult students.

In this regard, it is important to increase our understanding of

instructional techniques that effectively utilize the technology in order to promote active,
constructive, and collaborative learning in an online distance learning environment
(Berge, 1997a; Jiang, 1998; USAID Policy Roundtable Series, 1999).
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Statement of the Problem
Advances in information and communication technologies are increasing higher
education’s ability to serve students independent of traditional campus-based instruction.
Distance learning courses provide outreach to adult populations seeking both traditional
undergraduate and graduate coursework as well as continuing education for professional
and personal development. The graphical interface, or ability to provide images, icons,
and visual symbols, as well as the broad accessibility of the WWW, has dramatically
increased the development of courses delivered entirely online, in which instructors and
students never meet face-to-face.
Studies have supported research indicating that students who experience higher
levels of interaction tend to have higher levels of achievement and more positive attitudes
than those who experience less interaction (Garrison, 1990; Ritchie & Newby, 1989;
Hackman & Walker, 1990). Collaborative and active learning instructional strategies
have been shown to establish a more effective learning environment, particularly for nontraditional adult learners who are often more motivated, independent, and self-directed
about their learning efforts (Merriam & Caffarella, 1999; Cyrs, 1997). In addition,
studies have demonstrated the effective use of computer-mediated-conferencing to
promote collaborative, constructive learning environments, however, most of this
research has been conducted using courses in which CMC supplements traditional
classroom instruction, and not in courses delivered entirely online (Berge, 1997a, 1997b).
Few studies were found that have examined specific instructional techniques that support
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effective CMC dialogue and interaction in online instruction (Berge, 1997a, 1997b; Jiang,
1998; Kanuka & Anderson, 1998; McDonald, 1998).
Online forums provide potential for new forms of collaborative work,
study, and community that reduce barriers of time and distance. Yet the
types of interaction and means by which individuals create new
knowledge in online environments are not well understood (Kanuka &
Anderson, 1998, p. 57).
Research indicates that student-student and student-instructor dialogue and
interaction have a positive effect on both students’ course achievement and perception of
the course effectiveness in both traditional and online instruction (Kindsvatter, 1988;
Bossert, 1989; Vygotsky, 1962; Webb 1991; Cyrs, 1997). However, no literature was
found regarding ways in which instructors might effectively initiate and foster online
dialogue and interaction that support collaborative learning and engage students in
interaction that is more than social conversation. Several studies indicate that effective
moderation of interaction and discussion is essential to the success of online instruction
(Harasim, 1990a; Hiltz, 1994; Cyrs, 1997), yet there appears to be limited research that
identifies specific teaching strategies that might better enable an instructor to facilitate
dialogue that promotes constructive, collaborative learning and achievement of desired
learning outcomes in an online environment.

Purpose of the Study
The purpose of this study was to categorize the levels of questions being used in
online instruction according to the Wilen (1991) hybrid question classification model,
and to determine if a relationship existed between specific levels of questions used by
instructors and the resulting student-student and student-instructor response patterns.
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Although there is a wealth of quantitative and qualitative data regarding the use of
questions and questioning techniques in the traditional classroom, there appears to be
very little documentation collected on the use of effective questioning techniques in an
online teaching/learning environment. Several recent studies (Jiang, 1998; Palloff &
Pratt, 1999; Anderson & Kanuka, 1997) indicated that the instructor’s use of questions in
online instruction may play an important role in overall student-student and studentinstructor response patterns, as well as contribute to student perception of successful
learning in an online course. The authors of these studies recommended further research
regarding the use of questions in online instruction. This information may prove valuable
to instructors wanting to improve the online learning experience through CMC dialogue
that engages students and promotes student-student and student-instructor interaction. In
addition, understanding how to promote student-student discussion and collaborative
learning will be important to better understand how online courses can scale in size to
create effective learning environments for larger numbers of students and still be time
and cost effective for instructors.
According to Wilen (1991) the two most common forms of oral discourse in the
classroom are recitation and discussion, and teacher questioning is the most often used
technique to facilitate student participation within these forms of interaction. In addition,
the research literature indicates that recitation, characterized by the familiar teacherinitiation-student response interaction pattern, is the most predominant interaction pattern
in the classroom (Wilen, 1991). Discussion, as a form of classroom discourse, is found
much less frequently in the classroom and is defined by Wilen as an “educative,
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reflective, and structured group conversation with students” (Wilen, 1991, p. 25). Wilen
(1991) noted that the concept of conversation is key to the definition of discussion and
that the interaction pattern of a discussion is much more varied than that of a recitation,
with less teacher talk and much more interaction taking place between students. Several
researchers have identified the value of applying the discussion method in the classroom
(Wilen, 1991; Bridges, 1990; Kindsvatter, 1990; Klinzing, 1985; White, 1990; Dillon,
1988; Wilen, 1990). Gall and Gall (1990) concluded that the discussion method may be
more effective than other instruction methods if achieving higher cognitive level
outcomes is the goal. They found discussion to be effective in achieving five types of
student learning outcomes: I) subject-matter mastery, 2) problem solving, 3) moral
development, 4) attitude change and development, and 5) communication skills. In spite
of the research literature support for using the discussion technique in the classroom,
Dillon (1988) conducted an extensive study on discussion and questioning in the
classroom and concluded that most teachers excessively controlled classroom interaction,
and that teachers defined almost all teacher-student interaction as discussion, when most
should be labeled as recitation because of the emphasis on memorization of knowledge.
Klinzing and Klinzing-Eurich (1988) concluded that teachers could have encouraged
more student involvement by asking a few key questions instead of frequent questions,
and by avoiding reaction to every student response. In this way teachers should keep the
discussion from moving back to the teacher so as to reduce teacher control.
There are other indications that student-student interaction is valuable to the
learning process.

Inquiry learning, active learning, collaborative learning, and
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constructivist learning theory all emphasize the importance of student-student interaction
in the learning process (Caine and Caine, 1991; Harmin, 1994; Lazear, 1991; Marzano,
1992; Renzulli and Reis, 1985; Pratton and Hale, 1986.) Alavi, Yoo, and Vogel (1997)
noted that although collaborative learning has been shown to be a highly effective
learning strategy, the existing research has been conducted in traditional classrooms with
geographical and temporal limits, and that little has been done to understand how to make
collaborative learning expandable over time and geographic distance.

In an article

describing his experience with online learning. Stamps wrote that “learning about a
subject is not the same as learning with someone. There’s something very different about
the spontaneous learning that occurs when a person’s mind and thoughts are engaged
with those of another person or group of people. And it’s that piece that seems to be
missing from much Web-based learning today” (Stamps, 1999). This study was an initial
attempt to understand how teaching techniques such as questioning might facilitate
student-student interaction in an online learning course.
Kindsvatter (1988) described the connection between question types and
discussion patterns. Reflective discussion is defined as the highest level of discussion in
terms of stimulated student thinking. It is the least structured and has the potential to
generate the most student-student interaction. The purpose of this type of discussion is to
engage students in high-level critical and creative thinking as they solve problems, clarify
values, explore controversial issues, and form and defend positions. Low-, and highorder divergent questions are considered the most appropriate to achieve the objectives of
a reflective discussion; however, this can only occur when students are motivated and
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mature enough to assume responsibility for their own learning. This study examined the
levels of questions used by instructors and the resulting student-student and studentinstructor response patterns that occur in online courses made up of a motivated and
mature graduate student population.

The use of discussion diagrams, a sociogram

technique, allowed the researcher to quantify the number of student-student and studentinstructor connections that occured as a result of specific levels of questions. Based on
the research literature, it was anticipated that the use of higher-level cognitive questions
would result in overall increased student participation, as well as increased studentstudent connections than the interaction that occurs as a result of questions classified in
the lower-cognitive levels.
The study consisted of three parts: (a) Course transcripts were analyzed to identify
and classify levels of questions posed by instructors in courses offered entirely online
utilizing CMC for course communication; (b) Discussion diagrams were constructed in
order to visualize and quantify the resulting student-student and student-instructor
response patterns to questions in each course; and (c) Data analysis was conducted to
determine if a relationship existed between question level and the resulting studentstudent and student-instructor response patterns.
Significance of the Study
The delivery of distance learning courses taught entirely online, using a
combination of CMC and WWW technologies, is still a relatively new instructional
environment. No studies were found that have examined the use of specific levels of
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questions and the resulting student-student and student-instructor response patterns in
CMC courses taught entirely online. This study contributes in the following ways:.
1. Provides insight into the levels of questions that instructors are currently using in
CMC online instruction;
2. Demonstrates the use of discussion diagrams to visualize and quantify the student and
instructor response patterns to specific levels of questioning;
3. Identifies possible relationships between student and instructor response patterns and
specific question levels; and
4. Contributes to educational theories of instruction and learning by identifying ways in
which questioning may facilitate discussion and collaborative learning in an online
CMC environment.

Research Questions
The following questions were addressed in the study:
1. What levels of questions were■used by instructors in the online CMC graduate
physical and biological science courses?
2. What student-student and student-instructor response patterns occurred as a result of
specific levels of questions? And,
3. Is there a relationship between instructor-initiated question levels and the resulting
student-student and student-instructor response patterns in the NTEN courses?
This study focused on these questions in an initial effort to begin to understand the
nature of questioning techniques used in the online CMC instruction environment.
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To better understand the study, the following background provides information
regarding the National Teachers Enhancement Network (NTEN) courses that were used
as the basis for data collection in this study.

The National Teachers Enhancement Network (NTEN)

History: The National Teachers Enhancement Network (NTEN) at Montana State
University-Bozeman has had continual funding from the National Science Foundation
since 1992. NTEN has developed over 25 graduate science courses delivered to high
school science teachers nationally and internationally over the past 7 years. The goal of
the NTEN program is to improve teachers’ understanding of the science content and
ultimately improve science instruction in the high school classroom. Each course was
developed by a team made up of a scientist or faculty member, inservice science teacher,
and technical/design support staff.

Courses were offered on a semester basis and

graduate course credit could be applied to a masters degree in science education at
Montana State University.

Course Design: The NTEN courses were delivered entirely online utilizing a
combination of the WWW, print materials such as textbooks, manipulatives for
conducting science experiments, and CMC for online course interaction. One primary
goal of NTEN course design was to utilize the lowest common denominator approach to
the technical requirements for the students, using minimal hardware and software
requirements that would keep the courses accessible to as many students as possible.
Although courses use a common CMC (FirstClass™) software platform, the instructors
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had flexibility in terms of overall course design and delivery so that each course was
somewhat individual in design, based on the particular instructor and content. Common
course elements included the CMC software, accessibility via Internet or WWW access,
minimal technical platforms, and technical support available for students and instructors.
Faculty development was offered on an individual basis, as well as through faculty group
seminars in which they shared individual techniques and design, as well as assessment
and evaluation results for their online courses.

Evaluation: Evaluation results of the NTEN project repeatedly show positive
overall student satisfaction and have contributed to our understanding of online
instruction. Horizon Research, Inc., (HRI) of Chapel Hill North Carolina had been the
independent contracted evaluator for the NTEN project since its inception. In one annual
report, HRI noted that “the most important lesson learned through this project is that
electronic courses can be meaningful, collegial experiences for instructors and
participants alike,” (Smith, 1997, p. 15) and that unlike many online courses, the NTEN
courses stress interaction among participants and between participants and instructor.
Smith (1997) also noted, however, that not all instructors are equally adept at facilitating
an interactive electronic classroom and that only a handful of experienced instructors
have developed unusual expertise in this regard. Although the NTEN experience has
been overwhelmingly positive, especially in terms of participants’ evaluation of the
online interaction, the findings are based primarily on participants’ and faculty
perceptions and qualitative assessment of on-line discussion.
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HRI evaluations include pre-, mid-, and post-course student questionnaires, as
well as follow-up interviews with individual students and faculty, and evaluation data
exist for every NTEN course. Throughout the project, HRI has identified courses with
various degrees of student perception of satisfaction and with various levels of student
perception of the value of online collaboration with the instructor and classmates. These
observations have led to HRFs interest in more in-depth evaluation and understanding of
online interaction and the development of the discussion diagram model that will be used
in this study.
Observation of questioning techniques that would help instructors facilitate
meaningful online interactions is limited. In recent discussions, HRINTEN evaluator Dr.
Sean Smith, suggested that further study of the types of questions and questioning
techniques used in the NTEN courses would be valuable (Smith, 1999b).

There are

several reasons that NTEN courses provide a unique platform for examining questioning
in an online environment. NTEN courses are well established in the online delivery
format and have been offered continuously since 1993.

The NTEN evaluation has

collected a wealth of data including course observations, student and faculty interviews,
and student satisfaction surveys. In addition, NTEN courses are now taught primarily by
experienced online instructors who, according to student evaluations, have established a
successful track record for creating and maintaining meaningful online interaction that
facilitates learning.
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Limitations of the Study
This study involved a multi-method exploratory and descriptive analysis which
attempted to provide an initial understanding of the relationship between cognitive
question levels used by an instructor and the resulting dialogue that occurred between
instructor and students in an online instructional environment.

There are several

limitations inherent in the study:
1. Limitations of discussion diagrams: The discussion diagrams and interaction indices
used to visualize and quantify the online discussion threads are designed to record the
direction of interactions only. They do not provide information regarding the total
number of interactions, nor do they make any assumptions or inferences regarding the
quality of interaction.
2. Comparing question levels across various content disciplines:

Different course

content and context will understandably lend themselves more readily to various
cognitive levels of instructor-initiated questions. In order to minimize the differences
that are related to context, the courses used in this study were limited to graduate
courses in the physical and biological sciences.
3. No ability to assume cause-effect relationships: Since the study used existing course
transcripts to identify instructor-initiated questions and online discussion, there was
no ability to manipulate variables. Therefore, the study was unable to identify causeeffect relationships between levels of questions and the resulting online discussion. It
did, however, provide descriptive research that made observations and identified
patterns regarding the possible relationship between levels of questions asked by
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instructors and the resulting online interaction patterns between students and
instructors.
4. Other factors related to overall classroom climate and online interaction: Methods
used in this study made no attempt to control for the many factors that influence
overall classroom climate and interaction among instructor and students. All courses
used in the study included requirements for online participation as part of their course
grade in an attempt to minimize inconsistency in students’ level of motivation for
participating in online dialogue.

In addition, courses were all graduate level

instruction serving self-selecting, non-traditional professional adult students who are
motivated to obtain graduate instruction for professional development, and who are
more likely to take responsibility for successfully engaging in the learning experience
(Cyrs, 1997). Factors that might influence online dialogue, in addition to levels of
questions asked by the instructor, are identified in the discussion section of the study.
5. The inability to identify all student and instructor responses that might relate to a
specific instructor-initiated question in an electronic course record: It is possible that
student responses were posted in separate course folders or conferences in the
electronic classroom using a subject header that was different from the subject header
of the original discussion thread. In these instances, it was not possible to identify
those responses, even though they may have related to a specific question. Although
the discussion threads represent the majority of the discussion and responses posted
as a result of a specific question, it cannot be assumed that the thread includes all
responses that might have been related to the question or that all student-student or
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student-instructor interaction is represented as a result of instructor-initiated
questions.
Summary

Trends in higher education point towards the increased use of distance and
distributed delivery of courses, a focus on student-centered instruction, and an emphasis
on attracting a growing market of non-traditional learners who have educational
needs—but who also have options (Cyrs, 1997).

These non-traditional learners are

increasingly able to select educational providers based on ease of course accessibility,
quality of instruction, and client-centered services. As educational institutions race to
capture this new market, it is important to note that research tells us very little about how
to create quality teaching/leaming experiences using new distance learning technologies.
One of the more thoroughly researched areas in distance learning is the use of
computer-mediated-conferencing in online instruction (Berge, 1997a). The use of this
tool holds great promise for creating effective, high-quality collaborative learning.
Although the potential value of this delivery mode, especially for engaging students in
online interaction, appears to be well documented, a review of the literature revealed very
little research regarding instructional techniques that might enable instructors to use this
interactive capability effectively.
The purpose of this study was to examine how cognitive levels of questions used
by instructors, an instructional technique heavily researched in traditional classroom
instruction, might relate to the resulting interaction patterns between Students and
instructor in graduate science courses delivered entirely online by the NTEN program at

MSU-Bozeman. The study was an initial attempt to determine if a relationship existed
between the cognitive levels of instructor-initiated questions and the generation of online
responses that encourage interactive discussion and promote student-student and studentinstructor interactions in online instruction.
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DEFINITION OF TERMS
Asynchronous Communication
Communication conducted between two or more individuals that is not conducted
in real-time, i.e. voice mail, email exchange, computer mediated conferencing, or
letter writing.
Bandwidth
The information carrying-capacity of a communication channel.
Browser
Software that allows the user to find and see information on the Internet.
Chat Groups
Online conversations over a network in which participants type text to the rest of
the group in real-time and view the postings of others as they occur.
Codec (Coder/DECoder)
Device used to convert analog signals to digital signals for transmission and
reconvert signals upon reception at the remote site while allowing for the signal to
be compressed for less expensive transmission.
Compressed Video
Video signals that are downsized to allow travel along a smaller carrier.
Compression
The reduction of the amount of data sent in a signal by transmitting only the
changes in action.
Computer Assisted Instruction (CAI)
Teaching process in which a computer is used to enhance the education of a
student.
Computer Mediated Conferencing (CMC)
An exchange of messages among a group of participants by means of networked
computers, for the purpose of discussing a topic of mutual interest (Gunawardena,
Lowe Sc Anderson, 1998).
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Correspondence Course
A distance learning course that relies on independent study delivery and more
conventional communications methods such as mail and telephone for
communication and exchange of instructional materials.
Distance Education
The organizational framework and process of providing instruction at a distance.
Distance education takes place when a teacher and student(s) are physically
separated and technology is used to bridge the instructional gap.
Distance Learning
The desired outcome of distance education.
Distributed Learning
The use of multiple learning technologies to access resources and conduct
instruction.
Electronic Mail (e-mail)
Messages sent from one computer user to another using computer networks.
Home Page
A document with an address on the World Wide Web that contains pointers to
other pieces of information.
Hypertext Markup Language (HTML)
The coding or programming used to create and drive Internet Web pages.
Interactive Video
Video/audio network that allows for two or more sites to see and hear all
participants on the network in real-time.
Internet
A network of networks, global in scope, that allows the connectivity of millions
of computers.
Internet Service Provider (ISP)
An organization that provides access to the Internet and customer service, usually
charging a fee.
Listserv
An e-mail program that allows multiple computer users to connect to a single
system and create an online discussion.
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Local Area Network (LAN)
Two or more local computers that are physically connected.
Lurking
The observation of online interactions without actually contributing to the
interaction.
Metacognitive
A conscious analysis of cognitive activity, thinking about thinking.
Multimedia
The combination of multiple forms of media to create and enhance a product,
utilizing a mix of graphics, sound, video, and text.
Networks
The ability to connect multiple computers to facilitate the communication and
sharing of information between machines.
Online
Activity conducted while connected to the WWW, Internet, or other computer
network.
Personal Computer (PC)
A generic term used to describe many kinds of personal computer systems found
at schools, homes, and offices. A stand-alone computer that does not require
connectivity to a local or wide area network for use.
Real-time Communication
Communication conducted between two or more individuals in conversation at
the same time, i.e. face-to-face, by telephone, or by audio or video conference.
Receiving Sites
All sites, other than the originating site, participating in a real-time
telecommunicated course, conference, or meeting.
Satellite
An orbiting device used for receiving and transmitting signals from one site to
multiple receivers around the country.
Server
Computers that centrally hold and dispense information across a network.
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Synchronous Distance Education
Distance education that takes place in real time but in different locations.
Telecommunication
The science of information transport using wire, radio, optical, or electromagnetic
channels to transmit and receive signals for voice or data communications using
electrical means.
Teleconferencing
Two-way electronic communication between two or more groups in separate
locations via audio, video, and/or computer systems.
Threads
Directed flows of newsgroup or bulletin board software postings. Articles and
specific responses to them (and responses to the responses) are described as
following a thread, and are bundled together graphically in the software’s listing
page.
Uniform Resource Locator (URL)
An Internet address on the World Wide Web.
Video Teleconferencing
A teleconference using two-way video transmission.
Uplink
The communication link from the transmitting earth station to the satellite.
Web-Based Learning
Distance education using extensive hyperlinks and integration of additional
learning resources delivered over the World Wide Web. Web-based learning
commonly includes student tracking and administrative reporting systems.
Web Page
An Internet document designated by a specific address (URL) that usually
contains various kinds of media and is linked to other web pages or Internet
resources.
World Wide Web (WWW)
The World Wide Web is a cross-platform Internet service allowing interactive
access to a global collection of multimedia content “pages” linked by hypertext.
(Wagner, 1998)
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CHAPTER TWO

REVIEW OF RELATED LITERATURE
Introduction

The development of high performance computing and communications is
promoting new media and, consequently, new opportunities for online communication
and experiences that may reshape both face-to-face and distance education (Dede, 1996).
Many distance education experiences that previously relied on the traditional “teaching
by telling” method for instruction, are rapidly advancing towards the potential of creating
“leaming-through-doing environments available anytime and anyplace.” (Dede, 1996, p.
4). Because opportunities for using new technologies for instructional delivery are so
new, the majority of research available regarding online environments is based primarily
on limited case studies and formative evaluations.

Enabling students to transform

archival information into personal. knowledge is critical, and doing so requires
educational experiences that empower knowledge construction (Dede, 1996, p.5). This
study examined instructor-initiated questions in online courses, and provides an initial
attempt to identify possible relationships between questioning techniques and the
promotion of online dialogue that, as Dede describes, “creates educational experiences
that empower knowledge construction.”
There are many types of structures, motivations, and applications of online
interaction that make the understanding of this medium both challenging and exciting
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(Kanuka and Anderson, 1998). The following literature review outlines some of the
literature that is relevant to this complicated instructional environment. The review first
provides a brief overview and context of the problem addressed in this study. The review
then examines three areas of study that play an important role in addressing our current
understanding of ways in which instructors might employ questioning techniques in order
to promote dialogue that supports collaborative, constructive learning in online
instruction. These three areas include online instruction, constructive learning theory,
and questioning techniques in both the traditional and distance learning environment.
Context of the Problem
Understanding how educators can actively facilitate knowledge construction and
learning in a distributed learning environment will be necessary if the potential of
emerging technologies and the resulting distributed learning are to be realized (Dede,
1996).

Much has been learned in the past several decades about facilitating the

knowledge construction process in the traditional classroom setting. Educational reform
movements abound that promote action learning, collaborative learning, interdisciplinary
study, and learning-by-doing initiatives that are slowly changing our fundamental
assumptions about teaching and learning in all levels of education (USAID Policy
Roundtable Series, 1999).
Meaningful interaction between student-instructor and student-student in the
traditional classroom is an important tool for engaging students in the knowledge
construction process (Jones, Valdez, Nowakowski & Rasmussen, 1994; Wilen, 1991).
This new inquiry-based environment changes the role of the teacher. He or she is a
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facilitator who models inquiry and questioning, creates a student-centered learning
environment, and provides lessons, learning resources, and guidance that allows students
to construct personally meaningful knowledge (Galas, 1999).
hi the inquiry classroom, it is not just the information that is valuable, it is
how that information fits within a framework, or explains a concept. Little
bits of information...are useless on their own. The way in which the
information flows between teacher and student is dynamic, not a static
didactic exercise. Students must relate the bits to other bits in a way that
helps construct their own understanding... (Galas, 1999, p. 12).
Research is just beginning to emerge regarding meaningful interaction that
promotes knowledge construction in a distance or distributed learning environment.
Early distance learning researchers classified online interaction according to the agents of
interaction (student, instructor, content) and the technical capabilities of the delivery
mechanism such as audio or video (Wagner, 1998). For example, one-way satellite
broadcast offered limited audio-only interaction capability between student and instructor
and did not facilitate any student/student interaction or provide any direct student
interaction with content. Two-way interactive-video networks offer both audio and video
interaction between instructor-student and student-student.
CMC and emerging technologies related to the WWW offer significant advances
in the capabilities and complexity of interaction between student-instructor, studentsstudents and students-instructor-content. Wagner (1998) argued that distance learning
research should re-define the notion of interaction in order to distinguish between the
technical ability to provide two-way communication between instructor and student,
which she defined as “interactivity”, and the actual act of communication between online
participants, defined as “interaction.”
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With ever increasing technical abilities for communication between remote
individuals, the ability to facilitate communication between students and instructor is now
viewed by distance education practitioners as the gold standard and minimum
requirement of any distance education program (Wagner, 1998). Unfortunately, the
technical ability to provide interactivity does not equate to recognizing or acting upon the
potential of classroom discourse to engage students and facilitate the learning process,
(Dede, 1996) or to accomplish what Wagner (1998) defined as instructional “interaction.”
Real-time video-based technologies, currently used for distance learning by many
education and corporate institutions, provide instructors with a format that readily
replicates the traditional classroom situation. Students and instructor can see and hear
one another at all sites.

Observing the types of interaction that are taking place is

relatively easy for the instructor or another observer. Research indicates that the majority
of instruction that occurs in this environment still models the teaching-by-telling delivery
method. Interaction between student-instructor and student-student was minimal, and
limited to the traditional concept of communication only during the class meeting
(Western Cooperative for Educational Telecommunications, 1994).
Online technologies such as CMC, supported by networked computers, facilitate
communication between students and instructor in both real-time or asynchronous
environments. Harasim (1990a) defined computer conferencing as “a communication
system for dispersed human groups” (Harasim, 1990a, p. 41).

CMC software was

designed by Murray Turoff in the early 1970s in order to use the computer to structure
human communication for information exchange and effective problem solving.
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Educational use of computer conferencing appeared in the early 1980s.

The

asynchronous environment allows students and instructor to interact without requiring
them to be together or in any specific place at any specific time. Students are able to post
messages, public comment, and read discussions at times and locations that are
convenient to them. Communication in this environment is primarily text-based; with
additional computer network support (Internet, WWW, etc.) for interaction with course
content and other resources.

Numerous case studies noted that computer-mediated-

conferencing provided the best method of interaction in the online teaching environment
(Lauzon and Moore, 1989; Berge, 1997a; Harasim, 1990a) and both students and
instructors repeatedly described a significant amount of interaction among all agents
(student, instructor, content) in this environment.
Although the volume of interaction appears to increase in this environment, it is
also difficult for an instructor to assess the quality, purpose and results of the interaction
while the course is in progress. Discussions take place over long periods of time and
there are often multiple discussions that occur at any given time.

It is very time

consuming and sometimes overwhelming for the instructor to track all the details of
student interactions. Fortunately, transcripts from online interactions provide written
documentation of all course communication and interaction that can be reviewed at any
time (Williams, Rice & Rogers, 1988).
The next section of this literature review examines three areas of research that
directly relate to our current understanding of the problem and the research questions
defined in this study.

The first section provides a review of the research in online
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learning, including characteristics of online education, computer-mediated-conferencing
(CMC), instructional variables, student interaction and facilitating collaborative learning.
The second section reviews constructivist learning theories, collaborative techniques and
the implications for online education. The final section reviews the research regarding
the use of questioning techniques and question types in both the traditional and the
distance-learning classroom.

Current Understanding of the Problem
Review of Studies on Online Learning

Characteristics of Online Education: Background

Distance

education

is

commonly defined as institution sponsored instruction in which the instructor and the
student(s) are physically separated (Cyrs, 1997; Eisenstadt & Vincent, 1998). Over the
past century, distance learning has evolved from print-based correspondence courses in
the mid 1800s, to electronic technology beginning with mass radio broadcasting
capabilities in the 1930s (Brown, 1994). Electronic technology advancements such as
data compression for simultaneous video/audio broadcast, local area networking for
connecting microcomputers, and graphical interfaces for the Internet, have continued to
expand our ability to serve students who are in need of education opportunities outside of
traditional learning sites and classrooms. The delivery of distance learning has expanded
to include, not only print-based correspondence courses, but audio, video, and local area
computer network and Internet connectivity as well.
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Online instruction originally referred to computer-mediated conferencing (CMC),
a system using the computer to structure, store, and process written communications
among a group of persons (Hiltz & Turofif,. 1993). Today, CMC is often utilized as a
component of an online course; however, online instruction most commonly refers to a
course that is delivered partially or entirely over a local area network or the Internet
(Palloff & Pratt, 1999).

Online instruction involves two primary techniques, I) to

supplement traditional classroom activity, and 2) as a primary delivery mechanism for
distance learning.

It is the computer conferencing or computer-mediated-instruction

capability and the distance delivery mechanism of online instruction that is the primary
focus for the purpose of this study.
Harasim (1989, 1990a) described the computer conferencing capability of online
education as a unique expression of both existing and new attributes of the learning
environment. Online education combined certain attributes of the distance learning and
the face-to-face mode to create a new environment for learning. Online education is time
and place independent, however, and is distinguished from many forms of distance
learning by the social nature of the learning environment that it offers. Many distance
learning delivery models support only a one-to-many communication environment.
Similar to face-to-face instruction, the online computer conferencing environment
supports interactive group communication that has been available historically only in
face-to-face instructional settings.
Harasim (1990a, p.43) identified five key attributes of online education: I) manyto-many communication, 2) place independence, 3) time independence (asynchronous),
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4) text-based, and 5) computer-mediated interaction. These attributes are critical for
instructional design of online courses.
Harasim credited the many-to-many communication capability of computer
conferencing in online instruction with the ability to support and facilitate active learning
collaborations and stated that computer conferencing “deserves serious consideration for
theory building, research, and design of online educational activities” (Harasim, 1990b, p.
43). The online environment provides an effective medium for collaborative learning.
Collaborative learning includes peer interaction, cooperative group work, and a learnercentered model that treats the learner as an active participant and an important contributor
to the learning and cognitive development process at all educational levels (Bouton and
Garth, 1983; Brookfield, 1983; Damon and Phelps, 1989; Cohen, 1984).
Eisenstadt and Vincent (1998) described the characteristics of computermediated-instruction as it has evolved for use in conjunction with courses offered on the
WWW. They described CMC as a Web discussion system that differs in several ways
from other types of interaction typically taking place on the Web. Learner dialogues on
the Web are described as having the following characteristics:
“ Limited number of users;
°

Frequent visits;

n Closed environment;
°

Focused discussion;

n Use of tutors or instructors;
°

Reference to other material;
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n Course management;
i

n Review of messages; and
n Extended interaction and collaboration with other people.
They noted that the most important benefit of locating a conference on the Web is the
ability to include links to other Ihtemet sites as part of a message. A message may then
support critical thinking by bringing in supporting evidence, bringing in examples
elsewhere, or providing starting points for Web exploration.
The most extensive literature review on online education was done by Berge
(1997a) who reported that the characteristics, including advantages and disadvantages,
have been well described and that the online environment is generally found to be a
viable means for teaching and learning (Collins & Berge, 1997; Harasim, 1990a, 1990b;
Hiltz, 1994, Lehman, Mclnemey, and White, 1993; Mason, 1993; Mason and Kaye,
1989; Wells, 1993). Russell (1999) identified and summarized 355 research reports on
technology for distance education, all of which found “no significant difference” when
comparing learning outcomes for students in traditional and distance education courses.
The majority of this research is based on the use of computer-mediated
conferencing, which continues to be the most common definition and component of
online education. Since this is a relatively new area of study, Berge noted that there is
little research supporting particular theories of learning and teaching in online
environments (Berge, 1997a).
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Computer-Mediated Conferencing
Computer-mediated conferencing (CMC) is the most researched area in online
education (Berge, 1997a). Key advantages summarized by Berge (1997a) include:
“ The asynchronous nature of an online course permits 24-hour access to other people
and resources, making courses convenient for students with family or work
responsibilites;
°

The asynchronicity also allows students to reflect on their own responses and fellow
students responses;

°

Computer conferencing allows for mentoring models of instruction and will change
the roles and dimensions of students, teachers, curriculum and instruction;

n Computer conferencing permits interdisciplinary problem solving; and
n Computer conferencing fosters multiple perspective approaches to teaching and
learning.
Hiltz's (1987) evaluation of the Virtual Classroom is one of the earliest
documented studies in the CMC field. Her research involved five pairs of matched
sections of the same courses taught in the virtual classroom (VC) and in a traditional
classroom (TC). Courses used the same teacher, text, printed materials, and midterm and
final exams. Questionnaires and automatic monitoring were used to collect outcome data
in addition to feedback from faculty, student interviews, and content analysis. Pre-, and
post-course questionnaires were the primary data source. Major findings from the study
indicated that there were no consistent differences in scores measuring mastery of
material taught in the virtual and traditional classroom. In addition, correlation analysis

34

of survey data and qualitative data from individual interviews, revealed that students who
experienced high levels of communication with other students and with their professors
(who used a “collaborative learning” approach to their coursework) were more likely to
judge the outcomes of VC courses to be superior to those of traditionally delivered
courses (Hiltz, 1987, p. 167).
Other studies support the finding that computer-mediated conferencing is
effective for delivering courses at a distance, although the majority of this research was
conducted using single or few online courses, or with courses that were taught in a
traditional fashion using CMC as a supplement to instruction. Fabro (1996) examined
survey and interview data from twenty-four students in a computer conferencing graduate
course and found that computer conferencing can enhance and promote collaboration and
critical thinking in a distance education setting. Bourne et al. (1997) also examined the
effectiveness of asynchronous learning networks for delivery of online courses. This
study examined a three semester-hour course offered by Vanderbilt University entirely
online with all materials available in textbooks and on the Web. The study found that the
online students learned as much as students in the traditional course, 80% liked the
asynchronous delivery, and conferencing was considered important in peer-to-peer
learning.

Instructional Variables in Online Education
Although early studies were focused on the viability of online instruction when
compared to the traditional classroom, new studies that examine instructional variables in
courses taught entirely online are starting to appear. Cairns (1994) used a qualitative
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study to examine the facilitation process in post-secondary settings. Interviews were
conducted with twelve teachers who had taught a variety of disciplines using computer
conferencing as the primary medium. Components of the facilitation process that were
identified by the teachers included: the experience of using computer conferencing;
creation of a safe community for learning; the teachers’ awareness of the learning
capabilities of the adult learner; and teacher roles.

The study results indicated that

computer conferencing enabled the teachers to utilize a style of pedagogy that included
individualized instruction, self-directed learning, and student-directed learning.

In

addition, all of the teachers expressed an interest in continuing use of the medium.
Berge (1997b) and Collins and Berge (1997) conducted similar studies. Berge
(1997b) surveyed forty-two post-secondary online teachers in order to identify
characteristics that educators might systematically employ to improve their online
teaching. Based on the results, Berge identified strategies used by online instructors in
their day-to-day teaching. The majority of teachers indicated that these strategies were
more student-centered than teacher-centered, and that predominant methods included
discussion, collaborative learning activities, and authentic learning activities such as case
studies, projects, peer critique, and problem-based activities. Most teachers indicated that
guiding learning by asking the “right questions” was more important than being able to
give students the “right answer.”
Collins and Berge (1997) surveyed electronic discussion group listeners and
moderators regarding their perceptions of their roles, responsibilities, and tasks. Results
indicated that a moderator would assume different roles at different times for different
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lists. Role descriptions ranged from filter, firefighter, facilitator, administrator, editor,
promoter, expert, helper, participant, and marketer. Listowners, users, and moderators
preferred that discussions be moderated because a moderator can help keep discussions
active and focused, hold down “flames,” and help digest/edit posts.
Eastmond and Ziegahn (1995) used their own experiences to outline essential
considerations and tasks for instructional development with CMC in designing an adult
online course.

Elements include: design models; a match of content; teaching and

learning in an online environment; allocation of resources; preparation of course syllabus;
design of various instructional activities that will support students with different
backgrounds and learning styles; and evaluation of student learning. Although these
suggestions may be useful for online course design, the elements are not based on any
empirical evidence obtained from their course implementation.
Jiang (1998) surveyed course participants from 19 post-secondary courses taught
entirely online through the SUNY Learning Network.

Survey results from course

participants were used to quantitatively examine how instructional design, instructional
management, and demographic variables were related to students’ perceptions of their
learning experiences in the online environment.

In addition, Jiang conducted an in-

depth qualitative analysis of three courses in their entirety in an attempt to define optimal
web-based environments for online learning and to reveal instructional factors that might
have contributed to students’ perceived learning. Jiang found that socio-collaborative
course environments are more conducive to perceived learning and that grading
instruction and requirements for discussion participation were statistically and positively
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related to students’ perceived learning. Students showed higher achievement in courses in
which instructors placed a strong emphasis on online discussion. Results of the study
showed that a certain amount of instructional support in the form of content presentation
and response is needed for better perceived learning. Students prefer a balance between
behaviorist and constructivist approaches to instruction in the online environment.
Student Interaction in Online Education
Numerous studies have analyzed participant interaction in computer conferencing;
however, many of these use data from courses in which computer conferencing
supplemented traditional classroom instruction.

Simon (1992) described a pilot

experiment organized for in-service teacher training courses in Spain. Learners received
print-based course content and orientation materials. They worked through the materials,
practiced navigation through the software, carried out exercises in the application, sent
solutions to a tutor, and answered theoretical questions posed by a tutor. The courses
included three face-to-face meetings with the entire class. Simon used both qualitative
and quantitative analysis consisting of pre-, and post-questionnaires, as well as hard
copies of the messages entered in the computer conference. His findings indicated that
only 26.8% of the students logged in frequently and that students relied more on the use
of a distribution list for important messages or. notifications instead of the conferencing
system. Qualitative analysis of the study revealed that the largest percent of messages in
each course corresponded to responses to activities and questions posed by learners, but
that there were few messages that indicated peer interaction or evidence of collaborative
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learning. Students indicated that lack of time and seeming unimportance of participation
in conferencing determined their use of the computer conferencing.
Hartman and others (1995) compared the interaction in freshman writing classes
at Carnegie-Mellon University that had access to network communication tools to the
interaction in similar classes with strictly traditional modes of communication. Both
traditional course and courses with network communication tools used collaborative
approaches to instruction. The study found that courses with computer conferencing had
an effect on the distribution of teachers’ attention in the classroom. Less able students
communicated more with teachers and classmates electronically than more able students
did. More experienced teachers were also found to utilize electronic communication
more effectively in terms of encouraging students to communicate with one another
electronically.
Other studies indicated a relationship between teachers’ experiences, beliefs and
practices, and successful student interaction and collaboration in online education.
Simon (1992) identified several success factors involving computer conferencing. Study
results indicated that planned structures to tasks that give learners a clear objective,
minimum requirements to insure student participation, and tutor interventions are all
important for creating a collaborative learning environment.
Macabe (1977) studied the level of student interaction in three online courses and
found that computer conferencing could support a range of learning environments from a
traditional teacher-led symposium to a participatory workshop model.

Participants

attributed variety to the teachers’ beliefs and practices rather than factors related to the
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technical medium. Although the data showed that a few students dominated the majority
of online discussion, the information also suggested that teachers’ frequent participation
and explicitness about their expectations are essential factors in a healthy online
discussion.
hi a review of evaluation methodologies for computer conferencing applications,
Mason (1992) found that most computer conferencing research stops with quantitative
analyses of messages sent and by whom, number and time of logons, and number of
replies.

Although there are numerous qualitative studies that attempt to analyze the

specific content of conference messages (Levin, Kim, and Riel, 1990; Mason, 1992;
Henri, 1992; and Newman et al, 1995), each of them has developed its own complicated
framework for message content analysis that does not provide a theoretical model
relevant to this study.

Facilitating Interaction in the Online Environment
The rapid development of information and communication technologies has
provided educators with a number of new opportunities for facilitating interactive modes
of instruction and communication with distributed students. Real-time communication is
now supported by a number of technologies. Two-way interactive video, sometimes
referred to as compressed video, allows participants to see and hear one another in real
time at multiple distant locations. Streaming video over the Internet or high-speed phone
lines also provides two-way video and audio capabilities. Real-time chats allow students
to “talk” in real-time by writing to one another online using networked computers.
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Other communication software and hardware advancements provide distributed
individuals with the ability to communicate independent of time and location, or
asynchronously.

Listservs and email are examples of asynchronous communication

between multiple students. Computer mediated conferencing (CMC) simulates a
classroom situation online by allowing “an exchange of messages among a group of
participants by means of networked computers, for the purpose of discussing a topic of
mutual interest” (Gunawardena et ah, 1998, p. 139). Unlike listservs, that broadcast
email messages to a group of subscribers, CMC provides the ability to group (thread)
messages chronologically and by specific topics, as well as to post private messages to an
individual. A wide variety of software programs are now available and in-use for the
purpose of providing computer-mediated communication (usually via the Internet) for
distance learning students enrolled in a class or program.
Gunawardena et al. (1998) noted that CMC conferences provide an unparalleled
opportunity to observe knowledge construction in progress by transcript analysis. All
interactions are recorded by the software, which provides a transcript similar to audiotaping and transcribing all interaction in a traditional classroom. In a review of the
literature, Gunawardena et al. (1998) found that although participant satisfaction and
patterns of participation in CMC have been adequately observed, there is not satisfactory
research related to how to assess the quality of the interactions and learning experience in
the CMC environment.
Bichelmeyer and Kiggins (1998) found that in a study of web-based instruction
supplementing a single traditional course, learners found the use of CMC to be enjoyable
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and worthwhile, and requested that it be used in the future. Minimal negative comments
from both students and instructor were primarily related to technical issues surrounding
Internet access, account access, line speed, and initial learning curve for using the
software.

The instructor reported that students submitted higher quality case study

reports in terms of content and thoroughness when using CMC communication. Faculty
also felt that CMC encouraged greater planning and structure for courses and provided a
group memory of course materials and interaction. The major disadvantage described by
faculty was the increased amount of time involved in teaching using this medium.
Bichelmeyer and Kiggins (1998) determined that CMC fostered student interaction, and
encouraged participation by all students, because CMC allows even the quiet, shy, or
contemplative students equal opportunities to participate and make valuable
contributions.
Shearer and Rose (1998) described preliminary observations of a distance
learning course utilizing the FirstClass™ CMC software.

Similar to Bichelmeyer,

Shearer and Rose found that faculty indicated an increase in the amount of time required
to teach the course, and an increase in the quality of the students’ final projects. The
instructor also believed that s/he got to know the students more personally than in a
traditional course, had a better understanding of students’ goals for the course, and was
able to interact more with students in the CMC environment than in a traditional
classroom. Students indicated a general level of satisfaction and their negative responses
were associated with technical difficulties. Shearer observed that most students simply
posted responses to study questions and did not read the responses of others. He also
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noted that students having difficulty appeared to review the responses of others before
contacting the instructor. There were more interactions on graded assignments and some
students felt that the ability to conduct a real-time chat within the CMC software allowed
them more personal interaction with other students.

Observing instructor behavior

Shearer noted that the instructor was online five days a week, for five to seven hours per
week. The instructor also read all messages and responded to all questions posted by
students.
Unique forms of classroom talk were observed in the CMC environment (Hegngi,
1998.) Fetterman noted that teachers and learners are insecure about roles in online
interactions (as cited in Hegngi, 1998) and Hannafin and Park’s (as cited in Hegngi,
1998) research on human computer relationships revealed that learning is facilitated
when computer interfaces are familiar and easily understood (as cited in Hegngi, 1998).
In live classroom interaction, Cazden and Mehan (as cited in Hengngi, 1998) found that
Initiation-Reply-Evaluation (IRE) was the most common sequence in teacher-led speech.
Quinn, Mehan, Levin and Black examined CMC interaction and found that it differed
from the traditional classroom IRE sequence in three ways (as cited in Hegngi, 1998.)
First, there was a temporal difference between initiations and responses in which time
gaps did not interrupt the flow of conversations. Second, they found a topical difference
with half-as many teacher-directed questions and a greater climate of open participation.
The third difference was structural, in that the interaction did not follow the IRE pattern
and students initiated more discussion. The results, however, showed that students did
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not evaluate either instructor or peer responses, and the instructor had the strongest
influence on the direction, tone, and outcome of the interaction.
Wagner (1998) noted that previous research on interaction in a distance-learning
environment was limited because of the technology’s inability to facilitate interaction.
Moore (as cited by Wagner, 1998) established the most commonly known schema for
classifying interaction in distance learning. His schema identified three types of
interactions:

I) interactions between instructor and learner, 2) interactions among

learners, and 3) interactions between learners and the content they are trying to master.
Wagner pointed out that this schema only identifies the direction of the interaction
between agents, and that new technical capabilities now allow us to look at interactions
beyond classifications that are based solely on the agents involved.
Wagner (1998) proposed that classification of interaction should focus on
outcomes so that interaction can more effectively serve as a means to the ends of learning
and performance improvement. By focusing on outcomes, she argued that it is easier to
see the impact that interaction has on the learner. These impacts include: enabling the
active learner to participate in the instructional process; allowing learners to tailor the
learning experience to meet specific needs; enabling learners to clarify a new idea; and
promoting intrinsic motivation by highlighting the relevancy that new information may
have under specific circumstances. Wagner identified 11 outcome-based categories for
interaction in a distance-learning environment.

They include interaction for:

participation, communication, feedback, elaboration, learner control/self-regulation,
motivation, negotiation, team building, discovery, exploration, clarification, and closure.
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In 1998 Wagner concluded that the best way to design an interactive learning experience
is to first consider the goals and objectives of the learning experience and then to select
strategies and tactics needed to achieve the goals for the specific audience and given
conditions; and the result: interaction, the planned-for outcome of a well designed
instructional experience.
Moderator’s Role in Facilitating Online I ,earn in?
The role of the moderator appears to be essential for creating a stimulating and
supportive online learning environment (Anderson and Kanuka, 1997; Berge, 1997b;
Hiltz & Turoff, 1978). Tagg (1994, p. 40) defined the moderator as one that motivates,
provides support and stimulates, guides or “weaves” the topic in order to keep it on the
right track, provides leadership, coaches students, facilitates discussion, and secures
continuity. All this is done in an attempt to “humanize the technology” in a medium
where it is difficult to maintain an overview of the entire process.
Hiltz and Turoff (1978) first identified the role of the moderator, which has been
confirmed by Harasim (1995), Berge (1997a, 1997b), Mason (1997), and Klem & Snell
(1996). Mason (1997) proposed that the role of the moderator in any online conferencing
activity requires special responsibilities in both the technical and facilitating sense. At
the educational level the moderator guides the discussion, stimulates participation, and
offers intellectual leadership. Harasim, Hiltz, Teles, and Turoff (1995) determined that
when moderators are actively involved by responding regularly, posting new material,
and encouraging activities and discussions, students will respond with enthusiasm and
regular participation.
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Anderson and Kanuka (1997) studied the level of participation and perceptions of
effectiveness from 23 adult education and community development experts participating
in an online professional development forum. Although all participants agreed that the
online forum accomplished the course goals, they perceived the experience as less
effective than

a traditional

face-to-face professional

development experience.

Participants indicated that they were more limited in their ability to communicate than in
a face-to-face setting and that it was more difficult to socialize. Anderson and Kanuka
noted, however, that those who participated more actively in the online discussion
expressed higher levels of satisfaction and attributed greater value to the online
experience.

They concluded that limitations in ability to communicate or socialize

electronically may be overcome by more creative moderating techniques that foster
collaborative learning and build learning communities; and they suggested that further
research be done to determine if effective moderation can facilitate movement from
reactive to fully interactive online communication.
Kelmm and Snell (1996) also addressed the notion that the moderator must
promote collaborative learning in online instruction.

They described collaborative

learning, wherein small interdependent groups work together as a team to help each other
learn, as an approach that requires participants to use higher level thinking skills in order
to critically evaluate and apply instructional materials. Kelmm and Snell proposed that it
is the moderator’s responsibility to engage students in tasks that require them to use
higher-level learning processes and that these processes are leveraged if groups work
collaboratively.
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The importance of the instructor’s role in facilitating collaboration in the online
learning environment is supported by others. Comstock and Fox (1996) argued that
problems facing workers and managers today cannot be solved by the knowledge of one
individual, and that the learning community created through online instruction can
expand individual knowledge through interactions with a diversity of other learners.
Kanuka and Anderson (1998) proposed that “social constructivism” is “currently the
most accepted epistemological position associated with online learning. The assumption
is that knowledge is grounded in the relationship between the knower and the known.
Knowledge is generated through social intercourse and through this interaction we
gradually accumulate advances in our level of understanding.” (p. 60)
Anderson (1996) reported that the online forum represents a complex learning
environment in which group collaboration is practiced in a technologically mediated
environment, and that the resulting interaction can lead to the creation of vibrant
communities of learners. Driscoll (1994) also noted the capacity of the computer to
provide an interactive environment that creates an effective means for implementing
strategies that support the social construction of knowledge while simultaneously creating
an archive of this interactive process. With this apparent emphasis on constructivist
learning theory in online instruction, it is appropriate to conduct a brief review of the
literature regarding constructivist learning theory, collaborative learning techniques, and
their implications for the online teaching/leaming environment.
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Review of Constructivist Learning Theory
The Constructivist Theory of Leamin v
According to constructivist learning theories, how knowledge is constructed will
depend on what is already known. What an individual knows depends on the kinds of
experiences that he or she has had and how they come to organize these experiences
(Kanuka and Anderson, 1998). The constructivist learning theory, or how learners “come
to know” (Fosnot, 1992, p. 168), was derived from early research on developmental
psychology, particularly that of Piaget. Constructivists believed that organisms “have an
innate need to organize and adapt to their environment simply for survival, thus they also
accommodate their structures to their environment.

In other words, experience,

knowledge, and hence truth, are always a result of the constructed cognitive structures
used in interpreting” (Fosnot, 1992).

Duffy and Jonassen,

1992) described

constructivism as the belief that meaning is imposed on the world by us, rather than
existing in the world independently of us. Learning is described as a constructive and
active process in which the learner builds an internal representation of knowledge—a
personal interpretation of experience that is constantly open to change (Bednar,
Cunningham, Duffy & Perry, 1992; Cunningham, 1992).
Unlike the behaviorist or objectivist theory of learning, in which meaning or a
universal reality exists in the world independent of experience, (Fosnot, 1992), Bednar et
al. (1992) argued that multiple perspectives and individual experience play an important
role in the construction of meaning. “Conceptual growth comes from the sharing of
multiple perspectives and the simultaneous changing of our internal representations in
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response to those perspectives as well as through cumulative experience.” (Bednar et ah,
1992, p. 21) An individual is considered able to store experiences and construct new
understandings based on past experience (Duffy and Jonassen, 1992).

Prior

understandings and experiences, therefore, play an important role in the knowledge
building process.
Constructivist learning theory proponents maintain that students should select or
develop their own learning strategies, and often their own goals and objectives (Winn,
1992).

Unlike the behaviorists, who support instruction that involves the direct

presentation of content/knowledge, constructivists advocate instruction that guides or
coaches a student; that provides students with access to real-world examples; and that
proposes problems to promote reflective thinking (Duffy and Bednar, 1992), in an
environment rich in tools to enhance communication. Winn (1992) described
constructivist instructional strategy as one that gives the student much of the
responsibility for deciding what to learn and how to Ieam it, and then supports the student
in his or her decision.

From the constructivist viewpoint, learners actively create

knowledge and meaning through experimentation, exploration, and the manipulation and
testing of ideas in reality; and the interaction, collaboration, and feedback from others
assist in determining accuracy and application of ideas (Palloff and Pratt, 1999).
Although constructivists convincingly argue the weaknesses of traditional
transmission of instruction involving direct presentation of content, (Collins, Brown, Sc
Holum, 1991; Bednar et al., 1992), it is not obvious that a strict constructivist
instructional approach is always appropriate for either the traditional classroom or online
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teaching environment (Jonassen, 1991). In reality, most instructional designers, theorists,
and instructors assume a practice that falls somewhere between the continuum of
behaviorism and constructivism (Jonassen, 1991). Jonassen (1991) described three levels
of knowledge acquisition (introductory, advanced, and expert) and proposed that
instructional

strategies

behaviorist/constructivist

for

each

level

fall

at

a

different

place

on

the

continuum—with introductory learning requiring more

behaviorist instructional strategies, and expert learning moving towards the constructivist
end of the continuum. In later work, Jonassen (1995) described the importance of the
instructor as facilitator in the construction of learning environments that foster personal
meaning-making, as well as the social construction of meaning through interactions with
communities of learners. Instructor facilitated interactions with communities of learners
is considered preferable to instructor interventions that control the sequence and content
of instruction.
Additional support for establishing a necessary balance between the two learning
theories was argued by Allen (1992) and Perkins (1992). In reviewing work done by
early constructivist theorists Lakeoff and Johnson, Allen (1992) noted that they did not
argue against a shared understanding of reality. Rather they agreed that there is a certain
level of commonality in human interpretations and understanding, admitting it is possible
that there are some past and tested human experiences that might be conveyed to the
learners.

Perkins (1992) proposed two types of constructivist instruction that also

balance the behaviorist and constructivist approach.

BIG stands for “beyond the

information given” (Perkins, 1992, p. 49) and is described as a moderate constructivist
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approach involving some direct introduction of concepts. WIG stands for “without the
information given” (Perkins, 1992, p. 49) and is considered a more radical constructivist
model in which the instructor provides no direct instruction and no correct answers.
Collaborative Learning
Harasim (1990b) identified collaborative learning, highlighting the constructivist
notion of social and intellectual interaction, as a valuable starting point for addressing
ways in which computer conferencing and CMC systems can enable us to enhance our
social and intellectual capacities. Collaborative learning is an instructional approach or
strategy that integrates social skills objectives with academic content objectives,
originating from Vygotsky’s cognitive research and the idea that “human higher mental
functions are products of mediated activity” (Vygotsky, 1986, p. xxvi). Vygotsky (1986)
proposed that cognitive processes are developed through social interaction and that
individual consciousness is built from the outside, through relations with others. Joint
participation in an activity permits learners to display, share, practice, and modify
cognitive processes. His views on the function of human interaction with an emphasis on
process, rather than product, provided the foundation for collaborative learning (Jiang,
1998).
Vygotsky emphasized dialogue between teacher and student and student and
student as an important instrument in building new conceptions (Jiang, 1998). Dialogue
and its importance in collaborative learning was later extended by other collaborative
learning proponants including Vygotsky, 1986; Johnson, 1986; Johnson and Johnson,
1989; and Slavin, 1990 (Jiang, 1998).

Presseisen (1992) identified several

51

characteristics of cooperative learning that are related to the importance of dialogue
between and among students:
1. Presseisen (1992) argued that the heart of collaboration is a group processing of
information and an exchange of the thinking involved in the cognitive processing.
Students must explain how they reach a conclusion or arrive at an answer.
2. Cooperative learning requires students to share how they think. Through dialogue,
learners become more aware of their own thoughts as tools to apply tentatively to
given problems, and in the dynamic exchange between and among their classmates,
teach themselves more powerful dimensions of thinking (Palincsar and Brown, 1988;
Presseisen, 1992).
3. Cooperative learning also provides an environment for mastering two of the most
essential skills in learning to be an effective thinker:
formulating significant problems.

posing questions and

Palincsar and Brown (1988) suggested that

predicting, questioning, summarizing, and classifying are group learning skills that
ultimately help students integrate new information with the prior knowledge they
have already mastered (Presseisen, 1992, Jiang 1988).
This emphasis on the linguistic exchange between and among students, and
between students and instructor, identified in Presseisen’s characteristics, has particularly
relevant applications for instructional design and support for learning in the online
environment.
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Dialogue and Interaction to Sunnort Learning
Dialogue and interaction support collaborative learning and are essential to the
learning process (Presseisen, 1992). Lauzon (1992) defined learning as a “transactional
process, a process that is characterized by the exchange of ideas, thoughts, and feelings
between and among people, resulting in new ways of viewing the world or in new ways
of acting.” Hiltz (1987) argued that interaction with others facilitates many higher-order
intellectual skills. This is supported by Lauzon and Moore (1989) who defined
interaction with the instructor and other learners as necessary in order to facilitate the
integration of newly acquired knowledge into one’s own knowledge framework. In
addition, they agreed that higher-level learning and integration is most effectively
attained through the process of dialogue, and that this can be accomplished best in a
distance mode via computer conferencing. Unlike real time instruction that is broadcast,
and which simulates the traditional classroom model, the digital asynchronous online
environment allows students and instructor to send, receive, reflect, and respond to
messages posted to individuals, small groups, or to the entire class at any time throughout
the course (Harasim, 1990b). Numerous case studies and anecdotal data (Shearer &
Rose, 1998; Smith 1998; Bichelmeyer & Kissins, 1998) described the volume of
interaction in online courses. In addition, students in CMC courses report that they are
more open and willing to communicate in the online environment, and attribute this to the
text based, asynchronous delivery that may reduce many of the social cues that often
accompany face-to-face interaction. The potential for collaborative learning is increased
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when the technology facilitates interaction beyond the traditional class session (Dede,
1996; Hiltz, 1994; Wagner, 1998).
The importance of written dialogue, student-student, and student-instructor
interaction appears throughout the literature on online teaching and learning (Harasim,
1990a; Berge, 1997a; Jiang, 1998; Cyrs, 1997). Palloff and Pratt (1999), in their manual
for successful online teaching, focused largely on the concepts of constructivist and
collaborative learning in designing an effective online course. One chapter is devoted to
the use of online discussion as a means for promoting collaboration and they suggest that
when students engage in discussions with each other, rather than with the instructor, the
possibilities for collaborations grow significantly.

Their suggestions for promoting

collaboration in online discussions include: I) development of shared goals, 2) posting
introductions and learning expectations, 3) creating teams for small-group discussion, 4)
use of questions that encourage students to bring their life experiences to the classroom,
5) using dialogue as a form of inquiry, and 6) sharing responsibility for facilitation.

Challenges in the Online Environment
“Generating and supporting dialogue within an online course, or using a
conferencing system as a supplement to face-to-face teaching, is a serious challenge”
(Eisenstadt Sc Vincent, 1998, p. 124). Multiple studies have identified I) interactive
modes of instruction and 2) teacher as facilitator as two factors required for successful
and quality distributed learning opportunities (Jones et ah, 1994; Cyrs, 1997). There is
little information, however, regarding specific skills that enable instructors to facilitate
meaningful dialogue and online interactions (Berge, 1997a, Jiang, 1998). Quantity and
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quality of interaction are difficult for an instructor to assess in the online instruction
environment.

Traditional classrooms or real time video/audio distance learning

environments provide the instructor with an immediate sense of student interaction. An
instructor finishes an interactive video class session with a personal impression regarding
the amount and quality of interaction that took place during the class, similar to an
impression that might be gained from a traditional classroom experience.
In the asynchronous online environment an instructor is able to readily observe
and identify the student(s) most often posting messages. Monitoring types and quality of
interaction in the online course, however, is much more difficult due to the volume and
asynchronous nature of the interaction. It is especially difficult to observe the “lurking”
students, who may actively follow the online discussions without contributing, and who
perceive themselves as profiting from the online interactions even when they do not
actively contribute to the conversation. (Gunawardena et al., 1998) In addition, the
ability to conduct simultaneous discussion threads on different topics, lack of a common
class time and location, and student ability to start discussions make it difficult for the
instructor to have a clear understanding of the kinds of dialogue and discussion that are
continually taking place.
Fulford and Zhang ( 1993) noted that interaction may be more difficult to achieve
in distance courses than in traditional classes. They suggested that the miles between
students and instructor can restrict interaction. Since learners and teachers are not in the
same room, subtle interactions through body language are lost and learner perceptions of
the amount of interaction may be altered. They also suggested that higher levels of
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interaction may be needed to motivate and satisfy learners in the distance learning
environment.

Implications of Constructive and
Collaborative Learning for Online Instruction
A more active learning model such as that described by social constructivist
learning theory appears to be the model of choice for the online distance learning
environment (Palloff & Pratt, 1999; Cookson, 1999). Elements of time, distance, and
limitations of access make it more difficult for the instructor to be in direct control of
how or what is being learned. Learners, in some respects, are left to their own devices to
make sense of the course content. The instructor supports this process “through the use
of collaborative assignments, facilitation of active discussion, and promotion of the
development of critical thinking and research skills. The outcome is an environment rich
in the potential for collaborative learning and the social construction of meaning” (Palloff
& Pratt, 1999, p. 17).
Due to the limitations of current online technologies and limited available band
width for the simultaneous delivery of video, audio, graphics, and text, the online course
environment creates a need to provide students with alternatives to the traditional lecture
delivery of content. In the constructivist viewpoint, this limitation of the technology
might ultimately be seen as a positive aspect that forces instructors to think differently
about the delivery of content. The increasing access to resources offered by the WWW,
enables learners to take more responsibility for their own learning, to identify goals and
objectives, and to access and utilize information and resources for constructing new
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knowledge and understanding. In addition, online courses provide students with textbased opportunities for interaction, often using some form of CMC, which establishes an
environment conducive to social construction of meaning.
Palloff and Pratt (1999) noted that many online courses they observed are,
unfortunately and typically, content-and-faculty-facilitator driven, just as they are in the
traditional classroom. “In many ways they perpetuate an old model of teaching and
learning, wherein participants are producing pieces of work that are to be evaluated and
commented on by an expert.” (Palloff and Pratt, 1999, p. 18) They proposed that in order
to be successful, the online learning environment must subscribe to a new paradigm, one
that creates an equality of student-student and student-instructor interactions. “The most
powerful experiences are those in which interaction occurs throughout the group instead
of between one participant and the facilitator within a group setting” (Palloff and Pratt,
1999, p. 19).
Social constructivist learning theory, combined with collaborative learning
strategies, is facilitated by computer-mediated communication (Harasim, 1990b).
According to Harasim, CMC supports an active and collaborative construction of
meaning and ideas. The text-based environment generates a database or web of ideas and
responses which often improves the participants understanding of the topic under
consideration. Exposure to both positive and negative feedback stimulates cognitive
restructuring in response to new information and to disagreements or challenges
encountered in the group discussions (Harasim, 1990b).
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The diverse backgrounds of the online students play an important role in
supporting the social constructivist and collaborative nature of online learning. Students
in the online courses are often spread over a large geographic area and bring rich and
varied experiences to the online classroom. These divergent viewpoints and experiences
provide a rich backdrop for enabling students to develop, compare, and understand
multiple perspectives and to construct new knowledge based on analysis, evaluation, and
synthesis of the collective information (Bednar et al 1992).
There are many studies that support the viability of constructive and collaborative
learning in the online environment (Hiltz, 1990; Simon, 1992; Fabro, 1996; Berge,
1997b). In early research, Harasim (1990b) described online education as supporting a
many-to-many learning environment. This notion was later expanded by Kaye (1992a)
who saw online education as an environment that could also support a collaborative
construction of meaning. He redefined the word “collaborate” or co-labor, based on what
students do in an online course. He defined “collaborate” as working together with
shared goals and an explicit intention to create something new or different through the
collaboration, regardless of whether learning is the primary goal or an incidental
outcome.
Kanuka and Anderson (1998) conducted a study of participant interaction in a
two-week online professional development CMC forum.

Using the constructivist

interaction analysis model developed by Gunawardena, Lowe, and Anderson (1997), the
authors conducted transcript analysis in order to categorize interaction into five levels of
knowledge construction: sharing/comparing of information; discovery and exploration of
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dissonance; negotiation of meaning or co-construction of knowledge; testing and
modification of proposed synthesis; and phrasing of agreement, statements and
applications of the newly constructed meaning. The study found that the majority of
messages in the professional development forum were coded to the first phase of
knowledge construction or “sharing and comparing” of information. The authors noted
that this level of interaction is common in the face-to-face, informal dialogue that occurs
at professional development activities. They also indicated, that lacking a subject matter
expert to draw out and develop new concepts, and the absence of a learning environment
that demands a greater understanding of content, participants may have been unmotivated
to participate above a safe and comfortable level. Kanuka and Anderson offer several
additional interesting hypotheses regarding why the majority of interaction was
conducted at the lowest level. They caution that the construction of knowledge may not
be an observable activity that can be accomplished through text-based transcript analysis
and that the dialogue might have resulted in the construction of knowledge that was not
shared with other participants or that occurred after the forum ended.
Understanding interaction and collaborative learning in online instruction will
require research in online communications among and between learners, instructor, and
the group as a whole. Little research exists, other than anecdotal, that answers the
question of whether groups develop online, and whether a predictable pattern of
communication exists online or can be discovered due to the complexity of interactions
(McDonald, 1998). In an attempt to understand group dynamics and development in
CMC courses delivered online, McDonald (1998) conducted an in-depth transcript

59

analysis on a graduate online course offered by the University of Wisconsin-Madison.
Although the course was delivered almost entirely online, students did have the
opportunity to meet face-to-face during several early informational meetings in which
they learned to use the CMC software. Students were randomly divided into discussion
groups early in the course, and McDonald was able to compare online interactions
between the three groups. The results showed that 75% of all speech segments in online
discussion during weeks 3, 8 and 11 of the course were coded as “interpersonal.” The
frequency of interpersonal speech segments decreased over time across all three groups;
however, it continued to be prominent throughout the course. Each interpersonal speech
segment was also coded for “intent” according to the author’s intention in posting the
comment.

Intent categories included involvement, control, openness, solidarity and

conflict. All groups demonstrated significant upward trends in “openness” segments over
time, and significant downward trends in “involvement” and “control” comments.
McDonald concluded that these finding show that there is, indeed, a pattern of group
development in online courses with an increase in students’ willingness to share
themselves and reach out to other group members over the course of time. This finding is
also consistent with results described in the literature for face-to-face groups and
McDonald noted that the fact that communication is computer-mediated does not seem to
have a discernible effect on group development in online courses. She also cautions that
this study involves analysis of only three weeks of interaction in a single online course
and that it would be beneficial to expand the model to multiple courses, include all weeks
of online interaction, and relate group development to type and depth of learning.
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Instructing, supporting, and facilitating this new online environment is a challenge
for educators who are accustomed to interacting with students in a traditional face-to-face
environment. With a focus on learning as a cooperative act among participants, the
teacher no longer assumes an authoritative delivery position in the instructional process,
but rather becomes a partner, coach, mentor, and facilitator in the learning process
(Vygotsky, 1986).

Students must also move from passive recipients of information to

active partners in the knowledge building and problem solving process (Jiang, 1998).
Instead of presenting long lectures, some key points from reading
materials can be extracted and turned into provocative, challenging, and
open-ended questions about which students can engage in lively online
discussions or debate. Virtual seminars or online discussion areas can be
created to provide public forums for the instructors and students to present
questions for discussions. (Jiang, 1998, p. 52)
Increasing the diversity of tasks will enable students to practice the application of
knowledge and create a tool that enables students to work in the BIG (beyond the
information given) learning environment (Perkins, 1992).

Effective use of CMC

capabilities, which engage students in expressing and sharing multiple perspectives in
order to formulate new meaning and understanding, and which promote student-student
as well as student-instructor interaction, will be an important skill for online instructors in
order to create successful online learning environments.
The use of various question types, questioning techniques, and questioning
strategies are often found in the literature as a teaching technique that has potential for
enhancing collaborative learning and enhancing student involvement in the learning
process (Wilen, 1991). The final section of this literature review, examines studies which
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involve question types, questioning techniques, and their implications for improving the
teaching/leaming process.

Review of Studies on Questioning Techniques
Facilitating Interaction:
The Use of Questions
Questioning techniques and question types, instructional strategies used to support
traditional classroom instruction, are important tools in teaching and learning (Gall and
Rhody, 1987). Gall identified several benefits of good questions including the ability to
motivate, focus, elicit depth of processing, activate metacognitive processes, and
reinforce rote memorization. Gall also showed an increase in higher-order cognitive
responses with the increased use of questions that were classified at a higher-cognitive
level according to Bloom’s taxonomy.
The value of questioning as an instructional technique in the traditional
classroom/instructional setting is well documented in the literature on teaching and
learning (Wilen, 1991). Questions have been used since Socrates to motivate interest,
instruct, and evaluate, and has been endorsed as a method of engaging students in
reasoned thought and encouraging students to use higher order thinking processes (Gall,
1970; Sanders, 1966). The belief that questions elicit cognitive activities ranging from
simple recall to complex inferences is generally accepted (Janes & Hauer, 1988) and
seems to be supported by research (Wilen, 1991). In addition, questions are considered a
powerful metacognitive activity because they are one of the primary means through
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which individuals can foster their own comprehension (Fishbein, Eckart, Lauver, Van
Leeuwen, & Langmeyer, 1990 as cited in Edwards & Westgate, 1996).
Purpose of Questions
The use of terminology related to questioning (questioning, questioning
techniques, questioning strategies) is inconsistent and sometimes confusing in the
literature. For the purposes of this discussion, Wilen defined a question as any sentence
having either an interrogative form or function. In addition questions are defined as
“instructional cues or stimuli that convey the content elements to be learned and the
directions for what they (students) are to do and how they are to do it” (Levin and Long,
1981, p. 26.) Questioning techniques as described by Wilen (1991), included the process
of planning key questions, phrasing clearly, adapting to ability level, presenting questions
logically and sequentially, asking questions at various levels, providing appropriate
follow-up, establishing appropriate wait time for responses, encouraging wide
participation, and encouraging student formulation of questions.
Ross (1860) suggested that the purpose of questions is to I) ascertain whether
students remember and understand what is taught and 2) to have students apply what they
have learned. Other purposes include: to stimulate participation, discussion, review, to
involve students in creative thinking, to diagnose ability, assess progress, arouse interest,
control behavior, personalize subject matter, and support student contributions. Theory
suggests that high-cognitive thought process questions are used for application purposes
and low-cognitive thought process questions are used for recall of knowledge (When,
1991).

In surveying the research on questioning techniques, Wilen concluded that,
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although questions are used to achieve a variety of instructional and managerial purposes
in the classroom, the majority of questions used by teachers simply require recall
responses from students and rarely require reflection (Gall, 1970).

While recall is

effective for assessing memorization of factual information, minimal emphasis is placed
on encouraging students to think about what they have memorized. He also concluded
that, although there is only a 50% congruence between cognitive levels of teacher
questions and student responses, there is a positive relationship between questioning
techniques and gains in achievement. Throughout the literature, it appears that effective
questioning by both teachers and students is important, because asking the right kinds of
questions appears to enhance student learning (Foster, 1981; Gall, 1970; Graesser &
Person, 1994) and that the use of these techniques fosters student initiative, involvement,
and critical thinking (Wilen, 1991).

Classification of Questions
A variety of classification schemes have been used to categorize questions. Gall
(1970) described 11 different classification schemes including those of Adams, Aschner,
Bloom, Garner, Clements, Guszak, Pate and Bremer, and Screiber. Most of the schemes
are composed of categories classifying questions by the cognitive process that is required
to answer the question

(Wilen, 1991). Such schemes are useful in that they provide a

framework for analyzing the kinds of questions being used in teachers’ instructional
activities.
Bloom’s taxonomy of educational objectives (1956) is the most widely adopted
system for classifying cognitive quesions in educational research (Brown & Edmondson
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in Wragg, 1984). Bloom’s categories include knowledge, comprehension, application,
analysis, synthesis, and evaluation. Both Sanders (1966) and Hunkins (1972) provided indepth discussions of classroom questions based on Bloom’s taxonomy. Sanders (1966)
adapted Bloom’s taxonomy to questions by dividing the comprehension category into
“translation and interpretation,” because of the distinct kinds of thinking involved, and
renamed the knowledge category “memory.” Hunkins (1989) developed a different
scheme (again based on Bloom’s taxonomy) in which every question can be analyzed at
the five levels of function, dynamics, difficulty, interest, and feasibility. Function defines
the question as cognitive or affective. Dynamic defines the question as open or closed in
nature. Difficulty level defines the complexity, and interest level defines the concern or
curiosity stimulated by the question. Feasibility defines the student’s ability to process
the question.
Edwards and Bowman (1996) described a category typology proposed by Harvard
professor C. Roland Christensen in his seminar on discussion leading.

Christensen

proposed five categories for discussion techniques including exploratory, challenge or
testing, contextual and relational, concluding and conceptualizing. Another system
(Hyman, 1982 as cited in Edwards and Bowman, 1996) is described by Riegle to classify
interrogative questions:
n Empirical (causal, teleological, functional, non-normative, judgment, descriptive)
n Analytic (linguistic, logical, and mathematical)
°

Normative judgment

°

Preference
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n Metaphysical
Guilford’s (1956) Structure of the Intellect (SOI) model is also used as a
framework for question classification. The three parameters that form the structure of
Guilford’s theoretical model include the operation of thinking, the content within which
the operations are performed, and the products resulting from the performance of these
operations on the content. Guilford identifies four types of content; figural, symbolic,
semantic, and behavioral.
Gallagher and Aschner (1963) adapted Guilford’s model to categories that could
be used to produce systematic approaches that identified the cognitive levels of teacher
questions in the classroom setting. The Guilford and Aschner question classification
scheme is based on the operations of intellect as described by Guilford. Their system has
five primary categories and is summarized in Edwards and Bowman (1996):
n Routine thinking involves miscellaneous classroom activities.

This category

includes classroom management, attitudinal dimensions (questions that communicate
attitudes, praise or criticism), structuring (prefatory remarks), and humor.
n Cognitive memory operations represent the simple reproduction of facts, formulae,
or other items remembered through processes such as recognition, rote memory, and
selective recall. (To answer this kind of question a student has only to select an
appropriate response from memory.)
n Convergent thinking represents the analysis and integration of given or remembered
data.

Students use this kind of thinking when they solve a problem, summarize

material, or describe a sequence of steps in a process.
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°

Divergent thinking represents intellectual operations wherein individuals are free to
independently generate their own data within a data-poor situation, or to take a new
direction or perspective on a given topic.

“The student is able to take-off from

established facts and see implications or associations not requested by the teacher”
(Edwards & Bowman, 1996, p. 11). Divergent thinking may be stimulated by the
teacher or by comments of another student in a class discussion.
0

Evaluative thinking deals with matters of judgment, value, and choice, and is
characterized by its judgmental quality. Students may give their opinion or make
judgments about value, worth, probability, agreement or disagreement.
A more simple classification was established by Wilen (1991) by combining

Gallagher and Aschner’s scheme with Bloom’s taxonomy. The Wilen scheme identified
four kinds of questioning:

low-order convergent, high-order convergent, low-order

divergent, and high-order divergent. Low-order convergent questions require recall or
recognition of information. High-order convergent questions represent the first levels of
productive thinking and responses can still be anticipated but require some demonstration
of understanding. Low-order divergent questions require students to think critically and
analyze or draw conclusions. High-order divergent questions require students to perform
original or evaluative thinking and, generally, responses cannot be anticipated.
Brown and Edmondson (in Wragg, 1984) identified several other classification
techniques for questions. These classifications include the mode of delivery (threatening,
neutral, encouraging); target (who receives the question); and type, and are based on
cognitive, affective, or procedural factors. Questions have also been classified by

67

categories based on the reasons why questions are asked, i.e. explanation, clarification,
and diversion (Crouch, 1998). One of the simplest and more common classification
systems is open-closed and recall-thought (Brown & Edmondson in Wragg, 1984). Open
questions are described as those permitting a wide range of responses including the
expression of feelings. Closed questions, on the other hand, have one “best” answer. A
pseudo-question is defined as one that appears open, but is used when the teacher is
seeking one particular reply. Recall questions are the most common type of question
asked by teachers and require students to recall existing information; thought questions
require students to use existing information to create new information (Brown &
Edmondson in Wragg, 1984).

Problems with Classifying Questions
Brown and Edmondson (in Wragg, 1984) described several reasons for caution
when dealing with classification of questions. They pointed out that context is a problem
for classifying questions and that the same question may be one type of question in one
context and another type of question in a different context; and it is likely that modes of
questions will vary between subjects. In addition, question types may vary according to
class ability. When classifying questions across contexts, they observed that one can
make legitimate observations but cannot legitimately make generalizations across
contexts.
In spite of these complexities, and the fact that systems of question classification
will inevitably be modified by the context in which they are used, Brown and Edmondson
concluded that questioning is so important to the learning process that researchers must
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continue to strive to understand its use. The issue of confounding variables of context
and content is certainly one of the reasons for inconsistencies in the literature regarding
questioning, however, Brown and Edmondson pointed out that this is one of the central
problems in classroom research and is not unique to the issue of question classification.
Teacher’s Use of Questions
Extensive research on questioning in the classroom has been conducted at the
precollege level and described by Gliessman (1985, p.l) as “among the two or three most
studied phenomena in teaching”. The smaller body of questioning literature at the
college level indicates that the results are somewhat similar and that the precollege
research provides higher education faculty with insights regarding their students’
experiences and reactions to questioning.
The questioning research repeatedly demonstrates that teachers at all school levels
(K-16) and subject areas typically ask low-cognitive questions that require knowledge or
memory level thinking, emphasizing facts, not higher level thinking (Davis, Morris,
Rogers, & Tinsley, 1969; Gall, 1970; Clegg, 1971; Barnes, 1983; Wilen, 1991). Gall
(1970) estimated that 60% of questions posed by teachers require memorization, 20%
require thinking, and the remaining 20% are procedural and noted that it is “reasonable to
conclude that in a half-century there has been no essential change in the types of
questions which teachers emphasize in the classroom” (p. 713). This predominant use of
low-cognitive level questioning also applies to written questions, texts, and tests (Gall,
1970).
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Bames (1983) conducted an extensive study of teacher questioning at four
undergraduate institutions utilizing the Gallagher-Aschner question classification scheme
and found results that confirmed the previous research. The overwhelming percentage of
all questions teachers asked, regardless of institution type, student level, or discipline,
were on the lowest cognitive level. The study also found that a very small portion of
most college classes was spent in questioning and that the questioning level was not
significantly different between beginning and advanced level courses.

The level of

questioning varied only at the lowest cognitive level with science/math/engineering
professors asking more low-level questions than did humanities/social science professors.
In his informal higher education classroom observations, Gliessman (1985) noted
that even when interpretative questions were posed, it was clear that a literal correct
response was really sought by the instructor. Many teachers that he observed appeared to
ask numerous questions, prefer short answers, and set a fast pace of questioning. He also
noticed that college students tended to “search out” the instructor for correct answers,
seemed to have difficulty constructing complex answers, and were reticent about
responding to any question.
Edwards and Bowman (1996) conducted research that indicated that the use of
questions in the classroom may be changing. Edwards and Bowman (1996) studied
questions asked by teachers and students in a graduate-level occupational therapy course
at Western Michigan University.

The results showed only 45% of the professor’s

questions were routine and cognitive, with the remaining questions at the higher
cognitive levels of convergent, divergent, and evaluative.

Results also showed that
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students asked almost as many questions as the professor did and that many student
questions were identified at higher cognitive levels as well, supporting previous research
indicating that increased teacher use of questions positively influences student
questioning. Edwards and Bowman also looked at the influence of instructional format
(lecture, media presentation, exams) on question type and concluded that questions may
be influenced by the types of instructional format used to deliver information in the
classroom. Edwards and Bowman (1996) suggested that when appropriate pedagogical
strategies are used, students will be willing to ask a greater number of questions,
however, “the teacher’s traditional role as sole authority may need to be modified for this
kind of question asking to occur” (p. 21).
Although many assume that there is a direct and positive relationship between the
cognitive levels of questions and student-thought levels, the research findings are mixed.
Taba, Levine, and Elzey (1964) found that a teaching strategy with extensive questioning
was the single greatest influence on cognitive performance and that “the nature of the
questions has a singular impact on the progression of thought in the class” (Taba et al.,
1964, p. 177). Gallagher and Aschner (1963) found that a 5% increase in divergent-level
questioning initiated a 40% increase in divergent responses from students and determined
that the teacher controls the level of thought in the classroom. Foster (1981) conducted a
study using third-year medical student clinical discussion groups and found that the
cognitive level of the teachers’ questions had a significant, positive correlation with the
cognitive level of the students’ responses.

The amount of higher-cognitive level

discussion in the groups varied according to the cognitive level of the teachers’ questions.
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Foster noted, however, that teachers asking the greater number of higher-level questions,
also tended to accompany their questions with probing statements or questions that
allowed students to elaborate on their responses.
On the other hand, Konya (1972) found that students responded more often at
higher levels of thinking when teachers asked an equal amount of high-, and lowcognitive questions. Mills, Rice, Berlinger and Rousseau (1980) found only a 50%
relationship between the cognitive level of teacher questions and student response and
concluded that there is no correlation between types of questions and student responses.
Dillon (1988) found a similar lack of correlation between student responses and the
cognitive level of teacher questions.
The research also appears to be inconclusive regarding the relationship of
cognitive levels of questions and gains in achievement (Wilen, 1991). Gall and Rhody
(1987) noted that this lack of evidence regarding both cognitive levels of questions and
responses, and gains in achievement, may be due to lack of consistency in the various
question-classification schemes. He concluded that teachers should use both low-, and
high-cognitive questions. “It is difficult to imagine how students will Ieam to think
unless they have repeated opportunities to respond to higher-level questions.” (Gall and
Rhody, 1987, p. 42)

Value of Questioning
Techniques in the Traditional Classroom
Numerous studies have been conducted on the value of questioning techniques in
a teaching/learning situation (Wilen, 1991). Stevens (1912) conducted the first major

systematic research on questioning and concluded that if instruction was to improve,
teachers must develop questions that stimulate reflective thinking. Other studies, sparked
by the Sputnik era of curriculum reform, established that the ability to develop higher
cognitive thought processes and utilize an inquiry approach to teaching, required teachers
to have the ability to stimulate critical thinking skills through effective questioning
behaviors (Wilen, 1991).
Additional research is needed to determine how questions can be used to
encourage students to assume more responsibility for classroom discussion, and how
teachers and students can acquire the skills appropriate for discussion interaction patterns
(Cyrs, 1997; Jiang, 1998). Rowe (1974, 1986, 1987) found that training teachers to
increase the amount of wait-time between asking the question and obtaining an answer
resulted in increased student interaction, increased responses at a higher-level of thought,
decreased failure to respond, and increased frequency of student questions. There is also
research to indicate that experienced teachers ask more questions, and that the frequency
of questions and student learning is positively related (Wilen, 1991).

The use of

statements also appears to effect student participation. Dillon (1988) found that the use
of statements and wait-time (in conjunction with questions) resulted in more student
participation, talking, student-student interaction, and student questions. Wood & Wood
(1988) also found that teacher statements resulted in longer student responses and greater
student initiatives than did questioning alone.
The role of questions in discussion also appears in the literature. Dillon (as cited
in Wilen, 1991) found that researchers labeled any teacher-student interaction as

discussion, although the interaction pattern between student and teacher and between
students and students is more varied in discussion than in a traditional question-answer
recitation. Research shows that the role of questioning and non-questioning techniques
such as statements, academic questions, wait-time, student questions, response
receptivity, silences, acknowledgement of student response, and probing, increase student
participation in discussion. (Wilen, 1991) The successful discussion appears to be based
more on student behaviors and less on teacher behaviors, and the successful discussion
depends on the teacher’s willingness to reduce control and encourage student initiative
and involvement. The research also concludes that recitation is the primary form of
interaction in the classroom and that discussion is used infrequently (Wilen, 1991).
Wilen and White (1989) concluded that more research is needed on how questions can be
used with non-question techniques to stimulate student participation and thinking in the
broader context of classroom interaction.
Questioning Techniques
And Faculty Development
Teachers can be trained to improve questioning techniques and practices (Wilen,
1991). Wilen noted that the questions that teachers ask and their questioning technique
imply their individual philosophy of teaching. Several studies have shown that teachers
can be effectively trained to raise the cognitive emphasis of their questions (Wilen, 1991)
and that instructional improvement techniques such as peer observation, instructor
modeling, microteaching, minicourses, and coaching have all shown improvement in
questioning practices (Wilen, 1991).
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The QUILT Project (Questioning and Understanding to Improve Learning and
Thinking) (Office of Educational Research and Improvement, 1994) attempted to
improve teacher use of effective questioning techniques. Teachers in the program were
encouraged to think about the what, how and why of questions and to compare their own
behavior with best practices. Based on the present day reform goal of moving students
beyond short answers to lengthier and more complex responses, the QUILT Project
attempted to support this goal through improved questioning techniques. Teachers were
encouraged to reduce the total number of questions asked, increase the number of
questions posed at higher-cognitive levels, and to increase their use of wait-time in
classroom discourse. The project showed that students became more accountable for
their own learning in QUILT classrooms where teachers used wait-time, posed questions
before designating respondents, redirected questions, and did not habitually repeat
student answers. QUILT classrooms also significantly increased student responses at
higher- cognitive levels.

Teachers, however, showed significant increases in their

knowledge of effective questioning practices, but little positive change in the use of these
practices.
Luallen and Leonard (1991) implemented a teacher support program to encourage
secondary science teachers to change their traditional cycle of lecture, note taking,
review, and test. Teachers most often described their reason for using this model as “this
is the way that I was taught during my formal education, and I obviously learned well”
(Luallen and Leonard, 1991, p. 2). Bettencourt and Gallagher (1990) noted that teachers
see themselves as presenters of scientific information and that the students job is to Ieam
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it.

Luallen and Leonard (1991) reported that teacher implementation of questioning

techniques, such as setting a non-threatening tone, valuing any response (even wrong),
allowing and encouraging students to share information, and avoiding the quick answer,
resulted in multiple improvements.

Students became more actively engaged in

knowledge construction, less passive, more involved in interaction and collaboration with
other students, and improved the quality and quantity of their writing.

Luallen

concluded that the use of questioning techniques to encourage students to discuss
problems in more detail gave valuable insight to diagnosing their real understanding of
scientific concepts.
Kurtz (1994) noted that dramatic changes in student characteristics and
demographics, increasing knowledge about teaching and learning, and the rapid rate of
knowledge acquisition requires college faculty to adopt new strategies for teaching.
Observing that many faculty are not aware of specific teaching and learning behaviors
that occur, Kurtz proposed that increasing awareness of teaching and learning practices in
the classroom can help professors recognize needed changes. The study involved peer
groups of faculty observing one anothers’ teaching, identifying specific behaviors, and
setting goals for improving behaviors. As a result, faculty indicated that they were able
to identify specific behaviors in their teaching that resulted in more classroom
participation by all students. In specific, faculty described that they increased being
explicit about learning outcomes, increased clearly delineating instructional goals, and
increased their use of classroom examples that linked students’ preexisting knowledge
and beliefs to the course content. They also observed that their questioning techniques
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were often combative and debate-centered, and that the depth of discussion increased
when they were more patient and less threatening.

Luallen concluded that faculty

behavior can be altered by enlisting the assistance of peers; however, this requires that
peers have training in teaching strategies and intervention, and that they are able to
establish an adequate level of collegial trust.
Questioning Techniques in
Distance Learning Environments
Little research was found regarding the use of questioning techniques in a
distance-learning context.

Muscella and DiMaura (1995) analyzed electronic

conversations among science teachers and found that focused discussion threads
established long term discussions among participants as compared to unfocused
discussion threads.

Although questions were often used by instructors to solicit

interaction in a computer mediated conferencing environment, seasoned online course
participants indicated that questions may be used inappropriately in online instruction by
instructors who evaluated students based on quantity rather than content of their
responses (NTEN, 1998). Fenwick and McMillan (1992) identified ways that questions
are used in distance education and indicated that further research is necessary before
generalizing existing work on questioning techniques as a teaching/learning tool in the
distance learning environment. Self-assessment questions and questions in assignments
and examinations were cited as neglected areas of research that hold promise for the
distance learning context.

In a review of the literature and analysis of CMC interaction, Hegngi (1998)
identified several studies demonstrating that well-designed Web-based and CMC
instruction promotes learning. (Fetterman, 1996; David, 1992 as cited in Hegngi, 1998).
Uchida concluded that well designed instructional activities on the WWW facilitate
critical thinking, problem solving, writing, and group interaction or collaborative skills (as
cited in Hegngi, 1998). Clark observed that media technology is simply a medium and
that learning improvements only result from systematically-designed lessons (as cited in
Hegngi, 1998).
Berge (1997b) hypothesized that since online teaching is a more learner-centered
environment, those who choose to teach using interactive technologies have chosen to do
so as a reflection of their own learner-centered approach to teaching. He surveyed people
who have taught online postsecondary courses and found a common thread of low
structure and high dialogue.

Results showed that 75% of the respondents placed

emphasis on students doing activities themselves, as opposed to detailed assignment
sheets, syllabi, notes, or textbooks. Most were inclined to use student-focused methods
with little direct instruction. The ability to guide learning by asking the “right questions”
was viewed as being more important than giving students the right answer. Instructors
used discussion to guide the future direction of the instruction.

Berge concluded,

however, that just because instructors used student-focused methods did not mean that
they used them effectively or efficiently. He also agreed with Moore (as cited in Berge,
1997b) that more research is needed to determine exactly .what is happening during
online activities with regard to design and implementation of various teaching methods.
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The literature regarding instructor use of questions in online instruction is very
limited, although this topic is often cited as worthy of further research. Crouch (1998)
examined variables related to student question forming in distance learning courses. In a
study surveying 127 students in distance learning and traditional courses, Crouch (1998)
found that there was significant correlation between parasocial interaction (perceived
relationship with a media persona) and question forming in the distance classroom.
There was also a significantly higher relationship between students’ perceived learning
and question forming in the distance classrooms than in the traditional classroom.
Question forming, however, was observed only for students (not instructors) and was
quantified only by student reports of their own level of question forming throughout the
course.
Jiang (1998) conducted both a quantitative analysis on 109 surveys completed by
students in courses taught entirely online, as well as a qualitative analysis of three online
courses, in order to analyze factors influencing students’ perceptions of online learning.
Results of the quantitative analysis indicated that two instructional variables, a grade for
discussion and requirements for discussion were statistically and positively related to
students’ perceived learning. In addition, the grade for discussion was statistically and
positively related to students’ perceived degree of interaction with fellow students. In the
qualitative analysis Jiang noted several findings:
1. Students’ perceived learning was related to an instructor’s participation in the course;
2. High-perception of learning courses placed more instructional emphasis on online
discussion;
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3. Questions in the high-perception of learning courses sought a broad scope of answers
or multiple perspectives on a topic, were open-ended, and used controversial issues;
4. The structure of questions in the high-perception of learning courses was carefully
and elaborately designed;
5. Questions in the high-perception of learning courses focused more on the students
and the world around them as the center for discussion.
Jiang (1998) concluded that there is a possible relationship between the structure
and nature of instructor questions and patterns of student response in online courses.
It seemed that the way the discussion questions were structured was
reflected in the way students responded, and finally might also be reflected
in how students perceived their learning experiences in the course. It
would contribute to educational research...if future research could test the
effect of the design of questions on patterns of students’ responses.
(p .235)
Palloff & Pratt (1999) devoted considerable discussion to the use of questions in
their manual for online instruction. Although this book is based on personal observation
and experience, and does not involve any empirical research, the authors made a
convincing argument for the importance of questions in facilitating collaborative learning
and online dialogue. Palloff and Pratt argued that skilled discussion “involves a dynamic
balance between advocacy of views and inquiry about the associated references’’ (p. 119),
and requires that the online instructor be able to facilitate the dialogue without
dominating it.

They proposed that instructors learn and develop the art of asking

“expansive questions’’ (p. 119) that provide a jumping off point for discussion, that
promote a thorough exploration of a topic and the development of critical thinking skills.
By modeling this form of questioning, students will also learn to ask them of each other.
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The authors proposed that the effectiveness of a question can be measured by the level of
discussion and participation that it creates. Poor or minimal response indicates that the
question has not done its job of stimulating a level of thinking that excites learners and
compels them to respond (Palloff and Pratt, 1999).
Although this study was focused on the online (CMC) environment, there are
several studies in the literature related to teaching techniques in instructional television
(TTV), or interactive video delivery, that should be mentioned. Kochery (1997) surveyed
current practitioners using ITV at the University of Minnesota. Faculty training needs
identified in the survey most frequently included strategies that promote interaction and
developing TV lectures.

Kochery concluded that distance education requires more

attention to strategies that promote interaction such as questioning techniques, discussion,
and active learning. He suggested that students may be isolated and lack social support in
a distance learning environment.

He noted that most strategies used for increasing

interaction are still dependent on a teacher-centered design and delivery of instruction.
Bland (1992) surveyed students at Memphis State University participating in two first
time TTV courses offered by the College of Education.

Students complained that

questioning in the class was disconcerting, because it took too much time to focus the
camera on the person speaking, and they were unable to see who was talking. When
asked if the instructor should place less emphasis on the use of questions, 48% of the
students disagreed. The majority felt that questions should be directed to the whole class
and 50% indicated that they were shy about asking questions on camera. Eighty-one
percent of the class favored having more small-group discussion. Forty-six percent of the
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students said that the instructor spent too much time with the equipment and 96% agreed
that the instructors needed intensive training on using the equipment and on strategies
that work in the distance-learning classroom. Bland concluded that the most effective
instructional strategy for ITV is a well-designed lecture, supported by visual aids.
Interactive TV should not imply that interactivity is required in the teaching/leaming
process, but as a capability of the technology that can be used if, and when, it benefits the
instruction.
Johnstone (Western Coop for Educational Telecommunications, 1994) analyzed
the seven innovative degree programs funded by the Annenberg Pathways for a New
Degree project. In this analysis, students and faculty rated all technologies (email, CMC,
real-time chats, audio-conferencing) as “equal to” or “better than” their experience in the
traditional classroom. The only two technologies receiving less than an equal or better
rating were ITV and live video with audio-talk back. Johnstone concluded that these are
the two technologies that most allow instructors to deliver instruction in the same manner
as in the traditional classroom, resulting in less interaction, less spontaneity, and greater
effort to obtain student feedback. The resulting student frustration with interaction in the
course was not due to the technology, but to the teaching techniques utilized by the
instructor.
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Summary
This literature review examined three areas of research that play an important role
in attempting to understand how questioning techniques might be employed to facilitate
online dialogue that engages students in the learning process. The three areas reviewed
include online learning, constructivist learning theory, and questioning techniques in both
the traditional and distance-learning environment.
Although still relatively small, the use of computer-mediated-conferencing in
online instruction is probably one of the better-researched areas of distance learning.
Advantages to CMC use in instruction are repeatedly described in the literature and
include anytime/anywhere (asynchronous) capabilities; students’ ability to reflect on their
own responses and fellow students’ responses; mentoring models of instruction;
promotion of interdisciplinary problem solving; and ability to foster multiple perspective
approaches to teaching and learning. Several weaknesses cited regarding the literature
revolve around the fact that most of the studies have been conducted using courses in
which CMC supplements, rather than replaces, traditional classroom instruction, and that
a majority of the studies are based on anecdotal, self-reported data regarding student
perception of satisfaction.
The literature review on constructivist learning theory indicates that constructivist
learning theories are becoming widely accepted in many fields of education, including
the application of technology to teaching and learning (Kanuka and Anderson, 1998).
Online learning is currently most often associated with social constructivism in which
knowledge is thought to be generated through social interaction. Constructivists believe
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that individuals construct knowledge based on what they already know, and that learning
is an active, rather than passive, process. The literature debates the role of the instructor
in constructivist learning theory; however, it repeatedly supports the value of dialogue
between students and between student and instructor in both traditional and online
instruction. Emerging research indicates that the online instructional environment is an
ideal vehicle for establishing collaborative learning and supporting the social construction
of meaning.
Review of the literature reveals substantial documentation regarding the use of
questioning techniques in the traditional classroom setting. Research attempting to find a
positive relationship between specific types of questioning techniques and improved
student learning has had inconclusive results. There is evidence, however, that specific
questioning techniques and use of specific question types can be highly influential in
engaging students in the learning process and establishing a learning environment that is
conducive to knowledge construction at the higher-cognitive levels.
Little was found in the literature regarding the use of questioning techniques in
online, CMC instruction, however several studies were found indicating that research
regarding the use of questions in online instruction is warranted. No studies were found
that examined the types of questions used by instructors in online instruction and no
studies were found that addressed the use of questions as an instructional strategy to
promote online discussion and encourage student-student interaction, both of which have
been shown to facilitate construction of knowledge and higher-cognitive learning in the
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traditional classroom. This study was conducted as an initial effort to contribute to this
missing piece in the literature on online education.
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CHAPTER THREE

METHODOLOGY
Introduction
The current literature provides a great deal of information about the value of
various question types and questioning techniques used by instructors in the traditional
classroom setting. There is also a body of literature, although relatively new, regarding
the value of student-student and student-instructor interaction in online instruction. Little
information, however, was found regarding the use of questions and questioning
techniques in online instruction in general, and as an instructional technique to promote
online dialogue that facilitates a constructive learning environment in specific.

The

information that exists is primarily descriptive, collected from observation, and student
and instructor perceptions (self-reports) regarding online interaction in an instructional
setting.

In addition, most of the literature found regarding instruction in an online

environment reflects research conducted on single courses and courses in which online
interaction was used to supplement or complement traditional classroom instruction.
This study used a combination of established research tools to examine the
relationship between types of instructor-initiated questions and the resulting studentstudent and student-instructor interactions in graduate science courses delivered entirely
online, using computer mediated-conferencing for instructor-student interaction. The
classification of questions according to the Wilen hybrid system of question classification
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adds to the existing knowledge base regarding type of questions used by instructors, and
establishes initial efforts to expand this understanding to the online teaching/learning
environment. The use of discussion diagrams, an adaptation of sociograms—a social
network analysis tool frequently used to study traditional classrooms (Bickel, 1998),
provided an illustrative and quantitative measure for observing student-student and
student-instructor response patterns in a computer-mediated-conference interaction.
Research Design
Population to be Studied
The population for this study was made up of instructor-initiated questions in
graduate science courses developed and delivered entirely online as part of the National
Teachers Enhancement Network (NTEN) at Montana State University-Bozeman. NTEN
was originally funded by the National Science Foundation in 1993 and has developed and
delivered over 30 individual online graduate credit science courses over the past seven
years. Students in the NTEN courses consisted primarily of science teachers employed in
middle schools and high schools nationally and internationally. The course instructors
were primarily faculty in the physical and biological sciences at MSU-Bozeman. Several
course instructors have faculty appointments in the sciences at other institutions of higher
education.
The NTEN program has two main goals. The first goal is to offer high-quality
graduate courses in the sciences that are developed and taught by active research
scientists, with support from in-service secondary science teachers and science educators.
The courses are designed to increase teachers’ understanding of the science content and
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to model active, hands-on, and collaborative learning that is important in the secondary
classroom (Smith, 1999).

The program simultaneously promotes communication

between scientists and K-12 teachers dedicated to science education (Wheeler, 1992).
The second goal of the NTEN project is to deliver these courses in a distributed
distance-learning format in order to increase the number of teachers who have access to
high-quality professional development opportunities. The majority of NSF-sponsored
teacher enhancement programs require teachers to travel to a specific location (usually in
the summer) in order to participate. Unfortunately, this model serves only those teachers
who live close to the professional development providers or those who can afford the
time and expense of being away from home, family, and employment. The NTEN
program is designed to reach teachers where they live and work in order to increase
access and equity for participation in professional development programs. Teachers can
participate in NTEN courses without leaving home or family, summer employment, and
other personal and professional commitments (Wheeler, 1992).

NTEN Students Students in the NTEN courses were 52% male and 48% female.
They were employed primarily as science teachers in secondary rural and urban schools
and tend to be active participants in professional development programs. Most NTEN
participants fit many of the criteria identified for students most likely to be successful in a
distance-learning environment. They were above traditional college age, risk-takers,
highly motivated learners, and independent in life-style as well as learning-style (Smith,
1996).

88

NTEN students tended to be motivated and took responsibility for their own
learning for several reasons:

I) teachers were rewarded for successful completion of

academic courses by increase in salary, 2) many NTEN students were completing these
courses as requirements for completion of a graduate degree program, 3) HRI evaluation
data showed that the majority of these students are regular participants in professional
development programs, and 4) NTEN students reported that their number one reason for
taking the course was to improve their knowledge of the course content (Smith, 1997).
NTEN evaluations consistently showed high marks for students’ overall
satisfaction with the courses, increased knowledge content, and indication that online
interactions with both participants and instructor helped them better understand the
course material (Smith, 1996).

NTEN has been able to establish and maintain an

electronic instruction environment with consistent student perceptions that interactions
with their classmates help them understand the course material, which is not the norm in
traditional classroom instruction. (Smith, 1996)

NTEN Faculty The majority of NTEN faculty members have doctorate degrees
in their fields and currently hold tenure-track faculty positions at post secondary
institutions.

Many of them are senior faculty who are tenured and have significant

research programs and careers. NTEN faculty range from little or no experience with
secondary teaching and science education, to being actively involved in a number of
professional development and science education programs for K-12 teachers. Several
NTEN faculty have developed and taught more than one NTEN course, and the majority
of the faculty have now taught NTEN courses multiple times. All NTEN faculty were
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provided with financial support by the NSF grant for course development time and effort.
They were also provided with technical support, distance learning seminars and
workshops, and the opportunity to work with other NTEN faculty to share ideas, observe
course design and teaching, and critique ideas (Smith, 1996).
Course Selection
The instructor-initiated questions and discussions to be analyzed were drawn from
a sample of NTEN courses. The entire pool of NTEN courses, selection criteria, and the
final sample of courses are listed in Appendix A.

NTEN course instructors and

participants were informed prior to beginning the course that the program was funded by
NSF and that course observations and data might be utilized for research purposes. All
course identification factors were removed, and participant and instructor names remain
confidential.
This study included all NTEN courses that met the following criteria:
1. Courses utilized the FirstClass™ CMC software for course interaction;
2. The course was not a repeated offering of a previously selected course;
3. The number of participants fell within the NTEN average class size range of twelve to
twenty;
4. The instructor required students to participate in some form of online interaction as
part of their overall course grade;
5. Faculty and students were informed that the NTEN courses were part of an NSFfunded program in which the content might be observed and utilized for research
purposes; and
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6. The course content was in the biological and physical sciences.
Because of changes in software over the years, the flexibility afforded to faculty
in course requirements and design, and courses with low enrollments, it was not possible
to investigate all of the NTEN courses. It was anticipated that this selection process
would result in 10-12 NTEN courses that met all of the criteria; or approximately 33% of
all NTEN courses that have been developed. Controlling the course selection process,
both for class size and instructor-required online interaction, was important in order to
select a representative course sample for this study. Several NTEN course instructors did
not clearly specify that online interaction was required. In the previous literature review,
it was identified that lack of clear expectations and instructor-emphasis on online
interaction has been shown to negatively influence student online interaction and
participation (Jiang, 1998; Palloff & Pratt, 1999; Anderson & Kanuka, 1997). Appendix
A identifies all possible NTEN courses and the courses selected according to the criteria
defined in the study.

Data Collection
Following course selection, electronic transcripts or recordings from the selected
NTEN courses were reviewed to identify the questions that instructors asked students,
and the dialogue that resulted from these questions. The use of computer-mediated
conferencing in online instruction provides the researcher the advantage of maintaining a
transcribed record of all course interactions (Williams, Rice and Rogers, 1988). In the
NTEN project the host computer maintained a complete textual and graphical database of
all course interaction, referred to as a course transcript.

The NTEN project has
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maintained complete transcripts of every NTEN course offered. The transcripts consist
of all messages and responses between faculty and students, and students and students,
that are posted to the class “public” discussion areas. Private messages between faculty
and student or student and student are not maintained for privacy reasons.

Public

discussion areas in the course are only accessible to the professor, students, technical
support staff, and NTEN staff and evaluators. The NTEN courses are password protected
and not available to the general public.

Selection of Instructor-Initiated Questions
Transcripts for each selected course are maintained on a server at Montana State
University-Bozeman and were obtained from the NTEN technical staff.

In order to

eliminate instructor-initiated questions related to circumstances of course start-up,
including procedural clarifications and technical support, this initial intent of this study
was to identify all instructor-initiated questions asked after the first two weeks of the
beginning of the course.

Since most NTEN courses were 12-15 weeks , in length,

transcript analysis would therefore be conducted on approximately 10-13 weeks of each
course. Transcripts were reviewed in order to identify all instructor-initiated questions in
each course and to delineate the discussion that follows each question.
Discussions for this purpose are defined as a single discussion thread that focuses
primarily on the instructor-initiated question. The FirstClass™ computer-mediatedconferencing software organizes the online interaction according to discussion threads.
Responses to an instructor’s question are grouped together in the electronic transcript so
that all responses and follow-up questions related to a particular question can be defined.
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It is this discussion thread that was used in the construction of discussion diagrams in
order to map all of the dialogue related to a specific instructor-initiated question. The
discussion “thread” command function of the FirstClass™ software (used for online
course interaction in the NTEN courses) was used to identify the discussion related to
each question. Threads were identified by using the software to conduct a search for all
responses linked to the original “subject” heading of a message in which a question was
posted by the instructor.
Appendix B.

A sample discussion “thread” search result is included in

In some cases, an instructor would specify that all responses to a given

question should be posted to a specific conference area or folder. In these cases, all
responses were used from the area specified by the instructor in order to delineate the
discussion responses for that particular diagram.
Past research results show that students should progress to advanced levels of
thought as their content knowledge increases; and there is some indication that group
development occurs in a linear fashion over time in courses delivered using CMC online
(McDonald, 1998). Upon identification of instructor-initiated questions and discussion
threads, each question and thread was coded in order to determine whether it occurred
during the first-third, middle-third, or final third of the course. This coding enabled the
data analysis to include comparisons between the cognitive levels of questions and
interaction indices that occurred at various time periods throughout the course.

Question Classification
Instructor initiated questions, identified from course transcripts, were classified
based on the Wilen (1988) hybrid question classification system which combines the
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Gallagher/Aschner conceptualization with Bloom’s taxonomy categories. Wilen first
divided questions into two categories of convergent and divergent, based on a hierarchy
of intent to produce narrow and broad student thinking. These two categories were then
further divided into low and high levels. Wilen described convergent questions as those
designed to determine basic knowledge, skills, and understandings in order to prepare
students to apply information or material they have learned. Divergent questions require
students to engage in critical thinking as they process information (Wilen, 1991). The
Wilen classification system includes the following four levels:
°

Level I-Low Order Convergent: These are questions requiring students to engage
in reproductive thinking with the intent to have students recall or recognize
information. Emphasis is on memorization and observation, and students’ responses
can be easily anticipated. (Corresponds to Bloom’s Knowledge level)

°

Level II-High Order Convergent: Questions in this category require students to
engage in the first levels of productive thinking. The intent is to have students go
beyond the level of recall and to demonstrate understanding of information by
mentally organizing material that has been previously learned.

Although more

thinking is involved, responses can still be anticipated at this level. (Corresponds to
Bloom’s Comprehension and Application levels)
°

Level Ill-Low Order Divergent:

This category includes questions that require

students to think critically about information. The teacher’s intention is to have
students analyze information to discover reasons or causes, draw conclusions or
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generalizations, or to support opinions. Higher-level productive thinking is involved
and responses may not be anticipated. (Corresponds to Bloom’s Analysis level)
n Level IV-High Order Divergent:
original and evaluative thinking.

This category requires students to perform
Making predictions, solving lifelike problems,

producing original communications, or judging ideas, information, actions, and
aesthetic expressions based on internal or external criteria are all outcomes of this
category. This level represents the highest level of productive thinking and students’
responses, generally, cannot be anticipated.

It also corresponds to Bloom’s

Taxonomy levels of synthesis and evaluation (Wilen, 1991; Kindsvatter, 1988, pp.
113-14; Wilen, 1985, pp 4-6).
The Wilen hybrid model was selected for this study for several reasons. The model is
a 1988 adaptation of the earlier Bloom (1956) and Galagher/Aschner (1963) models, and
appears in the more recent literature on question types. It incorporates Gallagher and
Aschner’s emphasis on productive thinking and supports the notion of constructive
learning in which the individual draws on past and present knowledge to construct new
facts, ideas, and conclusions (Gallagher and Aschner, 1963). In addition this model
addresses the issues of reliability related to question classification by; I) providing
detailed examples and a descriptive checklist available for verifying classification of
questions; 2) corresponding to specific levels of Bloom’s taxonomy, which can be tied to
established question cues or verb examples for reliability in classifying questions in each
category (University of Victoria, 1996; WestEd, 1999), and 3) offering a simplified
system with fewer categories, which reduces the opportunity for errors in reliability.

95

A checklist (Table I), using Wilen’s levels of questions and corresponding
Bloom’s taxonomy and key verbs or question cues was constructed in order to assign
questions to each of the four levels and to tabulate the total number of questions in each
category.
Table I. Question Cues for Wilen Question Levels Based on Blooms T axon om v
W ilen
Question
Level

Bloom s
Taxonomy

Question Cues
(Reference)

I

Knowledge

List, Define, Tell, Identify,
Label, Name, Quote, Tabulate

II

Comprehension
Application

Summarize, Describe, Interpret,
Predict, Determine, Associate,
Extend, Apply, Demonstrate,
Share, Illustrate, Show, Solve,
Discover, What, Why

III

Analysis

D iscuss, Compare, Contrast,
Analyze, Separate, Connect,
Classify, H ow D oes, Infer

rv

Synthesis
Evaluation

Explain, Evaluate, Argue,
A ssess, Rank, M odify,
Substitute, Plan, Create, Design,
Invent, Compose, Formulate,
Rewrite, What If, Convince,
Conclude, Support, Select,
Recommend

Discussion Diagrams
Once questions were identified and classified for each course, the discussion
thread connected to each question was used as the basis for constructing a discussion
diagram based on the student-instructor response patterns to each question. Discussion
“threads” are determined by the FirstClass™ software, linking all electronic messages
that are posted as a response to a specific item. This feature allows for the creation of
electronic “discussions” that are focused on a particular topic. The topic of each
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discussion thread used in this study was an instructor-initiated question. Discussion
diagrams were drawn for each question and discussion thread, and used to calculate
interaction indices as well as provide a visual representation of the response patterns that
occurred following each question.
The discussion diagram concept was developed by HRI for “ illustrating and
quantifying in concrete terms the interactive nature of online discussions.” (Bickel,
1998). Bickel described discussion diagrams—a social network analysis tool frequently
used to study traditional classrooms—as a model based on the field of sociometry and the
use of sociograms. Current HRI evaluation of NTEN online interaction is based primarily
on participants perceptions and qualitative assessment of online discussions.

HRI

developed this discussion model diagram in order to provide a more visual and
quantitative analysis of the types of online discussion that was observed in the NTEN
courses. (Bickel, 1998)
Sociometry is concerned with the -social interactions among any group of people.
The data collection is geared toward obtaining information about the interaction or lack
of interaction among the members of a group (Sellitz, Wrightsman, Sc Cook, 1976). The
concept of sociometrics was pioneered by Jacob Moreno in an effort to create an
experimental methodology applicable to all social sciences that would blend research,
therapy and theory in order to establish a systematic understanding of the principles
governing social conduct (Moreno, 1960). Northway (1952) defined a sociometric test as
a means for determining the degree to which individuals are accepted in a group, for
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discovering the relationships that exist among these individuals, and for disclosing the
structure of the group itself.
Sociometrics has been adapted for group analysis in many social sciences and
appears frequently in the analysis of classroom behavior and interaction (Semple, 1982).
hi a review of the literature of sociometry, Semple (1982) described sociometrics as one
of the most interesting and rewarding techniques for teachers.

The review includes

studies in which sociometrics have been used to further our understanding of student
grouping and related academic climates, skills needed for cooperative working
conditions, friendship relations, gender issues, socialization, and learning styles. Moreno
(1960) noted that sociometric methods of assessing social relations have been shown to
possess ample reliability and validity for extended use in systematic research.
Various diagramming techniques called sociograms have been developed as tools
to depict relationships and to identify scoring and graphic methods in sociometric testing
(Moreno, 1960).

The target diagram (shaped like a bullseye target), provides a

picturesque means of symbolizing the structure of, and relationships in, a group.
However, Moreno (1960) cautions that this is an abstract symbol, and that the notion that
the center of the target is the most desirable outcome may be misleading in many cases.
Interaction diagrams, similar to those used in this study, have been used extensively with
observational laboratory research in order to map the interaction between individuals in a
group without indicating that certain interaction results are better than others (Moreno,
1960).

Researchers have developed simple ratios or sociometric indices that are

employed to evaluate the relative position of an individual or subgroups within a
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population (Nehnevajsa, in Moreno, 1960). Over the past 30 years, many adaptations and
combinations of sociogram techniques have been used to depict and analyze sociometric
data (Semple, 1982; Robson, 1993).

Constructing The Discussion Diagram
Discussion diagrams for this study employ both the use of interaction diagrams
and sociometric indices. Construction of the diagrams consisted of two steps. The first
step involved building a model that illustrates the interactions between all the participants
in a single discussion thread, therby allowing observers to quickly visualize the nature of
student and instructor involvement in a single discussion. The second step required
calculating indices from the model that quantify the interaction taking place between
individual students and instructor, and that represent the extent to which the interactive
potential of the discussion is realized. The majority of instructor-initiated questions in
this study were posed to the entire course population and interaction indices were
calculated based on the total number of students in the course,

hi some instances,

students were divided into smaller discussion groups for the purpose of responding to
instructor-initiated questions,

hi this case, the size of the discussion group was

determined and this number was used as the total student count in the calculation of
interaction indices in small group discussions.
The following discussion diagram model and examples are provided by Bickel
(1998). Constructing a discussion diagram model first consists of identifying “nodes”
representing discussion participants (in this case students and instructors) and
diagramming the connections that represent exchanges between nodes.

A simple
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discussion diagram is illustrated in Figure I (Bickel 1999), showing nodes as filled
circles and connections as arrows.

Figure I. Sample of a Discussion Diagram.

I

X I
x s

Instructor
Student
-----► I-way connection

◄----- -----^ 2-way connection
-----^ open-ended

Figure I
Hypothetical Discussion Diagram

Three types of connections are possible in a discussion diagram. A connection is
made between nodes if at least one communication takes place between two people. The
exact number of communications that occurs is not represented in the diagram.
I. A one-way connection occurs if someone asks a question but receives no response
(represented by a one-headed arrow);
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2. A two-way connection occurs if the receiver responds to the question (represented by
a two-headed arrow);
3. A connection is considered open-ended when a communication is phrased in such a
way that anyone is welcome to respond; open-ended connections can be one-way or
two-way (represented by an open arrow). (See Figure I.)
The second step in the discussion diagram process involves calculating indices
that describe the interactions. These indices provide measures of student participation
and the extent to which the interactive potential is achieved. Measures of interactive
potential are used to assess the relative contribution of instructor-student and studentstudent interactions to the discussion. Table 2 from Bickel (1999) provides a description
of the formula for calculating each index.
Table 2. Discussion Diagram Interaction Indicies
Index
Student
Participation

Formula*
Total Number o f Student Contributing at Least Once/
Total Number o f Students in Discussion Group

Total Interaction
Potential

Actual Number o f Connections/
Total Possible Number o f Connections1

Instructor - Mediated
Interaction Potential

Actual Number o f Instructor-Student Connections/
Total Possible Number on Instructor-Student Connections2

Instructor - Independent
Interaction Potential

Actual Number o f Instructor-Student Connections/
Total Possible Number on Instructor-Student Connections3

* All proportions are multiplied by 100 and represented as percents
1 Total possible number of connections = (n2- n)/2, where n = number of nodes
2 Total possible number of instructor-student connections = Hi * ns, where Ui = number of instructor nodes and ns =
number of student nodes
3 Total possible number of student-student connections = (ns 2 - ns)/2
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Table 3 shows the interaction indices for the discussion diagram in Figure I (Bickel
1999).
Table 3. Interaction Index Calculations for Figure I.__________
Index
Student Participation

Formula
(3/4) *100

Value
75%

Total Interaction Potential

(3/10) *100

30%

Instructor-Mediated
Interaction Potential

(2/4)* 100

50%

Instructor-Independent
Interaction Potential

(1/6) *100

17%

Observation of Figure I and the results of Table 3 indicate that in this
hypothetical discussion student participation was relatively high; however, only about
one-third of the interaction potential was realized (three connections out of ten possible),
hi addition, the discussion was predominately instructor-directed as evidenced by the
relative magnitudes of the instructor-mediated and instructor-independent interaction
potentials, half of the possible instructor-student connections were made, while only one
out of the six possible connections were made between students alone (Bickel, 1998).
Early discussion diagram mini-case study analysis on NTEN courses has been
conducted by HRI (Bickel, 1998). In addition to confirming HRI observational data
regarding online interaction, the discussion diagram case study suggests that the level of
interaction in a course is not necessarily determined by course content; and that it is
likely that the differences in online discussions were influenced by differences in course
design.

The case study also suggests that it is possible to quantify the differences

between the online interactions of NTEN courses that are similar in some ways, but that
differ considerably in elements of design and questioning techniques. Bickel (1998)
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indicates that the link between course and instructor characteristics should be explored
through further analysis of discussion diagrams in NTEN courses, and that interaction
indices calculated from replicated discussion diagram analysis could be correlated to
defining course design and characteristics that encourage interactive online environments.
Although there are limitations to the discussion diagram model (i.e. lack of data
regarding frequency, sequence or quality of communication between nodes), it provides a
vehicle for analysis of the online discussion that results from specific cognitive levels of
instructor- initiated questions. In addition to quantifying the potential and reality for
online interactions, the discussion diagrams provide faculty with an immediate visual
impression and understanding of student response patterns that are occurring in their
online discussions. Initial NTEN faculty observations of discussion diagrams indicate
that they quickly grasp what is reflected in the diagrams and express interest and concern
for increasing the student-initiated and student-student interaction potential for their
online instruction (S. Smith and E. Taylor, personal communication, March 26,1999).

Supplemental Course Reviews, Post-Course Evaluations,
And Comparisons by Content Discipline

Supplemental Course Reviews
Supplemental course reviews were conducted on three courses from the study
sample. This review was conducted in order to identify factors in course design that
might contribute to the student-instructor and student-student patterns of interaction. In
order to focus on courses which appeared to generate the most student-student
interaction, the three courses with the highest scored for the instructor-independent
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interaction index in each discipline were examined in detail. This supplemental review
included an examination of course syllabus materials, course instructions and
expectations of students, course organization, grading policies, online interactions, and
post-course evaluations including both student and instructor comments.
Post-Course Evaluations
In addition to the supplemental course review, post-course evaluation data on the
selected NTEN courses were reviewed to glean insight regarding students’ perception of
the value of interaction with other students and with the instructor in the online
classroom.

Three post-course questionnaire items that most closely correlated with

student perception of interaction and overall course satisfaction were identified by Dr.
Sean Smith (1999) of Horizon Research, Inc. Lichert scale results and summaries for
these three items, as well as interview comments from both instructors and students, were
obtained from the post-course evaluations and reviewed in this study.
Content Discipline
Following the course selection process, the sample courses were classified
according to content discipline. All of the sample courses were classified into the three
disciplines of physics, earth science and biology. Courses were coded by discipline in
order to examine differences that might occur between disciplines and to allow
comparisons of question frequencies, interaction indices, and post-course evaluation
results between disciplines.
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Analysis
Following the classification of questions and the construction of discussion
diagrams, analysis was conducted to answer each of the research questions. Although it
was anticipated that this analysis would be primarily descriptive in nature, specific
analysis procedures were not finally determined until the data collection was completed
and an examination of the distribution and characteristics of the data was conducted.
Answers to the three research questions were determined as follows:
Research Question #1

What cognitive levels of questions were asked bv instructors in the NTEN
courses? The answer to this question was determined by identifying the total frequency
of instructor-initiated questions for each course, the total frequency of questions by
question level for each course and for the total sample. Based on the literature review of
questioning techniques, question types, collaborative learning, and online instruction, it
was anticipated that the majority of instructor-initiated questions would be classified at
Levels I and n.

Frequency comparisons were also conducted in order to determine

similarities or differences in levels of questions asked during the early, middle, or final
instruction phase of each course. The course samples were classified according to three
content disciplines of physics, earth science, and biology, and question-level frequencies
were compared across content disciplines.
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Research Question #2

What student-student and student-instructor response patterns occur as a result of
specific cognitive levels of questions? The discussion diagrams and interaction indices
established both a visual and quantitative description of the interaction patterns that
resulted from each question. Interaction indices provided a quantitative summary for each
of four areas of interaction. These included: total student participation, total studentinteraction potential, instructor-mediated interaction potential, and instructor-independent
interaction potential. Means were calculated and compared for each interaction index.
Four separate comparison of means by oneway analysis of variance were also conducted
in order to compare interaction indice means by content discipline.

Research Question #3

Is there a difference between cognitive levels of instructor-initiated questions and
the resulting student-student and student-instructor response patterns in the NTEN
courses?

Four separate comparison of means by oneway analysis of variance were

conducted in order to test the research question that questions at higher cognitive levels
(low and high-convergent) would produce a greater percentage of participation potential
in each of the interaction indices.1 Specifically, the following null hypothesis is stated as
Ho: Pil=(ii2=(ii3=)ii4 where i= a specific interaction index.

1 It is recognized that a linear relationship exists within each course between the total-interaction index,
instructor-mediated interaction index and the instructor-independent interaction index. However, these
indices were analyzed separately, reflecting the descriptive nature o f the study and the interest o f the
researcher in studying the individual communication patterns each index reflects.
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The null hypothesis for total student participation was Ho: p,l=p2=|j3=|Li4; for
total interaction potential was Ho: jnl=p.2=|j3=p4; for instructor-mediated interaction
potential was Ho: jLil=|j,2=)j.3=|Li4; and for instructor-independent interaction potential
was Ho: |ll=p,2=ji3=|i4; for which |xl= low-convergent, |i2= high-convergent, g3 =Iowdivergent; p.4=high-divergent cognitive levels of questions.

Expected Results

Based on the literature reviewed (Wilen, 1991), it was anticipated that the results
of this study would identify a majority of instructor-initiated questions at the convergent
or low-cognitive levels of questioning. It was also expected that the cognitive levels of
questioning would increase from the beginning to the end of the instructional timeframe
in each course. It was anticipated that questions at higher-cognitive levels would produce
higher means in 3 of the 4 interaction indices: total student participation, total-interaction
potential, and instructor-independent interaction potential.

The literature results

regarding cognitive levels of questions and student achievement or involvement in
discussion are mixed. However, several researchers have found that the use of higherlevel questions increases student involvement in discussion, promotes discussion that is
less dependent on instructor involvement, promotes student motivation and reflects an
instructor’s willingness to reduce control in the instructional process (Wilen, 1991;
Klinzing and Klinzing-Eurich, 1988; Dillon, 1988; Wragg, 1984).
The matrix provided in Table 4 shows the four question levels and the four
interaction indices.

It was expected that there would be a statistically significant
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difference at the .05 probability level between low-convergent questions (row I) and
high-divergent questions (row 4) for each column: I) student participation, 2) total
interaction potential, 3) instructor-mediated interaction potential, and 4) instructorindependent interaction potential.

Table 4. Matrix of Question Levels and Interaction Indices.
Cognitive
Question Levels
I Low - Convergent
II High - Convergent
III Low - Divergent
IV High - Divergent

Total Student
Participation

Interaction Indicies
Total
Instructor Interaction
Independent

Instructor Mediated

Summary

This study identified the cognitive levels of instructor-initiated questions based on
the Wilen system of question categorization, as well as the resulting student-student and
student-instructor interaction patterns (as defined by interaction indices) from a sample of
NTEN graduate online courses.

The selected discussions were analyzed using a

sociogram approach, constructing discussion diagrams in order to calculate quantitative
values for student participation, total interaction potential, instructor-mediated interaction
potential, and instructor-independent interaction potential for each discussion.

An

analysis of question levels and the interaction indices was conducted in order to identify
patterns or relationships that may exist between the cognitive levels of questions asked by
instructors, and the resulting online dialogue between students and instructor.

In

addition, the analysis compared question levels and interaction indices that occurred in
three content disciplines and at the early, middle and late stages of course instruction.

108

Additional descriptive information was obtained from post-course evaluation data and
detailed supplemental reviews conducted on the three sampled courses that generated the
highest score for instructor-independent interaction.
The study utilized existing electronic transcripts from selected NTEN graduate
online courses delivered over the past several years. These courses were similar in
respect to graduate student population, technical design and support, number of
participants, and instructor requirements for online participation. In addition, all course
content was limited to biological and physical sciences in order to minimize the
variability of questioning techniques and applicability across content disciplines. The
instructor-initiated questions from each course were identified and used in the study,
providing that the resulting dialogue could be clearly identified by a software-constructed
dialogue thread.
The study was an initial attempt to understand the cognitive levels of questions
that are used in online instruction and how the various levels of questions might influence
student-student and student-instructor interaction patterns.
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CHAPTER FOUR
RESULTS
Introduction
The purpose of this study was to identify the cognitive levels of questions asked
by instructors in a sample of online graduate science courses and to determine if there
was a relationship between the cognitive level of the question and the corresponding
student-instructor and student-student interactions that occurred.
Descriptive quantitative analyses including frequencies, comparison of means,
and one-way analysis of variance were used to answer the three questions proposed in the
study:
n Research Question #1: What cognitive levels of questions were asked by instructors
in the courses?
n Research Question #2: What student-student and student-instructor response
patterns occur as a result of specific cognitive levels of questions?
°

Research Question #3: Is there a relationship between cognitive levels of instructorinitiated questions and the resulting student-student and student-instructor response
patterns in the courses?
The process of classifying instructor-initiated questions, calculating interaction

indices, and constructing discussion diagrams is described.

Question levels were

compared with the means of the interaction indices in order to determine if there was a

no

statistically significant difference in the interaction patterns that occur as a result of each
of the four question levels.

In order to establish a more complete picture of the

interaction patterns in the selected courses, question levels and interaction indices were
compared by content discipline and with post-course evaluation results.
In addition to the quantitative analysis, a supplemental course review was conducted
on each of three courses in the sample in order to better identify and understand course
design characteristics that might have influenced student interaction patterns and the
resulting interaction indices in the courses.
This chapter is organized as follows:
n Selection of courses;
n Selection of instructor-initiated questions;
n Descriptive analysis of question levels;
n Descriptive analysis of interaction indices;
°

Comparisons with post-course evaluations

°

Results of supplemental course review;

D Summary of the findings.

Course Selection
Courses for this study were selected from a pool of courses offered by the
National Teachers Enhancement Network program at Montana State UniversityBozeman. All of the courses selected for the study met the following criteria:
I . Courses utilized the FirstClass™ CMC software for course interaction;
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2. The course was not a repeated offering of a previously selected course;
3. Class size ranged from 12-20 participants;
4. The instructor required students to participate in some form of online interaction as a
part of their overall course grades;
5. Faculty and students had been informed that the NTEN courses were part of an NSF
funded program in which the content might be observed and utilized for research
purposes; and,
6. The course discipline involved the biological and physical sciences.
The total pool of NTEN courses consisted of 39 courses. A review of each course
was based on the above criteria and resulted in 16 courses to be used for the identification
of instructor-initiated questions in this study. Courses were all taught by MSU faculty or
faculty from other institutions contracted to teach for MSU.

The complete pool of

courses, criteria for selection, and the selected courses are listed in Appendix A. One
course. Terrestrial Ecology of Plains and Prairies, was eliminated later in the study when
a review of instructor-initiated questions revealed that it was impossible to link the
questions with the corresponding discussion threads. It was determined that the course
was organized in such a fashion that no meaningful data could be obtained.

The

remaining fifteen courses were ultimately used in this study.

Selection Of Instructor-Initiated Questions
Following the course selection process, electronic transcripts, or files of all course
interactions, were obtained for each of the selected courses. The “find” command search
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function of the FirstClass™ software was used to first identify all postings in the course
that were made by an instructor or teaching assistant. Each of these postings was then
reviewed to identify all instructor-initiated messages that contained a question or
discussion topic that was posed to the entire class or to a specific discussion group. This
review resulted in 222 total questions that could be distinctly identified and that could be
linked to a specific discussion thread of responses to the question.
Following an initial review of the questions, it was determined that there were 13
questions that were not acceptable for the study leaving a total population of 209
questions for the study. In some cases the instructor posed a question that resulted in
responses that were not linked in any organized thread, making it impossible to construct
meaningful discussion diagrams and interaction indices from those questions. There
were also instances when multiple questions were grouped together and responses could
not be separated clearly enough to link specific questions with specific responses. In a
very few cases, instructors posted questions and requested that responses be returned to
them as private messages. These responses, therefore, were never posted to the entire
class as a discussion thread, again making it impossible to construct a discussion diagram
from the responses to those particular questions.
In order to eliminate questions related to technical issues and course start-up
procedures, it was initially anticipated that questions from each course would be selected
from the time period in the transcripts following the first two weeks of the course start
date. After a review of the electronic course files it was determined that this time delay
was not necessary. There were very few instructor-initiated questions identified that
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related to technical support or logistical issues, and those few questions were eliminated.
Therefore, the pool of questions was drawn from start to finish in each course. Questions
were coded as to the week they occurred in the course and sorted by timeframe of first,
second, or final third of the course.
Each course used a similar structural organization within the FirstClass™
software, establishing separate electronic course folders for dissemination of information
related to the course syllabus and requirements, weekly discussion, and technical support.
A sample page identifying typical course organization in FirstClass™ is presented in
Appendix C.

Results Of Question Level Frequencies

Classification of Questions
Each of the 209 questions were subsequently classified according to the four
levels of the Wilen (1991) hybrid question classification system: low-convergent, highconvergent, low-divergent and high-divergent. A check-list (See Table I) of common
question cues based on Bloom’s Taxonomy (University of Victoria, 1996) was used in
order to consistently classify each question based on the language and intent of each
question.

Since the Wilen system is based on Bloom’s Taxonomy (Bloom, 1956),

questions using key-words identified with Bloom’s level of “knowledge” were
categorized as low-convergent.

Questions identified with Bloom’s level of

“comprehension and application” were categorized as high-convergent.

Questions

matching with Bloom’s level of “analysis” were categorized as low-divergent, and
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questions matching Bloom’s level of “synthesis and evaluation” were categorized as
high-divergent. In several instances, instructors were consulted regarding the intent of
the question in order to verify the classification.

Samples of the instructor-initiated

questions, question cues, and resulting question classifications are listed in Appendix D.
Frequency of Questions by Cognitive Level
Frequencies of the resulting question classifications were developed in order to
answer research question #1: What levels of instructor-initiated questions are used in
the online graduate courses? The resulting question level frequencies indicate that out
of 209 questions

10 questions or 4.8% of all questions were classified at the low-

convergent Level (I). Level II or high-convergent questions accounted for 88 or 43.5%
of the total. There were 60 low-divergent (Level III) questions or 28.7% of the total and
48 high-divergent (Level IV) questions or 23% of the total.
Table 5 provides the frequencies for each question level. Although the largest
fraction of the questions occurred at the high-convergent Level II; cumulatively,
divergent questions at the two higher cognitive levels accounted for 51.7% of the total
questions.

Table 5. Frequencies of Question by Question Level
Question Level
I
II
II

Frequency
10
91
60

Percent
4.8
43.5
28.7

, Cumulative Percent
4.8
48.3
77.0

IV

48

23.0

100.0

Total

209

100.0
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Question Level and Time In Course
Question frequencies in each category were cross-tabulated with the time that the
questions were asked in the course. This cross-tabulation is shown in Table 6. The
largest fraction of questions across all levels of questions were asked in the first third of
the instructional timeframe.

Table 6. Cross-tabulation of Question Level Frequency and Time in Course
Time In
Course

Third

Third

Third

Total

Count
% Within Time of Q
%Within Category Type
% of Total 1
Count
% Within Time of Q
%Within Category Type
■% of Total
Count
% Within Time of Q
%Within Category Type
% of Total
Count
% Within Time of Q
%Within Category Type
°/o of Total

I
6
7.2%
60.0
%
2.9%
3
4.2%
30.0
%
1.4%
I
1.8%
10.0
%
.5%
10
4.8%
100.0
%
4.8%

Count by Question Level
II
III
IV

Total

37
44.6%
40.7%
17.7%

23
27.7%
38.3%
11.0%

17
20.5%
35.4%
8.1%

83
100.0%
39.7%
39.7%

30
42.3%
33.0%
14.4%

21
29.6%
35.0%
10.0%

17
23.9%
35.4%
8.1%

71
100.0%
34.0%
34.0%

24
43.6%
26.4%
11.5%

16
29.1%
26.7%
7.7%

14
25.5%
29.2% '
6.7%

91
43.5%
100.0%
43.5%

60
28.7%
100.0%
28.7%

48
23%
100.0%
23.0%

55
100%
26.3%
26.3%
209
100.0%
100.0%
100.0%
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Results of a oneway analysis of variance (Table 7) indicated that there was no
significant difference (p = < .05) in the average number of questions by cognitive-level
during the first, middle, or last third of the course.
Table 7. One Way ANOVA For Question Levels Asked at Early, Middle or Last Third
of Course
Descriptives
Question
Level
I
II
III
IV
Total

N

Mean

10
91
60
48
209

1.50
1.86
1.88
1.94
1.87

Std.
Deviation
.71
.81
.80
.81
.80

ANOVA
Between
Groups
Within
Groups
Total
*p<.05

Sum o f
Squares
1.610

3

Mean
Square
.537

132.639

205

.647

134.249

208

df

F

Sig.

.830

.479

Question Levels and Course Discipline
The next step in the analysis was to classify the selected NTEN courses according
to content discipline and to compare the frequencies of question levels by disciplines.
Each of the fifteen courses was categorized into one of the three disciplines: biology,
earth science, or physics. Although the NTEN program has also developed and delivered
courses in chemistry and engineering, none of those courses met the criteria for this
study. This organization by discipline resulted in 5 courses in biology, 6 courses in earth
science and 4 courses in physics.

The following comparisons of questions in these
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courses provides descriptive information, however, the results are not normalized by
number of courses within each discipline or by number of credits in each course.
A comparison of frequencies revealed that the majority of all questions, 52.6%,
were asked in the biology courses. This was followed by earth science courses with
28.2% and physics courses with 19.1% of the total questions. A cross-tabulation of
question levels and course discipline is shown in Table 8.

Table 8. Question Level Frequency, Percent Within Discipline, Percent Within Level
and Percent of Total By Course Discipline
Course
D iscipline

I

Course Level
II
III

IV

Physics

Count
% Within V18
%Within V3
% of Total

7
17.5%
70.0%
3.3%

11
27.5%
12.1%
5.3%

11
27.5%
18.3%
5.3%

11
27.5%
22.9%
5.3%

40
100.0%
19.1%
19.1%

B iology

Count
% Within V18
%Within V3
% of Total

2
1.8%
20.0%
1.0%

44
40:0%
48.4%
21.1%

37
33.6%
61.7%
17.7%

27
24.5%
56.3%
12.9%

no
100.0%
52.6%
52.6%

Earth
Science

Count
% Within V l 8
%Within V3
% of Total

I
1.7%
10.0%
.5%

36
61.0%
39.6%
17.2%

12
20.3%
20.0%
5.7%

10
16.9%
20.8%
4.8%

59
100.0%
28.2%
28.2%

Total

Count
% WithinVlS
%Within V3
% of Total

10
4.8%
100.0%
4.8%

91
43.5%
100.0%
43.5%

60
28.7%
100.0%
28.7%

48
23.0%
100.0%
23.0%

209
100.0%
100.0%
100.0%

Total

According to this analysis, the majority of questions in both biology and earth science
were Level II or high-convergent questions. Physics showed an equal number of Level

n, m (low-divergent)

and Level IV (high-divergent) questions with 27.5% of the total

questions asked in each of the three levels.
Within question levels, the highest percentage (70%) of all Level I (lowconvergent) questions were found to be asked in physics courses. This was followed by
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biology with 20% and earth science with 10% of all Level I questions. At the Level IV
(high-divergent) question level, biology had 56% of all Level IV questions, followed by
earth science and physics at 20.8% and 22.9% respectively.
Within course discipline, the highest percentage of all Level IV (high-divergent)
questions were found in the physics courses, with 27.5% of all questions asked in the
physics courses categorized at Level IV. Physics also had an equal percentage (27.5%)
of Level II (high-convergent) and m (low-divergent) questions, and 17.5% of questions
at Level I (low-convergent). Biology had 24.5% of all questions at Level IV, 33.6% at
Level HI, 40% at Level II and 1.8% at Level I. Earth science courses had 16.9% of the
total questions at Level IV, 20.3% at Level m, 61% at Level II and 1.7% at Level I.
Although the comparison of means provides interesting descriptive information about the
cognitive levels of questions in various disciplines in the NTEN courses, a one-way
ANOVA showed no significant difference (p< .05) in question levels by course
discipline. These results are provided in Table 9.

Table 9. One Way ANOVA for Question Levels by Content Discipline
Descriptives
D iscipline
Physics
B iology
Earth Science
Total

N

Mean

40

2.65
2.81
2.53
2.70

no
59
209

Std.
Deviation
1.08

.83
.80
.88
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Table 9. Continued
Sum o f
Squares
3.207

Betw een
Groups

ANOVA
Mean
Square
1.603

df
2

Within
Groups

156.803

206

Total
*p<05

160.010

208

•

F

Sig.

2.106

.124

.761

Interaction Index Analysis
Discussion diagrams, a sociometric tool, were used in this study to both visualize
the interaction patterns and to calculate interaction indices in order to quantify the types
of interaction occurring between students and instructors. Discussion diagrams were
constructed for each of the 209 instructor-initiated questions identified in the study in
order to answer research question #2: W hat types of student-instructor and studentstudent interaction patterns occurred as a result of specific question levels?
Construction of Discussion Diagrams
The discussion diagram technique was developed by Horizon Research, Inc., in
order to better quantify and visualize the types of interaction occurring in online
instruction.

Discussion diagrams and the associated interaction indices provide a

measure of student participation and show the extent to which the interactive potential of
a discussion is achieved (Bickel, 1999). The indices provide a measure of interactive
potential and were used in this study to assess the relative contribution of instructorstudent interactions and student-student interactions to the overall discussion initiated by
each question in the study. Discussion diagrams were constructed by first identifying the
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discussion thread and then analyzing the thread to determine the individual connections
made between instructor-student and student-student as they responded to the question or
discussion topic. The diagrams provide a visual tool that identifies all of the first-time
connections made between the instructor and students in a given discussion thread.
While discussion diagrams can be constructed from a discussion thread, the
discussion thread cannot be reconstructed from the diagram.

The diagram does not

represent a total number of interactions or messages sent by participants, but simply
establishes the existence of a single open-ended or closed connection made between
individual students or between students and instructor.

In many instances, multiple

exchanges occurred between certain students or a given student and instructor, however,
these are only represented as a single connection in the diagram. Variations on the
diagram construction could be used to identify other variables in the study of online
interaction.
Open-ended responses such as a question or request for additional feedback or
information are represented in the diagram by an open arrow.

Closed comments or

statements which do not specifically invite response are represented in the diagram by a
closed or solid arrow. Although the open and closed comment notations are not analyzed
in this study, they provide a visual cue regarding the types of connections that are
occurring between students and instructor. A sample of discussion diagrams from each
content discipline and the associated interaction indices can be found in Appendix E.
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Sample Discussion Diagram
Figure 2 is an example of a discussion diagram constructed from question #140.
Figure 2. Sample Discussion Diagram from Question #140.

As in all the discussion diagrams analyzed in this study, it was assumed that the
discussion in Figure 2 was started by an instructor-initiated question, that is not
represented physically in the diagram. The results of the diagram in Figure 2 indicate
that student I (SI) did not participate in the discussion at all. Student 2 (S2) connected
with the instructor and with student 3. Student 3 (S3) connected with both students 2 and
5 and with the instructor. Student 4 (S4) only connected with student 2 and is the only
other student besides S I who did not respond to the instructor. Student 5 connected with
the instructor and with student 3. Student 6 responded directly to the instructor and is the
only student (besides SI) who did not interact with any other students.
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Calculating Interaction Indices
Following construction of the discussion diagrams, interaction indices were
calculated for each question.

Interaction indices were calculated for each of four

potential interactions: I) total student participation, 2) total interaction potential, 3)
instructor-mediated interaction potential, and 4) instructor-independent interaction
potential.

Interaction indice calculations and the resulting values for question #140

shown in Figure 2 are illustrated in Table 10.

Table 10. Interaction Indicies for Figure 2
Index
Student
Participation

Formula*

Formula

Value

(5/6)*100

83%

T o t a l N u m b e r o f S tu d e n t C o n tr ib u tin g a t L e a s t
O nce/
Total Number o f Students in D iscussion Group

Total Interaction
Potential

Actual Number o f Connections/
Total Possible Number o f Connections1

(7/21)*100

33%

Instructor - Mediated
Interaction Potential

Actual Number o f Instructor-Student Connections/
Total Possible Number on Instructor-Student Connections2

(4/6)*100

67%

Instructor - Independent
Interaction Potential

Actual Number o f Instructor-Student Connections/
Total Possible Number on Instructor-Student Connections3

(3/15)*100

20%

* All proportions are multiplied by 100 and represented as percents
1 Total possible number of connections = (n2 - n)/2, where n = number of nodes
2 Total possible number of instructor-student connections = n,* ns, where n, = number o f instructor nodes and ns =
number of student nodes
3 Total possible number of student-student connections = (ns 2 - ns)/2

The total student participation index is a measure of how many students
responded to the question as compared to the total number of students who could possibly
respond.

This measure is calculated by determining the total number of students

contributing at least once and dividing this number by the total number of students who
could possibly contribute.

The mean student participation index was .5845 for all
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questions in this study indicating that on average, 58% of the students participated in
instructor-initiated question in the NTEN courses studied.
The total interaction potential index provides a measure of the number of
individual connections made between student-instructor and student-student as compared
to the total number of individual connections that were possible. Unlike the total student
participation index, which simply counts the number of students participating in the
discussion, this index counts each first-time individual connection made between a
student and another student or a student and the instructor. This calculation determines
the total number of single (first-time) connections made between instructor-student and
student-student, divided by the total number of possible connections.

The mean Total

Interaction Potential for all questions in the study was .1011 or an average of 10% of the
total interaction potential was realized in instructor-initiated questions in the NTEN
course sample.
The instructor-mediated interaction potential index is a measure of the total
number of first-time student-instructor connections as compared to the total number of
possible student-instructor connections.

The calculation consists of determining the

actual number of first-time instructor-student connections and dividing this number by
the total possible number of instructor student connections.

The mean indices for

instructor-mediated potential was .4000 indicating that 40% of instructor-student
interaction potential was realized in instructor-initiated questions.
The final interaction potential measured in this study was the index for instructorindependent interaction potential. This index reflects the number of first-time individual
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student-student connections that were made, divided by the total number of individual
student-student connections that were possible.

The mean instructor-independent

interaction potential index for the total group of questions in this study was .0582, or
about 6% of the student-student interaction potential was realized as a result of instructorinitiated questions in the NTEN course sample. The means of the four interaction indices
for each course in the study are included in Appendix F.

Interaction Index Results
A comparison of means between each of the four interaction indices is shown in
Table 11.

Table 11. Comparison of Means For the Four Interaction Indicies
Student
Participation
Mean
N
Std. Derivation

.5845
209
.2854

Total
Interaction
Potential
.1011
209
.1027

InstructorMediated
Potential
.4000
209
.2865

InstructorIndependent
Potential
.0582
209
.1073

Total student participation in the discussions in this study show an average of
58% of all students participating in the discussions. Both the total interaction potential
index and the instructor-independent interaction potential index appear quite low with
10% of the total interaction potential realized, and 5% of the instructor-independent
interaction potential realized as a result of instructor-initiated questions.

40% of the

potential instructor-mediated interaction was realized as a result of instructor-initiated
questions.
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The Relationship of Question Levels and Interaction Indices
One-way analysis of variance was conducted to answer question #3: Is there a
difference in each of the four interaction indices when compared across the four
question levels? A one-way analysis of variance resulted in a significant difference (p<
.05) between question levels and the two indices of total student participation and
instructor-mediated interaction potential. The one-way analysis of variance showed no
significant difference (p< .05) between question levels and the two indices of total
interaction potential and instructor-independent interaction potential. The comparison of
interaction index means for each question level is provided in Table 12 and ANOVA
results are given in Tables 13-16.

Table 12. Means of Interaction Indicies for Each Question Level
Question
Level
Mean
I
N
Std. Deviation

II

Mean
N
Std. Deviation

III

Mean
N
Std. Deviation

IV

Mean
N
Std. Deviation

Total

Mean
N
Std. Deviation

Student
Participation

Total
Interaction

InstructorMediated

InstructorIndependent

.2699
10
.1812

.0267
10
.0191

.1430
10
.1493

.0040
10
.0078

.6032
91
.2674

.1010
91
.0897

.4434
91
.2738

.0499
91
.0809

.5816
60
.2974

.1035
60
.1118

.4294
60
.3258

.6181
48
.2887

.1138
48
.1192

.3345
48
.2430

.0818
48
.1452

.5845
209
.2854

.1011
209
.1027

.4000
209
.2865

.0582
209
.1073

.0610
60
.1129
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A comparison of means using one-way analysis of variance was conducted
separately for each of the four interaction indices and the results are presented in Tables
13-16.

Betw een Groups
Within Groups
Total
*p<.05

Sum o f
Squares
1.079
15.942
17.021

df
3
206
209

Mean '
Square
.360
.0774

F

Sig.

4.646

.004

Table 14. One ANOVA For the Total Interaction Index By Question
B etw een Groups
Within Groups
Total
*p<.05

Sum o f
Squares
.0631
2.137
2.200

df
3
206
209

Mean
Square
.0211
.0104

F

Sig.

2.029

.Ill

Table 15. One Way ANOVA for the Instructor-Mediated Interaction Index by
________ Question Level______________________________
Betw een Groups
W ithin Groups
Total
* p<.05

Sum o f
■ Squares
1.075
16.058
17.133

j.
df
3
206
209

Mean
Square
.358
.0779

F

Sig.

4.597

.004

Table 16. One Way ANOVA for the Instructor-Independent Interaction Index by
_________ Question Level__________________________
Betw een Groups
Within Groups
Total
*p<.05

Squares
.0627

2.336
2.399

df
3
206
209

Square
.0209
.0113

'

F

Sig.

1.844

.140
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A posthoc Sheffe test, shown in Table 17, indicated that the significant difference in total
student participation and instructor-mediated interaction occurred between the category
one (low-convergent) questions and the remaining three levels (high-convergent, lowdivergent, and high-divergent).

Table 17. Posthoc Sheffe Test Results For Total Student Participation And
Instructor- Mediated Interaction Indices.
Dependent
Variable
Total Student
Participation

InstructorMediated
Interaction

. I

2
3
4

M ean
D ifference
(I-J)
-.3333*
-.3117*
-.3482*

2

I
3
4

.3333*
.0216
-.0149

.0927
.0463
.0496

.006
.975
.993

3

I
2
4

.3117*
-.0216
-.0365

.0950
.0463
.0539

.015
.975
.928

4

I
2
3

.3482*
-.0149
-.0365

.0967
.0496
.0539

.006
.993
.928

I

2
3
4

-.3004*
-.2864*
-.1915

.0930
.0954
.0971

.017
.031
.276

2

I
3
4

.3004*
.0139
.1089

.0930
.0464
.0498

.017
.993
.192

3

I
2
4

.2864*
-.0139
-.0949

.0954
.0464
.0541

.031
.993
.382

4

I
2
3

.1915
-.0189
■ -.0949

.0971
.0498
.0541

.276
.192
.382

(I) Category
Type

(J) Category
Type

Std.
Error

S ig .

.0927
.0950
.0967

.006
.015
.006

*p<05

The Relationship of Interaction Indices and Course Discipline
The courses selected for this study were limited to graduate physical and
biological science courses in order to reduce the potential differences that could be
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attributed to instructional techniques that might be better suited to certain course content.
However, it is still reasonable to expect that differences in interaction patterns might
occur between course disciplines (Wragg, 1984).

In order to better observe these

differences, the interaction indices from courses in this study were grouped into the three
discipline types of physics, earth science and biology. Oneway analysis of variance was
then used to determine if there was a significant difference between each of the four
interaction indices for each of the three course discipline categories of physics, earth
science and biology. The means of interaction indices for each content discipline is
shown in Table 18.

Table 18. Means of Interaction Indicies for Each Discipline
Course
D iscipline

Student
Participation

Total
Interaction

InstructorMediated

InstructorIndependent

.6402

.1208

.4213

.0831

HO

HO

no

HO

.2904

.1146

.3064

.1330

.6330
59
.2385

.1015
59
.0979

.5227
59
.2355

.0395
59
.0708

.3596
40
.2236

.0464
40
.0341

.1604
40
.1003

.0175
40
.0239

.5845
209
.2854

.1011
209
.1027

.4000
209
.2865

.0582
209
.1073

Mean
B iology

N

Std. Deviation
Mean
Earth Science

N

Std. Deviation
Mean
Physics

N

Std. Deviation
Mean
Total

N

Std. Deviation

'

A one-way ANOVA comparing course discipline and means for each interaction index
did reveal significantly different results (p< .05) for each of the four indices of total
student participation, total interaction potential, instructor-mediated interaction potential,
and instructor-independent interaction potential. The results of each ANOVA are shown
in tables 19-22.
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Table 19. One Way ANOVA for Total Student Participation by Discipline,
Betw een Groups
Within Groups
Total
*p<.05

Sum o f
Squares
2.504
14.441
16.945

df
2
206
208

Mean
Square
1.252
.0701

F

Sig-

17.858

.000

Table 20. One Way ANOVA for Total Interaction by Discipli:ne
Between Groups
Within Groups
Total
*p<.05

Sum o f
Squares
.162
2.033
2.196

df
2
206
208

Mean
Square
.0812
.0987

F

Sig.

8.226

.000

Table 21. One Way ANOVA for Instructor-Mediated Interaction by Discipline
Betw een Groups
Within Groups
Total
*p<.05

Sum o f
Squares
3.234
13.839
17.073

df
2
206
208

Mean
Square
1.617
.0672

F

Sig.

24.073

.000

Table 22. One Way ANOVA for Instructor-Mediated Interaction by Discipline
Betw een Groups
Within Groups
Total
*p<.05

Sum o f
Squares
.155
2.241
2.396

df
2
206
208

Mean
Square
.0775
.0109

F

Sig.

7.123

.001

The student participation index or the total number of students participating in the
discussion, compared to the total number possible, was much higher in both biology and
earth science (64% and 63% respectively) than it was in physics courses (39%). The total
interaction potential, or the number of connections made between all students and
instructors compared to the total number possible, was again twice as high in biology
(12%) and earth science (10%) as it was in physics (5%). Earth science showed the
highest mean results (52%) for instructor-mediated interaction potential (or the total
number of instructor-student connections compared with the number possible) followed
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by biology at 42% and physics at 16%. Instructor-independent interaction potential, or
the number of student-student connections compared with the total student-student
connections possible, again showed consistent comparisons between the three groups
with biology at 8%, earth science at 4% and physics at 2%.
The primary difference in interaction indices occurred between physics and the
other two disciplines. Physics courses had interaction means at only half the level of both
earth science and biology courses. Biology and earth science courses, in which the
majority of questions were classified at the Level II (high-convergent), resulted in higher
amounts of interaction in both total-interaction potential and instructor-independent
interaction potential. Physics, with an equal percentage of Level II, HI, and IV questions,
showed lower interaction percentages in all four indices.

Comparisons With Post-Course Evaluations

Throughout the NTEN project, Horizon Research, Inc. has maintained post-course
evaluations completed by NTEN students on each course. Post-course evaluations were
obtained from Horizon Research for each of the courses used in this study. According to
conversations with Sean Smith, Horizon Research principal investigator, there are two
evaluation questionnaire items that most closely relate to the issues of interaction in the
online discussions (Smith, 1999b). The first item states, “Interactions with the course
instructor(s) helped me understand the course material better.” The second item states
“Interactions with the course participants helped me understand the course material
better.” In addition, a third item which most closely parallels overall student satisfaction
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with the course reads, “I would recommend this course to my colleagues” (Smith,
1999b). Each item is answered using a five-point lichert scale ranging from strongly
agree to strongly disagree.
The overall averages for each of these evaluation items in the courses used in this
study are relatively positive. For the total group of courses, 83% of students said that
they agreed or agreed strongly that interactions with the instructor helped them
understand the course material better. Eighty-four percent stated that they agreed or
agreed strongly that the interactions with course participants helped them understand the
course material better, and 78% said that they would recommend the course to their
peers. Table 23 indicates the percentage of students in the courses in this study, that
agreed or agreed-strongly with the evaluation items regarding student-student interaction,
student-instructor interaction, and overall course satisfaction.
Table 23. Post-Course Evaluation Percentages of Students Agreeing or AgreeingStrongly with the Variables Regarding Student Interaction, Value of Instructor
Interaction and Overall Course Satisfaction.
Course
Stu-Stu
Stu-Faculty Satisfaction
Biology of Riparian Zones & Wetlands
55%
89%
66%
Electric Hydrology
41%
42%
75%
Mineral Resources, Economics & Environ
85%
69%
76%
Plains Landscapes
89%
55%
66%
Nutrition For Fitness
100%
92%
84%
Teaching Adolescent Nutrition
78%
89%
77%
Dirty Dozen Soil Science
100%
100%
73%
Earth Systems Science
81%
90%
91%
Infection & Immunity
91%
90%
63%
Quantum Mechanics
100%
100%
100%
General Relativity
100%
100%
100%
Particle Physics
88%
95%
88%
Science & Photography
100%
83%
91%
Agriculture & Medical Biotechnology
57%
.78%
36%
Total Mean Results
84%
83%
78%
Biology Average
78%
85%
65%
Earth Science Average*
81%
75%
77%
Physics Average
93%
97%
97%
*No evaluation data were available for the Mountain Plains & Riparian Processes
Course.
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A more detailed examination of evaluation means was conducted for each of the
three course disciplines. Physics courses, which showed lower interaction indices than
the other two disciplines, had higher evaluation scores on all three items for value of
student-instructor interaction (97%), value of student-student interaction (93%) and
willingness to recommend the course to peers (97%). Biology results showed 85%
agreeing or strongly agreeing that the student-instructor interactions helped them
understand the content, 78% agreeing or strongly agreeing that the student-student
interactions helped understand the content, and 65% recommending the course to their
peers. Earth science courses, which ranked equal to biology courses on the interaction
indices, and ranked highest of all the disciplines in terms of instructor-mediated
interaction, showed 75% for value of student-instructor interaction, 81% for value of
student-student interaction, and 77% willing to recommend the course to their peers.
In the most recent NTEN annual evaluation report, Smith (1999) cited several
student quotations indicating that participants see the discussion as critical to their
learning, and credit both the instructor and other participants with facilitating their
learning:
The interaction with and between the other class participants [was the
most effective aspect of this course] for two reasons: I) It allowed me to
gain ideas (in both the course content and in educational approaches and
philosophy) from several different people, with widely different
backgrounds. This provided a much richer experience than would have
been possible through a local campus course. 2) It allowed me to
contribute, as well, to other people’s experience, and to realize that my
own unique background could, in turn, be an asset to others.
One of the most valuable aspects was to see the types of confusions that
could occur when attempting to learn the subject. It was helpful to discuss
the misconceptions with people who were willing to share their
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misconceptions and difficulties, which is not always the case when your
students encounter the same difficulties.
Smith (1999) also cited quotations that illustrate student frustration when
discussion falls short of their expectations:
I wish there could have been more dialogue going on. It seemed that most
participants were more intent on just getting the assignments done and that
was it.. .many questions were left hanging in the air and never answered.
There needs to be more guidance during the group discussions of
homework. We stumbled around in the dark a lot, and there were times
where we came to erroneous conclusions, but were never corrected. This
is not the way to dispel misconceptions, and is not the way inquiry is
taught in the classroom. There needs to be more staff so that one staff
member can be assigned to a group and actively guide weekly discourse
on the tutorials.

Results Of The Supplemental Course Reviews

There are many factors that influence student and instructor interaction patterns
in any given course.

Many of those factors are related to the course design and

instructional style determined by the instructor. In order to better understand how design
factors might influence the student-student and student-instructor interaction in an online
classroom, three courses from this study were selected for a more detailed review.
Supplemental course reviews were conducted on the course from each discipline that had
the most student-student interaction as a result of discussions that occurred following
instructor-initiated questions. The selected courses were Earth Systems Science (earth
science), Quantum Mechanics (physics), and Teaching Adolescent Nutrition (biology).
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Quantum Mechanics

Course Design: The quantum mechanics course was taught Fall semester 1999 by
one faculty member and one teaching assistant.

Student enrollment consisted of 15

students who enrolled for three graduate credits. The course ran for a total of 14 weeks.
This course has been taught multiple times by the same instructor throughout the NTEN
program.
Course policies were clearly defined from the beginning. Students were provided
detailed written information regarding the description, instructor, prerequisites, work
load, dates and credit, technical support, electronic delivery, and learning materials. In
addition, students received lengthy information regarding the “challenges of an electronic
course,” the format for discussion, and the role of the instructor and student.
The role of the instructor was described in the introductory policies:
The instructor in this course does not lecture, but rather helps focus the
discussion on the reading and exercises for the week and provides
guidance to the group from time to time. As a discussion on a particular
topic develops, you will notice that some questions put to the instructor
are turned back to the class for resolution, since mulling over and
answering such questions is one of the best ways to learn. There is much
talent and understanding among all the course participants, and one of the
goals of this course is to take advantage of these. (Thomber, 1999)
Student roles were also defined with an emphasis on course discussion: “It is
important for you to understand that your role in this class is not to be a passive notetaker - because there is to lecture on which to take notes! Each participant is expected to
read the material, to be prepared for ongoing discussion, and to offer help and
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suggestions to others in the class. Each member of this class shares equally in the
responsibility for the successful completion of the course.” (Thornber, 1999)
Both assignments and grading policy were also clearly identified in detail, and
again, emphasized the importance of online discussion: Each week a different student
was assigned the role of “First Responder.”

The First Responder read the weekly

assignment and posted a discussion topic to the class by a given deadline. Detailed
directions were given for where these topics and the responses should be posted in the
electronic classroom. Another requirement involving online discussion was called the
“Reading Memo.” For each weekly reading assignment, students were required to send a
brief memo to another student summarizing their reactions, questions, and insights
regarding the reading. Students responded to the “Reading Memo” that they received.
“Reading Memo” recipients were rotated each week so that students interacted with a
different classmate each week. Again, detailed informatiowas provided regarding where
to post these “Reading Memos” and the responses in n order to receive credit for grading
purposes.
In addition to the First Responder and Reading Memo requirements, students also
had weekly homework exercises and, once again, emphasis was placed on online
interaction: “Participants are urged to send messages to other members of the class and to
collaborate on homework and projects...You may also contact the instructor by private
message at any time to ask questions, make comments, or shoot the breeze.” (Thornber,
1999).
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Introductory materials provided students with a detailed checklist of weekly
requirements and deadlines. Students knew exactly what was expected of them and when
it had to be completed each week. A clearly-outlined point system was provided for
grading: Out of a total 275 points, HO points or 40% were related to the online
interaction resulting from First Responder topics or Reading Memo responses.

The

remaining 60% was related to weekly homework assignments or projects. The final
grading scale was also clearly defined and based on total points earned. Students were
urged to contact the instructor regarding unforeseen circumstances that prohibited them
from meeting deadlines or requirements, and each participant was provided with a
weekly progress report showing points earned and projected grade based on current point
status.

Electronic Classroom Organization:
organized

into

eight major folders.

The Quantum Mechanics course was
These

folders included:

QMBulletins,

QMAssignments, QMMaterials, QMTopics, QMTechnical, QMReading, QMHomework,
and QMDiscuss.

The “bulletins,” “assignments,” and “materials” folders contained

course policy, assignments, reading materials, and introductory information.

The

“technical folder” was included to manage any software or hardware related questions.
“Topics” and “discuss” folders included online interactions related to the Reading
Memos and First Responder topics. Weekly discussion topics were clearly defined by the
instructor and the related reading assignment each week and the sub-folders were
organized into weekly discussion topics. The “reading” and “homework” folders were
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provided for submission of homework and copies of reading memos in order to receive
credit for their completion.
Course Statistics:

Seven instructor-initiated questions were identified in the

Quantum Mechanics course with three Level IV (high-divergent) questions, three Level
m (low-divergent) questions, and one Level II (high-convergent) question. Interaction
indices based on these seven questions showed the following results:

total student

participation = 44%, total interaction potential = 7%, instructor-mediated interaction
potential = 19% and instructor-independent interaction potential = 4%. The FirstClass™
software recorded a total of 3,585 messages posted to the eight main course folders and
this count does not include any private messages sent between students and/or instructors.
This high message count indicates that the majority of online interaction did not occur as
a result of the seven instructor-initiated questions.
Post-course evaluations indicated that 100% of the students responding to the
evaluation agreed or strongly agreed with each of the three evaluation statements
analyzed in this study. Participants all agreed or agreed strongly that interaction with the
instructor helped them understand the content, interaction with other students helped
them understand the content, and that they would recommend the course to their peers.
When asked what aspects of the course were especially effective, several student
comments refer to the online interaction with the instructor and their peers:
I learned about the theory of the interaction between light and matter, a very
powerful model. The course has also helped keep my mind open and ■
receptive to new ideas from the instructors and participating colleagues. I
hope to extend this openness to help my teaching.
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The exercises were well thought out. The course was well designed with
discussion and participation being an integral part of the weekly
assignments.
When asked how the course could have been more effective, several students’
comments indicated a desire for more structure, perhaps reflecting their traditional
expectations for a lecture format:
I would like to have more structured discussions begun by the instructors.
Many of the discussions started by students tended to digress into
rumblings.
Although the course is not designed to include lectures, I think I would
have gotten more from the course if we would have had lecture materials
available to us. In particular, I think it is a shame to get through a course
like this without seeing [the instructors] lecture on some key topics in QM.

Discussion Diagrams and Instructor-Initiated Questions:

The search for

instructor-initiated questions in the Quantum Mechanics course resulted in relatively few
instructor-initiated questions when compared with other courses in the study. This is
explained by the fact that the instructor attempted to play a limited role and required
students to initiate the majority of questions and discussion topics. A review of the
discussion diagrams indicates that the majority of responses are “closed” statements that
do not invite further dialogue. Questions which asked students to reflect on a reading
assignment or software calculation exercise, (i.e. What are some of the main points that
Feynman has made?), appeared to generate responses from a greater number of students
arid more responses between students, than questions that asked students to apply the
information to a different context (i.e. Can people think of other scenarios?).
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Teaching Adolescent Nutrition

Course Design: The Adolescent Nutrition course was taught fall semester 1999
with one faculty instructor, one teaching assistant and 25 students. This course ran for a
total of 14 weeks and was approved for two graduate credits.
Course introductory materials included information on goals, sponsorship,
instructors and staff, dates, credit, materials, prerequisites, dates and time commitment,
and course structure.

Structure information included detailed descriptions of online

discussion expectations, deadlines, grading, and homework.
The instructor placed special emphasis on discussion and interaction throughout
the introductory materials. When describing goals the instructor wrote, “A secondary
goal of the course is to enhance your comfort level with online continuing education
course offerings such as this one.” In describing the roles of student and instructor,
discussion was also emphasized: “Each participant plays an important role in the overall
success of the course due to the great importance of the discussion component of the
course.

The discussion is at the core of the course and each participant should be

prepared to actively play a role in the ongoing discussions. This is not only a wonderful
medium through which to learn about new content, it also serves very well as a means of
sharing instructional/educational experiences with colleagues who otherwise would not
be so accessible. Please take advantage of this effective communications system.”
Course assignments included a weekly reading assignment, weekly discussion
item, and periodic homework assignments. Participants were required to contribute twice
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in each weekly discussion. Homework assignments and projects were submitted directly
to the instructor.
Grades were based on discussion participation, homework, and a final project.
Participation in online discussion was again emphasized: “The discussion component of
the course will serve as the platform on which we bring together our unique histories,
interpret the new material we have read and ponder various intriguing aspects of this
exciting topic” (Stein, 1999). Grading for discussion was based on quality as well as
quantity. Students could earn up to 10 points each week for discussion contributions.
Discussion points accounted for 35% of the total grade. Online contributions were also
required through the use of discussion summaries. Each week a different student was
assigned the responsibility for summarizing the week’s discussion and posting highlights
and conclusions to the rest of the class. Points for the discussion summary accounted for
7% of the total grade. Homework assignments and a final course project accounted for
the remaining 58% of the student’s grade. Point tallies and grade summaries were posted
electronically, periodically, throughout the course.

Electronic Classroom Organization:

The Adolescent Nutrition course was

organized into 22 main folders, with the majority of folders organized around weekly
discussion topics. In addition to the folders, the course contained several additional
folders for instructional support. The “general info” folder contained all course policy
and introductory material. A “technical dilemma” folder provided a location for software
and hardware questions, and a “grade report” folder contained periodic postings for
student grade point status. The “homework in-box” housed all completed homework
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assignments and the “survey in-box” collected pre-course surveys.

Three additional

folders provided opportunity for online student interaction. The “Who’s in Class” folder
encouraged students to introduce themselves to one another and to share information
about themselves. “Hot Topics” was an area where students could continue to pursue
weekly discussion topics or any other topic with other participants. A “cool materials”
folder provided participants with a place to share classroom resources that might help
them present course topics to students in their own classrooms.

Course Statistics: The FirstClass™ software recorded 1,556 public messages
posted throughout the entire course. Twenty-three instructor-initiated questions were
identified in the nutrition course. Question levels were categorized with 6 questions at
Level It (high-convergent), 4 questions at Level IH (low-divergent) and 13 questions at
Level IV (high-divergent). Interaction index means that resulted from the instructorinitiated questions and their related discussions were 91% total student participation, 28%
total interaction potential, 34% instructor-mediated interaction potential, and 27%
instructor-independent interaction potential.
Post-course evaluation results indicated that 89% of the respondents agreed or
agreed strongly that, interaction with the course instructor helped them understand the
content.

Seventy-eight percent agreed or agreed strongly that interaction with other

students helped them understand the course content, and 77% agreed or agreed strongly
that they would recommend the course to their peers. When asked what aspects of the
course were particularly effective several students commented on the online discussions.
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I have gained useful information and activities for my classroom. Also,
the collaboration has increased my resources and support system for
teaching. The material used is incredibly valuable to my profession.
I liked the structured discussions twice a week. This made me stay on top
of things instead of dedicating a weekend to completing the course work.
I also liked the different discussion groups. Each week (almost) we had
different groups which brought about different perspectives.
Discussion questions encouraged me to think about my ideas and concepts
and how they related to the whole picture and how I could influence
students in a positive way.
Similar to the comments in the quantum mechanics course, several students
expressed a desire to change the discussion format. One wrote: “I would like to see the
discussions in a more open-ended format.

Too much structure squelches the true

discussion that could take place.” Another commented, “I felt a lack of interaction with
fellow class members. Immediate feedback is lacking. Guess I really like the social
interaction in a classroom.” (Horizon Research, Inc. 1999) Another comment reflects
expectations for a traditional classroom, “Cut the weekly workload down, insure greater
content for less time investment.”

. Discussion Diagrams and Instructor-initiated Questions:

A review of the

discussion diagrams revealed several differences from discussion diagrams in other
courses. The course design was dependent on weekly or more-than-weekly discussion
questions and topics posted by the instructor resulting in a larger number of instructorinitiated questions than found in other courses.

Students were divided into small

discussion groups of six or seven students for each question, and these groups were re
assigned weekly in order to encourage students to interact with a larger variety of

143

individuals in the course. The small discussion groups seemed to encourage students to
interact with every individual in the group.
The most striking difference in the discussion diagrams for the Adolescent
Nutrition course is the large number of “open-ended” comments that invited further
discussion. It appears that this is strictly a result of course-design. Each student was
required to respond to the original instructor-initiated question AND to follow-up with a
new question to the discussion group. In many diagrams, it appeared that this technique
was effective for increasing the amount of interaction that occurred between the course
participants as they responded to questions posted by their classmates within the
dialogue.

Earth System Science

Course Design: The Earth Systems Science course was offered for two graduate
semester credits in Fall semester 1999. The course was taught by one faculty instructor
to 20 participants over 14 weeks. Unlike the previous two courses described in the
supplemental review, this course used a combination of material presented on the WWW
and the FirstClass™ software for online course discussions and interaction.
Introductory materials, syllabus, and assignments were provided on the course
. web site. Communication was emphasized by the instructor throughout this material:
“The bottom line is communication: you must communicate with me in order for your
questions to be answered and for this class to be successful for you!” In describing
course requirements for participation in discussion, the instructor wrote,
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The value of a class such as this is the opportunity to participate in
discussions of science and pedagogy issues. Participating in a discussion
with your fellow professionals and instructors can inspire you, rekindling
the sense of wonder about science that you felt as a young student. The
discussion questions are high-level, fundamental questions about the Earth
as a System of Systems. Understanding the mechanisms and being able to
discuss the material at this level is an indication that you have a good
understanding. I place high value on enthusiastic and open, no-holdsbarred debate of ideas and issues. Communicating asynchronously via email may seem somewhat stifling. However, you will find that it forces
you to stop, gather your thoughts, and really think about responses.
Course assignments, grading procedures, deadlines, and schedules were described
clearly and in detail. Fifty percent of the grade was based on some kind of activity that
required online communication.

This communication was partly made up of

contributions to discussion topics, posting summaries of results of classroom activities,
and critiquing work done by fellow participants. Students were required to make at least
one posting to the weekly discussion and to reply at least once to someone else’s posting.
The remaining 50% of the grade was derived from class projects that applied the course
content to ah area of interest to the participant. Similar to the other courses in this case
study, the Earth Systems Science instructor placed special emphasis on the individual
student’s responsibility for learning. “I am a firm believer in participatory education at
all levels, hi the spirit of innovation and freedom from the tyranny of grades, you choose
the grade and level of participation you want.

The quality and quantity of your

participation is, of course, strictly up to you; you will get far more from this course if you
participate fully!”(Nelson, 1999).
Another similarity to the previous two courses is the overall tone of the
introductory material. In each case the instructor was Welcoming, upbeat, energetic and
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enthusiastic about the course. Students were given the impression that the course was
serious in content and the instructor cognizant of the interests and needs of the particular
audience. Communication with the instructor was always encouraged: “Please contact
me as soon as possible if you feel yourself getting behind, confused, discouraged, or
bored.

I must warn you, however, that I am eternally optimistic and insufferably

cheerful !’’(Nelson, 1999).

Electronic Classroom Organization:
organized into two parts.

As previously stated, this course was

The first part contained course information and materials

located on a web site. This section of the course included the “introduction,” “syllabus,”
“assignments,” “helpful technical hints,” and “people: meet your instructors and
classmates.” This last section provided students with the opportunity to share a photo
and information about themselves with their classmates.
The second part of the course used the FirstClass™ software to facilitate online
communication and discussion. There were nine main folders, organized by course units
and assignment areas. In addition, there was a “coffee shop” folder established for
student discussion, independent of specific course discussion topics. Course units were
not organized by week, but rather by topic, with four main discussion topics presented
throughout the course. These topics were quite broad and discussion for each topic
ranged over a two to three week time period.

Course Statistics:

The FirstClass™ software recorded a total of 791 public

messages posted throughout this course.

A search for instructor-initiated questions
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revealed only four questions posted by the instructor, one for each unit. These broad
questions often contained multiple questions, but were recorded as one—as long as they
were consistent in level or category. It was not possible to separate the responses into
mini-questions asked within questions. Of the four instructor-initiated questions, two
were categorized at Level II (high-convergent), one at Level m (low-divergent), and one
at Level IV (high-divergent). Students were divided into small discussion groups for all
questions except one.
Interaction indices for Earth Systems Science show 91% total student
participation, 38% total interaction potential, 90% instructor-mediated interaction
potential, and 24% instructor-independent interaction potential. Post-course evaluation
results indicate that 91% of the students responding agreed or strongly agreed that
interaction with the instructor helped them understand the content and 81% agreed or
strongly agreed that interaction with other students helped them understand the content.
Ninety percent agreed or strongly agreed that they would recommend the course to their
peers.
Student comments expressing the value of online interaction with peers and the
instructor were fewer in the Earth Systems Science course as compared to the Quantum
Mechanics or Adolescent Nutrition course. One student commented that, “developing
the lessons [was the most valuable] because the feedback from the instructor was very
valuable.” One student wrote: “The discussions were so frustrating. The topics were so
abstract. Many times I was lost in the discussion. I did not even know where or how to
begin to answer such difficult questions. It would be better to ask some questions that
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could be researched.” Yet another student noted that the discussions were valuable and
recommended that more time be allotted to discuss [assignments] as a group, “I would
have liked.. .more time to look at each others’ extensions and analyze them as a class and
make several great units together out of them that many of us could use in our
classrooms. Two heads or ten heads are often better than one.”

Discussion Diagrams and Questions: Although the Earth Systems Science course
design placed special emphasis on discussion and participation, a review of the
instructor-initiated questions and discussion diagrams revealed that there were very few
instructor-initiated questions. These questions were all constructed as multiple questions
within questions, and probe students to elaborate on their responses and build on
previously learned material. For example, one question reads “Discuss how plate
tectonics helps us understand the evolution of the earth, discuss what models you would
use to show vastness of scale represented by plate tectonics?” This questioning technique
called scaffolding, is described by Jiang (1998) as having a correlation with positive
student course perception. A single question of this type was used by the instructor to
generate discussion for longer periods of time, sometimes up to two or three weeks in the
course.

Although this technique appears to enhance interaction among and between

students, the response postings are almost 100% “closed” comments, similar to the
“open” and “closed” results in the other two courses.
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Summary of Findings
The main findings of this study can be summarized as follows:
n The majority of instructor-initiated questions in the course sample are Level II, or
high-convergent level questions; however, when questions were divided into two
levels of convergent and divergent, the largest percentage of questions occurred at the
divergent or high-cognitive level of classification.
n There was no significant difference (p< .05) in the cognitive-level of instructorinitiated questions recorded during early, middle, or late time periods in the sample of
courses.
n Interaction means for both total interaction and instructor-independent interaction
indicated that the amount of interaction between participants was low when compared
to the total amount possible; however, these indices show that students were equally
or more likely to interact with a fellow student, as they were with the instructor in
response to instructor-initiated questions.
n The post-course evaluations consistently indicated that students perceived benefit
from the interaction with their peers and instructors, and that instructors perceived a
high level of student-student interaction in the sampled courses.
n Questions at the cognitive levels of high-convergent, low-divergent, and highdivergent showed significantly different results (p< .05) in both the total student
participation index and instructor-mediated interaction index. Questions at the higher
cognitive levels appear to increase the probability that each student in the course
would participate in the discussion and the likelihood that the instructor would
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interact with each individual student in the course.

There was no significant

difference (p < .05) between the cognitive level of question and either instructorindependent interaction or total interaction indices.
°

Interaction indices and cognitive levels of instructor-initiated questions in the courses
may be influenced by content discipline. Biology courses showed the largest number
of instructor-initiated questions. Both biology and earth science courses had higher
scores in all four indices of total student participation, total interaction potential,
instructor-mediated interaction potential, and instructor-independent interaction
potential as a result of instructor-initiated questions.

In addition, both biology and

earth science courses had a majority of high-convergent questions, whereas physics
had the highest percentage of low-convergent questions of all disciplines, and an
equal distribution of high-convergent, low-divergent, and high-divergent questions.
» Supplemental course reviews, conducted on the courses in each discipline with the
highest instructor-independent interaction indices, provided insights regarding course
design factors that may influence student-student and student-instructor interaction.
Although levels of questioning and interaction indices appear to be influenced by
course discipline, it is more likely that Overall course design factors are responsible
for these differences.
Conclusions related to these findings and the implications for theory, practice, and
research are described in Chapter 5.

150

CHAPTER FIVE
CONCLUSIONS

Introduction

Rapid advances in information and communication technologies have rekindled
and spurred interest in the use of instructional technologies to deliver courses at a
distance to students in higher education.

Attempts at distance learning in higher

education have met with mixed success over the years. Most of these efforts utilized
instructional technology that offered a limited one-way broadcast medium. Satellite,
public television, and print correspondence courses all created a “top-down” or broadcast
delivery form of teaching and were seldom successful in engaging and immersing
students in the learning process. Now, however, new technical advancements, with twoway interactive video, audio, and text capabilities, offer an opportunity to create a
learning environment that may equal or ultimately surpass that of a traditional classroom.
According to the literature reviewed for this study, there is ample descriptive
evidence regarding the advantages and appropriateness

of computer-mediated

conferencing for teaching and learning (Harasim et al., 1995; Driscoll, 1994; Berge,
1997a). With the introduction of the World Wide Web, there has been a proliferation of
courses using computer-mediated conferencing as a component of the course delivery.
Although it has been demonstrated that computer-mediated conferencing can be an
effective teaching/learning medium ideal for engaging students in the learning process,
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little is known about specific instructional and course design techniques that might be
utilized in this environment to maximize the opportunities for teaching and learning
(Berge, 1997a, 1997b).
The purpose of this study was to identify the cognitive levels of questions asked
by instructors in a sample of online graduate science courses and to determine if there
was a relationship between the cognitive level of the question and the corresponding
student-instructor and student-student interactions that occurred. The distance learning
literature reviewed for this study indicates that the majority of practitioners and
researchers of online and computer-mediated instruction subscribe to the Socialconstructivist theory of learning (Kanuka and Anderson, 1998). If the online medium is
I

expected to facilitate learning through students’ interaction with new information and
with other individuals, it is important to understand these instructional techniques that
might encourage students to interact with one another and facilitate the integration of new
knowledge with their existing knowledge and prior experience.
This study consisted of three parts: I) identifying and classifying instructorinitiated questions in a sample of online courses; 2) constructing discussion diagrams and
calculating interaction indices for instructor-student and student-student interactions; and
3) conducting supplemental reviews on a subset of courses in order to better understand
design factors that might contribute to student-student interaction. Analysis was also
conducted on post-course evaluation items that corresponded most closely with
participants’ perceived value of interaction with the instructor and fellow students in the
online courses.
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This chapter is organized as follows:
n Conclusions regarding frequencies of question levels;
n Conclusions regarding interaction indices;
n Conclusions regarding supplemental course reviews;
°

Conclusions regarding NTEN evaluation data;

°

Discussion of conclusions as they relate to the literature; and

°

Implications for theory, practice and research.

Conclusions

Conclusions Regarding Frequencies
Of Cognitive Levels of Questions
Research Question #1:

What cognitive levels of questions were asked by

instructors in the NTEN courses? There was an equal distribution between low and highlevel cognitive questions asked by instructors in the courses studied. A total of 209
instructor-initiated questions were identified from fifteen online graduate science courses.
Although these questions cannot be considered a complete listing of all instructorinitiated questions in the fifteen courses, they represent a majority of all instructorinitiated questions.
When categorized according to the Wilen hybrid question classification levels
(Wilen, 1991), 4.8% were low-convergent, 43.5% were high-convergent, 28.7% were
low-divergent and 23% were high-divergent questions. Although the majority of the
questions were classified at the Level II or high-convergent level of questions, it is
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interesting to note that when grouped into two levels of convergent (low-cognitive) and
divergent (high-cognitive) questions, the largest percentage (51.7%) of instructorinitiated questions occurred at the divergent level. Although this is what might be
anticipated in graduate courses, it is inconsistent with that found in the literature on levels
of instructor-initiated questions in traditional instructional settings.

As described in

Chapter 2, the literature has changed very little over the past thirty years.

It has

consistently indicated that instructors ask a majority of questions at the low-cognitive or
convergent level and ask very few questions at the divergent or high-cognitive level.
The fact that NTEN instructors used a majority of divergent questions in their
online instruction is a positive, but perhaps not surprising, outcome. The courses were
offered in a mature program with a well-defined audience and clear goals. Faculty
teaching these courses were experienced in both graduate and online instruction. In
addition they have had the opportunity to share their online teaching experiences with
peers as part of faculty development efforts encouraged by the NTEN program. They
were also provided information regarding the background, needs, and experiences of their
students.

NTEN project evaluation reports indicate that students are engaged and

satisfied with the online interaction, indicating that instructional techniques used by
NTEN faculty engaged students in more than rote or comprehension levels of dialogue.
Formulating good questions is an important skill and teachers can facilitate its
mastery by modeling good questions in the classroom. Faculty development in the
NTEN program has promoted modeling of hands-on active learning in the science
classroom. Faculty were made aware that teachers teach the way they were taught, and
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that modeling instructional techniques for use in their own science classrooms is an
important attribute of the NTEN program. The fact that faculty in this study used highercognitive levels of questioning is an important modeling activity and positive comment
on the instruction in the program.
The distribution of question levels within individual courses indicates that instructors
used a variety of levels of questioning in many of the courses. This again is a positive
commentary on the instruction in this sample of courses. The value of using a variety of
questioning levels to enhance instruction is supported in the literature (Wilen, 1991). The
cognitive levels of instructor-initiated questions in these courses appear to differ from
those typically described in the literature, which indicates that the majority of instructors
asked questions primarily at the convergent level. The instructors appear to have utilized
a variety of question levels, the majority being divergent questions, in their attempt to
engage students in online discussion. Although this use of divergent or higher levels of
questioning might be attributed to the graduate student audience, it is possible that the
instructors adapted their instruction to meet the unique characteristics of the online
environment, to engage students in collaborative and constructive learning, and to model
good teaching techniques for this particular audience. Anecdotal and evaluation reports
from courses in this study indicate that instructors have changed the way they teach as a
result of the online classroom and its time-and-place independence. Instructors in the
online courses cannot rely on the traditional lecture/recitation pattern as a teaching model
in this environment. Further research to examine the possible increase in the use of
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divergent questions to stimulate discussion and learning as a teaching technique that
occurs as a natural adaptation to the online classroom may be useful.

Question Levels and Course Discipline: In order to better understand the use of
various question levels within the sample of courses, the frequency of question levels
were determined for each of the three course disciplines. All courses used in this study
were grouped into the three disciplines of biology (five courses), physics (four courses),
and earth science (six courses). The majority of questions were asked in biology courses
(52.6%), followed by earth science and physics respectively. A majority of questions in
biology courses were at Level II (high-convergent) with the remaining questions spread
equally between Level HI and Level IV. Earth science courses showed a very similar
pattern. Questions in physics courses, however, were distributed almost equally between
Levels II, HI and IV and showed a higher percentage of Level I questions than the other
two disciplines. A comparison of means using a one-way ANOVA showed no significant
difference in the mean level of question asked in each of the three disciplines.
The distribution of question levels in each of the disciplines may be attributed to
traditional methods of teaching in each of these disciplines. Biology and earth science,
both of which may be considered less quantifiable disciplines than physics, may
traditionally use question and discussion as a teaching technique more than physics.
Physics, which involves more use of equations and mathematical problem solving, may
traditionally utilize more Level I questions to solve equations and then make use of
higher-cognitive levels of questions to apply this information.
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Question Levels and Time In Course:

There were no statistically significant

differences found in the cognitive level of instructor-initiated questions recorded during
early, middle, or late time periods in the courses studied. It was expected that question
Levels IH and IV, which require higher levels of cognitive thought, would increase
during the last third of the course as course content complexity and instructor
expectations of student knowledge increased.
Although this result was not anticipated, it may be a function of the graduate
audience.

Based on prerequisites and an understanding of the student population,

instructors may not have felt a need to start the instructional process with lower-level
questioning. This result might also be attributed to the course design and the electronic
asynchronous environment. Questioning appears to be used by instructors primarily as a
tool to engage students in online interaction. This would necessitate the use of more than
rote or convergent questions, regardless of what point in the course.

Conclusions Regarding Interaction Indices

Research Question #2:

What student-student and student-instructor response

patterns occur as a result of specific cognitive levels of questions? Overall, the number
of students participating in the discussion and posting responses to questions in the
courses was relatively high, with an average of

58% of students participating in

responses to instructor-initiated questions. Results of the supplemental course review
indicated that instructors emphasized online discussion and participation. In addition,
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results of the study indicated that the use of higher cognitive levels of questions may be
an effective tool for increasing individual student participation in discussion.
Discussion diagrams and the calculated interaction indices in this Study indicate
that only a small amount of the total interaction that was possible was realized. At first
glance it might appear that students were interacting more with the instructor than with
fellow students. Further examination of the results, however, reveal that this is not the
case and indicate that actual interactions between students and between instructor and
student were roughly comparable in volume.
The normalizing function of the total-interaction, instructor-mediated interaction!,
and the instructor-independent interaction potential calculation, creates a tendency for the
instructor-mediated interaction score to be much greater than either the total-interaction,
or instructor-independent score. This may create an artificial impression regarding the
low volume of student-student interaction in the discussions reviewed in this, study, hi
order to better understand the results, comparisons were made between the instructorindependent index and total-interaction index, which are both similar in their normalizing
function. Although these results vary considerably by course, the average across all
courses is .101 for total-interaction, and .058 for instructor-independent interaction.
Comparison of these mean indices show that only .043 of the total interactions involved a
student and instructor, indicating that students were more likely to interact with another
student than with the instructor as a result of instructor-mediated questions.
There are several other factors that must be considered. The instructorindependent interaction potential (which represents the amount of student-student
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interaction compared to the amount possible) is calculated based on the total number of
connections that could possibly be made between students in the course. In cases where
the class enrollment is relatively high (25 students), the number of potential connections
is quite large, [25 x (25-l)]/2, and the formula assumes that each student could interact
with each of the other students in the class at least once for each question. That may be
an unrealistic expectation based on the number of students in the class and the difficulty,
even in the traditional classroom, in engaging every student in class in some form of
discourse.
In addition, interaction as a result of instructor-initiated questions is not the only
place where student-student interaction occurred throughout the course, and it should not
be assumed that the study findings represent the total amount of student-student
interaction in the course. Most of the NTEN course instructors provided a “coffee house”
conference area in which students were encouraged to carry-on discussions that might not
pertain to a given assignment or course topic.

There were also many opportunities for

students to initiate questions. and these questions and the resulting dialogue were not
analyzed as part of this study. Further research regarding student-student interaction that
occurs independent of instructor-initiated questions would provide valuable insight
regarding student-student interaction in online instruction.

Interaction Indices and Course Discipline:

Comparison of interaction indices

across the three course disciplines of physics, earth science, and biology revealed some
interesting differences in interaction patterns between the three course disciplines. The
total student participation mean index was higher in both biology and earth science
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courses indicating that a greater percentage of students participated in discussions in
these disciplines than in the physics Courses. Similarly, the total interaction potential
index, instructor-mediated interaction potential index, and instructor-independent
interaction potential index all appeared to be considerably higher in biology and earth
science than in the physics courses. The indices show that overall interaction resulting
from instructor-initiated questions in the four areas measured was higher in both earth
science and biology than in physics.
Bickel (1999) conducted a mini-case study discussion diagram analysis that
compared interaction indices between sample discussions in three NTEN courses in the
disciplines of physics, education, and biology. Although education pedagogy Courses
were deliberately eliminated from this study in order to reduce comparisons across very
different instructional disciplines, it is interesting to note several similarities to BickeTs
findings. Both the biology and education course in BickeTs case study showed more
total student participation and student-directed (instructor-independent) interaction than
the physics course. Similar results were found in this study, with both earth science and
biology showing larger total student participation and instructor-independent interaction
than the physics courses. BickeTs physics course discussion showed a greater mix or
combination of exchanges, both among participants (instructor-independent) and between
students and instructors (instructor-mediated) when compared with biology, which was
predominantly instructor-mediated.

Similar results were observed in this study.

On

average, a greater combination of exchanges occurred in physics courses than were
found in either biology or earth science courses.
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Bickel (1999, p. 35) concluded that the level of interaction was not necessarily
determined by course content and that “it is likely that the differences in the on-line
environments were influenced by differences in course design.” The supplemental course
review supports this conclusion.
Conclusions Regarding the Relationship
Of Question Level and Response Patterns

Research Question #3: Is there a relationship between the cognitive levels of
instructor-initiated questions and the resulting student-student and student-instructor
interaction patterns in the NTEN courses? Analysis of interaction indice means for each
of the four question levels showed a significant difference (p < .05) between cognitive
levels of questions and the indices for total student participation and instructor-mediated
interaction. Significant differences occurred between Level I (low-convergent questions)
and the remaining three levels. Higher cognitive levels of questions (II, H , IV) resulted
in an increased percentage of individual students who responded to a given question, and
resulted in an increased chance that an instructor would connect with each individual
student in the course in response to the question. This finding was anticipated based on
both the literature review and anecdotal information from the post-course evaluations.
Questions asked at increasing levels of cognitive ability would be expected to increase
the percentage of total students participating in the responses (Wilen, 1991). Questions at
higher cognitive levels, involving answers that require more than rote memorization,
should also have a higher percentage of individual student-instructor connections when
compared with the total possible number of instructor-student connections.

This is
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consistent with NTEN evaluation reports in which instructors perceive large volumes of
interaction with students, and students indicate that online interactions with the instructor
helped them Ieam both the course content and how to apply it in their own teaching.
There appeared to be no relationship between the cognitive level of questioning
and the amount of individual student-student connections. Nor did there appear to be a
relationship between question level and the total interaction potential, or the likelihood
that all students would interact with one another and with the instructor in the discussion.
There was no statistically significant difference between the cognitive level of questions
and the indices for instructor-independent interaction potential or total interaction
potential. This was not anticipated. Although the NTEN courses used in this study show
that the instructors used a higher percentage of Level DI and IV questions than found in
the traditional classroom literature, the use of higher- level questions did not result in a
significant increase in the total interaction index, nor did it increase the student-student
interaction index.

Conclusions from the Supplemental Course Reviews
In order to identify course design factors that might contribute to overall studentstudent interaction, supplemental course reviews were conducted on the courses from
each discipline that had the highest mean index for instructor-independent interaction.
Overall, there were more similarities than differences in the design of these three
courses.

In each course the students were provided with clear course goals and

expectations, detailed assignments and well-defined schedules and deadlines. Two of the
three courses provided students with regular progress reports regarding point status and
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projected grades. All three courses emphasized online discussion and based 40% or more
of the final grade on participation in discussion. Courses varied in whether or not the
discussion-participation grade was based on quality of the posted comments or simply on
participation.
The three course instructors were overwhelmingly supportive and positive in their
interactions with students and the class in general. Students were encouraged to ask
questions, to interact with both the instructor and fellow classmates, and to take
responsibility for their own learning.
Courses varied considerably in the frequency of instructor-initiated questions.
This can be attributed to course design and the level of responsibility placed on the
students for generating discussion. In the physics course, for example, students were
required to post the weekly discussion topic, resulting in very few instructor-initiated
questions when compared to the biology and earth science course. Both the earth science
and biology course were more “instructor-led” and encouraged student participation in
the discussion itself. Students were required to post a response to the weekly instructorinitiated discussion and to respond to another student’s comment.
In the biology course the emphasis on participation went one step further when
the instructor asked students to end their responses to the instructor-initiated question
with a new question. Each student had to respond to the previous student’s question and
post his or her response to the original instructor-initiated question. This instructional
technique would account for the relatively high score on the instructor-independent
interaction index in this particular course.
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Another variation in the courses was the use of small groups for discussion. Both
earth science and biology instructors assigned students to small discussion groups for
many of the instructor-initiated questions. Physics questions were all asked of the entire
class.

In this mini-case study, it appears that small discussion groups might have

encouraged increased student participation, as the earth science and biology courses both
had a total participation potential index over twice as high (91%), as the physics course
(44%).
Student comments in the post-course evaluations contained an interesting mix of
comments that described the online discussions and interaction with peers and instructor
as both a strength and weakness of the course. Several students commented on the value
of sharing ideas, collaborating on assignments, and learning from others.

Negative

comments regarding the online discussions were most likely a reflection of students’
expectations or desire for a traditional classroom environment in which the instructor
lectures or provides students with content in a more directed fashion.
Courses with higher interaction indices for student-student interaction consistently
had the following course design factors: clarity of goals, student and instructor
expectations, schedules and assignments, grading, overall electronic classroom
organization, emphasis on participation in online discussions, and sensitivity to needs of
the participants.

These results are consistent with what was found in the literature.

Courses with higher interaction indices for studentrStudent interaction differed in the
amount of instructor involvement in initiating questions and discussion topics, and in the
level of responsibility placed on the students for initiating content discussions. They also
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differed in the instructor’s use of instructional techniques such as small study groups,
collaborative assignments, and more detailed requirements for the discussion response
format.

Conclusions Regarding Post-Course Evaluation Data .
A review of the evaluation data revealed that a majority of students in these
particular courses “agreed” or “agreed strongly” that interactions with both the instructor
and with other students helped them understand the course content. The majority of
students also indicated that they would recommend the course to their peers. Post-course
evaluations consistently resulted in high levels of agreement with the statement
“interaction with fellow students helped me understand the content better.”
When evaluation data ,were compared by disciplines, the physics courses had the
highest means for students’ agreeing that interactions with the instructor and other
students helped them understand the course content, followed by biology and earth
science respectively. These results are somewhat surprising when compared with the
instructor-mediated and instructor-independent interaction indices. When interaction
indices and post-course evaluations were compared by discipline, courses that showed the
highest scores—for perceiving that interaction with the instructor and other students
helped them Ieam the content—were also those courses that actually engaged in the
smallest proportions of student-student and student-instructor interaction potentials in
discussions resulting from instructor-initiated questions.
There may be several explanations for this phenomenon. It is possible that a large
percentage of the total student-student interaction in the courses occurred independently

165

of instructor-initiated questions.

Many instructors encouraged students to initiate

questions or discussion topics and to respond to other students in the electronic
classroom. In several of the physics courses, for example, students were required to post
weekly “reading memos” to another student and to post a response in return.

The

facilitation of this kind of interaction is an example of a teaching technique that might be
more difficult to accomplish in the traditional classroom. Also most instructors facilitate
the use of a “coffee house” conference area in the course and encourage students to use
this area to engage in discussion that is not related to specific course assignments or
topics. It is also possible that student-student interaction related to specific questioning
was missed in the study due to the limitations of the software “thread” function described
in Chapter 4.
This study did not take into account the use of personal interaction or private e-mail
between students.

Records of private e-mail messages between students or between

students and instructors are not maintained by the software or the NTEN project for
reasons of individual privacy. Further, research regarding student-student interactions
occurring independent of instructor-initiated questions in online instruction would
provide additional insight.
Another interesting possibility is the notion that student evaluations are a reflection of
perceived value from interactions in which they participate vicariously. Literature in
online instruction often supports the value of “lurking” in electronic discussions, a
practice that allows students to observe interaction without actually participating (Hiltz,
1994; Harasim, 1990b). It may be possible that student evaluation data indicate that just
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observing the interaction between student-student and instructor-student was perceived to
be as valuable as actually participating in the interaction.
As described earlier, this discrepancy may also be a function of the normalizing
calculation for the interaction indices. The fact that, on the average, over 50% of the total
interaction occurred between students would account for students perception regarding
the value of interactions with their online peers.
Discussion of Conclusions as They Relate to the Literature
Instructor-Initiated Questions in Online Instruction
As early as 1860, Ross (1860) suggested that the two purposes of questioning in
instruction are to I) ascertain whether students remember what is taught and 2) have
students apply what they have learned. Stimulating interest and discussion, involving
students in creative thinking, and arousing student interest are all cited as ancillary
purposes of questioning (Ross, 1860). Wilen (1991) noted that a review of the literature
on questioning shows that most teachers continue to use a majority of low-cognitive
questions in the traditional classroom in order to assess recall of knowledge. Questioning
at higher cognitive levels may become more pivotal to the instructional format in the
online, asynchronous, teaching/leaming environment.

In an attempt to adapt to an

instructional setting with a limited ability to accommodate the traditional lecture format,
instructors may find themselves using questioning as an integral course design
component. Instructors in this study appeared to use high-cognitive levels of questions
more for engaging students in the process of constructing content knowledge and the
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application of that learning, and less for assessment of students’ comprehension of
broadcast lecture material. One very positive result of this adaptation may be the
increased instructor use of higher Cognitive levels of questions, which require students to
reflect on and assimilate knowledge, rather than simple rote recall of information.
NTEN post-course evaluation interviews with instructors indicated an emerging
theme: instructors realized that teaching on-line draws on a different set of skills than
they are accustomed to using in their traditional teaching and that they are placing
increased emphasis on discussion (Smith, 1999). The following quotations reflect this
theme:
If you are teaching materials that the teachers don’t know, but really want
to know like meteorology or quantum physics, or something they don’t
know much about, then the online course is going to be a really rich
experience because they’re going to get to see the new material, mull it
over, talk about it with each other, and your job as an instructor is to keep
the conversation going literally by never giving an answer. Just by
prodding it along. I convinced myself that I could send an e-mail message
into a discussion and sort of disguise it as a question and maybe keep the
discussion going, and the answer is no. As soon as you put your name in
there, it dies. Because you are the authority and people stop speculating,
even if you try to mask your note in context of another question, (new
instructor)
Pontificating kills those discussion items, so even though I tell too much, I
try to tell it briefly. That’s the hardest part of the discussion is not giving
the answers. When I log on in the morning, I go through and say to
myself, Ts this discussion going in the right direction? Will someone chip
in with something useful next?’ And if the answer is yes, or probably yes,
I let it go. (veteran instructor)
The three most experienced instructors described themselves as primarily
lecturers in their on-campus teaching, and each had come to the
conclusion through trial and error that discussions must be the dominant
whole-class pedagogy in on-line courses...yet each had a slightly different
approach to discussions, varying in the amount of control they retain.
(Smith, 1999, p. 13-14)
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The frequency of higher cognitive levels of questions used by instructors in the
courses in this study is encouraging, however, this finding cannot be assumed to exist
within the general population of instructor-initiated questions used in online instruction.
NTEN is a mature, online program of graduate courses with a reputation for its emphasis
on the importance of the online discussion in the course design (Smith, 1999). Faculty
comments indicated that the instructors believe that they have changed their teaching
styles as a result of the asynchronous and online nature of the course delivery, and this
may account for the increased use of higher cognitive levels of questions as compared to
the question-level use described in traditional classroom literature. In addition, faculty
participated in faculty development sessions, share their course design and experiences
with other faculty, and observe one another’s online courses.

This modeling may

promote the higher levels of cognitive questions used by experienced faculty. From its
inception, NTEN was committed to inquiry-based, hands-on, and active learning
techniques. Faculty were encouraged to model these instructional techniques with the
belief that the course participants (pre-college teachers) would then be more likely to
model them with their own students.

Student-Instructor Interaction Patterns
In this study, the higher cognitive levels of instructor-initiated questions reflected
a significant difference in the total student participation index. Instructor use of higher
cognitive levels of questions should, therefore, increase the probability that a greater
percentage of participants in a course will engage in and contribute to the discussion. Just
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as some students are reluctant to participate in a traditional classroom discussion, some
students find it difficult to post comments and engage in the asynchronous discussion in a
computer-mediated conferencing environment. Although individual learning styles and
personality differences play a strong role in the willingness of students to engage in
discussion, it is important in any instructional medium to optimize the chances for
engaging more students in content discussions. The instructor's use of higher cognitive
levels of questions appears to encourage more students to respond to questions in the
computer-mediated conferencing classroom and should be encouraged.
Higher cognitive levels of questions also showed a significant difference in the
instructor-mediated interaction potential index, indicating that there was an increase in
the overall number of connections between instructors and students when compared to
the number possible in any given discussion. This again, may be considered a desirable
outcome in the computer-mediated conference classroom.

Increasing levels of

interaction between an instructor and each individual student enhances the instructor’s
ability to establish a personal connection and rapport with each student. It also increases
the quantity of dialogue that other students are able to observe and benefit from, even
though it might not involve their actual participation.
There are also negative connotations to an increase in the quantity of studentinstructor interactions. Bichelmeyer and Kiggin’s (1998) study of web-based instruction
concluded that the major disadvantage noted by faculty was the amount of time involved
in teaching using this medium. Increased individual student contact increases the amount
of time that an instructor has to spend on the course, and has implications for class-size
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scaling issues in distance learning. If the majority of online interactions take place
between instructor and student, any attempt to increase the number of students in the
course will continue to be problematic.

Instructors in a traditional higher-education

environment cannot provide quality individualized instruction in online course sections
with large numbers of students if all interaction is conducted one-on-one with each
student.

This high quantity of individual instructor-student interaction also has the

potential to result primarily in a recitation pattern of discourse, similar to what is most
often found in the traditional classroom. This recitation pattern occurs when an instructor
asks a question and each student responds individually and directly to the instructor.
There are indications that instructional style and course design factors may have a greater
influence on the instructor-mediated and instructor-independent interaction potential
index than the particular level of question; however, this cannot be determined from this
study and is worthy of further research.

Student-Student Interaction Patterns
Although it was predicted that the potential for student-student interaction
(instructor-independent index) would increase as a result of higher cognitive levels of
questions, there was no significant difference between the levels of questions and the
results of the instructor-independent interaction index. Visual examination of the
discussion diagrams and the interaction index analyses indicate that although the amount
of interaction was low compared with the total amount of interaction that was possible,
students were more than 50% likely to interact with other students as with the instructor.
The fact that interaction between students and between instructor and student were
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roughly comparable might indicate that the interaction pattern in these online courses
might be different from the traditional classroom recitation pattern found in the literature.
Dillon (as cited in Wilen, 1991) and Wilen (1991) concluded that although most teachers
define any form of interaction as “discussion,” the majority of interaction in the
traditional classroom is primarily a recitation form of discourse. Shearer (1998) found
similar results in the computer-mediated conferencing environment, reporting that the
majority of students did not read the responses of other students before posting their own
comments. Berge (1997b) concluded that instructors’ apparent use of student-focused
methods of instruction in online course delivery, does not guarantee the desired studentfocused outcomes.
The importance of peer interaction is documented in the literature (Harasim,
1989) and this study provides a benchmark comparison between the amount of studentinstructor interaction compared with student-student interaction in response to instructorinitiated questions in online instruction.
Harasim (1990b) noted that educational research has identified peer interaction
among students as a critical variable in learning and cognitive development at all
educational levels. According to Harasim (1990b), peer interaction has been linked to an
increase in motivation and satisfaction, as well as to a reduction in uncertainty and
anxiety—factors that contribute both to a learner’s capacity to understand new concepts
and to increased engagement in the learning process.. She noted that the computermediated conferencing environment is ideal for supporting cooperative and collaborative
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learning that encourages students to seek interactions with their peers and other resources
beyond those provided by the instructor.
The amount of student-student interaction, as well as the students’ post-course
evaluation perceptions regarding the value of interaction, may have important
implications for course design in online instructional settings.

Students indicated that

they perceived value from interactions with their peers in understanding course content,
however the actual amount of student-student interaction is very low compared with the
amount that was possible. Instructors and instructional designers of online courses need
a better understanding of how students define valuable interaction with their peers, what
kinds of interactions contribute to the learning process, and what design factors
contribute to promoting the maximum amount of useful interaction that is possible.
The comparisons of actual interaction, perceived value of interaction, and the total
interaction possible indicates that it may be difficult for instructors to gauge the actual
types and amount of connections that occur during a course. As mentioned earlier, it is
relatively easy for an instructor to observe interactions occurring between students in a
traditional face-to-face classroom. It is not as easy to visualize this in the computermediated conferencing environment. Even though the comments are threaded and posted
for everyone to read, the big picture and patterns of connectivity may not be obvious.
Quantity of messages and the volume of instructor-student connections may create an
optimistic impression of the amount of interaction.
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Differences in Content Discipline
The results of this study showed no significant difference in the cognitive levels of
questions asked in each of three course disciplines. However, there was a significant
difference in the means of the four interaction indices for the three disciplines. The
differences found, were primarily between the physics courses and the other two
disciplines of earth science and biology.
In commenting on the challenges of classifying and analyzing questions, Wragg
(1984) noted that systems of analyzing questions and their meaning are inevitably
modified by the context and intensions of teachers and students. Some of the differences
in question levels and interaction indices identified in this study may be attributed to
traditional instructional styles in each of these disciplines. However, the results of the
supplemental course reveiw, as well as comparisons with the post-course evaluation
results, indicate that this difference was more a result of course design factors in the
courses, than a result of the discipline.

Differences in Course Design Factors
The supplemental course review identified course design factors that are
consistent with the literature regarding successful online teaching and learning (Berge,
1997a; Cyrs 1997).

Each of the three courses reviewed were found to be highly

organized, in the expectations, assignments, grading policies, and communication with
the students, and in the physical organization of the electronic classroom. Instructors
were positive, energetic, enthusiastic about the content, and indicated a desire to meet the
needs of individual students. All three courses recorded a large number of online public
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interactions independent of instructor-initiated questions. In addition, they received high
marks from students regarding the value of student and instructor interactions, and
overall course satisfaction reported in the post-course evaluations.
Several course design factors could account for the differences in the number of
instructor-initiated questions and differences in student-student interaction indices
between disciplines. The physics course relied primarily on student-initiated content
questions for weekly discussions. Students were put in the role of instructor and were
given primary responsibility for initiating and moderating the content discussions in the
course.

Student-student connections that existed independent of instructor-initiated

questions were not analyzed in this study. Both the biology and the earth science courses
relied on instructor-initiated questions; however, small study groups of seven or fewer
students were expected to discuss the questions within their group. Several students
commented that this gave them the opportunity to interact with a greater variety of
students in the course. In addition, the biology course required students to post additional
questions as part of their original response and to respond to other students’ questions in
the same discussion.

Only one course (physics) showed a relatively equal mix of

instructor-initiated questions from across the four levels. Both the earth science and
biology courses had a majority of questions at Level II, the high-cognitive level.
According to the literature reviewed, the use of questions across a variety of cognitive
levels is not well researched (Gall and Rhody, 1987), and Konya (1972) concluded that
students responded more often with higher levels of thinking when teachers asked an
equal amount of high and low-cognitive questions. Further study regarding the use of a
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variety of cognitive levels of questioning and the resulting student interaction patterns
and types of responses would be valuable.

Perception Versus Reality in Interaction Patterns
The use of interaction indices, evaluation data, and supplemental course reviews
offered three very different perspectives from which to examine the course sample.
Interaction index analyses provided quantitative results that establish a baseline regarding
cognitive levels of questions and the resulting amount of student-student and student
instructor-interaction.

These analyses also quantify the amount of interaction in

comparison to the amount that could actually take place.
The quantitative results of the discussion diagrams and the calculated interaction
indices might indicate that relatively little communication was taking place between
students in this study. As described earlier, this may be a function of the impact of
normalizing when the interaction indices are calculated. Comparisons of total-interaction
and instructor-independent indices indicate that on an average, 50% or more of the total
connections in each discussion occurred between students. The fact that 50% or more of
the total connections were occurring between students, offers a plausible explanation for
the students’ and instructors’ perception regarding volume and value of interaction. In
spite of the low total interaction and instructor-independent interaction indices, it may be
that the actual student-student interaction in courses in this study was equal to or greater
than what typically occurs in a traditional classroom discussion.
Examination of the post-course evaluation data confirmed that students in the
courses in this study perceived that interaction with fellow students and with the
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instructor was valuable in helping them understand the course content. Courses with the
highest average score for perceived value in student-student and student instructor
interaction showed the lowest mean score on all interaction indices. This discrepancy
indicated that the interaction potential indices may not be reflective of actual interaction
or the value perceived by the students. It also indicated that valued interaction may be
occurring independent of instructor-initiated questions through lurking and observations
of other students’ interactions.
Finally, results of the supplemental course reviews were consistent with the
literature regarding course design techniques for promoting online student interaction and
satisfaction. The reviews also offered insight regarding the interaction index results in
various course disciplines and indicated that the differences may be due more to elements
of course design than to content discipline.
It appears, from the results of this study, that although higher cognitive levels of
questions promote student participation and instructor-mediated interaction, the use of
higher cognitive levels of questioning alone was not sufficient for promoting interaction
among and between students in online instruction. It may be more difficult to facilitate
effective reflective discussion with the use of high-level questions in the online
environment and it may be that other course design factors must be considered in order to
promote peer interaction in the discussion.
Further research is necessary to understand when,

where,

and why

communications take place between and among students in the online courses. Are
students interacting with one another regarding course content in discussion areas

Ill

independent from instructor-initiated questions?
through private email?

Are students interacting primarily

Are student interactions related to course content?

Is the

perceived value of the interaction related to understanding of course content or to the
existence of a support network and the ability to “lurk” or observe the interactions
between others?

How do we help instructors do things that generate successful

discussion and dialogue in online instruction?
It would also be valuable to further examine the use of discussion diagrams or
other tools that enable instructors to visualize the patterns of interaction that occur
throughout the course while it is being taught.

Quantity of messages and the

asynchronous text-based environment make it difficult for instructors to establish a “big
picture” perspective of the online classroom environment. Tools such as discussion
diagrams may provide instructors with valuable information, not only regarding the
quantity of interactions, but regarding the specific types and patterns of interactions and
connections between students. Discussion diagrams might allow an instructor to identify
the existence of recitation versus dialogue types of interaction, students who might
seldom contribute to or dominate discussion, and instructional activities that result in
increased interaction between students. This information will be important as educators
strive to understand ways to effectively design and facilitate collaborative and
constructive electronic learning environments.
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Implications
Implications for Theory
This was a descriptive study using existing data from course transcripts and post
course evaluations from a sample of online courses. Consequently, it was not designed
to test any existing educational theories. There are, however, some implications for the
current understanding regarding the use of computer-mediated conferencing to facilitate
learning.
The literature indicates that the majority of practitioners involved in online
instruction using computer-mediated conferencing subscribe to the social constructivist
theory of learning (Kanuka & Anderson, 1998; Driscoll, 1994; Anderson, 1996). This
social constructivist philosophy in online instruction is based on the belief that
knowledge is created through social intercourse and that it is through this interaction that
students gradually accumulate advances in understanding (Kanuka Sc Anderson, 1998).
The high percentage of high-level cognitive questions found in the sample of courses
might indicate that some faculty teaching courses analyzed in this study subscribe to this
theory as well. Students Were encouraged to share and incorporate their own experiences
and knowledge in the online discussions, as well as to apply the content to their
classroom teaching; and the instructor-initiated questions indicated an attempt to facilitate
this constructivist theory of learning. Although the results show that the student-student
interaction may be low when compared With the total possible number of interactions,
they also show that given an instructor-initiated question, students in this study were
equally likely to interact with as fellow student as they were with the instructor.
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Further research is necessary to understand the role of actual, as well as virtual,
student-student interaction in the online environment. Research to identify course design
factors that promote the type of student-student interaction that results in the construction
of knowledge and learning in the electronic classroom will be critical to the future
success of this medium as a teaching/learning environment.
Implications for Practice
This study was not designed to establish any cause-effect relationship between the
use of various cognitive levels of instructor-initiated questions and the online interactions
between students and instructors.

It does, however, offer potential insights into the

cognitive levels of questions asked by instructors using computer-mediated conferencing
for course delivery and into the nature of online discussions in general.
1. The use of higher cognitive levels of questions appear to increase both the likelihood
that more students will participate in the online discussion, and the chances that an
instructor will interact with each individual student in the course sample. ■Questions
that require students to apply, synthesize, or evaluate information—and that
encourage them to incorporate the new knowledge into applications relevant to them
—might better enable instructors to engage students in online discussion and facilitate
ongoing instructor-student dialogue.
2. Findings in this study are consistent with the literature reviewed that indicated that
instructor organization and effective discussion-facilitation skills to be key
components for a successful online course (Jiang, 1998; Serge, 1997a, 1997b;
Harasim, 1995). Course organization, instructional design, and effective facilitation
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for online discussion, are all important factors in a student’s perception of what
makes a successful online course and may positively influence the amount of student
involvement and student-student interaction that occurs.
3. Online interactions and discussions may benefit from a more systematic design and
mix of levels of instructor-initiated questions. Although this study did not attempt to
assess instructor motivation or level of intentional instructional design in the use of
questions, cognitive levels of instructor-initiated questions appear to be more
dependent on the individual instructor’s personality and style than on any systematic
plan for deploying specific levels of questions. Although the lecture format was
minimized in the courses in this study, the results show that the majority of the
courses in the sample were still “instructor-led” in their online discussions.
Instructors using computer-mediated conferencing for distance course delivery may
want to consider increasing student responsibility for initiating questions and
discussion topics, putting students in the role of instructor, and facilitating increased
opportunities for interaction between students.
4. Appearances regarding the quantity and patterns of discussion in computer-mediated
conferencing may be deceiving. Given the asynchronous and text-based nature of the
computer-mediated conferencing environment, it may be difficult for an instructor to
effectively assess the level and patterns of participation by various students,
particularly in courses that never meet face-to-face.

Tools such as discussion

diagrams, which allow an instructor to visualize and/or quantify the patterns of
various kinds of interaction, would be valuable for instructors to better understand
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the big picture of the discussion environment as it is occurring. Non-participation and
lack of student-student interaction does not necessarily indicate that learning is not
taking place.

However, finding ways to facilitate student-student discussion, as

opposed to recitation, in the online classroom will be critical for creating truly
effective asynchronous learning environments.
5. The use of higher cognitive levels of questions may be encouraged by faculty
development that provides faculty with the opportunity to observe other online
courses and faculty. Faculty for courses in this study were provided with a variety of
development opportunities, including workshops presented by experienced faculty^
one-on-one mentoring, online course observation, and written materials from past
courses and program evaluations. Palloff and Pratt (1999) noted that both faculty and
students Ieam to ask “expansive” and higher level questions through modeling the
behavior of others.

Further research is necessary to determine if there is a

relationship between the cognitive level of instructor-initiated questions and both
student- initiated questions and the cognitive level of response.

Implications for Research
This study was an attempt to begin to identify questions and issues surrounding
the use of instructor-initiated questions at various cognitive levels and the resulting
patterns of student and instructor interaction in instruction using computer-mediated
conferencing. This study contributes to future research in three ways. First, it begins to
identify the cognitive levels of instructor-initiated questions used in online instruction
facilitated by computer-mediated conferencing. These results may indicate that the use of
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higher cognitive levels of questions is occurring in larger numbers in online instruction,
than in traditional classroom instruction.

This may occur online as a result of

encouraging student discussions in place of the traditional lecture broadcast medium.
Second, the study establishes a benchmark for the types of instructor and studentinteraction patterns that occur as a result of various levels of instructor-initiated
questions. Results of the study indicate that higher cognitive levels of questioning may
be a valuable instructional technique for promoting increased student participation. It
may also increase the probability that an instructor will interact with a greater percentage
of individual students in the discussions. Results also show that students interacted with
fellow students equally or more often than they interacted with the instructor as a result
of the instructor-initiated questions.
All popular press reports and population demographics point towards an
increasing client demand for anytime, anywhere learning, and to a rapid shift in highereducation distance learning efforts to meet that demand. Understanding how questioning
at various levels might be used to facilitate constructive, collaborative learning
environments, as well as how to facilitate effective student-student interaction in order to
scale online courses for increasing student enrollments and still keep instructor time
manageable, will continue to be an important area of research.
The final contribution of this study can be found in the examination of discussion
diagrams as an instructional tool in online teaching and learning. The value of quantity
versus quality of discussion and the necessity for promoting interaction among and
between students is not well understood. Instructors need tools that will enable them to
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better visualize the patterns of interaction that occur in the online discussions, as well as a
better understanding of course design factors that might engage students in actual online
discussion rather than recitation forms of discourse.
Findings from this study point toward several directions for future research.
Peer Interaction In Computer-Mediated Conferencing
1. What types' of interaction in computer-mediated conferencing are most effective in
contributing to the knowledge construction process and how can this type of
interaction be facilitated? Wagner (1994) suggested that interaction in computermediated-conferencing should be analyzed by outcomes as opposed to agents
(individuals with whom the interaction occurs). Quantifying the types of outcomes
that occur and assessing whether these outcomes are a result of instructor-student or
student-student interaction might further our understanding of learning in an online
environment.

The discussion diagram technique could be used to analyze types of

outcomes, as well as individual connections that result from the various levels of
questions or other instructional techniques.
2. What course design factors best facilitate and promote increased interaction between
students?

Questioning In The Online Classroom
I.

What is the relationship between cognitive levels of questions and the interaction
patterns in discussions that are generated by student-initiated questions?
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2. What cognitive levels of questions are generated by students in online courses, and is
there a relationship between the levels of questions used by instructors and the levels
of questions used by students?
3. What cognitive levels of questions are used in undergraduate online instruction?
4. Is there a relationship between the cognitive level of the instructor-initiated questions
and the cognitive level of thought in student responses?

Perception Versus Reality in Online Course Interactions
1. What discrepancies exist between students' and instructors’ perceptions of online
interaction and what is actually occurring in the online activity?
2. How can tools such as the discussion diagrams be used to help instructors visualize
and quantify patterns of online interaction? Discussion diagrams could be used as a
tool for research into several of the questions listed above. The existence of detailed
course transcripts in computer-mediated conferencing provides the researcher with an
opportunity to analyze many aspects of the online course. Discussion diagrams might
be used to compare cognitive levels of questions with the cognitive level of student
responses, gender differences, roles of students experienced in online learning versus
roles of students new to the medium, or student-student interaction that occurs
independent of assignments or instructor-initiated questions. Discussion diagrams, or
a similar visualization tool, could be especially valuable for enabling online
instructors to assess the level and type of interaction occurring throughout the course,
and allow instructors to make adjustments in instructional techniques that might
encourage increased or broader participation and interaction among participants.
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Summary
The purpose of this study was to identify the cognitive level of instructor-initiated
questions in a select group of online graduate science courses and to analyze the studentstudent and student-instructor interaction patterns that occurred as a result of various
levels of questioning. The results of this study will be useful to the ongoing development
of the National Teachers Enhancement Network Program, as well as to the overall body
of educational research. The study results represent an initial attempt to describe the use
of instructor-initiated questions in distance delivered courses using computer-mediated
conferencing, and to quantify the types of interactions that occurred as a result of
questions at various cognitive levels.
There are four primary conclusions drawn from the findings in this study: I) The
majority of instructor-initiated questions in the sample of courses were found to be
higher-level cognitive questions, unlike results found in traditional classroom instruction;
2) Use of higher-level cognitive questions appeared to result in increased student
participation and increased probability for student-instructor interaction in the sample of
courses; 3) Students were equally or more likely to interact with a fellow student as with
the instructor as a result of instructor-initiated questions; 4) Discussion diagrams provide
a valuable tool for visualizing and quantifying the interaction patterns that occur in the
online instructional process.
Implications of this study are consistent with Serge's (1997a) analysis that
although we know that computer-mediated conferencing and online distance delivery can
be an effective teaching/learning medium, we know very little about the course design
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factors that contribute to the effective and efficient use of this medium. The findings
imply that instructors used a larger number of higher-level questions in order to
emphasize course discussion. This technique may be a result of an attempt to modify
instructional style from a broadcast, instructor-led format, to an interactive environment
in which students were encouraged to take more responsibility for learning.

Results of

the study also suggest that use of higher levels of questions alone was not sufficient for
promoting student-student interaction. Further research is necessary to better understand
the types and reasons for peer interaction in online learning, and course design factors
that best facilitate student-student interaction that contributes to students’ learning of
course content.
Findings of the study show that although the total possible number of total
interactions or student-student interactions is far from being realized, students were
equally likely to talk with fellow students as they were with the instructor in content
related discussions. Instructors and instructional designers need to better understand the
quantity and types of interactions that are actually occurring in courses using computermediated conferencing for student and instructor interactions.

Tools such as the

discussion diagrams used in this study may be valuable for enabling instructors to both
visualize and quantify the interactions as they occur throughout the course. Interaction
visualization tools would enable instructors and students, to make adaptations in course
design and instructional techniques in order to provide greater opportunities for peer
interaction and to establish a more constructive and collaborative learning environment.
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DISCUSSION DIAGRAM SAMPLES
•
I
•
S
---------- ►
◄—
►
---------- >

#107

Index #107

Instructor
Student
I -way connection
2-way connection
open-ended

Formula

Value

(5/11)* 100

45%

Earth Science - Level III
Compare and contrast factors or
processes which control the
patchworks in meandering and braided
hydrosystem sections.

Student Participation
Total Interaction Potential

(6/66)* 100

9%

Instructor-mediated
Interaction Potential

(4/11)«100

36%

Instructor- independent
Interaction Potential

(2/55)«100

4%
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DISCUSSION DIAGRAM SAMPLES
•
I
•
S
-----------►
◄—
►
----------->

Index #100

Earth Science - Level IV
Compose the homework assignment for
week 11.

Student Participation

Instructor
Student
I -way connection
2-way connection
open-ended

Formula

Value

(15/20)*100

75%

Total Interaction Potential

(15/210*100

7%

Instructor-mediated
Interaction Potential

(15/20)* 100

75%

Instructor-independent
Interaction Potential

(0/190)*100

0%
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DISCUSSION DIAGRAM SAMPLES
•
I
•
S
----------- ►
◄—
►
----------- >

#59

Physics-Level II

Index #59

What are the main points Feynman has
made so far?

Student Participation

Instructor
Student
I -way connection
2-way connection
open-ended

Formula

Value

(12/15)*100

80%

Total Interaction Potential

(20/136*100

15%

Instructor-mediated
Interaction Potential

(10/30)*100

33%

Instructor-independent
Interaction Potential

(10/105*100

10%
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DISCUSSION DIAGRAM SAMPLES
Instructor
Student

-► I-way connection
-► 2-way connection
open-ended_____

Formula

Biology-Level TI
What are some of the benefits and
concerns regarding the use of human gene
therapy?

Student Participation
Total Interaction Potential
Instructor-mediated
Interaction Potential
Instructor-independent
Interaction Potential

14/435*100
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DISCUSSION DIAGRAM SAMPLES
•
I
•
S
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◄—
►
----------->

Index #38

Physics - Level I

Student Participation

Name other books on the subject
that you have enjoyed.

Total Interaction Potential
Instructor-mediated
Interaction Potential
Instructor-independent
Interaction Potential

Instmctor
Student
I -way connection
2-way connection
open-ended

Formula

Value

(4/16)*100
(5/153)* 100

25%
3%

(4/32)* 100

13%

(0/120)* 100

0%

218
A P P E N D I X R -C O N T IN T JF.D

DISCUSSION DIAGRAM SAMPLES
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• S
--------- ►
◄— ►
--------- >

#176

Instructor
Student
I-way connection
2-way connection
open-ended

S

4

S5
S

6

Index #176

Biology - Level III
Student Participation

Compare energy production in the
movements between you and a
classmate and discuss your rationale
for the difference.

Formula

Value

(15/I9)*I00

79%

Total Interaction Potential

(18/190*100

9%

Instructor-mediated
Interaction Potential

(15/19)*100

79%

Instructor-independent
Interaction Potential

(3/l71)*IOO

2%
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THE MEANS OF THE FOUR INTERACTION INDICES BY COURSE
C ourse

S tudent
P articipation

T otal
Interaction
P otential
.0702
3
.0506

In stru cto rM ediated
P oten tial
.0435
3
.2191

InstructorIndependent
Potential
.0331
3
.0389
.0114
22
.0108

B io lo g y o f
R ip arian Z ones

M ean
N
Std. D eviation

.4912
3
.2293

E lectronic
H ydrology

M ean
N
Std. D eviation

.5076
22
.2263

.0459
.0206

.4432
22
.2131

M ineral
R esources,
E conom ics & T he
E nv iro n m en t

M ean
N
Std. D eviation

.8714
10
.0451

.1403
10
.0251

.4405
10
.0466

.0786
10
.0335

M o u n tain s &
P lains
R ip arian
P rocesses

M ean
N
Std. D eviation

.5227
12
.1650

.0972
12
.0278

.4773
12
.1981

.0212
12
.0267

P lains
L andscapes

M ean
N
Std. D eviation

.7200
5
.1193

.0967
5
.0162

.7200
5
.1193

.0762
5
.0104

N u tritio n F o r
F itness

M ean
N
Std. D eviation

.7870
43
.0974

.1248
43
.0419

.7491
43
.1595

.0555
43
.0399

T eaching
A dolescent
N u tritio n

M ean
N
Std. D eviation

.9058
23
.1891

.2803
23
.1347

.3379
23
.1338

.2733
23
.1849

Soil
Science

M ean
N
Std. D eviation

.6583
6
.2905

.0643

.6250
6
.3078

.0526

6
.0244

6
.0666

E arth System s
Science

M ean
N
Std. D eviation

.9101
4
.0782

.3851
4
.1956

.9024
4
.2677

.2430
4
.1357

In fectio n &
Im m u n ity

M ean
N
Std. D ev iatio n

.3889
9
.2437

.0509
9
.0412

.1975
9
.1238

.0167
9
.0238

22

'
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Q uantum
M echanics

M ean
N
Std. D eviation

.4381
7
.2138

.0714
7
.0437

.1905
7
.0810

.0381
7
.035

G eneral
R elativ ity

M ean
N
Std. D eviation

.3750
18
.1953

.0490
18
.0283

.1788
18
.0999

.0116
18
.0188

P article
P hysics

M ean
N
Std. D eviation

.3462
10
.2551

.0365
10
.0306

.1365
10
.0957

.0200
10
.0214

Science &
P hoto g rap h y

M ean
N
Std. D eviation

.2211
5
.2720

.0219
5
.0287

.1000
5
.1268

.0468
5
.0763

A g & M edical
B io tech n o lo g y

M ean
N
Std. D eviation

.3368
32
.1985

.0252
32
.0192

.1053
32
.0632

.0677
32
.0105

M ean
N
Std. D ev iatio n

.5845
209
.2854

.1011
209
.1027

.4000
209
.2865

.0582
209
.1073

T otal
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